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1. Chief Conservation Regulator’s foreword
On 7 November 2019, the Victorian Government announced Victoria’s Forestry
Plan, which includes a commitment to immediately end logging of old growth
forests.
The Minister for Energy, Environment and Climate Change has asked the Office
of the Conservation Regulator (the Conservation Regulator) to monitor and
publicly report on implementation of government’s policy to protect old growth
forests by the native timber harvesting sector (including VicForests).
Old growth forest is defined in the Management Standards and Procedures for
timber harvesting operations in Victoria’s State forests 2014 (an incorporated
document to the Code of Practice for Timber Production 2014), and in light of
government’s initiative to protect old growth forests, a clear and consistent
method to identify and determine the extent of old growth forests, so that they
can be protected, is required.
Consistent with our public commitments to engagement, I am sharing this with you for your feedback on the
procedure outlined.
The Conservation Regulator is committed to being transparent. We are conscious that transparency is
essential to empower the Victorian community to play a role in holding us (as the responsible regulator) and
regulated parties to account.
I encourage all interested people and organisations to provide feedback through www.engage.vic.gov.au or
email ocr@delwp.vic.gov.au by close of consultation on 23 December 2019.
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Your feedback will be used to shape the final guidelines that will be released in early 2020. The assessment
method will be used by the Conservation Regulator and the native timber harvesting sector to identify old
growth forests and ensure that it is protected from timber harvesting activities.

The Conservation Regulator is also developing an inspections program that will occur pre-, during- and postharvesting to monitor the timber harvesting industry’s compliance with government policy to protect old growth
forests.

Kate Gavens

Chief Conservation Regulator
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2. Background
On 7 November 2019, the Victorian Government announced Victoria’s Forestry Plan. Victoria’s Forestry Plan
included an announcement to end to all logging in native forests in Victoria by 2030. Ahead of this, the
Victorian Government announced:
•

the immediate end to logging old growth forests; and

•

immediate protections for more than 96,000 hectares of high conservation value forest.

The government’s policy to immediately cease harvesting of timber from old growth forests has been given
effect by direction to VicForests.
It is anticipated that a prohibition on timber harvesting from old growth forests will be put into law in the
future. In the meantime, the Minister for Energy Environment and Climate Change has asked the
Conservation Regulator to provide independent oversight to monitor and publicly report on implementation of
government’s policy.
It is the responsibility of VicForests and its contractors to identify and protect old growth forest from timber
harvesting.
The Conservation Regulator will undertake the following actions to monitor compliance of VicForests and its
contractors with government’s policy:
• Modify the existing Forest Protection Survey program to identify old growth forest values in coupes in
advance of VicForests undertaking timber harvesting operations.
• Conduct a risk-based audits and inspections program to monitor VicForests’ compliance with government
policy for the protection of old growth forests including audits and inspections pre-, during- and postharvesting.

DRAFT

• Providing advice to VicForests and its contractors on its compliance with government’s policy on old
growth forest protection.
• Reporting publicly on the findings of audits and inspections.
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3. Purpose
This regulatory guidance document is published by the Conservation Regulator to support a consistent
approach to the identification of ‘old growth forest’ so that it can be appropriately managed and protected.
The definition and survey method set out below will be used by the Conservation Regulator in delivering the
following roles:
• Modifying the Forest Protection Survey program’s scope and method (including site selection and survey
approach) to maximise the program’s ability to identify old growth forest.
• Monitoring timber harvesting activities by auditing whether timber harvesting management plans and actual
timber harvesting activities have effectively identified and protected old growth forest.
• Advising VicForests and its contractors on the identification and protection of old growth forests.
• Publicly reporting the results of the Conservation Regulator’s Forest Protection Survey work and
monitoring of timber harvesting activities.
This document describes a survey method that the Conservation Regulator expects will be applied in a
consistent manner by all parties who need to identify old growth forest so that it can be protected.
Conducting such surveys requires training and experience, access to some specialised measurement
equipment and an understanding of field measurement techniques. The method is intended to be applied by
appropriately trained professionals.

3.1 Use by timber harvesting operators
The Conservation Regulator expects that parties undertaking timber harvesting and other activities which
impact on state forests will apply the definition and survey method set out in this document in identifying old
growth forest.
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Importantly, VicForests is the entity responsible for ensuring that all old growth forest is protected from timber
harvesting activities as Victorian government policy requires. This includes the identification and application
of protection for old growth forest found using this method in advance of timber harvesting but also the
application of protections if any old growth forest is identified once timber harvesting activities commence.

3.2 Use by the Conservation Regulator’s Forest Protection Survey program

The survey method will also be applied by contractors to the Conservation Regulator as part of the Forest
Protection Survey program which the Conservation Regulator conducts to assess forest values in advance of
timber harvesting activities. The aim of the program is to survey at least 80 per cent of coupes planned for
harvest each year, and survey site selection will now include those sites with a higher likelihood of including
old growth forest values.
For more information on the program, see: https://www.forestsandreserves.vic.gov.au/forestmanagement/forest-protection-survey-program#program.
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4. Principles and policy context
4.1 Guiding principles for this assessment method
The principles that have used to develop this assessment method guideline are:
Principle

Explanation

Transparent

The method must be consistent with government’s policy to identify and protect old
growth forests and be as transparent as possible. Being transparent about our
regulatory approach ensures the Victorian community can play a role in holding the
Conservation Regulator and regulated parties to account. It encourages regulated
parties to comply with the law leading to better regulatory outcomes.

Simple

Although the actual application of the survey requires expertise and experience in
ecology to consistently measure tree growth stages, the method needs to be clear
and able to be understood by interested community members.

Consistent and repeatable

Promotes a consistent and repeatable approach for surveys using a consistent
method including equipment, information, steps and techniques regardless of who is
undertaking the survey. The method should be as objective and practical to reduce
the likelihood that two different surveys of the same location would draw different
conclusions. Thereby reducing contestability.

Efficient, targeted and fit
for purpose

The approach utilises information, evidence and effort in a way that allows for a
position formed as early in the survey process as possible and directs survey effort
where there is a greater need to determine the absence of old growth forest. The
method is based on sound scientific methods while still being practical in its
application.

DRAFT

4.2 Forest regulation and policy context

Timber harvesting in State forests is a permitted activity under the law and there are several Acts and
regulations that outlines the rules in relation to this activity.
Victorian Government policy requires that native forests and the ecosystem services they provide are
appropriately protected, while allowing for the range of activities that are permitted in those forests to occur in
a sustainable way. This includes timber harvesting.
You can read about the Conservation Regulators approach to the regulation of timber harvesting in our
Statement of Regulatory Intent – Regulating timber harvesting in State forests under the Allocation Order
available via the DELWP website.
The Victorian Government policy to immediately end logging in old growth forests delivers additional
protections to the regulatory framework.
It is the responsibility of VicForests and its contractors to identify and protect old growth forest from timber
harvesting.
To ensure appropriate independent oversight, the Conservation Regulator will play a role in monitoring and
reporting on implementation, including ahead of these requirements becoming law.
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5. Old growth Definition
Old growth forest is defined in the Management Standards and Procedures for timber harvesting operations
in Victoria’s State forests 2014 (an incorporated document to the Code of Practice for Timber Production
2014) as follows:
‘old growth’ means forest which contains significant amounts of its oldest growth stage ‐ usually
senescent trees ‐ in the upper stratum and has been subject to any disturbance, the effect of which is
now negligible. For a stand to qualify as old‐growth, the regrowth growth stage, if present, must be
sparse (less than 10per cent of the total crown cover of the stand). Negligibly disturbed forest is that in
which disturbance is known to have occurred, but the disturbance is unlikely to have altered the
structure (growth stage and crown cover) or the usual species composition which characterises a
given vegetation class; or, if the alteration did occur in the past, it is no longer measurable.
For the purposes of this document, and the Conservation Regulator’s role in monitoring implementation of
government’s policy for the protection of old growth forest, the following clarifications to the definition are
important:
•

Scale of old growth forest – The focus is on protecting forests, not individual trees or small
isolated groups of mature trees. This method adopts one-hectare as the minimum scale to meet
the definition of old growth forest. The shape of the area of old growth forest is irrelevant, but the
area must be a minimum of one-hectare.

•

Negligible disturbance – Old growth forest can be subject to, and recover from, disturbance.
Disturbance may be relatively short-term (eg. the impacts of a cool fire), or long-term (eg. the
presence of an access track created for recreational and/or fire management purposes). An area of
forest that has suffered disturbance(s) is still considered to be old growth forest if that disturbance
does not significantly alter the forest structure (growth stage and crown cover) or the species
composition.
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Old growth forest definition summary:

Old growth forest is any area of forest of one hectare or more, in which:

• A minimum of 90 per cent of the canopy area is made up of early mature, mature, late mature and
senescing growth stages trees; and
• At least 10 per cent of the canopy area is made up of senescing growth stage trees; and
• A maximum of 10 per cent of the canopy area is made up of regrowth stage trees; and

• Any disturbance to the forest does not significantly alter the forest structure (growth stage and crown
cover) or the species composition.

Old growth forest
field identification procedure
The Conservation Regulator

5

6. Survey points and the new statewide old growth
survey grid
To support effective and consistent surveying for old growth forest, DELWP has prepared a new statewide
old growth survey grid which defines the point where assessments are to be conducted.
The grid breaks the whole state (and therefore any conceivable survey area) up into one-hectare hexagonal
units, with the standard surveying points being placed in the middle of each hexagon. A single, statewide old
growth survey grid is necessary to ensure consistent and verifiable data that minimises subjectivity.
For more information on the operation of the statewide old growth survey grid, please see attachment 9.1.
In the case that an assessment at the survey point does not provide a confident result that confirms or
discounts the presence of old growth within the surrounding one hectare area, additional assessments
should be undertaken. The additional assessment(s) are to be taken at the vertices of the hexagonal grid.
The decision as to which vertices to select should be made to best represent features on the ground. As few
as one plot per hectare, or as many as seven may be conducted. The idea is to do as many or as few as
necessary to confidently confirm or discount the presence of old growth characteristics.
It is critical to record the assessments at known locations so the data can be independently verified.

DRAFT
Figure 1: The 1 ha hexagonal grid cell

Note: if a vertex is selected for assessment, field teams should physically measure 30 meters from the plot
centroid at one of the six azimuth directions (0, 60, 120, 180, 240, 300).
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7. Overview of survey method
The survey method to determine the existence of old growth forest follows the key steps illustrated here:

1. Prepare and conduct a desk top
assessment

2. Conduct assessment of trees at the
sampling points

No further assessment if old
growth characteristics not found

3. Determine the boundaries of area
with old growth characteristics

Not old growth forest if extent of
old growth characteristics is less
than one hectare

4. Report findings to the Conservation
Regulator and VicForests
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The principles described in section four above (in particular ‘consistent and repeatable’ and ‘efficient,
targeted and fit for purpose’ have been applied to the method’s design of a standardised approach to
identifying sampling points, and an efficient approach to assessment of whether old growth characteristics
are present at the sampling point.
The steps in the survey method are described in more detail below. For some steps, a more technical
description of the survey method is provided in attachments to this document.

It is crucial to understand that this assessment method does not provide a universal method for the
identification of all old growth forests. By its nature, it is an audit and sampling based method which balances
efficiency and effectiveness in a way that is expected to identify the vast majority of old growth forest before
timber harvesting operations commence in an area.

7.1 Equipment needed

The following equipment is needed to undertake the field surveys
1. Global Positioning System (GPS)
2. Diameter Breast Height (DBH) tape
3. Basal Area Wedge
4. 30 metre measuring tape

5. Data recorder or pen and paper sheets (see appendices for field sheets).

Old growth forest
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7.2 Step 1: Prepare and conduct desktop assessment
The first step in conducting a survey to identify old growth forest is to collect the information needed to
effectively survey. This should include:
• Determining the boundaries of the survey area – this may be a timber harvesting coupe or another area of
forest.
• Obtaining the state-wide old growth survey grid which defines the point where assessments are to be
conducted.
• Obtaining access to (including possibly commissioning) any relevant survey data that might assist in
conducting the survey, including but not limited to:
– Modelled old growth boundaries spatial layer (noting that DELWP’s old growth spatial layers provide an
indication only of where old growth forest is more likely to be found. It is only through the proper
application of the survey method set out in this document that old growth forest can be properly identified
and defined)
– Relative forest growth stage classification spatial layer: to determine potential age cohorts
– Rainforests – native vegetation spatial layer . Noting that rainforest is already excluded from timber
harvesting
– Forest Management Zones spatial layer (FMZ100) to determine the presence of existing Special
Protection Zones and Special Management Zones. These zones are already excluded from timber
harvesting
– Victorian statewide old growth survey grid
– Any other relevant spatial information that may assist the field visit.

DRAFT
NOTE: all spatial layers mentioned above can be accessed via the
government’s spatial data library at www.data.vic.gov.au.

Once the relevant data is collected, conduct a desktop analysis of the data available for the survey area, and
plan the resources you need to conduct the survey.
The desktop analysis may allow for some identified surveying grids and survey points to be eliminated from
the planned survey if it is clear they could not contain old growth attributes. This could be the case for
example where an entire survey grid area has been historically cleared for agricultural purposes or any
mature trees have been killed by a high intensity bushfire in recent years. Note that in determining that a
point on the survey grid does not require a physical survey, the survey team should document the reasons
for those decisions for inclusion in the survey report.

7.3 Step 2: Conduct assessment at sampling points
The second step is the beginning of the in-field survey to identify old growth forest. It entails sub-elements as
set out in this diagram below. A more detailed decision tool is provided in attachment 9.2.
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Step 2.1: Go to the survey point
and assess disturbance

Step 2.2: Conduct basal area
sweep

If there is significant
disturbance, go straight to
step 2.3

Step 2.3: Determine does the
survey site have old growth
characteristics?

7.3.1 Step 2.1: Go to survey point and assess disturbance
The field survey team will conduct assessments at the survey points provided in the statewide old growth
survey grid (see attachment 9.1).
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An assessment of the disturbance history of the site is required. This can be informed by spatial data,
however must be verified and confirmed in the field.

At each survey point, the survey team will conduct an initial visual assessment of whether there is any
prospect of old growth characteristics being present in that location.

Determining whether an area is old growth forest involves evaluating whether there have been significant
alterations to the forest structure (ie. the mix of growth stages of the trees and their crown cover) or the
species composition in that forest compared to an undisturbed old growth forest in that region.

This is arguably the most qualitative element of the assessment method described in this document. The
goal of this step is to determine if there has been significant disturbance (adverse impact) on forest structure
or species composition to the point that it is no longer able to be considered old growth. Disturbance may be
caused by a wide range of factors including:
▪ Timber harvesting
▪ Insect attack
▪ Drought
▪ Ringbarked or otherwise vandalised trees
▪ Animal grazing and/or grazing infrastructure
▪ Transport infrastructure
▪ Fire
▪ Landslides and erosion
▪ Storm impacts including windthrow damage from severe wind exposure and flooding.

More information on the method for identifying and measuring the significance of disturbance(s) is provided
in attachment 9.3.
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Disturbance(s) are to be measured across each one hectare area of forest identified as having old growth
characteristics. If significant disturbance exists, then the area cannot be defined as old growth forest under
the definition contained in the in the Management Standards and Procedures for timber harvesting
operations in Victoria’s State forests 2014 (an incorporated document to the Code of Practice for Timber
Production 2014).
The scale of disturbance is crucial, for example a low intensity planned fire is unlikely to cause significant
disturbance.
7.3.2 Step 2.2: Conduct basal area sweep
Basal area is a forest measurement that estimate tree volumes and a common way to describe stand
density. A basal sweep is a technique for collecting information to determine the basal area. A
measurement of tree circumference allows a calculation of basal area and canopy size for a tree.
It is important to only consider canopy trees in the basal sweep. A description of crown class definition to
represent canopy trees is provided in attachment 9.4.1.
At each survey point (that is not excluded under step 2.1), a basal sweep is conducted to determine the
basal area of a variable area plot (see attachment 9.4 for details on how to conduct a basal area sweep).
The process for conducting the assessment at each sample point is as follows:
•

Conduct a basal area sweep using a prism or wedge recording a minimum of 10 “IN” trees.

•

The selected basal area factor must remain consistent across the entire coupe area.

•

For each “IN” tree, determine the tree’s growth stage and species and measure its circumference at
1.3 metres height. Growth stage definitions are provided in attachment 9.5.

•

Calculate the required information by entering the data into a spreadsheet prepared for this
purpose1, or use the calculations described in attachment 9.6.

•

The results will allow a determination of whether the survey point has old growth characteristics if (as
per the definition set out in part 5, above):

DRAFT

▪ A minimum of 90 per cent of the canopy area is made up of early mature, mature, late mature
and senescing growth stages trees; and
▪ A maximum of 10 per cent of the canopy area is made up of regrowth stage trees.
•

If the results show that the survey site does not have old growth characteristics, then the data should
be recorded, and the survey team can move to the next survey point. If the results show that the
survey site does have old growth characteristics, then the site assessment moves into step 2.3.

7.3.3 Step 2.3: Determine if the survey site have old growth characteristics?
The last element of step 2 of identifying old growth forest is to determine whether the vegetation at each
survey site meets the criteria - other than scale - set out in the old growth forest definition described in
section 5. So, for each survey site, old growth characteristics are present if the following three points are
true:
• A minimum of 90 per cent of the canopy area is made up of early mature, mature, late mature and
senescing growth stages trees; and
• A maximum of 10 per cent of the canopy area is made up of regrowth stage trees; and
• Any disturbance to the forest does not significantly alter the forest structure (growth stage and crown
cover) or the species composition.
For any survey site where the three points above are true, step 3 in the survey process is required in order to
determine whether the last element of the old growth forest definition is met (ie. whether there is at least one
hectare of old growth).

1
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The old-growth calculation spreadsheet is available via the EngageVic website
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Illustrative examples of old growth forest characteristics assessment:
Tree growth stages and canopy cover

• Regrowth trees represent 8 per cent of the canopy,
• mature trees represent 32 per cent of the canopy, and

Disturbance

Old growth
characteristics?
(Yes/No)

A small access track goes
through part of the survey
area, impact is minimal

Yes

Recent timber harvesting
has removed most mature
and regrowth trees, but the
late mature and senescing
trees have been retained.

No – as a result of
significant disturbance

A small access track goes
through part of the survey
area, impact is minimal

No – as a result of the
high proportion of
regrowth trees within
the canopy

• late mature and senescing trees represent 60 per cent of
the canopy

• Regrowth trees represent five per cent of the canopy,
• mature trees represent 10 per cent of the canopy, and
• late mature and senescing trees represent 85 per cent of
the canopy

• Regrowth trees represent twenty percent of the canopy,
• mature trees represent twenty per cent of the canopy,
and

• late mature and senescing trees represent sixty per cent
of the canopy

7.4 Step 3: Determine the boundaries of the area with old growth characteristics
In order to be defined as old growth forest, an area of trees showing old growth characteristics must also be
at least one hectare. Assessment to determine the extent of the area with old growth characteristics is
therefore an essential next step whenever old growth characteristics are confirmed under step 2.
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The aim of this process is to determine whether the total area of trees showing old growth characteristics is
smaller or larger than one hectare.
The shape of the area of trees showing old growth characteristics is irrelevant, and small breaks or
disturbances (for example caused by a waterway’s flood zone, or a recreational access track) should be
ignored in measuring the area of trees showing old growth characteristics.

If the total area is measured as less than one hectare, then the area cannot be defined as old growth forest.

To measure the size of the area of vegetation with old growth characteristics, the survey team will generally
work to map out the perimeter of an area. This is done using visual assessment to identify where the
characteristics of the vegetation changes and to identify points at which further measurements (repeating
step 2 of this process at different points) should be conducted to define the area where the vegetation shows
old growth characteristics. That area should be carefully measured, documented and calculated. If the area
is one hectare or greater, then it is confirmed as being old growth forest.

7.5 Step 4: Report survey findings
The final stage in applying this assessment method is to report the results to the Conservation Regulator and
to VicForests upon completion of the survey for each survey area.
The Conservation Regulator will review and selectively audit survey results reported to it by VicForests under
this method.
The Conservation Regulator’s expectation is that VicForests is responsible for the identification and
protection of all old growth forests before and during the conduct of its timber harvesting operations.
VicForests will need to report to the Conservation Regulator on any old growth forest which has been
identified and protected, as well as attesting to the absence of old growth forest for any coupes where that is
the case.
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8. The Conservation Regulator’s expectations for
the protection of old growth forest
8.1 Application of this assessment method to identify old growth forests
This document describes the assessment method that the Conservation Regulator expects will be applied in
a consistent manner by all parties who need to identify old growth forest so that it can be protected.

8.2 Controls for the protection of old growth forest during adjacent timber
harvesting
Any area of forest confirmed as old growth forest must be protected as required by Victorian government
policy. The Conservation Regulator expects that in order to ensure the protection of old growth forest, any
adjacent timber harvesting operations will be very carefully planned and managed to avoid any disturbance
and adverse impact on old growth forest.
The operational arrangements to achieve this are the responsibility of the timber harvesting operators, but
must include for example, ensuring that any felled trees do not fall into and damage the old growth forest
area and that the impact of equipment on the root systems of adjacent protected trees is minimised.

8.3 Assessing the protection of old growth forest during timber harvesting
operations
The Conservation Regulator will assess a proportion of coupe planning documents to determine VicForests’
approach to assessment and protection of old growth forests.
The Conservation Regulator will focus on assessment of sites with the highest likelihood of old growth forest,
including those areas of old growth forest identified by the Conservation Regulator’s Forest Protection
Survey program.
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We will request information from VicForests including but not limited to:
• Coupe planning information

• Internal procedures demonstrating how VicForests assessed Conservation Regulator guidelines.
• Attestations from VicForests as to the assessment of individual coupes
• Post-harvest assessment on how forest values have been protected in field
• Allegations of non-compliance registered by the community and information on how VicForests
investigated and resolved any matters
The Conservation Regulator will write to VicForests identifying any issues with its approach to identification
and protection of values and providing recommendations for practice improvements.

12

Old growth forest
field identification procedure
The Conservation Regulator

9. Attachments
9.1 Operation of the state-wide old growth survey grid
The systematic assessment of old-growth must be conducted according to the old growth sampling grid
published by DELWP. The grid is the official one hectare overlay unto which old growth surveys are
conducted.
The use of a systematic grid is a common option for mapping forest structure and disturbance and the results
also assist in verifying the associated mapping products.
In the first instance, sampling will be conducted at an intensity of one variable area plot per hectare at the
grid centroid, as demonstrated in Figure 2, to facilitate locational accuracy and repeatability.
Where more intensive sampling is required to confirm or discount the presence of old growth, assessments
should be carried out at the vertices as described below in section 9.1.1.
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Figure 2 Fixed 1-hectare hexagonal grid and centroids. Assessments are to be carried out at any centroid to determine the
presence or absence of old-growth. This may or may not be within the modelled old growth extent.

9.1.1 Increasing sampling intensity to confirm or discount the presence of old growth
Where isolated patches of old growth exist or the boundary of larger aggregates is unclear, or where the
sampling point is located in an area atypical to the surrounding area, additional sampling may be required to
confirm or discount the presence of old growth.
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These additional sampling plots will be established at the hexagonal vertices, where required, as shown in
Figure 3. The decision as to where these additional plots are located (i.e., what hexagonal vertices) can be
determined in the field so as to best represent features on the ground. As few as one plot per hectare, or as
many seven may be conducted. The idea is to do as many or as few as necessary to confidently confirm or
discount the presence of old growth.
The average growth stage proportions across all plot data captured within the one hectare grid cell can be
used to demonstrate ‘absence’ of old growth forest or not meeting the one hectare minimum threshold.

DRAFT
Figure 3 Systematic location of additional sampling plots on hexagonal vertices.
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9.2 Plot Assessment Decision Tree
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Figure 4 Decision tree for conducting old growth survey

Old growth forest 15
field identification procedure
The Conservation Regulator

9.3 Method for identifying and measuring the significance of disturbance(s)
The assessment of disturbance is undertaken via the decision steps outlined in Figure 5. It is important to
note that unless a recorded disturbance was correlated with an observed change in growth stage ratios,
crown cover or floristic composition, it was considered to be negligible (Woodgate et al. 1994).

DRAFT
Figure 5 Assessment of disturbance
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9.4 Basal sweep method
A basal area sweep is an efficient method of sampling to facilitate the collection of unbiased estimates of
basal area within a forest stand, without the need to measure out a fixed area plot. A dendrometer or wedge
prism is needed to conduct a basal area sweep. The tool calculates stand basal area by means of the
mathematical relationship between the sight width (of the instrument) and the distance held from the
operator’s eye. This is known as the Basal Area Factor (BAF).
The choice of the BAF is equivalent to the choice of plot size for fixed area plot sampling, however, there is
no set area defined in this process, hence it is referred to as a “variable area plot”.
Trees will appear either 'IN”, equal to or 'OUT’ according to their diameter and the calibration of the
instrument (I.e., distance from the operator’s eye and the BAF). A decrease in the BAF increases the
average number of sample trees tallied 'IN’. But that means also that trees at a farther distance to the
sample point will be 'IN’ trees. As a general rule:
• For high density stands, a BAF of four is used
• For low density stands, a BAF of one is typically used
• A BAF of two is a good starting point
• A tally of 10 ‘IN’ trees is required to achieve required
accuracy. If 10 trees cannot be collected in the sweep, an
additional assessment should be carried out at an adjacent
vertex as outlined in 9.1.1.

9.4.1 Determining crown class of canopy trees
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Figure 6: Crown class refers to the horizonal strata

of a tree’s canopy. In the old-growth assessment,
The old growth definition references thresholds that pertain
only to canopy trees. Consequently, it is critical that only trees only classes C, D, E and O are assessed.
whose canopy is represented in the upper stratum are
considered in the sweep as “IN’ trees. Canopy trees are defined as those trees that have a dominant, codominant, emergent or open grown crown class, as outlined in the table below.

Table 1 Crown classes and their definitions

Crown
Class

Code

Definition

Dominant

D

Trees with well-developed crowns extending above the general level of the forest
canopy. The crown receives full sunlight from above and partly from the sides.

Co-dominant

C

Trees with medium-sized crowns forming the general level of the forest canopy. Each

tree crown receives full sunlight from above but very little from the sides.
Intermediate

I

Trees shorter than dominant and co-dominant trees and have small crowns extending
into the forest canopy. Each tree receives a little direct light from holes in the canopy
and very little light from the sides.

Supressed

S

Trees with crowns more or less entirely below the forest canopy and receiving very little
direct light either from above or from the sides.

Emergent

E

Trees with crowns totally above the canopy of the stand and receiving full sunlight
from both above and from all sides.

Open Grown

O

Trees not growing near any other tree and with crowns receiving full sunlight from
both above and from all sides.
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9.5 Determining tree growth stage
Five stages of morphological development of eucalypt species that can be recognised in the field were
described by Jacobs (1955): juvenile, sapling, pole, mature and over mature. Woodgate et al. (1994) refined
these growth stage with the additions of two more: early mature and late mature (Table 2).
However, to facilitate the mapping of forests structure through Aerial Photograph Interpretation (API),
Woodgate et al. (1994) amalgamated and simplified these seven stages into three: regrowth, mature and
senescing. The relationship between the three growth stage classifications for typical mixed species eucalypts
is illustrated in Table 2 and for both typical Ash species (Figure 7) and non-Ash Eucalypt spp. (Figure 8).
The ability to determine these characteristics in the field is critical for the determination of an old-growth stand
and requires experience in the ecology of eucalypt forest.
Table 2 Growth stage definitions (Woodgate et al. 1994)

Eucalypt Growth Stage

Simplified Growth
Stage

Description

Regeneration (Sapling)

Regrowth

All leaves have a juvenile form and grow on the main stem.

Regrowth (Pole)

Regrowth

Regrowth stage is characterised by a strongly developed main
stem. Semipermanent branches growing on the main stem below
the upper crown develop from some of the competing branches
of the sapling stage, and the leaves are mostly mature. A young
eucalypt enters this stage after it has gained a certain height, and
the age at which it enters this stage is dependent on-site quality

Mature

Early mature stage (younger) - large permanent ‘shaping’
branches which form the framework of the crown.

Mature

Mature stage (older) - persists for a long time and although
branches thicken, height and crown spread may change very little
over this time in dense stands. As branches grow further from the
main trunk and lose their apical dominance, epicormic shoots
develop from dormant buds on the top and sides of the shaping
branches closer to the main trunk.

Late Mature

Senescing

Late mature stage - the tree may develop large numbers of
‘bayonets’, dead branches from deceased leaf-bearing units,
warts and burls, and some dead shaping branches.

Over mature

Senescing

Over-mature stage - characterised by declining crown leaf area.
As major shaping branches are shed, epicormic growth develops
from the trunk, to replace the lost leaf area, but which is never as
persistent as the permanent shaping branches. The trunk and
shaping branches are eventually weakened by fungal attack,
causing shaping branches and often the top of the tree to fail and
break. The trunk or tree bole is characteristically covered in burls
and bumps.

Early Mature

Mature

DRAFT

Determining growth stage characteristics in Ash-type forest is by comparison a simpler process that in nonAsh, or mixed-species type forests. This is due to the typical apical crown form exhibited in Ash forests,
including throughout the ‘advanced regrowth’ where the species is not yet considered ecologically mature
(<120 years of age). Once mature, the crown becomes more rounded and begins a process of degeneration
followed by complete dieback of the apical stem.
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Figure 7 Typical Ash-type eucalypt forest growth stages (inspired by Campbell 1997)

Mixed species forest exhibit different crown forms, generally showing less apical dominance. Many forest
stands contain more than one growth stage in the canopy and in these cases, the relative proportion of each
growth stage is assessed.
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Figure 8 Typical Eucalyptus (non-Ash) growth stages (inspired by Woodgate et al. 1994)
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9.6 Calculation to determine proportional canopy area per growth stage
On the basis of the basal area measurements (tree trunk diameter measured at 1.3 metres height) recorded
during the field assessment, the following analysis is undertaken in order to calculate the individual basal
area for each ‘IN’ tree and subsequently it’s crown cover per hectare by means of the process outlined in
Table 3.
It is important to note that for efficiency of field data collection, canopy area is estimated by measuring trunk
diameter, and mathematical equations (defined in Section 6.5) are applied to correlate trunk diameter with
canopy. The proportion of basal area growth stage is then appropriate to use for the thresholds defined
above.
Table 3 Analysis of 'IN' tree diameters

Step

Description

1

Using the DBH (cm) of each ‘IN’ tree, calculate
the individual basal area (m2)

2

3

Calculation

𝐵𝑎𝑠𝑎𝑙 𝐴𝑟𝑒𝑎

Calculate the Expansion Factor (N), where the
Basal Area is the contribution of one tree count
in the sweep to the total BA per ha (i.e., it is
the BAF). This is also equivalent to the number
of stems per hectare.
Calculate crown radius using the appropriate
model, which represents the DBH-Crown
Width for Eucalypt Ash species and Eucalypt
species in general.

(𝑚2 )

𝑁=

𝐷𝐵𝐻(𝑐𝑚) 2
2
=𝜋 ×(
)
100

𝐵𝐴𝐹
𝐵𝑎𝑠𝑎𝑙 𝐴𝑟𝑒𝑎 (𝑚2 )

𝑒 −1.0892135 × 𝐷𝐵𝐻 0.6223523 Eucalyptus cypellocarpa2
𝑒 −1.7511105 × 𝐷𝐵𝐻 0.7642573

Eucalyptus delegatensis

𝑒 −0.9926173 × 𝐷𝐵𝐻 0.6372200

Eucalyptus elata

𝑒 −0.7733558 × 𝐷𝐵𝐻 0.5766101

Eucalyptus fastigata

𝑒 −1.6460666

Eucalyptus obliqua

DRAFT
𝑒

−1.5534878

×

𝐷𝐵𝐻 0.7338905

× 𝐷𝐵𝐻

0.7311817

Eucalyptus regnans

𝑒 −1.6559604 × 𝐷𝐵𝐻 0.7370426

Eucalyptus sieberi

𝑒 −1.3553596 × 𝐷𝐵𝐻 0.6862732

Eucalyptus spp.

𝐶𝑟𝑜𝑤𝑛 𝐴𝑟𝑒𝑎 = 𝜋 × 𝐶𝑟𝑜𝑤𝑛 𝑅𝑎𝑑𝑖𝑢𝑠 2

4

Calculate Crown Area

5

Calculate Crown Cover per hectare

𝐶𝑟𝑜𝑤𝑛 𝐶𝑜𝑣𝑒𝑟 ℎ𝑎−1 = 𝐶𝑟𝑜𝑤𝑛 𝐴𝑟𝑒𝑎 × 𝐸𝑥𝑝𝑎𝑛𝑠𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 (𝑁)

6

Determination of old growth presence or nonpresence for the 1-ha grid cell

Based on the crown cover for each tree, representing a
particular growth stage and having been scaled to the
hectare, an old growth forest determination is made
according to the proportion of regrowth (i.e., <10%) and
senescent crown cover (>10%) in the canopy.

9.7 Illustration of analysis of field results from a survey point
The worked example provided (below in Table 4) is based on a sweep that collected 12 trees, using a Basal
Area Factor of three.
1. The diameter of the tree at 1.30 metres above ground and the growth stage of each tree is entered in an
Excel spreadsheet, corresponding to the Basal Area Factor.
2. The Basal Area (m2) is calculated for each tree by the standard formula in the spreadsheet
3. The expansion Factor (N) is calculated for each tree by the standard formula in the spreadsheet

2.
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4. Using the species specific or the general Eucalyptus spp. allometries provided by the University of
Melbourne, the crown radius (m) of each tree is calculated.
5. Crown area (m2) is calculated from crown radius (m) by the standard formula in the spreadsheet
6. Crown area (m2) is multiplied by the Expansion Factor (N) to produce an estimate of the Crown Cover
per hectare.
Table 4: Example of field results input to Excel

Tree
ID
1
2
3
4
5
6
7
8
9
10
11
12
13

BAF
3
3
3
3
3
3
3
3
3
3
3
3
3

DBH
(cm)
120
150
100
297
176
162
179
173
203
175
233
220
100

Species
CYP
EUC
EUC
REG
DEL
OBL
EUC
EUC
REG
EUC
REG
REG
REG

Growth
Stage
R
S
M
M
M
S
M
M
M
M
S
S
R

ba
(m^2)
1.13
1.77
0.79
6.93
2.43
2.06
2.52
2.35
3.24
2.41
4.26
3.80
0.79

N expansion
factor (tree
per ha)
2.65
1.70
3.82
0.43
1.23
1.46
1.19
1.28
0.93
1.25
0.70
0.79
3.82

Crown radius
(m)
6.62
8.03
6.08
13.59
9.03
8.07
9.07
8.86
10.29
8.93
11.38
10.92
6.13

Crown
Area
(m2)
137.73
202.62
116.14
580.60
256.13
204.40
258.25
246.45
332.82
250.36
407.14
374.35
118.18

Crown Cover
per hectare
365.35
343.98
443.63
251.42
315.83
297.50
307.87
314.53
308.49
312.27
286.46
295.44
451.40
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7. The spreadsheet calculates the sum of the Crown Cover per hectare for surveyed trees in each growth
stage (Table 4); and

8. The spreadsheet provides a Chart of the results (Figure 9) indicating the proportion of canopy from each
growth stage category of trees.

Figure 9 Chart output of results

In the above example above, there is 19 per cent regrowth and since this is greater than the 10 per cent
regrowth threshold in the definition of old growth forests, this survey plot does not represent as old growth. If
this plot is considered representative of the broader area, no further assessment is required. However, if the
area is atypical compared to the surrounding forest, further assessments may be considered.
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9.8 Field sheet
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