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Summary 
Growing more trees in rural landscapes in Victoria can provide revenue, store carbon, deal with 
environmental problems, and provide on farm benefits. This will need cooperation between landowners 
and public and private investors willing to pay for different forms of revegetation. The Growing Landscape 
Carbon project under the Victorian Climate Change Innovation grant program is developing an online 
platform to connect landowners who want trees on their land with investors who want to pay for these 
trees for their timber, carbon, biodiversity and/or catchment benefits. The goal is to get more trees on 
farms.  

Potential investors who might use the platform include CMAs, Greening Australia, forest industries, farm 
forestry initiatives, carbon brokers and Landcare groups. By connecting potential investors in tree growing 
with landowners, the online platform can help create partnerships for tree planting for conservation and 
profit. The platform provides detailed information to landowners on the suitability of their landholdings 
for different forms of revegetation, which is summarized in the form of indices of investment potential for 
timber, biodiversity, catchment values and carbon. Another key feature of the platform is that it provides 
information to potential investors of landowner interest in revegetation. These features allow the platform 
to support revegetation that meets the needs of landowners and investors through appropriate selection 
of tree species and revegetation sites.  

This report describes the indices of investment potential that will be used in the platform to inform 
landowners about the potential to grow trees on their land for different purposes. A potential future 
enhancement of the platform is to replace these indices with priority maps of potential investors, should 
these maps become available. In the absence of investor-provided information on their preferred sites for 
revegetation, the indices should be viewed as approximate indicators of the types of revegetation most 
likely to be suitable for a specific land parcel. For example, land parcels near timber processing facilities 
and with adequate rainfall could potentially attract interest from timber plantation investors, whereas 
parcels far from timber processors and near remnant native vegetation may be suitable for habitat 
restoration for biodiversity. The estimated index values included in the current version of the online 
platform is based on publicly available information. For example, timber index values are based primarily 
on the land’s proximity to timber processors and average annual rainfall, both of which are publicly 
available data. 

The timber investment index combines elements of land availability and suitability by excluding 
locations with existing woody vegetation and where timber production is incompatible with current 
land uses. Land remaining after this screening procedure was ranked for investment suitability using 
approximate net harvest returns. Plantation growth rates were based on estimates developed by 
CSIRO for three different wood-production scenarios: hardwood sawlog, softwood sawlog, and 
hardwood pulp. 

The biodiversity index is based on estimates of the number of native species (flora and fauna) that 
would re-establish on land parcels after 50 years following revegetation with previously existing 
native flora species. 

The catchment index is based on an analysis undertaken by the Wimmera CMA for the whole of 
Victoria, which identified conditions that maximise the complementary benefits of large scale 
biosequestration activities, including biodiversity conservation, carbon sequestration and which 
minimize potential adverse impacts of biosequestration on agriculture.  

The carbon index is based on the Maximum Potential Biomass dataset (MaxBio, Department of 
Climate Change and Energy Efficiency, 2004). The MaxBio dataset is an estimate of the maximum 
above-ground biomass that potentially would exist if native vegetation is present under current 
climatic conditions.  
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Introduction 
Across Victoria, only 20% of native vegetation remains on private land. Policies and programs 
have promoted tree planting on farms, but these have not made a significant difference to 
environmental problems caused by tree loss. Trees can provide farmers with additional income 
and on-farm benefits such as shade and shelter for their stock, increased crop productivity and 
reduced soil loss or water quality impacts. While some landowners are aware of these benefits, 
others are not, or are sceptical.  

More trees are required to deal with environmental problems and provide farm benefits. This 
will need cooperation between landowners and public and private investors willing to pay for 
different forms of revegetation. This project is developing an online platform to connect 
landowners who want trees on their land with investors who want to pay for these trees for their 
timber, carbon, biodiversity and/or catchment benefits. The goal is to get more trees on farms.  

The platform aims to connect landowners who want more trees with investors such as CMAs, 
Greening Australia, forest industries, farm forestry initiatives, carbon brokers and Landcare 
groups. This can create partnerships for tree planting for conservation and profit. It will support 
revegetation that meet the needs of landowners and investors through appropriate selection of 
tree species and revegetation sites.  

The initial platform is a proof of concept that will be refined after feedback from investors and 
landowners. The platform will use the latest technology and build on farm forestry knowledge 
on timber species, products, growth and management requirements, and experience with 
farmer-to-farmer learning in the Master Tree Growers program. 

This report describes methods used to develop indices that will be used in the platform to 
indicate the potential suitability of land for growing trees in rural landscapes for timber, 
biodiversity, catchment values and carbon. These indices are to be used as base information to 
inform landowners whether their landholdings are likely to be suitable for growing trees for 
different purposes. Future extensions of the base model could include the replacement of 
investment potential index maps with investor priority maps if these are provided by investors. 
This would provide a more accurate information base for landowners regarding potential 
investor interest in growing trees on their land.  

Timber investment potential 
The investment potential of cleared land for timber is a function of the growth potential of 
the site for different tree species and operational factors that determine harvest and 
transport costs for wood, such as slope and distance from the processing plant. To estimate 
forest investment potential, land potentially available for tree growing was identified and 
assessed based on its suitability (Figure 1). The study focused on an area within 200km of 
the major processing facilities of key timber industries in western and eastern Victoria, 
which is an approximate upper limit on the distance that harvested timber can economically 
be transported to processing facilities.  
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Figure 1: Forest investment potential assessment flowchart 

Identifying potentially available private land 

The study excluded intensively managed land, identified based on the land-use classes considered 
in the Department of Environment, Land, Water and Planning 2016 land-use map. These classes 
were aggregated by combining non-relevant land-uses into a single class (Other) and the multiple 
horticultural land-uses under another class (Horticulture). 

The following steps were used to estimate which locations in Victoria are potentially available for 
growing trees for timber: 

• Zoning and land tenure information were used to make exclusions; 
• Spatial data layers were cast on to a 1 x 1 km grid layer, bringing multi-scale data layer 

to a single unit size, through geoprocessing using ArcGIS software; 
• The transport distance to the four timber processing sites from each grid was 

calculated using spatial network analysis (see below regarding the 200 km limit); 
and 

• One of four harvesting slope classes (0-10o, 10-20o, 20-30o and >30o ) was calculated for 
each grid. 

Ten spatial data layers were used to identify potentially available land. All layers except the Digital 
Elevation Model (slope) and rainfall were accessible via the Victorian Government’s open data 
portal. To identify potentially available land the following elements were removed: 

• Property parcels less than 10 ha; 
• Areas of public land; 
• Areas of non-relevant land-use and existing plantation3. Land-use areas that remain 

include: 
o Farming zone 
o Green wedge zone 
o Rural activity zone 
o Rural conservation zone 

• Areas of native vegetation; 
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• Watercourses and buffers; 
• Gas and fuel pipelines; and 
• Land area under 600 mm (long-term average) rainfall.  
• Buffers were placed on streams and pipelines, but not on powerlines or residential zones 

and homes. This was due to the processing required, and the likely limited reduction in 
total area at the state-wide scale.  

 

 

Figure 2: Private land potentially available for timber investment 

Timber Investment Index  

Land suitability was ranked into investment potential classes (Figure 3). These were 
derived for each grid using programming in R software. The index is based on Gross 
Harvest Return in dollars per hectare, with returns for timber minus harvest costs.Figure 
3: Plantation Investment Index and Gross Harvest Return calculations 

The Plantati0n Investment Index uses three factors (described in the following sub-sections): 

PII = Productivity (Tree growth x Product values) - Haulage Cost - Harvest Cost 

The Gross Harvest Return was calculated based on the price in dollars per GMT. 

𝐺𝐺𝐺𝐺𝐺𝐺 = 𝐺𝐺𝑀𝑀𝑀𝑀 ∗ ℎ𝑙𝑙 ∗ 𝑅𝑅 ∗ 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 

Where: hl = harvest loss of 10% 
R = years to thinning or clearfall operation 
ConF = Conversion factor for volume to weight (Figure 7) 
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Trees take time to grow. Harvest returns were discounted to year 1 to provide net present value 
to account for the impact of rotation length on returns using a discount rates of 7% using the 
following equation. 
: 

 

T𝑀𝑀𝑀𝑀𝐶𝐶𝑛𝑛  = ( 
1 

)^𝑅𝑅 
1 + dr 

dr = Discount rate  

R = Rotation length in years 

Tree growth was derived from spatial surfaces developed by CSIRO (Polglase et al. 2008) using 
the 3-PG2 growth model. These are presented was presented as Mean Annual Increment (MAI) in 
timber volume for three timber production options: hardwood sawlog, softwood sawlog, and 
hardwood pulp (Fig 4). Industry data was used to validate these estimates using ground plot 
measurements (Figure 6).  
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Figure 4: MAI for three wood-production scenarios provided by CSIRO (ex Polglase et al 2008): 

hardwood sawlog, softwood sawlog and hardwood pulp (all MAI values “normalised” to a 20 year 
rotation length). 
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Figure 5: Spatial representation of 3-PG2 (“3-PG”) model predictions for radiata-sawlog MAI. 

To standardise productivity between the regimes, MAI in cubic metres was converted to 
green metric tonnes (GMT) using estimates of basic density which vary for species. Harvest 
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regime assumptions, and indicative prices for the log and pulp products removed through 
the thinning and clear-fall regimes, are detailed in Table 3. For this analysis, a single sawlog 
price ($100/Green Metric Tonne, GMT) and pulp price ($70/GMT) were used, with the aim 
being to rank land for each scenario rather than to compare accurately between scenarios. 

Distance from the four processing centres was calculated for each grid cell using the 
Network Analysts extension in ArcGIS. Road data was derived from the Vicmap Transport 
(id: ANZVI0803002595) dataset using road classes less than 6, where Road Class 0 = 
Freeway and Road Class 6 = Two-wheel drive. Mount Gambier was linked to the Victorian 
road network via the Princes Highway. 

Primary distance was calculated as having B-double access using the B-double road layer, 
counting any grid with in a 5km-radius from the B-double road network as accessible. 
Victoria road network was used to calculate the transport distance to grids in the B-double 
exclusion zone. 

Haulage and harvest costs were deducted for each harvest based on the proportions of 
product removed, which were also the same for each regime. Therefore, the difference in 
the productivity index between regimes is primarily due to the relative growth of the 
different species over the 25-year (saw log) or 10-year (pulp) rotation length. For this 
analysis, the hardwood- and softwood-sawlog harvest schedules and product splits were 
the same. 

Harvest costs are a function of slope and harvest event (thinning or clearfall). A 20m Digital 
Elevation Model was used to determine four slope classes: 0-10o, 10-20o, 20-30o and >30o. 
These classes relate to the capacity to use different types of harvesting equipment and the 
cost of harvesting (Figure 9). The proportion of each slope class was assigned to each 100 ha 
grid using the Tabulate Area extension in ArcGIS. Therefore, the harvest cost for each grid 
cell represents a single, weighted cost derived from the range of slope classes in each cell. 
Harvest costs were not applied to T1 or T2 at slope classes 20-30o and >30o. For these slope 
classes, it is assumed harvest will occur at clear-fall only. Harvest costs were assigned per 
GMT. The high potential cost of roading for harvest operations was noted in the 
methodology project partner feedback (Appendix 6), and comprehensive data on roading 
costs was provided. These costs will be utilised in the next phase of property-level 
plantation design phase. 

The areas for Timber Investment Index are shown in Figure 7. For inclusion in the platform 
these were represented as low (<2000, medium 2000-6000 and high >6000). 



10 

 
Figure 6: State-wide maximum PII ($) for three wood production scenarios. 
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Biodiversity investment potential 
The biodiversity index is based on estimates of the number of native species (flora and fauna) that 
would re-establish on land parcels after 50 years following revegetation with previously existing 
native flora species. The biodiversity index was estimated by the Department of Environment, 
Land, Water and Planning (DEWLP, unpublished data) of the for the entire State of Victoria, 
subdivided into square land parcels of 225m side length (or 5 ha in area). The index value for a 
specific land parcel is increased for parcels that are adjacent to rivers and streams, and for parcels 
that are adjacent to existing habitat. The latter adjustment is made for two reasons: an assumption 
that colonization of a parcel is more likely if it is near existing habitat, and the larger value of 
restored habitat when it provides a buffer around existing habitat. Further increases in the 
biodiversity score are made for land parcels that contain threatened species, reflecting their 
particular importance in Victorian conservation policy.  

The biodiversity index values are currently being re-estimated by the Department and the 
estimates will be available later in 2019. The current estimates should therefore be viewed as 
temporary and subject to change. Furtrhermore, the current index values may not accurately reflect 
the priorities of potential investors in biosecurity-focused revegetation projects because the values 
are based on a theoretical model of native species recolonization potential rather than explicit 
preferences of potential investors. 

To compute the potential suitability of land parcels for biodiversity, grid cells with native vegetation 
(including forest) occupying >50% of the cell’s area were removed from the original biodiversity 
index layer estimated by DEWLP. This is illustrated in the next figure as areas without shading. The 
remaining grid cells were aggregated into three classes (low, medium and high), with each class 
having an equal number of cells. The aggregation was performed using ArcMap 10.3.  

Spatially explicit biodiversity index values are illustrated in the next figure. 
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Figure 7: Revegetation priorities for biodiversity conservation (map produced by Arthur Rylah Institute, DEWLP) 

Figure 7 illustrates, at a statewide spatial scale, which locations have highest suitability for 
biodiversity plantings. Many of these locations, illustrated in darker green, are near native 
vegetation (areas without any shading). At finer spatial scales, high priority may be given to sites 
near remnant native vegetation patches, including patches on private land. Although this is not 
illustrated in Figure 7, dueto its coarse spatial scale, the value of a site’s proximity to native 
vegetation remnants is captured in the online platform at the scale of individual landholdings 
(“parcels”). However, spatial aggregation errors can arise because of the coarse scale considered in 
the original biodiversity index values estimated by DEWLP, which is the basis for the index values 
provided to users of the online platform. This reflects that the original index values were estimated 
at a scale of 225 meter square cells, or approximately 5 ha. If land that is highly suitable for 
revegetation for biodiversity occupies only a small proportion of a cell, these highly valued pockets 
of land would not be recorded in the original biodiversity index values. Consequently, it is possible 
for land parcels in the online platform to have a low estimated biodiversity value despite part of 
those values having a high suitability for biodiversity plantings. This problem can be addressed by 
re-estimating the original biodiversity values at a finer spatial scale, and assigning the highest pixel 
value from that dataset to the land parcel in the online platform that encompasses that pixel.   
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Catchment investment potential 
Priorities for catchment revegetation potential were based on analysis undertaken by the Wimmera 
CMA for the whole of Victoria. These are described in a report on Statewide Landscape 
Prioritisation (Wimmera CMA 2015). The methodology identified conditions that maximise the 
complementary benefits of large scale biosequestration activities, including carbon, biodiversity 
and agricultural benefits, and minimize the impacts. This provided prioritised locations for native 
vegetation revegetation and management using spatial data on biodiversity assets, carbon 
sequestration and agriculture. Biodiversity assets across Victoria were identified through DELWP’s 
Nature Print program. This dataset summarises a range of biodiversity related attributes including 
the presence and potential range of state and federal listed species, connectivity between 
vegetation, as well as vegetation extent and condition. This dataset is seen as fit for purpose for use 
with the modelling framework for the NRMPCC. The biodiversity component of the priority layers is 
key and is included in all layers for all regions. The protection of agricultural land was flagged by 
Glenelg Hopkins and Wimmera CMA as being important in prioritisation. An agriculture component 
was included to ensure that activities conducted through the NRMPCC factor in the importance of 
agricultural land. 

The NRMPCC priority layers were built using a multi-criteria decision analysis and consideration of 
whether an ecosystem is best suited for protection, enhancement or revegetation. Revegetation 
focuses on degraded ecosystems with potential for restoration and an enhanced carbon carrying 
capacity.  

Priorities were derived using the following model: 

priority = ((carbon+ biodiversity+agriculture)/max (carbon+ biodiversity+agriculture) ) 

Each input criteria was rated between 0 and 100, and these were combined into an overall priority 
between zero and 100. 100 represents the highest priority. The NRMPCC priorities include two 
ecosystem groups (waterway and terrestrial). Terrestrial Ecosystems are identified as ‘green 
carbon’. Revegetation targets all terrestrial ecosystems where native vegetation is absent. Spatially 
explicit revegetation priorities are illustrated in Figure 8. 
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Legend 

 

 

High: 96 

 

 
 
Low: 1 

Figure 8: Green Carbon revegetation priorities (taken from Wimmera CMA, undated, accessed on 6 May 2019 at: 
https://wcma.app.box.com/s/xk5814q6k1aohxrxacn595lv19illcph  

Modelling was undertaken using a mix of Python and Windows Batch Scripting making calls to the 
Geographic Data Abstraction Library (GDAL). Data and scripts used to generate outputs are 
available upon request. 

Input Datasets used in the process were:  

• NaturePrint 2013 
(http://services.land.vic.gov.au/catalogue/metadata?anzlicId=ANZVI0803005186), including 
native vegetation extent and condition. Areas within the condition layer without a score or one 
that is lower than 10 are reclassified as 10. 

• Strategic Biodiversity Score.  

• Terrestrial Carbon Sequestration Potential (NRMPCC - BioSim Carbon Sequestration Layers) 

• Current Carbon Sequestration (EVCST_CarbSeq_VIC had its values scaled from its original units 
to an arbitrary unit between 0 and 100, with 100 representing the highest current carbon 
sequestration rate. 

• Priority for Agricultural Land Protection.  

Native revegetation activities should also consider: 

• fire risks to human settlements, economic, and cultural and heritage, and environmental assets. 
Proximity to, or location on, road reserves or road easements and powerlines easements for 
example, railway lines, gas lines or telecommunication easements, Neighbourhood Safer 
Places, airports and aerodromes 

• Giving priority to adjacency to National Parks, State Forest and other public land parcels  
• Water management assets such as channel reserves or access tracks, pipeline easement  
• Compliance with the Victorian Aboriginal Heritage Act 2006. 
 

https://wcma.app.box.com/s/xk5814q6k1aohxrxacn595lv19illcph
http://services.land.vic.gov.au/catalogue/metadata?anzlicId=ANZVI0803005186
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Carbon investment potential 
The carbon index is based on the Maximum Potential Biomass dataset (MaxBio, 
Department of Climate Change and Energy Efficiency, 2004). MaxBio is estimated from a 
Forest Productivity Index based on monthly climate data, solar radiation and leaf area 
index. The MaxBio score is measured on a relative scale of 1 to 25. MaxBio estimates the 
above-ground biomass on a 0.0025 degree grid (each grid cell has a side length of 
approximately 250 m) under assumptions that the cell contains native vegetation and 
current climatic conditions will prevail indefinitely. The MaxBio data can therefore be used 
to estimate current above-ground carbon where intact native vegetation remains or 
potential carbon storage if native vegetation were restored.  

To compute the potential suitability of land parcels for carbon sequestration, grid cells 
with forest occupying >50% of the cell’s area were removed from the original biodiversity 
index layer estimated by DEWLP. The remaining grid cells were aggregated into three 
classes (low, medium and high), with each class having an equal number of cells. The 
aggregation was performed using ArcMap 10.3. 

Spatially explicit revegetation priorities are illustrated in Figure 9. 

 

 
Figure 9: Maximum potential biomass (MaxBio): MaxBio value classes are low (yellow), medium (orange) and 

high (brown)  

The MaxBio values illustrated in Figure 9were estimated by removing from the original MaxBio data land that 
is forested and grouping the remaining land into three classes of each total area (low, medium and high 
potential biomass, respectively). The values include sites with more than 600mm average annual rainfall. 
Plantations grown on these sites are not eligible to receive carbon credits under existing rules, but these rules 
are subject to potential change and therefore were not considered in this analysis. 

Although the MaxBio values are useful for indicating broad suitability of land parcels for sequestering carbon, 
the value of carbon plantings will depend not only on the maximum biomass eventually reached in the future 
but also the rate at which carbon is sequestered. In particular, a site may have a larger discounted monetary 
value than a different site where biomass grows more slowly and reaches a larger maximum future level. 
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