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KEY MESSAGES
•

•

•

•

•

•

This project continues an assessment framework of scoping out land use transition options
for land managers and government to consider in advancing towards the water quality
improvements and long-term sustainability of coastal aquatic ecosystems and the Great
Barrier Reef.
The framework here, applied in the Dry Tropics, builds on previous research in the Wet
Tropics (NESP TWQ Project 2.1.2) where we combine both spatial and economic
information to identify options for transitioning low-lying cane land, with a high risk of
dissolved inorganic nitrogen (DIN) loss, to lower DIN-risk uses.
The cost-effectiveness of DIN reduction ($/kg DIN) was calculated for alternative land uses
in the Lower Burdekin and Mackay regions. The levels of DIN credit payments required to
deliver 5-, 10- and 15-year payback on landholders’ upfront investment in land use change
were also calculated. Cane production that is consistent with the 2019 Reef Regulations
and the Prescribed Methodology for Sugarcane Cultivation was used as a baseline land
use throughout.
In terms of cost-effectiveness and the likely level of DIN credit payments required to
incentivise land use change, conversion to cattle fattening, farm forestry and restored
ecosystem wetlands perform well in all regions. Cattle fattening and farm forestry perform
particularly well in Mackay region. Restored ecosystem wetlands perform well in the
Burdekin Delta and particularly well in the Burdekin River Irrigation Area (BRIA).
There is a paucity of quantitative information on the DIN removal capacity and conversion
costs for wetland restoration or engineered treatment wetlands in the Wet and Dry Tropics.
Therefore, there is uncertainty around the cost-effectiveness values and end users should
be cognisant of the assumptions used in the framework. In general, wetland restoration or
engineered treatment wetlands are most cost-effective when conversion costs are low and
DIN removal capacity is high – this is partly a function of the hydrology and maximising the
residence time for processing nutrients in treatment wetlands. Hydrological regimes and
nutrient loads are related to wetland size, position, wetland type, and connectivity with highDIN generating watersheds. Placing both forms of wetlands within an integrated treatment
train might further improve water quality, though this needs to be weighed against the
additional costs incurred. Further work is required to understand the timing of DIN
movement through dry tropics catchments as this will heavily influence wetland treatment
efficacy, and the size and positioning of wetlands necessary to achieve water quality
objectives.
Land use transition could be considered as part of a mix of mechanisms to address DIN
loss. It complements other mechanisms, if targeted at the relatively small areas of poorly
performing sugarcane land, while best management practice adoption initiatives should
focus on the remaining, more productive sugarcane land.
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EXECUTIVE SUMMARY
The Reef 2050 Long-Term Sustainability Plan and Reef 2050 Water Quality Improvement Plan
have set ambitious targets for Great Barrier Reef (GBR) water quality improvement. Even
adoption of ‘A-class’ sugarcane management practices is predicted to only achieve around
30% reduction in DIN loads to the reef. There is a need for new, innovative approaches to
achieve the load reduction beyond just ‘A-class’, and that are fully costed. This project builds
on previous research in the Wet Tropics (NESP TWQ Hub Project 2.1.2) by exploring whether
further reduced nitrogen loads are possible by transitioning low-lying sugarcane land to an
alternative land use requiring less or no nitrogen application, and that, ideally, also provides
farmers with a long term alternative income.
Defining land use transition options
The thirteen major river basins comprising the Dry Tropics NRM Region (inclusive of NQ Dry
Tropics and Reef Catchments NRM – Townsville to Sarina) have been highly modified since
European settlement, with extensive vegetation clearing and hydrological modifications to
facilitate agricultural production. Intensive agriculture dominates the coastal floodplain and
grazing is the major land use in the drier, western parts of the region.
A review of the literature and consultation with experts in the related fields determined that a
range of land transition opportunities exist with no, or lower, nitrogen application compared to
sugarcane. The final land use options included: 1) grazing (grass-fed beef fattening); 2) farm
forestry; 3) construction of engineered wetlands to provide water treatment in runoff before
discharge to receiving waters; and 4) restoration of wetlands to provide services for aquatic
ecosystems (such as fish habitat extension, or carbon sequestration).
Data acquisition and land use suitability analysis
Data to facilitate generation of the possible alternative land use areas was sourced from the
Queensland Government, NQ Dry Tropics NRM and the Great Barrier Reef Marine Park
Authority (GBRMPA). In this case, only data complete for the entire Dry Tropics region
(Townsville to Sarina) were used. Data not consistently available for the region, such as acid
sulphate soils mapping, were excluded because of confounding problems with applying a
consistent decision weighting during the land use suitability analysis (Multi-Criteria Analysis,
MCA). In some cases, surrogate data sets were incorporated. A constraint here was (region
wide) available local data, which generally provides additional fine scale details, but was
excluded to avoid confounding problems. Further investigations could examine the differences
in land parcel identification between the use of coarse and fine scale data.
The land use suitability analysis was used to assess sugarcane land in terms of the risks of
DIN loss to the GBR, and the suitability for transition to another land use. Using GIS, the MCA
was developed during a workshop with key end users, covering a range of local knowledge,
industry, government and Natural Resources Management sectors. The MCA consisted of the
following steps: 1) defining low-lying sugarcane areas with a high risk of DIN loss to the GBR;
2) determination of a ranking system of suitability following the four identified land uses suitable
for transition; and 3) validation/vetting of the land suitability model and maps using expert and
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local knowledge. The outcome was a set of decision rules that defined the framework, which
generated a series of maps outlining starting points for shortlisting possible areas for transition.
Economic analysis
The total present value cost of converting low-lying, high DIN risk sugarcane land to alternative
uses was calculated for each alternative land use over a 30-year evaluation period at 5% and
7% real discount rates. Cane production that is consistent with the 2019 Reef Regulations and
the Prescribed Methodology for Sugarcane Cultivation was used as a baseline against which
the economic performance of land use change was assessed. The cost-effectiveness of DIN
reduction ($/kg DIN) was calculated for each alternative land use in each case study region.
In addition, the levels of DIN credit payments required to deliver 5-, 10- and 15-year payback
on landholders’ upfront investment in land use change were also calculated.
Results showed that, in the right location, DIN reduction could potentially be incentivised by
payments of less than $30/kg DIN in the Mackay region, less than $60/kg DIN in the Burdekin
Delta, and less than $100/kg DIN in the BRIA. Conversion to cattle fattening, farm forestry and
restored ecosystem wetlands perform well in all regions. Cattle fattening and farm forestry
perform particularly well in the Mackay region. Restored ecosystem wetlands perform well in
the Burdekin Delta and particularly well in the BRIA.
Constraints
This project highlights obvious information gaps in scientific knowledge and access to data.
Access to consistently gathered data, and indeed local datasets, would improve and refine the
framework presented here. For example, the framework assumes that low-lying, flood prone
sugarcane land has poor production, though information on yield and gross margins in
catchments, in combination with soil types and flow rates, would further refine these analyses.
Similarly, more recent and comprehensive information on the costs and revenues from
alternative land use would reduce uncertainty in the economic analysis.
There remains considerable debate about whether, for the Dry Tropics, almost all of the DIN
load is transported during wet season peak event surface water flows or if a significant
proportion of the DIN load to the reef is transported during ambient surface and groundwater
flows. This has major implications for the area of wetland which would be required to provide
adequate retention time for effective DIN removal. If a considerable proportion of total DIN load
is transported in ambient surface and groundwater flows then a network of modestly sized,
appropriately situated treatment wetlands could provide effective DIN removal. If most of the
total DIN load is transported during peak event surface flows, then wetland area would have
to be much larger to achieve the desired level of DIN reduction.
The total present value costs of transitioning from cane production to wetlands would likely be
very different in these two situations. This debate highlights the pressing need for robust
scientific data on wetland performance and construction cost to be collected and made
available at spatial and temporal scales relevant to end users. We have modelled a range of
treatment efficiencies and costs of transitioning to wetlands to encompass the uncertainties
and acknowledge the differences of opinion surrounding this issue. Modelling results suggest
that in the right location, treatment wetlands might provide some local water quality benefits,
particularly when considered as part of a treatment train using other emerging technologies.
2

Way forward
In low-lying, high DIN risk, sugarcane locations transition to a lower DIN risk land use will
provide water quality benefits. The opportunity to test and refine the data presented in this
report via pilot projects in the Dry Tropics is necessary. Such pilot projects would also need
targeted research to provide data to improve the knowledge base for the MCA and the
economic analysis. Information on the costs and income from grazing is more readily available
than the other land use options, particularly wetland restoration and engineered treatment
wetlands. The current best opportunity to test and evaluate these transition options has been
possible via the Wet Tropics Major Integrated Project (MIP), and other treatment wetland
studies in the wet tropics – similar research projects are needed in the dry tropic catchments
to add to the collective knowledge.
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1.0 INTRODUCTION
1.1 Background and context
The World Heritage listed Great Barrier Reef (GBR) is recognised as having outstanding
natural values (State of Queensland 2018). This iconic asset holds cultural and spiritual
meaning, is a biodiversity hotspot, and has an economic, social and icon asset value of $56
billion. It contributes $6.4 billion (in 2015-16) to the economy and an estimated 64,000 jobs
through tourism, recreation, fisheries and scientific activities (Deloitte Access Economics
2013). In 2015, Tourism Australia found that 42% of international visitors rank the GBR as the
most appealing tourist attraction in Australia (Stoeckl et al. 2014). The future health and
resilience of the GBR, and indeed its economic, environmental and social values, is under
threat from climate change, poor water quality, coastal development and fishing (Great Barrier
Reef Marine Park Authority 2014).
The Outlook Report 2019 (Great Barrier Reef Marine Park Authority 2019) describes that the
highest water quality risks to the GBR are: Increased dissolved inorganic nitrogen (DIN) loads
to inner- and mid-shelf areas; and fine sediment loads which impacts inner-shelf coral reefs
and shallow seagrasses. As well as reef ecosystems, sediments, nutrients and pesticides also
threaten the integrity of freshwater wetlands and some estuarine habitats that line the coast.
DIN pollution can also directly impact coral reefs through enrichment of organic matter in
plankton and in sediments, leading to declining calcification, higher concentrations of photopigments (affecting the energy and nutrient transfer between zooxanthellae and the host) and
potentially higher rates of coral disease (Waterhouse et al. 2016). Terrestrially-sourced DIN
has also been quantitatively linked to the upper thermal bleaching thresholds of symbiotic reef
corals on inshore reefs (Wooldridge et al. 2015). Water quality improvement plans (WQIP’s)
have been developed for the Burdekin and Haughton catchments (NQ Dry Tropics 2016), the
Black and Ross catchments (Gunn and Manning 2010), and also Mackay-Whitsunday
(https://reefcatchments.com.au/projects/water/1-wqip-main-report/ ).
The loss and modification of catchment ecosystems is also contributing to increased loads of
nutrients and sediments entering the GBR (Lewis et al. 2021). Broad scale vegetation clearing
and catchment urban and industrial development (Waltham and Sheaves 2015) has led to the
widespread loss and degradation of freshwater wetlands, forested floodplains, woodlands,
rainforests and other terrestrial and aquatic ecosystems in the catchment (GBRMPA 2009,
Brodie et al. 2013b, Waterhouse et al. 2017, Canning and Waltham 2021). Official wetland
loss
data
can
be
explored
at
the
WetlandInfo
website
(https://wetlandinfo.des.qld.gov.au/wetlands/). These ecosystems are essential for a healthy,
resilient GBR because they trap sediments and nutrients, slow surface water flow, connect
coastal hydrology in some instances, and provide habitat for marine species (Great Barrier
Reef Marine Park Authority 2014, Adame et al. 2019, Waltham et al. 2019).
Declining reef health will potentially have a significant impact on the environmental values and
economic return generated by the GBR as an asset. Stoeckl et al. (2014) conclude that
changes in the environment in the GBR would have a major impact on national and regional
economies. Those authors found, through a major survey of visitors and residents, that
degradation of environmental values would have real impacts in the tourism industry, including
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reductions in tourist satisfaction, reduced numbers of tourists visiting the region, reductions in
the length of visits, and fewer repeat visits. Mustika et al. (2016) examined the potential
implications of environmental deterioration for business and non-business visitor expenditures
in the GBR. The authors concluded that nature-based tourism is an important source of income
for the region. 90% of visitors came to the region for at least one nature-related reason, and
that substantial environmental degradation could reduce visitor expenditure, and thus local
tourism income, by at least 17%. Esparon et al. (2015) found that while tourist visitation
numbers are generally lower in the dry tropics compared to the wet tropics the visitors spent
longer visits in the dry tropic. They found that the average days lost per visitor due to
environmental degradation is potentially much greater in the dry tropics.
The impact of agricultural runoff on coral reefs is not limited to the GBR, with around a quarter
of the total global reef area (Burke 2011), and a range of other aquatic ecosystems impacted
by agricultural pollution (Verhoeven et al. 2006). These effects are compounded by vegetation
clearing and wetland reclamation for agricultural development, which reduces the filtering and
buffering capacity of natural ecosystems (Verhoeven et al. 2006, Flanagan and Richardson
2010). Countries around the world have implemented programs in an attempt to address the
impact of agricultural pollution on aquatic ecosystems (Comin et al. 2002, Kroon 2014). These
have included the regulation of nitrogen fertiliser use on crops (Kronvang et al. 2008), soil and
water conservation (Chu et al. 2009), reduced stocking density (Kronvang et al. 2008) and
conversion of agricultural land to alternative production systems or natural ecosystems
(Frisvold 2004, Fennessy and Craft 2011). The management of diffuse pollutants from
agricultural land uses is therefore a key issue throughout the world and management
approaches implemented in other countries may also be applicable in the GBR (Waltham et
al. 2021).
There is a need for new, innovative approaches to reduce nitrogen loads that are cost effective
and provide longer term viability for landowners. This project explores land use transition
options to reduce nitrogen losses from low-lying, high DIN risk sugarcane areas, in the priority
Dry Tropics catchments. The Burdekin Water Quality Improvement Plan (WQIP) identifies that
while there have been many improvements to land management practices throughout the
region, the GBR health is projected to continue its decline. Hence, the scale of effort needs to
be significantly expanded, and there needs to be consideration of alternative options for
reducing pollutant discharges to the GBR (NQ Dry Tropics 2016). This project, with project
partners and end users, identifies possible suitable land uses that have a lower DIN risk, but
also potentially provide on-going income for land holders. Constraints and opportunities within
this project are also highlighted, which need further consideration to improve the framework
presented here.

1.2 Management of water quality in the GBR
The key policy instrument to address GBR water quality is the Australian and Queensland
Government’s Reef 2050 Water Quality Improvement Plan (https://www.reefplan.qld.gov.au/).
The Reef 2050 Long-term Sustainability Plan (Reef 2050 Plan) was released in 2015 in
response to the World Heritage Committee’s recommendation for a long-term management
plan for the GBR World Heritage Area (Commonwealth of Australia 2015). It provides an
overarching strategy for managing the GBR and addressing a range of threats to the integrity
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of the GBR. The Reef 2050 Plan incorporates the water quality targets and actions from the
Reef WQ Plan, which are (Commonwealth of Australia 2015):
• At least a 50% reduction in anthropogenic end-of-catchment dissolved inorganic
nitrogen loads in priority areas by 2018, on the way to achieving up to an 80% reduction
in nitrogen by 2025;
• At least a 20% reduction in anthropogenic end-of-catchment loads of sediment in
priority areas by 2018, on the way to achieving up to a 50 per cent reduction by 2025;
• At least a 20% reduction in anthropogenic end-of-catchment loads of particulate
nutrients in priority areas; and
• At least a 60% reduction in end-of-catchment pesticide loads in priority areas.
The Reef 2050 Plan and Reef WQ Plan recognise the vital role of freshwater and coastal
habitats in supporting a healthy GBR and include targets for riparian areas and natural
wetlands, including (Commonwealth of Australia 2015): There is no net loss of the extent and
a net improvement in the condition of natural wetlands and riparian vegetation that contribute
to Reef resilience and ecosystem health.
The Reef WQ Plan is the primary instrument within the Reef 2050 Plan to address pollutant
loss from broad-scale land use, notably agriculture (Department of the Premier and Cabinet
2013, Commonwealth of Australia 2015). The key programs to address agricultural pollutants
include the voluntary, industry-led Best Management Practice (BMP) programs; grants to
support adoption of best management practices; extension and education and more recently
regulations on the use of fertilisers and pesticides in the sugarcane industry and grazing land
management in the beef industry (Department of the Premier and Cabinet 2013). The majority
of investment in recent years has focused on facilitating adoption of best management
practices. Ecosystem protection and restoration, referred to as ‘system repair’, and the use of
treatment systems, such as constructed wetlands (Department of Environment and Heritage
Protection 2017), has been a relatively minor component of the Reef Water Quality Protection
Plan (Department of the Premier and Cabinet 2014).

1.3 Dry Tropics Region
The thirteen major river basins comprising the Dry Tropics NRM Region (Burdekin, Mackay
and Whitsunday regions) have been highly modified since European settlement, with extensive
vegetation clearing and hydrological modifications to facilitate agricultural production. Intensive
agriculture dominates the coastal floodplain and grazing is the major land use in the drier,
western parts of the region. Sugarcane production is the dominant intensive agricultural land
use on the coastal floodplain and accounts for approximately 80% of the anthropogenic loads
of DIN, and over 95% of the photosystem II (PSII) herbicide load to the GBR lagoon (Figure
1).
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Figure 1: Map of river catchments within the dry tropics NRM region draining to the Great Barrier Reef
World Heritage Area

The Dry Tropics WQIP also aims to restore the ecological function of the landscape through
system repair, outlining values, threats and actions for managing freshwater and coastal
ecosystems vital for the health of the GBR. Within the Lower Burdekin River catchment, as at
2017, only 43.1% of natural palustrine wetlands remain1. Drains and levees have been
constructed in many agricultural areas to drain or divert surface water and these have also
impacted natural hydrological processes and connectivity (Bruinsma 2001). These
modifications have altered landscape processes and functions, reduced water detention time,
and the trapping and filtering capacity of the floodplain and increasing water velocity, erosion
and pollutant transport (Brodie et al. 2004, Great Barrier Reef Marine Park Authority 2014).

1.4 Transitioning low lying, high DIN risk, sugarcane land
Transitioning high DIN risk sugarcane land to an alternative land use that has a lower nitrogen
input requirement or increased ability to process excess nitrogen is an alternative policy
response outlined in the Reef 2050 Plan targets (Waltham et al. 2021). Kroon et al. (2016)
argue that long term reduction in nitrogen export to the GBR lagoon could be assisted by
replacing current high-input crops with other crops suited to the climate and soils of the area
which require lower nitrogen fertiliser input. These authors also identify that land-based
pollution reductions can be achieved through hydrological restoration of landscapes (Kroon et
al., 2016).

1

https://wetlandinfo.des.qld.gov.au/wetlands/facts-maps/sub-basin-lower-burdekin-river/
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There are several potential reasons why land use conversion may be an economically and
environmentally rational response, particularly in low-lying, high DIN risk, sugarcane
production areas (Waltham et al. 2021). In many instances, low-lowing areas can have
intermittent and unreliable profitability largely attributed to poor drainage. Low-lying sugarcane
lands generally have lower productivity and require greater inputs of fertiliser, and pesticide,
to meet desired yield targets (Roebeling et al., 2007, p15-17). It’s also difficult to establish and
harvest crops in these areas, high rainfall and inundation could potentially result in total crop
loss, and they are likely to be significant sources of high nitrogen loss (Roebeling et al., 2007,
Figure 6 p17). Such sugarcane lands are commonly referred to as ‘marginal’.
The report of the Great Barrier Reef Water Science Taskforce (The Great Barrier Reef Water
Science Taskforce and the Office of the Great Barrier Reef Department of Environment and
Heritage Protection 2016) makes reference that the sugarcane industry could be facing greater
regulatory burden in order to bring nutrient pollution levels in line with established targets.
Transitioning low-lying, high DIN risk, lands that are comparatively difficult to farm, low yielding
and leaky from a nitrogen perspective, with an alternative land use, could therefore be an
option that is of benefit to the farmers, and to receiving waters in the GBR Lagoon.
Sugarcane cultivation and processing is a major industry in GBR catchments, with in the order
of more than 350,000 hectares under production (Table 1). Reviewing available data illustrates
that there exists inherent variability in the amount of land under production on a year-by-year
basis as illustrated in Table 1.
Table 1: Hectares of sugarcane harvested by region. Data sourced from the Australian Sugar Milling
Council (https://asmc.com.au/)

Year
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District
Burdekin

Central

Herbert

Northern

Southern

2008

69,887

111,466

55,062

74,541

46,555

2009

67,458

108,855

51,172

70,972

44,797

2010

49,827

89,670

39,568

67,767

44,061

2011

79,668

105,796

52,365

68,350

46,777

2012

71,182

106,176

50,394

56,439

50,041

2013

71,402

90,912

54,017

61,624

49,804

2014

71,163

105,213

55,800

78,889

46,485

2015

70,474

107,863

56,591

81,231

49,685

2016

68,755

100,408

56,167

80,962

45,818

2017

68,754

106,182

57,119

81,695

46,213

2018

69,037

108,000

57,043

80,103

48,300

2019

67,824

106,464

56,366

78,159

41,266

Figure 2: Hectares of sugarcane harvested by region. Data sourced from the Australian Sugar Milling
Council (https://asmc.com.au/)

It is important to recognise that this project is only focusing on the proportion of land currently
in production that is flood prone because it is low-lying. The inter-year variability evident in
Table 1 and Figure 2: Hectares of sugarcane harvested by region. Data sourced from the
Australian Sugar Milling Council (https://asmc.com.au/) presents the case that mill viability
probably already experiences annual fluctuations. Reduction in sugarcane production
associated with conversion of low-lying, high risk DIN sugarcane land could potentially be
offset through improved and intensified production on more viable production areas (that are
not flood prone). The peak body for the sugar industry, Canegrowers, recognise this in their
official policy, which states that diversification of crops on spare, marginal or fallow land does
not threaten mill viability
(http://www.canegrowers.com.au/page/Industry_Centre/advocacy/policy-issues/, accessed
20 March 2017).

1.5 Land use change initiatives to mitigate agricultural pollutants
New agricultural product or land uses have been suggested as one mechanism to improve
water quality entering the GBR (Alluvium 2016, Kroon et al. 2016, The Great Barrier Reef
Water Science Taskforce and the Office of the Great Barrier Reef Department of Environment
and Heritage Protection 2016). Crops such as sugarcane and bananas with a high risk of
nitrogen loss could be replaced with crops or grazing, requiring less fertiliser and consequently
a lower risk of nitrogen losses (Kroon et al. 2016). Alternatively, agricultural land can be
converted to forest, grassland or wetland ecosystems. Converting agricultural land to
alternative uses can have additional ecosystem service benefits by enhancing landscape
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buffering and filtering (Bernhardt et al. 2005), providing wildlife habitat (Kaminski and Davis
2014) and increasing carbon sequestration (Post and Kwon 2000, McLeod et al. 2011). The
challenge is to identify alternatives that are environmentally sustainable and socioeconomically feasible (Kroon et al. 2016). Governments in China, United States of America
(USA) and Europe have established large-scale land use change programs to address water
quality, biodiversity decline and other environmental issues. Examples include the conversion
of: cropping land to forest and grassland in China (Liu et al. 2008); crops to wetlands in the
USA (Frisvold 2004); restoration of wetlands and providing buffers along waterways in
Denmark (Kronvang et al. 2008); and managed realignment of agricultural land to saltmarsh
and mudflat in the United Kingdom (UK) (Luisetti et al. 2011) (Table 3). The Migratory Bird
Habitat Initiative in the USA enables both agricultural production and migratory bird habitat,
through active management of crops to provide habitat and food for birds, including flooding
after rice harvest, planting specific cover crops for feed (United States Department of
Agriculture 2012, Kaminski and Davis 2014). There have been demonstrable improvements in
water quality (Frisvold 2004, Chu et al. 2009, Windolf et al. 2012) and biodiversity (Kaminski
and Davis 2014) as a result of these programs. Although land retirement has been suggested
as a policy measure to address water shortage, land degradation and pollution in Australia
(Department of Natural Resources and Environment 2000, Fraser and Hone 2003, Hamblin
2009), there are few examples of structured transitioning of agricultural land to alternative uses
for environmental purposes. Examples do, however, include:
• Retiring irrigated agricultural land and converting it to dryland agriculture, pastures or
planting trees to combat salinity and acidity in the Murray-Darling Basin (Environment
Protection Authority 2014, Holland et al. 2015);
• Reforestation to control salinity in south-western Australia (Bennett and George 1995);
• Conservation covenants, such as the Nature Refuges program in Queensland
(Department of Environment and Heritage Protection 2014) and BushTender native
vegetation agreements in Victoria (State of Victoria 2016);
• Environmental non-government organisations such as Bush Heritage, Australian
Wildlife Conservancy and Trust for Nature purchasing agricultural properties in
strategic areas and instigating long-term restoration programs (Freudenberger 2016);
• In the GBR catchments some producers voluntarily converted low productivity or
abandoned cropping land into wetlands, with Government funding and technical
assistance from the Queensland Government. Examples include the construction of
wetlands on sugarcane farms, for example in the Wet tropics and Burdekin catchment
(https://wetlandinfo.des.qld.gov.au/resources/static/pdf/resources/reports/farmingcase-studies/cs-cane-15-04-13.pdf) and also on a banana farm in the Wet Tropics
https://wetlandinfo.ehp.qld.gov.au/resources/static/pdf/resources/reports/farmingcase-studies/cs-constructed-wetlands-12-04-2013.pdf.
There are direct benefits to water quality from taking cropping land out of production and hence
ceasing fertiliser and pesticide application. Constructed or restored wetlands have also been
shown to reduce agri-pollutant loads (Mitsch et al. 2001, Verhoeven et al. 2006, Flanagan and
Richardson 2010). However, data demonstrating the efficacy of constructed or restored
wetlands in providing significant nutrient reductions in the Wet Tropics and Burdekin regions
is limited (Wallace & Waltham, 2021). This may partly be due to a lack of comprehensive, longterm monitoring, or short residence times (McJannet et al. 2012, Wallace et al. 2020).
Preliminary findings from research currently underway in natural wetlands in the wet tropics is
showing significant levels of denitrification, in some wetlands over 500kg/ha/yr during the wet
10

season. Wetlands with neutral pH, low C:N and high levels of nitrate in the water may have the
highest denitrification rates (Piña-Ochoa et al. 2006, Land et al. 2016).
Table 2: Examples of land use transition outlining the primary objective of the initiative and the cobenefits in brackets

Land use
prior to
transition
Cropland

Land use
after
transition
Grassland,
fruit trees or
forest

Objective

Initiative

Location

Reference

Reduce soil
erosion

Western
China

Liu et al.
(2008)

Rice field

Freshwater
wetland

Water quality,
bird habitat

Ebro Delta,
Spain

Comin et al.
(2002)

Agricultural
land

Nonproduction

Throughout
USA

Frisvold
(2004)

Agricultural
land

Wetlands

Rewa (2005)

Saltmarsh and
mudflat

Wetlands
Reserve
Program
Managed
realignment
Government
program

Throughout
USA

Agricultural
land

Humber and
Blackwater
estuaries,
United
Kingdom

Mazik (2010),
Luisetti et al.
(2011),
Luisetti et al.
(2014)

Agricultural
land

Wetlands,
forests and
buffer zones

Water quality
(range of other
ecosystem
services)
Range of
ecosystem
services
Flood defence
(saltmarsh
conservation,
carbon
sequestration,
recreation, fish
habitat)
Water quality

Government
funded Grain
to Green
Program,
Sloping Land
Conversion
Program, Farm
to Forest
Program
Rice fields
were
abandoned
Conservation
Reserve
Program

Several
nitrogen Action
Plans

Denmark

Kronvang et
al. (2008),
Windolf et al.
(2012)

1.6 Frameworks for prioritising water quality and ecosystem health
initiatives
Spatial prioritisation is widely used to inform investment in water quality initiatives and is
recognised as a way to accelerate progress towards Reef water quality targets, e.g., Water
Quality Improvement Plans, Water Quality Relative Risk Assessment (Brodie et al. 2013a,
Commonwealth of Australia 2015, The Great Barrier Reef Water Science Taskforce and the
Office of the Great Barrier Reef Department of Environment and Heritage Protection 2016).
Spatial assessment and prioritisation frameworks can also be used to assess multiple
ecosystem services and the trade-offs between services, to support decision-making (Baral et
al. 2013). The assessment and valuation of ecosystem services has been undertaken in the
UK (Luisetti et al. 2011, Luisetti et al. 2014) and Thailand (Sathirathai and Barbier 2001), to
enable comparison of the trade-offs between agriculture or aquaculture production, and natural
ecosystems, such as wetlands. When ecosystem services are considered, retention or
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restoration of natural ecosystems are often shown to be economically viable from a societal
perspective due to the range of services and benefits that are achievable, i.e., carbon
sequestration, amenity and recreational value, and fish nursery (Luisetti et al. 2011, Luisetti et
al. 2014). Ecosystem service valuation can help support a holistic approach to coastal
management (Barbier 2011), although it needs to be considered site-by-site, and in
conjunction within a social context (Luisetti et al. 2011). Assessing multiple ecosystem services
enhances the capacity to achieve co-benefits (Zedler 2003, Atkinson et al. 2016), and there
are a range of models and frameworks available to help (Adame et al. 2015).
Wetland construction or restoration can be an effective approach to improving water quality
and broader ecosystem service outcomes (Zedler 2003, Gottschall et al. 2007), and a number
of spatial assessment and prioritisation frameworks are available (e.g. Newbold (2005), White
and Fennessy (2005), HLA-Envirosciences (2006), Flanagan and Richardson (2010), Comin
et al. (2014)). For instance, Comin et al. (2014) developed a framework for the prioritisation of
wetland restoration and creation to reduce nitrates from irrigated agriculture. Comin et al.’s
(2014) framework integrated scientific-technical, social and economic elements via a five step
process to identify cost-effective sites for wetland restoration for nitrate reduction at a
catchment scale. Frameworks such as that outlined by White and Fennessy (2005) entail
running different models with different weightings for criteria such as topography, land use,
proximity to wetlands to identify solutions that meet project objectives.
For wetland management in the GBR catchments, the Queensland Government
commissioned the development of a wetland prioritisation decision support system (DSS) that
incorporates biophysical, socio-economic, community capacity and threat data, in addition to
expert consultation, to identify higher priority wetlands for strategic investment. That wetland
DSS involves a two stage multi-criteria analysis methodology, with the primary DSS to prioritise
wetland aggregations within GBR catchments, and a secondary DSS for prioritising individual
wetlands (HLA-Envirosciences 2006).
The Queensland Government also developed the Walking the Landscape approach, which
uses a combination of scientific information and expert knowledge to develop an understanding
of landscape processes (Department of Environment and Heritage Protection, 2016). Coppo
(2016) reviews Spatial Decision Support Systems (SDSS) and discusses their relevance to
wetland restoration, highlighting that the objective of the project, scale and socio-economic
context dictates the SDSS used. Where the objective is water quality improvement, Coppo
(2016) states that the SDSS should consider key indicators of wetland health, functionality and
ecohydrological connectivity and their interrelationships, ideally at a catchment scale.

1.7 Project outline
This project specifically focuses on developing a framework in which available GIS spatial data
are used in combination with technical input and advice from end user experts, to identify
potential alternative land use options for high DIN risk, low-lying, sugarcane land in the Dry
Tropics Region. In developing this project, it has been important to examine income
opportunities which the alternative options offer to land holders in the long-term, after
accounting for the costs of land use transition/ conversions and long-term viability of each.
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This NESP TWQ Hub project outlines the process completed in developing the framework
(Figure 3), outlines where and how technical experts were involved in the project, and presents
economic cost of transitioning from low return sugarcane land to alternative land uses. This
project provides additional information for managers to consider, among the range of
mechanisms (including for example, BMP, urban stormwater treatment, reverse auctions,
nitrogen trading, incentive programs and policy/regulatory reform) that are already available
and used to achieve DIN load reduction in GBR catchments (for example, a consideration in
the dry tropic catchments that is different to the wet tropics includes using recycle pits that are
designed to collect irrigation tailwater for potential reuse before joining again with the irrigation
network on the Burdekin floodplain). The framework presented here and information generated
is a guide for land managers. Local data sets might exist which could further improve
recommendations, these were, however, excluded from our analysis because equivalent data
were not available for the entire study region. In addition, local landholder inputs to final
transition projects are important and necessary.

Figure 3: Conceptual outline of the project steps to develop the framework,
in addition to implementation to review the benefits of this project and further
refine for application in other GBR regions
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2.0 IDENTIFYING OPTIONS FOR LAND USE TRANSITION
The approach to identifying options for transitional land uses follow closely (Waltham et al.
2020) from the wet tropics catchments, however, there were important differences, and the
methods used here are therefore described below. In summary, this was achieved by engaging
with a range of end users, including many from the companion study in the wet tropics
catchment but many other end users located in the study region. In addition, we also
completed a literature review for available published data and information, in addition to using
a multi-criteria assessment platform to complete this assessment.

2.1 Stakeholder engagement
Stakeholder engagement has been a critical aspect in the project, to ensure that the framework
is relevant to and readily adoptable by end users. End users and experts were identified from:
• Australian and Queensland government agencies implementing the Reef 2050 Plan;
• Regional NRM bodies including North Queensland Dry Tropics NRM and Reef
Catchments NRM;
• Industry including Canegrowers Australia;
• Individual farmers/land holders; and
• Environmental non-government organisations, such as WWF and Queensland Trust
for Nature.
Additional stakeholders and interest groups were engaged at various points during the project
to assist with identifying matters of interest and concern relating to industry, government and
non-government organisations. This enabled the project team to consider and account broader
priorities and issues of concern in undertaking this project. Thirteen stakeholder organisations
were engaged, in various forums, during the four phases of the project (Figure 3):
• Project planning and identifying land use options, via one-on-one and group meetings,
phone and email correspondence;
• Multi-criteria analysis, via a stakeholder advisory group and follow up discussions;
• Economic analysis of land use options, via phone and email correspondence; and
• Final report, via one-on-one and group meetings, phone and email correspondence.
New initiatives to address pollutant runoff from agricultural lands in the GBR are often of
concern to agricultural producers and the subject of land use transition is particularly sensitive
(Waltham et al. 2021). It has been important to involve representatives from the sugarcane
industry to identify and understand the key concerns, obtain feedback on the framework, and
to share the project learnings with industry and producers.

2.2 Defining land use transition options
The project needed to identify land use options for low-lying, high DIN risk, low
productivity/profitability, sugarcane land that would achieve the goal of reducing DIN loads to
the reef and, indeed, that would also benefit farmers economically. Land use options were
identified via a process of discussions with stakeholders, along with an extensive review of
available literature. Under advice provided by stakeholders and experts a range of alternative
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land uses to sugarcane were nominated, including: aquaculture, alternative crops (e.g., fruit
trees, rice, and hemp), forestry (e.g., pine and mangroves for harvesting), wetlands for fish
production or water treatment, and also leaving land to regenerate under its own process.
Transitioning to an alternative, lower DIN risk, crop was assisted by accessing the Regional
Land Suitability Frameworks for Queensland (Department of Natural Resources and Mines
and Department of Science Information Technology Innovation and the Arts 2013).
A desktop review of land use options was undertaken to identify climatic, market feasibility and
nitrogen application requirements. Nitrogen application requirement is treated as a proxy for
DIN loss risk. An important prerequisite was that nitrogen requirements had to be lower when
compared with generic recommendations for sugarcane as outlined in Calcino et al. (2000):
120-150kg N/ha/y for fallow plant; 160-200kg N/ha/y for replant and ratoons (it is
acknowledged that these rates have been superseded by the Sugarcane Nutrition Manual
(https://sugarresearch.com.au/sugar_files/2021/07/Australian-Sugarcane-Nutrition-Manual-June2019.pdf) – for example the rates in the dry tropics are generally higher than the wet tropics,
with only the Plane Creek having the same rate (baseline rate of 160kg N/ha for replant and
ratoon), so we have used the lowest recommended rate for the dry tropics (Plane Creek) was
is also similar to wet tropic catchments). Those land use options requiring less than 150kg
N/ha/y, tolerant to humid coastal wet-dry tropical climate, and potentially feasible from a market
perspective, were shortlisted to be considered in the Multi-Criteria Analysis (MCA), and
economic analysis as prospective land use options for low-lying sugarcane land transition in
the dry tropics (Table 4).
Table 3: Opportunities, constraints and nitrogen requirements of different land use options and whether
they were shortlisted for consideration in the MCA and economic analysis

Land use
option

Annual
nitrogen
requirement

Opportunities and
constraints in the Dry
Tropics

Banana

Up to 400kg
N/ha for
broadcasting,
up to 25% less
if fertigating
69kg N/ha

Requires more nitrogen than
sugarcane

Grazing:
Grass-fed beef
fattening

Aquaculture

Regulated to
achieve Reef
water quality
objectives

Currently undertaken.
Generally not economically
viable in their own right and
often rely on other income,
e.g. other grazing property or
alternative income.
Aquaculture discharges need
to be managed consistent with
Reef Plan water quality
objectives. This requirement is
deemed very restrictive, e.g.
Guthalungra prawn farm
approved after 13 years of
negotiation and ‘zero net
discharge’ requirement, which
may be technically feasible but
not economically viable.
Aquaculture development

Consider
in MCA
and
economic
analysis
No

Reference

(Lindsay et al.
1998)

Yes

English (2016)

No

(Department
Agriculture
and Fisheries)
(The Centre
for
International
Economics
2013)
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Bamboo:
Bamboo shoots
(primary)
Timber
(secondary)

318kg N/ha

Timber:
Exotic pines
(Pinus caribaea)

Varies.
Average
3.4kg/ha
across
softwood
plantation
estate

Timber:
Hardwoods e.g.
Red mahogany
Eucalyptus
pellita and
rainforest
cabinet timbers

Varies average
9.7kg/ha
across
hardwood
plantation
estate

Maize

130-180kg
N/ha

Industrial hemp

Pawpaw

Melons
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areas have been designated.
Profitability of aquaculture in
QLD is similar to agriculture in
that 60% of enterprises
reportedly make a profit.
Other constraints include
economically viable markets
and suitably skilled labour.
Suitable climate but no major
market access currently.

No

Exotic pines very sensitive to
salinity and moderately
intolerant to waterlogging.
Minimum area 5ha. Cost
structure of these plantations
means that they do not
compete well with imported
product.
Grows well on coastal areas
however Red mahogany
plantations were severely
affected in Cyclone Yasi.
Impediments to forestry
expansion in Nth QLD include
market access and continuity
of supply, cyclones, lack of
forestry culture amongst
landholders.
Relatively low profitability of
rainforest cabinet species.
Opportunity for subsidising
environmental services to
encourage landholders to
establish forestry plantations.
Similar nitrogen requirements
to sugarcane

No

150kg N/ha

Similar nitrogen requirements
to sugarcane

No

From 220kg
N/ha in
preharvest
stage to 440kg
N/ha in harvest
stage, based
on average
practices
30-100kg N/ha

Requires more nitrogen than
sugarcane

No

Complementary crop with
sugarcane, although generally
only suitable for one year to
manage pests and disease.

No

(Kleinhenz
and Midmore
2001,
Department
Agriculture
and Fisheries
2011)
(Wilson 1991,
May et al.
2009)

No

(Harrison and
Herbohn
2006, Harrison
et al. 2008,
May et al.
2009,
Department
Agriculture
and Fisheries
2013)

No

(Department
Agriculture
and Fisheries
2010a)
(Sausserde
and
Adamovics
2013)
(Ross et al.
2000)

(Wright et al.
1997)

Citrus

150-180kg
N/ha

Similar nitrogen requirement
to sugarcane

No

Grape

20-40kg N/ha

No

Tree fruits
(Avocado,
coffee, custard
apple, longan,
lychee,
macadamia,
mango,
persimmon,
rambutan, stone
fruit)

Potato

Between 55kg
N/ha and
120kg N/ha,
62kg N/ha
(maintenance
mature
macadamia
trees)
mango 55kg
N/ha (based on
300g/tree 185
trees/ha)
60kg N/ha (lowchill stone fruit
based on
25t/ha yield)
120kg N/ha
(generic best
management
rate for tree
crops)
170kg N/ha

Suited to sub-tropical and
temperate climates.
Lower nitrogen requirements
than sugarcane.
Some crops such as
rambutan, mango, lychee and
avocado are currently grown.
Climate variability and risk of
cyclone damage.

Sweetcorn

150kg N/ha

Sweet potato

100kg N/ha

Tea

200-450kg
N/ha
185-200kg
N/ha
Up to 50kg
N/ha (peanut),
15-20kg/ha
(soybean) but
usually not
needed as they
have symbiotic
nitrogen fixers.

Rice
Grain legumes:
Peanut,
soybean, mung
beans

(Department
of Primary
Industries
2002)
(Oag 2001)

Yes (but
not
considered
further
here, see
below)

(Campbell et
al. 1998,
Meurant et al.
1999, O'Hare
et al. 2004,
Thorburn and
Wilkinson
2013)

Requires more nitrogen than
sugarcane, and are vulnerable
to pest and disease problems
in warm humid conditions.
Similar nitrogen requirement
to sugarcane.
Only suitable for dry season to
limit pests and disease.

No

(Jackson et al.
1997)

No

Requires more nitrogen than
sugarcane
Requires more nitrogen than
sugarcane
Suitable for green manure.
Used as a complementary
crop with sugarcane.
Therefore it would not replace
sugarcane production.

No

(Wright et al.
2005 )
(Wilson 1991,
Loader et al.
1999)
(Drinnan
2008)
(Haifa 2014)

No

No
No

(Department
of Primary
Industries and
Fisheries
2007,
Department
Agriculture
and Fisheries
2010b, 2011,
Sparkes 2016)

Following a review of available data and discussions with State Government experts, a refined
land use options list was developed to explore during this project, including:
1. Grazing (grass-fed beef fattening – with and without fertiliser applied to pastures);
2. Forestry (Softwood and hardwood); and
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3. Wetlands:
a. Restore ecosystem services to provide additional, extended, habitat for wildlife and
carbon sequestration (hereafter termed restore wetland ecosystem services); and
b. Treatment systems to provide runoff treatment before discharge to receiving waters
(hereafter referred to treatment systems).
The reason for separating wetlands into two options is because wetland treatment provides
water quality improvement benefits, while restoring wetland ecosystem services provides
water quality and also additional available habitat for wildlife, and carbon sequestration.
Although tree crops have a low N rate, they were not considered further here given the
challenges facing this alternative land use option in the wet tropics (e.g., weather threats from
cyclones). It is acknowledged that conditions are much drier in the dry tropics here compared
to wet tropic catchments, however, the size of land parcels to make this option economical
was still considered unviable for land owners to consider further.

2.3 Data acquisition
Data were sourced primarily from State Government, NQ Dry Tropics NRM and GBRMPA.
Only data layers complete for the entire Dry Topics region were used in this project. For
example, layers not consistently mapped for the study region, such as acid sulfate soils, were
excluded because of confounding problems in applying decision rules consistently and fairly
across the study region for the MCA; see Section 2.4. Instead, the project team looked for
appropriate surrogate data: in the case of acid sulfate soils, land zone mapping proved
suitable.

2.4 Multi-criteria analysis
2.4.1 What is a multi-criteria analysis (MCA)?
A multi-criteria analysis (MCA) was used here. This decision-making approach is effective in
situations where multiple criteria are involved and it’s necessary for stakeholders to apply
various decisions during the process – and particularly when reaching a general consensus is
difficult to achieve. A full breakdown of the MCA for each stage in the project, including the
land use scenarios investigated, is presented in Appendix 4.
In this project, the MCA was completed using GIS processes, where mapping abilities to
assess specific land for alternate and/or suitable use that is different to current use (Figure 4)
(Malczewski 2004, Chen et al. 2010). MCA is a decision-making tool to solve problems using
large amounts of complex data in a structured way (Koschke et al. 2012). Combined with GIS,
MCA synthesises spatial and non-spatial as well as qualitative and quantitative data,
representing criteria known to affect land suitability, to produce a suitability map of the specific
area (Walke et al. 2012, MacMillan et al. 2016). It allows assessment of multiple, often
conflicting criteria and is suited to complex natural resource management decisions because
it incorporates ecological, biophysical and social components, and enables stakeholders’
judgement to be introduced into the decision system (Mendoza and Martins 2006).
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The advantage of using GIS-based MCA is that it offers the possibility to aggregate data from
various disciplines (e.g., biological, environmental, social, economic factors) obtained from
expert knowledge (Malczewski 2004, Chen et al. 2010, Koschke et al. 2012). This lets
managers identify alternative and/or preferred options for land parcels according to diverse
suitability criteria. Land use suitability analysis is frequently used in ecological-economics
(Huang et al. 2011) due to its powerful and flexible approach to assess land for suitability (Chen
et al. 2010, Walke et al. 2012), and has been applied to a number of mapping applications
such as, soil suitability for cotton crops (Walke et al. 2012), land suitability for prawn farming
(Hossain and Das 2010), and conservation effects on urban land use planning (Çelik and Türk
2011).

Figure 4: Schematic example of multi-criteria analysis incorporating spatial data to develop a composite
overlay of the study area (Source, Dr Moloney, James Cook University, 2016)

2.4.2 The MCA process used in the project
A land use suitability analysis was used to assess sugarcane land in the Dry Tropics NRM
Region in terms of the risk of DIN loss to the GBR, and suitability for alternative land uses. The
GIS-based MCA was developed in consultation with stakeholders and experts from Terrain
NRM, Canegrowers, Department of Environment and Heritage Protection (DEHP) and
GBRMPA via a stakeholder advisory group. Other stakeholders were engaged for input (see
Section 2.1). The stakeholders and experts provided knowledge of the region, ensuring that
the inputs and rankings applied were robust and locally relevant.
As determined through stakeholder engagement and the review of available data and
literature, the GIS-based MCA consisted of the following steps: 1) defining sugarcane areas at
risk of DIN loss, that were frequently connected to primary rivers; 2) determining a ranking
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system of suitability following four different land use scenarios using spatial analysis in ArcGIS
Desktop 10.7.1 (ESRI 2019), i.e., rank the parcel to produce land suitability maps and provide
summary statistics for each land use scenario, and 3) validating/reviewing the land suitability
model using stakeholder and expert knowledge.
All the criteria/layers were clipped to the Dry Tropics NRM regions before use in the analysis.
All outputs were saved as feature class within a file geodatabase feature dataset with a
projection set to GDA_1994_Australia_Albers (this provides for a better representation of the
large extent of the region, so land parcel areas and perimeters are automatically calculated
each time a dataset is saved).

2.4.3 Defining low-lying sugarcane lands at risk of generating and delivering DIN
to the GBR
The first part of the MCA defined those sugarcane lands that are deemed low-lying and at risk
of generating and delivering DIN to the GBR. This dataset is labelled DINrisk. Once defined,
this dataset is used in the second part of the MCA to investigate different land use scenarios.
DINrisk is generated in two stages: a) consists of defining the low-lying sugarcane areas within
the Dry Tropics and Reef Catchments NRM regions; and b) adding information about
connectivity to the coast, DIN generation rate and property boundaries to produce the DINrisk
dataset (Table 4).
Table 4: Summary of data sources and their application in the MCA to define low-lying land

Dataset

Source

Attributes

Scale

Use in MCA

Drainage basins Department of
(2020)
Natural
Resources, Mines
and Energy
LiDAR
(2009- Department of
2015)
Environment and
Resource
Management
Regional
Queensland
Ecosystem
Government
(2018)

Boundaries
and subcatchments

1:100,000

To define the Dry Tropics region,
the focus for this project

Contour lines

1:50,000

To define lands <50m elevation, as
the project focus is on low-lying
sugarcane land

Land zones 1,
2 and 3

1:50,000

QLD floodplain Department of
assessment
Natural
overlay (2013) Resources,
Mines and Energy
QLUMP (2017- Queensland
2018)
Government

Potential flood
hazard areas

1:100,000

To define land zones 1 (tidal flats
and beaches), 2 (coastal sand
dunes and beach ridges) and 3
(river and creek landforms), as
these land zones are likely to have
greater
connectivity
to
watercourses and the GBR
To define floodplain and flood
hazard areas, i.e., those areas
prone to flooding

Sugarcane
modified land

1:50,000

To define sugarcane land, the focus
of this project

Low-lying sugarcane areas within the Dry Tropics and Reef Catchments NRM regions
Explicit sugarcane production data are not readily available for the Dry Tropics and Reef
Catchments NRM regions and therefore low-lying, flood prone sugarcane areas were used as
a proxy for generally low productivity sugarcane land (notwithstanding that in some low-lying

20

areas that are flood-prone, sugarcane may in fact be more productive during dry years). In this
study, the low-lying sugarcane areas (LLA) within the study region were defined as follows
(also see Table 5):
1. Areas at altitudes less than 50m above sea-level (to exclude sugarcane in elevated
areas), but to also constrain the study area comprising of Land Zone 1, 2, and 3;
2. Areas subject to flooding or within coastal or alluvial land zones, and
3. Areas mapped as sugarcane land use in the QLUMP 2017-2018.

Areas at risk of DIN loss to the GBR, within the low-lying sugarcane areas
The second part of the MCA identifies the risk of DIN generation and delivery to the GBR from
the low-lying sugarcane areas (Table 5, Figure 5). This enables low-lying sugarcane areas to
be ranked in terms of water quality risk to the GBR. The low-lying sugarcane areas at risk of
DIN loss to the GBR (DINrisk) are defined as:
1. Land which has frequent connectivity to the GBR using the GBRMPA blue maps
outputs; and
2. Land that generates DIN, represented using average annual generation rates (kg/ha)
of DIN using Source Catchment model outputs.
Sugarcane property boundaries were added at this stage to identify land at the property level,
as negotiations and implementation of any of the scenarios would likely occur at a property
scale.
Table 5: Summary of data sources and their application in the MCA to define low-lying land at risk of DIN
loss to the GBR

Dataset
Property
Boundaries
(2019)

Source
Department of
Natural
Resources,
Mines and
Energy

Department of
Catchments
Natural
Load modelling Resources,
(2019)
Mines and
Energy

Attributes
Property
boundaries

Scale

NA

DIN generation
NA
rate

Use in MCA
Define individual sugarcane
properties once combined with
sugar cane land use

Define DIN generation from
sugarcane lands within source subcatchments to indicate those areas
with higher risk of DIN loss. Five
categories of DIN generation rate
are used following the data ranges
from Hateley et al., (2014).
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Low-lying sugarcane
land

•Land use is sugarcane
•<50m elevation
•Land is flood prone,
alluvial, tidal or beach
ridges

Source of Dissolved
Inorganic Nitrogen

•DIN generation rate in
Source sub-catchment
from Catchment Loads
Monitoring program

Risk of DIN loss
to the GBR from
low-lying
sugarcane land

Figure 5: Spatial data and their application in the framework to define low-lying land with risk of high DIN
loss to the GBR

2.4.4 Land use transition scenarios
Three land use scenarios were considered in the MCA based on the land use options identified
in the review (refer section 2.2). Specific factors and parcel ranking systems for each land use
scenario are described below. Rankings were systematically scored on a continuous scale
from the least (i.e., 0 or 1) to the most (i.e., 3 to 6) suitable land use options. Scores were
assigned in rank order according to the characteristic factors involved in the parcels’ evaluation
for each land use scenario without repetition. To verify generated scores, group discussion
with stakeholders and experts was carried out for final score consensus.
Scenario 1: Grazing
The land parcels in the DINrisk dataset (Table 6) are ranked according to their suitability for
grazing as defined by expert opinion (DAF Senior Beef Extension officer), as follows:
• Land within 10m of a stream or river was considered here to be unsuitable for grazing,
in order to provide for a riparian buffer for erosion and sediment loss (based on
recommended minimum buffer width for bank stabilisation in the Wetland Management
Handbook (Department of Employment Economic Development and Innovation, 2011);
• Medium suitability was assigned to land at least 20 ha in size (minimum viable area for
grazing based on personal communication with DAF Senior Beef Extension officer) but not
adjacent to current grazing land; and
• Land adjacent to existing grazing land is deemed highly suitable because new grazing
land could potentially be added to an existing grazing enterprise. It is assumed that existing
grazing properties are viable and that adding new grazing land would be possible.
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Table 6: Summary of data sources and application in the MCA for grazing scenario

Dataset

Source

Attributes
Scale
Grazing native
Department of vegetation and
QLUMP (2017Environment and grazing
1:50,000
18)
Science
modified
pasture
Department of
Natural
Ordered
Water
Resources,
1:100,000
drainage (2010)
courses
Mines and
Energy

Use in MCA
Define those areas currently used
for grazing.

Define water courses to be buffered,
to exclude land within 10m of a
stream or river.

Scenario 2: Forestry (Softwood and hardwood)
The land suitable for plantation forestry is based on the agricultural Land audit – potential
softwood / hardwood plantation forestry datasets (Table 7). The agricultural land audit –
potential plantation forestry datasets included land that (stated in the metadata):
• Is agricultural land class A, B and C1;
• Has slope less than 25 percent; and
• Has rainfall greater than 700mm for 7/10 years.
The datasets excluded land that is (stated in the metadata):
• Urban, intensively used and national park;
• Under the defence management;
• Permanently under water or land that had cracking clay soils.

Table 7: Summary of data sources and application in the MCA for plantation forestry scenario

Dataset
Potential
Softwood /
Hardwood
Plantation
Forestry (2013)

Source
Department of
Agriculture and
Fisheries

Attributes
Potential
plantation
forestry

Scale

Use in MCA
Identify suitable lands in hardwood
and softwood forestry.

NA

Scenario 3: Wetlands (restore ecosystem services or treatment system)
This scenario investigates two wetland use options: restoring wetland ecosystem services or
installation of a treatment system to capture and treat runoff. These two options utilise similar
datasets (Table 8), and a suitability ranking system is used to determine the most suitable land
parcels for each option.
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Table 8: Summary of data sources and application in the MCA for wetlands (restore ecosystem services
or treatment services)

Source
Attributes
Scale
Dataset
Queensland
Department of Current wetlands
Wetland (2019, Environment and
1:50,000 2015)
Science
1:100,000
Map of
Queensland
Environmental
Values (2020)
Fish Habitat
Area (2018)

Department of High and general
Environment and ecological
Science
significance
wetlands
Department of Declared Fish
Environment and Habitat Area
Science
BHWSSC,
SunWater, Eton Irrigation network
EWSSC (2017) Irrigation
Watercourse
Department of Watercourses
Lines (2019)
Natural
Resources,
Mines and
Energy
QLUMP (2017- Department of Conservation,
18)
Environment and protected estates
Science
and Natural
Environment
Pre-clear
Department of Historic wetland
Regional
Environment and
Ecosystem
Science
(2018)
Catchments
Department of DIN generation
Load modelling Natural
rate
(2019)
Resources,
Mines and
Energy

NA

Varies
NA

Use in MCA
Define extent of estuarine and
freshwater wetlands (2019).
Extract ponded pasture area
(2015).
Define those wetlands that are
deemed ‘high / general
ecological significance’.
Identify those estuarine wetlands
that are within declared Fish
Habitat Areas.
Identify lands under irrigation
scheme.
Identify lands that are upstream
of ponded pastures.

Varies

1:50,000

Identify protected areas such as
national park, state forest

1:50,000

Define areas mapped as
containing wetland ecosystems
prior to catchment development.

1:100,000

Define DIN generation from
sugarcane lands within source
sub-catchments.

This system ranks the values or features in each criterion as most suitable, moderately
suitable, low suitability or unsuitable (Table 9) and the combination of values or features
determines the suitability of a land parcel for either restoring ecosystem services or a treatment
system.
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Table 9: Ranking of data sources in the MCA for either restore wetland ecosystem services or treatment
system

Criteria

DIN generation in
the sub-catchment

Ranking for
restoring
ecosystem services
Relatively low DIN
(<13 kg/ha/yr) is
ranked highest,
moderate DIN (>13 <21 kg/ha/yr) is
ranked lower.

Ranking for
treatment systems

Rationale for ranking and
assumptions

High DIN (>21
kg/ha/yr) is ranked
highest, moderate
DIN (>13 - <21
kg/ha/yr) is ranked
lower.

In sub-catchments with high DIN
generation, treatment systems are
preferable to help capture and treat
pollutants. Restoring ecosystem
services should be limited to subcatchments with low to moderate
DIN to minimise eutrophication of
restored ecosystems.
Exclusion of
Areas upstream of
Ponded pastures have bund walls
upstream of ponded ponded pastures
and wetland conditions that can
pastures
were excluded
inhibit fish migration, limiting the
(ranked 0)
ecological
value
of
restored
wetlands upstream.
Proximity to
Adjacent to HES /
Adjacent to HES /
To protect and enhance the values
wetlands, including GES estuarine or
GES wetland has the of HES / GES wetlands, restoring
those of high /
freshwater wetland is highest ranking.
ecosystem services and treatment
general ecological ranked higher than
Within 50m of
systems adjacent to HES wetlands
significance (HES / non-HES / GES
estuarine or
are ranked higher than non-HES /
GES)
wetlands.
freshwater wetland
GES wetlands. Estuarine wetlands
has a lower ranking. are ranked higher than freshwater
due to greater potential connectivity
to the GBR. The model prioritises
treatment systems located within
50m of a wetland, so that runoff is
treated just prior to entering a
wetland.
Proximity to
Adjacent to declared Not applicable
Land adjacent to a declared Fish
protected areas, for Fish Habitat Area is
Habitat Area or protected area is a
management
ranked highest.
priority for the restoring ecosystem
purposes
Adjacent to natural
services option, because the land
land or protected
could potentially be added onto the
estates (e.g. national
existing management unit. For
park) is ranked
example, if land was restored to
lower.
estuarine wetland it could be
included in an adjoining declared
Fish Habitat Area. This is not
applicable to treatment systems, as
the intent and management of a
treatment system is generally not
commensurate
with
protected
estates.
Historic wetland (i.e., Mapped as a wetland Not applicable
Areas that were originally wetlands
pre-clear)
pre-clearing
prior to catchment development are
likely to be more suitable for
restoring
wetland
ecosystem
services.

Restore wetland ecosystem services
Land suitable for restoring wetland ecosystem services is defined as:
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1. Adjacent to a freshwater or estuarine wetland, with a higher ranking given to those of
high / general ecological significance or land within a ‘historic wetland’ (i.e., land
mapped as being a wetland prior to catchment development/clearing);
2. Adjacent to a declared Fish Habitat Area (FHA) or natural land and protected estates;
3. Not including cane land upstream of ponded pasture where applicable;
4. Having a low to medium DIN generation rate. (Table 10, Figure 6).
To determine those parcels of land that meet these criteria, land within the DINrisk dataset is
ranked following this wetland ecosystem restoration definition. An example map of land for
restoring wetland ecosystem services is presented in Appendix 5.
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Step 1
Low-lying sugarcane land

Source of Dissolved
Inorganic Nitrogen

•Land use is sugarcane
•<50m elevation
•Land is flood prone,
alluvial, tidal or beach
ridges

•DIN generation rate in
Source sub-catchment
from Catchment Loads
Monitoring program

Risk of DIN loss
to the GBR from
low-lying
sugarcane land

Step 2
High Ecological Value

• Historical wetland
• Adjacent to wetland of HES / GES
• Adjacent to estuarine or freshwater wetland
• Exclusion of cane land upstream of ponded pasture

Facilitate future
management by adjoining
environmental
management areas

• Adjacent to declared Fish Habitat Areas
• Adjacent to protected estates, conservation land

Low to moderate DIN
generation

• Sub-catchments with low to moderate DIN generation
from Source Catchment modelling

Figure 6: Spatial data and application in the framework to define land most suitable for restoring wetland
ecosystem services

Treatment system
Land most suitable for a treatment system is defined as:
1. Within 500m of an existing wetland (i.e., freshwater or estuarine) with a higher ranking
for land adjacent to wetlands of high / general ecological significance;
2. Frequently or very frequently connectivity to the GBR; and
3. In a catchment with a high DIN generation rate (Table 4, Figure 7).
To determine those parcels of land that meet these criteria, land within the DINrisk dataset is
ranked following this treatment system definition. An example map of land most suitable for
transition for treatment systems is presented in Appendix 6.
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Step 1
Low-lying sugarcane
land

Source of Dissolved
Inorganic Nitrogen

•Land use is
sugarcane
•<50m elevation
•Land is flood prone,
alluvial, tidal or
beach ridges
•DIN generation rate
in Source subcatchment from
Catchment Loads
Monitoring program

Risk of DIN loss
to the GBR from
low-lying
sugarcane land

Step 2

High Ecological Value

• Adjacent to wetland of HES / GES
• Within 500m of a estuarine or freshwater wetland

Moderate to high DIN
generation

• Sub-catchments with moderate to high DIN
generation from Source Catchment modelling

Figure 7: Spatial data and application in the framework to define areas most suitable for treatment
systems. (Note that Step 2 includes a refinement of Source DIN sub-catchment model data beyond Step 1
where generation rate data is used to define low-lying sugarcane land for further options assessments)

2.5 Limitations in the framework data analysis
All spatial data are subject to temporal and spatial uncertainty (Zhang and Goodchild 2002),
which needs to be considered when interpreting results. Data availability and extent were
major limiting factors in running the land suitability model. The data used were the most up-todate data available with temporal ranges from 2013 to 2020 (Table 5) except LiDAR and
Ordered Drainage. LiDAR has a large temporal range (2009 to 2015), however, is only used
to select areas with elevation ≤50m, having little impact on the resultant rankings. The river
dataset (Ordered Drainage) is from 2010 however, the potential for the rivers to have changed
significantly is minimal and not anticipated to have a major effect on the outcome of the
analysis. Data extent is an important factor in obtaining a comprehensive land suitability model.
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Data needs to cover the entire area of interest otherwise there is a risk of excluding or including
areas incorrectly. There may be other areas that are not suitable for land conversion such as
land parcels close to the Ramsar Convention listed site, Bowling Green Bay and lands that
were heavily modified due to irrigation schemes. Such areas can be assessed further under
circumstances in the future. Buffer 500m in the wetland treatment scenario created collision
between freshwater and estuarine, and among different rankings in a negligible number of land
parcels. Higher ranking overwrote lower ranking where applicable to avoid underestimation.
Furthermore, due to inconsistencies in data extent and boundaries (see Figure 8), the use of
a 1m buffer was needed to rank parcels’ suitability in relation to their adjacency/proximity to
specific criteria. Finally, some parcels overlapped multiple sub-catchment boundaries, in these
cases the parcel was intersected and the portion contained within each sub-catchment was
treated as a separate entity. The data used in the model were captured at ranges between 1:
100,000 to 1: 50,000. This indicates that the data are accurate when used at these scales and
therefore the interpretation or interpolation of resulting data at finer resolutions should take this
into consideration.

Figure 8: Example of spatial data inconsistencies in data extent and boundaries faced during this project
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3.0 ECONOMIC ANALYSIS FOR LAND USE TRANSITION
OPTIONS
This section describes the conceptual framework and calculation methodologies for the
economic analyses that are carried out for each land use conversion option. It then presents
results that evaluate the cost-effectiveness of the land use conversion options for reducing
DIN losses from low-lying sugarcane land in the Lower Burdekin and Mackay-Whitsundays
regions. The land use conversions considered are: restored wetlands, engineered
treatment wetlands, irrigation water recycle pits (in the BRIA only), cattle fattening, and
hardwood and softwood farm forestry.
Economic analyses estimate the following outcomes from land use conversion:
1. Reduction in annuity gross margin (annuity GM) in switching from cane production to the
new land use option (i.e. Annuity GMsugarcane – Annuity GMnew_land_use).
2. Conversion cost (upfront capital expenditures incurred to convert land from sugarcane
production to the new land use).
3. Total present value cost of conversion over a 30-year time horizon, evaluated at real
discount rates of 5% and 7% per annum. Total present value cost of conversion accounts
for the reduction in annuity GM following land use change, the upfront cost of land
conversion, and any periodic repair costs over the evaluation time horizon required to
ensure the new land use continues to deliver its maximum productivity.
4. Cost effectiveness of DIN reduction achieved by the land use conversion, expressed in
terms of the annualised total present value cost of transitioning from sugarcane to the new
land use ($/year) per unit reduction in annual DIN emissions achieved (kg DIN
reduction/year). Cost-effectiveness is reported in $/kg DIN reduction.
5. The DIN credit payment rates ($/kg DIN) required to allow the landholder (or project
proponent) to obtain payback periods of 5, 10 and 15 years on their investment, evaluated
in terms of present value at 5% and 7% real annual discount rates.
6. The annualised, discounted net return (%) on upfront investment that would be realised
at the DIN credit payment rates that deliver 5-, 10- and 15-year payback periods.
Results from these economic analyses are reported per hectare of land converted.
The calculations for implementing each step in this analysis framework are explained in
detail in the following subsections.
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3.1 Methodology
3.1.1 Annuity Gross Margin (Annuity GM)
The different alternative land uses have production cycles of different lengths. Annual
production costs and revenues typically vary between years within these production cycles.
For example, input costs are high in the first year of the sugarcane production cycle when the
land is prepared and sugarcane is first planted. Several ratoon cropping years then follow
during which cost inputs are lower. Overall, a typical sugarcane production cycle might be 5
years in duration, comprising a first sugarcane harvest 15 months after planting, followed by 3
ratoon harvests, each 13 months apart, followed by a 6-month fallow or legume-fallow period
before sugarcane is planted again to repeat the cycle (production cycle details and duration
may vary by region).
Softwood and hardwood forestry will operate on much longer production cycles with substantial
costs incurred in year 1 for plantation establishment. Maintenance and thinning costs will be
incurred periodically during a growth phase that will typically last for 30 years, and substantial
costs will be incurred at the end of the production interval when the trees are felled and timber
is transported to a sawmill for processing. In contrast, cattle fattening without additional
fertiliser input will typically operate on a 1-year production cycle, buying cattle in for fattening
and then selling fattened animals for slaughter approximately eight months later.
Engineered treatment wetlands, restored ecosystem service wetlands and – for irrigated cane
land in the Burdekin River Irrigation Area (BRIA) – irrigation water recycle pits, will typically
incur substantial costs in year 1 for construction and establishment, followed by annual and/or
periodic maintenance costs thereafter. The US Department of Agriculture’s Natural Resources
Conservation Service specify an operational lifetime of 15 years for investments in engineered
treatment wetlands (US Department of Agriculture Natural Resource Conservation Service,
2019), suggesting that renewal expenditures will likely have to be incurred in year 15 to ensure
that engineered treatment wetlands continue to perform as designed thereafter.
A method is thus required to compare the economic performance of land uses with operating
cycles of different lengths. The annuity gross margin (annuity GM), calculated from the Total
Present Value Gross Margin (TPVGM), allows such a comparison to be made. The Gross
Margin (GM) metric focuses on the difference (‘margin’) between production revenues and
operating variable costs once the production process is up and running. Upfront capital costs
and other costs that do not vary with the level of production are not included usually in the
calculation of GM (Rolfe and Windle, 2016).
Production revenues and operating costs from each year in the operating cycle are discounted
as shown in Eqn 1 to produce a total present value gross margin (TPVGM). Following
Roebeling et al. (2007, p.10-11), who used well-established principles of net present value
calculation (Zerbe and Dively, 1994), the total present value gross margin of a land use is
defined as the discounted sum of the differences between the revenues (Rt) and costs (Ct)
which occur in each year t over the operating cycle of duration T for the land use being
evaluated:
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𝑅𝑡
𝐶𝑡
𝑇𝑃𝑉𝐺𝑀 = ∑
−∑
𝑡
(1 + 𝑟)
(1 + 𝑟)𝑡
𝑡=1

Eqn 1

𝑡=1

where r is the real (i.e., inflation-corrected) annual discount rate. The TPVGM calculation
shows how discounting rewards more immediate delivery of revenues and penalises more
immediate accrual of costs. Following common practice, annual real discount rates of 5% (e.g.
Roebeling et al., 2007; Waltham et al., 2021, 2017) and 7% (e.g. Alluvium, 2016; Rust and
Star, 2018; Star et al., 2018, 2017) are used for TPVGM calculation in this Project 5.12. A
TPVGM greater than $0 indicates that the total discounted stream of annual revenues
delivered by the land use exceeds the total discounted stream of annual costs incurred.
The Annuity GM for each land use is an economic metric derived from TPVGM. Annuity GM
provides a consistent mechanism for comparing gross margins from land uses with operating
cycles of different lengths and different accrual trajectories for revenues and costs. Following
Roebeling et al., (2007, p10), annuity GM is defined as that gross margin which, if delivered in
each year of the operating cycle, discounted appropriately and summed, produces the reported
TPVGM for the land use concerned. Annuity GM can thus be thought of as ‘annualised
TPVGM’, and is calculated by applying an annuity factor to TPVGM as follows:

𝐴𝑛𝑛𝑢𝑖𝑡𝑦𝐺𝑀 =

𝑇𝑃𝑉𝐺𝑀
𝑇𝑃𝑉𝐺𝑀
=
1 − (1 + 𝑟)−𝑇
𝑎𝑛𝑛𝑢𝑖𝑡𝑦 𝑓𝑎𝑐𝑡𝑜𝑟
(
)
𝑟

Eqn 2

where r is the annual (real) discount rate, T is the operating cycle duration in years, and the
term in brackets in the denominator is the annuity factor. In Project 5.12 we use a 30-year
operating cycle for hardwood and softwood farm forestry, restored wetlands and irrigation
water recycling pits, a 15-year renewal cycle for engineered treatment wetlands, (US
Department of Agriculture Natural Resource Conservation Service, (2019)), a 1-year operating
cycle for cattle fattening, and for sugarcane (the baseline land use) a 6-year operating cycle in
the Mackay region and a 5-year operating cycle in the Burdekin BRIA and the Burdekin Delta
(State of Queensland, (2016; Table 2, p.4)).
Annuity GM accounts appropriately for inter-annual variations in operating revenues and costs
within the land use operating cycle and thus provides a consistent basis for comparison of
economic performance between land uses with operating cycles of different duration. It is,
however, important to remember that annuity GM compares performance of land uses once
they are up and running; it does not take the upfront capital costs of conversion into account.
For consistency with standard definitions of annuity GM, and also to enable comparison with
the annuity GMs for sugarcane production presented in the literature (e.g. Roebeling et al.
(2007)), our calculation of annuity GM does not include taxes or depreciation and maintenance
of non-production system-specific fixed assets, or – as explained above – the capital costs of
land use conversion.
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As economic analysis in NESP TWQ Hub Project 5.12 is undertaken from a private
perspective, negative and positive externalities from land use conversion are out of scope. In
this study, annuity GMs are calculated for each alternative land use option: restored wetlands,
engineered treatment wetlands, irrigation water recycle pits (in the BRIA only), cattle fattening
and hardwood and softwood farm forestry.

3.1.2 Reduction in annuity GM
The reduction in annuity GM incurred by a sugarcane producer when converting to a new land
use is calculated by subtracting the annuity GM for the new land use from the annuity GM
obtained previously from sugarcane production (Eqn 3):
𝐴𝑛𝑛𝑢𝑖𝑡𝑦𝐺𝑀_𝑅𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 = 𝐴𝑛𝑛𝑢𝑖𝑡𝑦𝐺𝑀𝑠𝑢𝑔𝑎𝑟𝑐𝑎𝑛𝑒 − 𝐴𝑛𝑛𝑢𝑖𝑡𝑦𝐺𝑀𝑛𝑒𝑤𝑙𝑎𝑛𝑑𝑢𝑠𝑒

Eqn 3

Reductions in annuity GMs are estimated for each land use conversion. The reduction in
annuity GM is expected to be positive because the annuity GM from sugarcane is expected to
be greater than the annuity GM from an alternative land use. This reduction in annuity GM will
be regarded as an annual cost by landowners.

3.1.3 Conversion cost
Upfront capital expenditures will be incurred to transition low-lying sugarcane land to an
alternative land use. These capital expenditures occur once only, at the start of the conversion
process. Upfront capital expenditures differ for the different land uses. For cattle fattening,
upfront expenditures could be required to construct a stockyard for livestock loading/unloading,
and will be required to fence paddocks, prepare land and sow pasture. For hardwood and
softwood farm forestry, upfront investment will be required for land preparation and planting
tree seedlings. For engineered treatment wetlands, upfront capital expenditures will be
required for excavations and/or earthworks, and for planting vegetation to assist denitrification
processes.
It is useful to estimate these upfront capital expenditures (‘capex’) of conversion separately
from on-going operating expenditures (‘opex’) that are incurred regularly in the land use
operating cycle. The capital costs (per hectare) required to convert from sugarcane production
to alternative land uses are estimated for each alternative land use.

3.1.4 Total present value cost of conversion
An economic analysis of alternative land uses should account for the upfront capital costs of
land conversion and periodic capital investments which may occur at any other stages of the
production cycle, as well as the reductions in annuity GM which follow from land use change.
Thus, the total present value cost of transitioning from sugarcane to an alternative land use
from the perspective of a sugarcane producer is calculated as:
𝑇𝑒

Reduction in annuity GM
𝑃𝑉 𝑐𝑜𝑠𝑡 = ∑
+ 𝐶0 +
(1 + 𝑟)𝑡
𝑡=1

𝑇𝑒

∑
𝑅=𝑅1 ,𝑅2 .…

𝐶𝑅
(1 + 𝑟)𝑅

Eqn 4
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where r is real discount rate, Te is the time horizon over which the PV cost of alternative land
uses is to be evaluated2, 𝐶0 is the upfront cost of conversion to the new land use, 𝐶𝑅 denotes
costs incurred in repairing or renovating installations in year R to restore them to full
effectiveness (e.g., repair of fences around cattle paddocks, excavation of deposited sediment
from engineered treatment wetlands). In Project 5.12, PV cost for conversion to new land uses
will be calculated over a 30-year time horizon (Te = 30 years) using real discount rates of 5%
and 7% per annum. The 30-year time horizon is longer than that applied in previous studies of
improvements in land management options in Reef catchments (e.g. Alluvium, 2016; van
Grieken et al., 2014, 2010a), in order to accommodate the production cycles of hardwood and
softwood forestry. Figure 9 illustrates the reductions in annuity gross margins following land
use change, the upfront cost of land conversion, and a renovation cost at year 15 in the 30year evaluation time horizon (all components of Eqn 4).

Figure 9: Diagrammatic representation of calculation of the present value cost of land
use conversion, evaluated over a 30-year time horizon

3.1.5 Annualised total present value cost of conversion
The total PV cost from Eqn 4 is converted to an annualised present value cost (APVC) over
the evaluation time horizon as follows (Boardman et al., 2001):

2

Note the time horizon over which economic performance is evaluated may be different from the duration of the production
cycle for any particular land use. The Te in Eqn 4 may thus differ from the T in Eqns 1 and 2.
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𝐴𝑛𝑛𝑢𝑎𝑙𝑖𝑠𝑒𝑑 𝑃𝑉 𝑐𝑜𝑠𝑡 = 𝑃𝑉 𝑐𝑜𝑠𝑡 (

𝑟
)
1 − (1 + 𝑟)−𝑇𝑒

Eqn 5

Expressing total present value costs in annualised terms enable then to be compared with an
estimated (assumed constant) annual DIN reduction.

3.1.6 Cost effectiveness of DIN reduction
The cost-effectiveness of DIN reduction provided by a particular change in land use is
calculated as the annualised PV cost incurred (Eqn 5) per unit annual reduction in DIN loss
delivered by the land use change:
Cost-effectiveness =

𝐴𝑛𝑛𝑢𝑎𝑙𝑖𝑠𝑒𝑑 𝑃𝑉 𝑐𝑜𝑠𝑡
𝐴𝑛𝑛𝑢𝑎𝑙 𝐷𝐼𝑁 𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛

=

𝐴𝑛𝑛𝑢𝑎𝑙𝑖𝑠𝑒𝑑 𝑃𝑉 𝑐𝑜𝑠𝑡
(𝐷𝐼𝑁𝐿𝑜𝑠𝑠𝑠𝑢𝑔𝑎𝑟𝑐𝑎𝑛𝑒 −𝐷𝐼𝑁𝐿𝑜𝑠𝑠𝑎𝑙𝑡𝑒𝑟𝑛𝑎𝑡𝑖𝑣𝑒𝑙𝑎𝑛𝑑𝑢𝑠𝑒 )

Eqn 6

Annualised PV cost and annual reduction in DIN loss are evaluated over a 30-year time horizon
for conversion to wetlands, irrigation recycle pits, cattle fattening and farm forestry.
The cost element here accounts for the upfront and periodic costs of land conversion and the
reduction in annuity gross margin that the private landowner incurs in switching from
sugarcane to the alternative land use. In calculating the cost-effectiveness of DIN reduction in
this way, we are assuming that the land conversion costs, periodic repair costs and the
reduction in annuity gross margin are the only costs that the landowner will incur in land use
conversion. If other impediments are also present (e.g., the need to acquire a new set of
farming skills) then the actual cost of land conversion may be higher than we have assumed
here. If this is the case, then the cost-effectiveness of DIN reduction will be lower than our
indicative estimate.

3.1.7 Payback period via DIN credit payments
The cost-effectiveness results ($/kg DIN reduction) described in the preceding section indicate
the level of DIN credit payment ($/kg DIN reduction) that would be required to exactly cover
the full set of costs incurred in changing land use net of any income received (i.e., land
conversion cost, annual maintenance costs, periodic repair costs and the opportunity cost of
foregone cane revenues, net of income received from e.g., cattle sales, carbon credit
payments etc.) over the 30-year evaluation time period, present valued using a 5% or 7%3 real
discount rate.
For a land use change that incurs a substantial upfront cost (e.g., restored wetlands,
engineered treatment wetlands, recycle pits, or cattle fattening when stock loading/unloading
facilities have to be built) annual DIN credit payments at the ‘cost-effectiveness’ rate would
produce a cumulative (discounted) net benefit trajectory ($/ha) like that shown in the blue in
Figure 10, where the cumulative present value net benefit reaches $0/ha in Year 30, i.e., the
‘payback period’ on the landholder’s investment is 30 years.

3

Depending on whether a 5% or 7% real discount rate is used to calculate total present value cost.
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For the land use changes under consideration, a landholder will either incur significant up-front
costs, or – for farm forestry – will have to wait for the full 30-year period before receiving a
substantial portion of total revenues4. In both situations the landowner is exposed to
considerable financial risk. Where large upfront costs have been incurred, risk surrounds the
continuity and/or volatility of the annual revenue stream from which upfront and on-going costs
can be recovered. Where a sizeable payment for harvested timber is awaited in year 30, risk
arises from potential damage to the timber crop by pests or cyclones, and/or from unfavourable
movements in prices, over the 30-year time horizon.

Figure 10: Indicative cumulative (discounted) net benefit trajectories for a land use change with
significant upfront costs at DIN credit payment rates that deliver 5-year (green), 10-year (purple), 15-year
(red) and 30-year (blue) payback periods on upfront capital (as described in Eqn 6)

Cane growers will be relatively comfortable with managing the economic risks inherent in
sugarcane production but are likely to be sensitive to the risks surrounding land use change –
particularly if the new land use is unfamiliar. Annual DIN credit payments e.g., from commercial
DIN credit markets and/or via government-backed DIN credit supply agreements5, may
therefore be useful for facilitating land use change by providing an additional income stream
that reduces risk exposure by reducing the length of time taken for the full costs of land use
change to be recovered.
For each alternative land use, we therefore calculate the rate of DIN credit payment ($/kg DIN
reduction) that would be required to enable a landholder to achieve payback periods of 5, 10
and 15 years on cumulative (discounted) net benefit (at 5% and 7% real discount rates), as
shown in Eqn 6.

4
5

Annual revenues received from carbon credits will typically be much lower than the revenue from the timber harvest in year 30.
https://www.about.hsbc.com.au/news-and-media/hsbc-and-the-queensland-government-purchase-world-first-reef-credits
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Eqn 6

with payback achieved over periods of Te = 5, 10 and 15 years, at real discount rates r of 5%
and 7% per annum (other symbols as defined for Eqn 4). Shorter payback periods will be more
attractive as they reduce the landholder’s risk exposure. Annual DIN credit payments that
deliver shorter payback periods produce cumulative (discounted) net benefit trajectories like
those shown in the green, purple and red (for 5-, 10- and 15-year paybacks, respectively) in
Figure 10.

3.1.8 Annualised discounted rate of return on upfront investment
In addition to payback period and risk exposure, landholders will also be sensitive to the rate
of return that land use change delivers on their upfront investment. The relative attractiveness
of the investment opportunities that land use change offers when incentivised by DIN credit
payments can be assessed by calculating the annualised, discounted rate of return on upfront
investment that would be realised from each land use change at DIN credit payment rates that
deliver 5-, 10-, 15, and 30-year cumulative discounted cashflow paybacks at a given real
discount rate. Annualised, discounted rates of return on upfront investment will be nonnegative for each year after payback has been achieved, i.e., from year 5 onwards for DIN
payments that provide 5-year payback, from year 10 onwards for DIN payments that provide
10-year payback etc. Indicative trajectories of annualised discounted rate of return on upfront
investment for land use changes with substantial upfront costs are shown in Figure 11.
Cumulative (discounted) net benefit payback period in combination with annualised
(discounted) rate of return on upfront investment can provide a useful indication of the range
of DIN credit payments ($/kg DIN removed) and DIN credit supply agreement durations (years)
across which landholders might consider a land use change to be attractive when compared
with the rate of return they currently achieve from cane production (e.g., SRA (2016)). Figure
12 shows cumulative (discounted) net benefit paybacks and annualised (discounted) rates of
return on upfront investment, both plotted against time in years since land use conversion. For
the indicative example in Figure 12, if a landholder requires an annualised (discounted) rate of
return of 4% per annum, they would be prepared to consider land use change for a DIN credit
supply contract of between 7 and 27years’ duration when incentivised at the 5-year payback
DIN credit rate. However, the 10-year payback DIN credit rate over DIN credit supply contracts
of 20 or 25 years would only appear attractive if the landholder was willing to accept an
annualised (discounted) rate of return of only 2% per annum on their upfront investment.
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Figure 11: Indicative trajectories of annualised, discounted rate of return on upfront investment in land
use change with significant upfront costs at DIN credit payments that produce 5-, 10-, 15- and 30-year
discounted cashflow paybacks at 7% real discount rate (plotted in green, purple, red and blue,
respectively)
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Figure 12: Identifying attractive investment opportunities from land use change by considering
discounted net benefit paybacks and annualised (discounted) rate of return on upfront investment

3.1.9 Economic analyses: layout
A considerable quantity of background information and data have to be collated on sugarcane
production (as the baseline land use) and for each of the alternative land uses in the three
study regions: the BRIA, the Burdekin Delta and Mackay region. Detailed discounted cashflow
analyses are conducted using this information, prior to calculating the cost-effectiveness of
DIN reduction, DIN credit payments for differing payback periods and annualised, discounted
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rates of return on upfront investment for each land use conversion option. Relevant
background information is presented in a separate Appendix for each land use. Condensed
summaries of the background information, key assumptions and results from the economic
analysis for sugarcane production and for each alternative land use are presented using a
standard format in this Chapter. The following results are presented for each land use in each
of the three study regions:
•
•
•
•
•
•
•
•

Annuity gross margin
Upfront cost of land use conversion
Total present value cost of conversion
Annualised present value cost of conversion
Annual reduction in DIN loss following land use conversion
Cost-effectiveness of the land conversion for DIN reduction
DIN credit payments required to achieve payback periods of 5, 10 and 15 years
following change of land use
Annualised, (discounted) rate of return on upfront investment at the different DIN credit
payment rates.

3.2 Results
3.2.1 Sugarcane production: the baseline land use
The economic analyses in Project 5.12 regard sugarcane as the baseline land use in the
Project’s three study regions: the BRIA, the Burdekin Delta, and Mackay region. The reduction
in annuity gross margin for each alternative land use is calculated by subtracting the annuity
gross margin delivered by the alternative land use from the annuity gross margin delivered by
a representative cane farm in the relevant region. Appendices 1, 2 and 3 describe how the
annuity gross margin for a representative cane farm in each study region is calculated.
Representative information on the cane production cycle, (i.e. number of ratoon crops,
harvesting approach (green cane harvesting vs. burnt cane harvesting), land management
during the 6-month fallow between harvesting the final ratoon crop of one cycle and planting
cane again to start the next cycle), farm size, soil type, fertiliser application rates under a Six
Easy Steps® (Schroeder et al., 2010) fertiliser management plan derived from District Yield
Potential6 consistent with the Prescribed Methodology for Sugarcane Cultivation (State of
Queensland, 2019) under the 2019 Reef Regulations, cane yields, sugar content (‘CCS’), and
DIN losses from sugarcane production for each region are obtained from van Grieken et al.,
(2010c; Section 2 p.4-7), and the representative Regional Scenarios for the BRIA, Burdekin
Delta and Mackay regions provided in the Farm Economic Analysis Tool (FEAT) Online
sugarcane profitability analysis tool developed by the Queensland Department of Agriculture
and Fisheries (State of Queensland Department of Agriculture and Fisheries, 2020; State of
Queensland (2016); State of Queensland (2020)).

Fertiliser application rates following ‘Six Easy Steps’® based on District Yield Potential (i.e. adjusted for nitrogen mineralisation
in the soil (predicted via soil testing for organic carbon content), with appropriate allowance for nitrogen inputs from legume
fallow and application of mill by-products) are in line with Minimum Standard (‘moderate risk’) practice as specified in the
Sugarcane Water Quality Risk Framework 2017-2022 (The Australian and Queensland Governments, n.d.) and the Prescribed
Methodology for Sugarcane Cultivation (State of Queensland, 2019) under the 2019 Reef Regulations.
6
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Indicative gross margins from cane production on a representative cane farm in each region
in calendar year 2019 are produced using FEAT’s default 2015 activity profiles for cane
production in the relevant region (State of Queensland, 2016a) as a starting point, cross
checked against cane yields and CCS percentages from Sugar Research Australia, (2017),
Connellan et al. (2017), Poggio and Page (2010a, 2010b) and Thorburn et al. (2011) for the
BRIA and the Burdekin Delta, and Rohde et al., (2013, 2012) and Rohde and Bush (2011) for
Mackay region. Gross margins predicted by FEAT for indicative cane production on a
representative cane farm in each region are used to derive region-specific annuity gross
margins for sugarcane production, calculated at 5% and 7% real discount rate over the duration
of the cane cycle (5 years for the BRIA and the Burdekin Delta, 6 years for Mackay region).
DIN losses from representative cane production in each region are obtained from van Grieken
et al. (2010b; Section 2 p.4-7), cross-checked against (Thorburn et al., 2011) for the BRIA, and
Rohde et al., (2013, 2012) and Rohde and Bush (2011) for Mackay region. The region-specific
annuity gross margins and DIN losses from sugarcane are the baselines against which the
cost-effectiveness of DIN reduction achieved via the land use conversions is assessed.
To the best of the author’s knowledge, this is the first evaluation of the cost-effectiveness of
DIN reduction via land use change to use DIN loss baselines from sugarcane production that
are consistent with the 2019 Reef Regulations7 and the Prescribed Methodology for Sugarcane
Cultivation (State of Queensland, 2019). Under the 2019 Reef Regulations, from 1st December
2021, sugarcane growers in the BRIA, Burdekin Delta and Mackay Regions will have to
operate under a whole of farm nitrogen and phosphorus budget that features ‘Six Easy Steps’®
compliant fertiliser applications (Sugar Research Australia, 2013) derived from District Yield
Potential (i.e. adjusted for nitrogen mineralisation in the soil (predicted via soil testing for
organic carbon content), with appropriate allowance for nitrogen inputs from legume fallow and
application of mill by-products), such that they are in line with Minimum Standard (‘moderate
risk’) practice as specified in the Sugarcane Water Quality Risk Framework 2017-2022 (The
Australian and Queensland Governments, n.d.).
Fertiliser application rates for representative farms in each region that are consistent with the
2019 Reef Regulations8 and the Prescribed Methodology for Sugarcane Cultivation are
obtained from Van Grieken et al. (2010c; Section 2.2 p.5 onwards). These fertiliser application
rates are applied in the FEAT models for each region, i.e. we use fertiliser application rates
that are consistent with the 2019 Revisions to the Reef Regulations as our baseline for
calculating cane gross margins from cane production.
Modelling studies indicate that DIN losses from representative sugarcane production in the
case study regions will reduce considerably when ‘Six Easy Steps’® compliant fertiliser
applications are used instead of grower-derived traditional practice (van Grieken et al., 2010c;
Section 2 p.4-7).This change is predicted to reduce total DIN runoff from cane production on
a representative soil type in the BRIA from 81.2 kg DIN/ha/year to 11.5 kg DIN/ha/year, from
135.1 to 37.3 kg DIN/ha/year in the Burdekin Delta, and from 60.2 to 35.2 kg DIN/ha/year in
the Mackay Region (van Grieken et al., 2010c; Tables 6 & 7, p.5 - 6). Modelling suggests that

7
8

https://www.qld.gov.au/environment/agriculture/sustainable-farming/reef/reef-regulations
https://www.qld.gov.au/environment/agriculture/sustainable-farming/reef/reef-regulations
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compliance with the Prescribed Methodology will significantly influence the calculated costeffectiveness of these land use changes in comparison to cost-effectiveness estimates
provided in earlier studies.
Key features of representative sugarcane production, FEAT’s predicted farm-level gross
margin and annuity gross margin, and DIN losses for each region are summarized in Table 10,
Table 11 and Table 12 following. Full details of the underlying FEAT modelling are provided in
Appendices 1, 2 and 3.

Price and cost adjustments for the 2019 cane crush
Default prices and costs in FEAT’s 2015 Regional Scenarios for the BRIA, Burdekin Delta and
Mackay region are adjusted to calculate representative farm gross margins for the 2019 sugar
crush as follows:
•

•

•

•

•

Average Queensland sugar price for the five years 2015 – 2019, labour price and farm
diesel price for 2019 are obtained from FEAT’s recently compiled Regional Scenario for
Bundaberg (State of Queensland, 2020).
Prices for irrigation water and electricity for 2019-2020 are obtained directly from the
relevant water and electricity suppliers (Sunwater for the BRIA and Mackay region
(Sunwater, 2019a, 2019b), Lower Burdekin Water for the Burdekin Delta (Lower Burdekin
Water, 2019)); Ergon Energy for Tariff 65 farm electricity (ErgonEnergy, 2021)).
Prices for other production inputs are adjusted from FEAT’s 2015 defaults using relevant
price indices from the ABARES Agricultural Commodities Data Tables (December 2020
release) (ABARES, 2020).
Prices for fertiliser, soil ameliorants, agrochemicals, contract planting and maintenance of
vehicles and machinery are adjusted for production of the 2019 cane crush by the ratio of
relevant ABARES’ FY2018-19 to FY2014-15 price indices for these inputs, as detailed in
the activity-specific tables in Appendices 1, 2 and 3 following.
Contract harvesting cost impacts gross margin later in the calendar year. Contract
harvesting cost is therefore adjusted from FEAT’s 2015 default for the 2019 sugar crush
using the ratio of the ABARES FY 2019-20 to FY2015-16 labour price index.

Labour cost in gross margin calculation
In their economic evaluations of improvements in cane management practice, Poggio and
Page (2010a, 2010b) and van Grieken et al. (2010a) included labour cost when calculating
gross margins to reflect differences in labour input as management practices improved (e.g.,
as tillage practices were modified). Most of the alternative land uses considered in Project 5.12
require minimal labour input from the landowner in most years of their production cycle. This
applies to restored wetlands, engineered treatment wetlands, recycle pits, and farm forestry.
In contrast, cattle fattening will require consistent landholder labour input in each year of its
operating cycle. Labour cost thus needs to be handled appropriately when calculating the
reduction in annuity gross margin following each potential land use conversion to ensure valid
comparisons.
If it is assumed that the landholder labour input required for cane growing and cattle fattening
are roughly equivalent, then landholder labour input will not need to be accounted for when
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calculating the reduction in annuity gross margin from this land use change. However, the
saving in landholder labour input when changing land use from cane to restored wetlands,
engineered treatment wetlands, recycle pits or farm forestry will need to be accounted for. This
is done by subtracting the cost of landholder labour input from cane harvest net revenue when
calculating the annuity gross margin reduction that results from changing land use to restored
wetlands, engineered treatment wetlands, recycle pits or farm forestry. To facilitate these
calculations, in the following sections, gross margin from cane is reported as harvest revenue
net of variable input costs (e.g., costs of machinery and fuel for land preparation, contract
planting, fertiliser, irrigation water, electricity for pumping, contract harvesting etc.), and the
cost of landholder labour input is reported separately.

Irrigation water cost in gross margin calculation for sugarcane
In the case study regions, irrigation water for sugarcane production is assumed to be
purchased from the Burdekin Haughton Water Supply Scheme (BRIA), Lower Burdekin Water
(Burdekin Delta) and the Eton Water Supply Scheme (as a representative water supplier for
the Mackay region) via two-part tariffs. For the Burdekin Haughton and Eton schemes (both
operated by Sunwater), the tariff comprises a fixed charge to secure a water allocation and a
variable charge levied on the volume of water used within that allocation (Sunwater, 2019a,
2019b)9. For irrigation water purchased from Lower Burdekin Water, the tariff comprises an
area-based fixed charge (partly subsidised by the sugar miller Wilmar Sugar Australia Limited)
and a fixed charge to secure a volumetric allocation from the Burdekin Haughton Water Supply
Scheme (Lower Burdekin Water, 2019).
In FEAT’s default treatment of irrigation water costs, the variable cost elements of the water
charge are subtracted from harvest net revenue when calculating farm-level gross margin,
whereas the fixed cost elements are excluded from the gross margin calculation but are
included along with other fixed costs (e.g., land rates, repairs and maintenance on buildings
etc.) when FEAT calculates farm-level profit. It is assumed that none of the alternative land
uses considered in Project 5.12 will require irrigation. Reduced irrigation water expenditures
should therefore be accounted for in full when calculating the reduction in annuity gross margin
that follows from land use change. Consequently, in Project 5.12, the variable and fixed
elements of water charges are subtracted from harvest net revenue when calculating farmlevel gross margin from cane.

Farm size and operating cost of machinery
FEAT’s estimate of the per hectare operating costs of farm machinery is influenced by farm
size, (van Grieken et al., 2010a; Section 2.3.1 p.3). Gross margins for cane production are
therefore calculated for representative farm sizes for each of the three regions, drawing on the
region-specific farm sizes in van Grieken et al. (2010a; Section 3.2 p.4).

9

For the Budekin Haughton Water Supply Scheme and the Eton Water Supply Scheme, both components comprise two
elements. The fixed element comprises Part A and Part C charges. The variable element comprises Part B and Part D charges
(Sunwater, 2019a).
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3.2.2 Sugarcane production: results
The annuity gross margin and annual DIN loss from sugarcane production for the 2019 sugar
crush on a representative farm in the BRIA, Burdekin Delta and Mackay Region are reported
in this section. Key assumptions regarding cane production on the representative farm for each
region, together with the predicted annuity gross margin and annual DIN loss from sugarcane
production are summarised in Tables 10, 11 and 12 below.
Annuity gross margins are reported at 5% and 7% real discount rates over the length of the
cane production cycle (5 years for the BRIA and the Burdekin Delta; 6 years for Mackay
Region). Harvesting cost, growing cost, tractor fuel cost and the cost of purchasing irrigation
water allocations (as well as charges for irrigation water usage) are included in all reported
annuity gross margins. Annuity gross margins are also reported with landholder labour costs
included. As explained above, annuity gross margin with landholder labour costs included will
be used as the opportunity cost of removing land from cane production when switching land
use to restored wetland, engineered treatment wetland, recycle pits and farm forestry because
it is assumed that negligible landholder labour will be required for these land uses in most
years of their operating cycle. Annuity gross margin without landholder labour costs will be
used as the opportunity cost of converting cane land for cattle fattening, on the assumption
that the landholder labour input required for cane growing and cattle fattening are roughly
equivalent.
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Table 10: Sugarcane production on a representative farm in the BRIA – key assumptions, annuity gross margin (at real discount rates of 5% and 7% per annum),
and annual DIN loss

Burdekin BRIA: Representative farm and cane production cycle1
Farm size1 (ha)
Soil

240

type1

Soil management1

Number of ratoon crops in cycle1
Length of production cycle1 (years)
Fallow management1
management1

Fertiliser application: plant cane3 (kgN/ha)
Fertiliser application: ratoons3 (kgN/ha)
Irrigation

5
Legume fallow (soy bean: ploughed in, not harvested)

Cane row spacing1 (m)
Fertiliser

Cracking clay
Controlled traffic with pre-formed beds.
Reduced tillage and zonal tillage of block prior to planting.
Zero tillage in ratoons.
3

management1

1.8
Six Easy Steps nutrient management derived from
District Yield Potential of 150 tonnes
caneFW/ha 2
Soil testing on fallow block in each cycle.
Subsurface nutrient application.
Soil ameliorant applied during soy fallow.
50 (allowing for N-input from soy fallow)
170
Furrow irrigation

Cane irrigation rate4 (ML/ha)

12

Legume irrigation rate4 (ML/ha)

4

Pest management1

Integrated pest management

Cane harvest1
Average cane
Average

Cane burnt prior to harvest
yield5

CCS1

(tonnes cane fresh weight/ha)

(%)

96
14.94

Annual DIN loss in

runoff6

Annual DIN loss to

drainage6

(kg DIN/ha)
(kg DIN/ha)

Total annual DIN loss6 (kg DIN/ha)
Annuity gross margin @ 5% discount rate7 ($/ha)
[including cost of water allocation]

8.9
2.6
11.5
751
45

Annuity gross margin @ 7% discount rate7 ($/ha)
[including cost of water allocation]
Annuity gross margin @ 5% discount rate8 ($/ha)
[including water allocation and labour cost]
Annuity gross margin @ 7% discount rate8 ($/ha)
[including water allocation and labour cost]
1

753
638
649

Data for representative BRIA farm and cane cultivation practices obtained from van Grieken et al., (2010b; Table 4, p.4), van Grieken et al., (2010a; Section 3, p.4-5) and van
Grieken et al.,( 2010b; Section 2.2.1, p.14-17)
2 As specified for the BRIA c
3 Derived from Six Easy Steps DYP150 fertiliser application rates reported for the RP20 Nitrogen Trials program in the BRIA (Connellan et al., 2017; Section 4 p.16-106). These
fertiliser application rates are consistent with the 2019 Reef Regulations10 and the Prescribed Methodology for Sugarcane Cultivation for the BRIA.
4 Irrigation rate from FEAT BRIA Regional Example (State of Queensland Department of Agriculture and Fisheries, 2020)
5 Average cane yield across plant cane and three ratoon crops (i.e. fallow excluded). Results under Six Easy Steps DYP150 fertiliser application rates from APSIM modelling
quoted in van Grieken et al., (2010b; Table 10, p.7)
6 Results from APSIM modelling under Six Easy Steps DYP150 fertiliser application rates as quoted in van Grieken et al., (2010b; Table 6, p.5)
7 Annuity gross margin calculated from gross margin = harvest revenue (net of levy) – harvest cost – growing cost – tractor fuel cost – water allocation cost
8 Annuity gross margin calculated from gross margin = harvest revenue (net of levy) – harvest cost – growing cost – tractor fuel cost – water allocation cost – landowner labour
cost

10

https://www.qld.gov.au/environment/agriculture/sustainable-farming/reef/reef-regulations
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Table 11: Sugarcane production on a representative farm in the Burdekin Delta – key assumptions, annuity gross margin (at real discount rates of 5% and 7% per
annum), and annual DIN loss

Burdekin Delta: Representative farm and cane production cycle1
Farm size1 (ha)

120

Soil type1
Soil management1

Number of ratoon crops in cycle1
Length of production cycle1 (years)
Fallow

Legume fallow (soy bean: ploughed in, not harvested)

spacing1

1.8
Six Easy Steps nutrient management derived from
District Yield Potential of 150 tonnes cane
FW/ha 2
Soil testing on fallow block in each cycle.
Subsurface nutrient application.
Soil ameliorant applied during soy fallow.
50 (allowing for N-input from soy fallow)

(m)

Fertiliser management1

Fertiliser application: plant cane3 (kgN/ha)
Fertiliser application: ratoons3 (kgN/ha)
Irrigation management1
Cane irrigation rate4 (ML/ha)
Legume irrigation

rate4

(ML/ha)

management1

Cane

5

management1

Cane row

Pest

Medium clay
Controlled traffic with pre-formed beds.
Reduced tillage and zonal tillage of block prior to planting.
Zero tillage in ratoons.
3

harvest1

Average cane yield5 (tonnes cane fresh weight/ha)

170
Furrow irrigation
16
5
Integrated pest management
Cane burnt prior to harvest
131

Average CCS1 (%)

14.94

DIN loss in runoff6 (kg DIN/ha)

37.0

DIN loss to drainage6 (kg DIN/ha)

0.3
37.3

loss6

Total DIN
(kg DIN/ha)
Annuity gross margin @ 5% discount rate7 ($/ha)
[including cost of water allocation]

1884
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Annuity gross margin @ 7% discount rate7 ($/ha)
[including cost of water allocation]
Annuity gross margin @ 5% discount rate8 ($/ha)
[including water allocation and labour cost]
Annuity gross margin @ 7% discount rate8 ($/ha)
[including water allocation and labour cost]
1

1827
1767
1719

Data for representative BRIA farm and cane cultivation practices obtained from van Grieken et al., (2010b; Table 4, p.4), van Grieken et al., (2010a; Section 3, p.4-5) and van
Grieken et al.,( 2010b; Section 2.2.1, p.14-17)
2 As specified for the BRIA in the Prescribed Methodology for Sugarcane Cultivation under the 2019 Reef Regulations (State of Queensland, 2019; Table 1, p.22).
3 Derived from Six Easy Steps DYP150 fertiliser application rates reported for the RP20 Nitrogen Trials program in the Burdekin Delta (Connellan et al., 2017; Section 4 p.16106). These fertiliser application rates are consistent with the 2019 Reef Regulations11 and the Prescribed Methodology for Sugarcane Cultivation for the Burdekin Delta.
4 Irrigation rate from FEAT BRIA Regional Example (State of Queensland Department of Agriculture and Fisheries, 2020)
5 Average cane yield across plant cane and three ratoon crops (i.e. fallow excluded). Results under Six Easy Steps DYP150 fertiliser application rates from APSIM modelling
quoted in van Grieken et al., (2010b; Table 10, p.7)
6 Results from APSIM modelling under Six Easy Steps DYP150 fertiliser application rates as quoted in van Grieken et al., (2010b; Table 6, p.5)
7 Annuity gross margin calculated from gross margin = harvest revenue (net of levy) – harvest cost – growing cost – tractor fuel cost – water allocation cost
8 Annuity gross margin calculated from gross margin = harvest revenue (net of levy) – harvest cost – growing cost – tractor fuel cost – water allocation cost – landowner labour
cost

11

https://www.qld.gov.au/environment/agriculture/sustainable-farming/reef/reef-regulations
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Table 12: Sugarcane production on a representative farm in Mackay Region – key assumptions, annuity gross margin (at real discount rates of 5% and 7% per
annum), and annual DIN loss

Mackay Region: Representative farm and cane production cycle1
Farm size1 (ha)

150

Soil type1
Soil management1

Number of ratoon crops in cycle1
Length of production cycle1 (years)
Fallow

Legume fallow (soy bean: ploughed in, not harvested)

spacing1

1.8
Six Easy Steps nutrient management derived from
District Yield Potential of 130 tonnes cane
FW/ha 2
Soil testing on fallow block in each cycle.
Subsurface nutrient application.
Soil ameliorant applied during soy fallow.
33 (allowing for N-input from soy fallow)

(m)

Fertiliser management1

Fertiliser application: plant cane3 (kgN/ha)
Fertiliser application: ratoons3 (kgN/ha)
Irrigation management2
Cane irrigation rate4 (ML/ha)
Legume irrigation

rate4

(ML/ha)

management1

Cane

6

management1

Cane row

Pest

Marian
Controlled traffic with permanent beds.
Reduced tillage and zonal tillage of block prior to planting.
Zero tillage in ratoons.
4

harvest1

Average cane yield5 (tonnes cane fresh weight/ha)
Average CCS1 (%)

150
Overhead irrigation
2
0
Integrated pest management
Green cane harvesting
70
13.71

DIN loss in runoff6 (kg DIN/ha)

2.0

DIN loss to drainage6 (kg DIN/ha)

33.2
35.2

Total DIN loss6 (kg DIN/ha)
Annuity gross margin @ 5% discount rate7 ($/ha)
[including cost of water allocation]

455

49

Annuity gross margin @ 7% discount rate7 ($/ha)
[including cost of water allocation]
Annuity gross margin @ 5% discount rate8 ($/ha)
[including water allocation and labour cost]
Annuity gross margin @ 7% discount rate8 ($/ha)
[including water allocation and labour cost]
1

436
344
328

Data for representative Mackay Region farm and cane cultivation practices obtained from van Grieken et al., (2010b; Table 4, p.4), van Grieken et al., (2010a; Section 3, p.4-5)
and van Grieken et al.,( 2010b; Section 2.2.1, p.10-13)
2 As specified for the Mackay Region in the Prescribed Methodology for Sugarcane Cultivation under the 2019 Reef Regulations (State of Queensland, 2019; Table 1, p.22).
3 From Six Easy Steps fertiliser application rates for the Mackay Region reported in (van Grieken et al., 2010b; p.21). These fertiliser application rates are assumed to be from
Six Easy Steps derived from DYP = 130 tonnes/ha for the Mackay Region in accordance with the Prescribed Methodology for Sugarcane Cultivation (State of Queensland, 2019;
Table 2, p.23). These fertiliser application rates are consistent with the 2019 Reef Regulations12 and the Prescribed Methodology for Sugarcane Cultivation for Mackay region.
4 Irrigation rate from FEAT Mackay Regional Example (State of Queensland Department of Agriculture and Fisheries, 2020)
5 Average cane yield across plant cane and four ratoon crops (i.e. fallow excluded). Results under Six Easy Steps DYP130 fertiliser application rates from APSIM modelling
quoted in van Grieken et al., (2010b; Table 9 p.6)
6 Results from APSIM modelling under Six Easy Steps DYP130 fertiliser application rates as quoted in van Grieken et al., (2010b; Table 7, p.6)
7 Annuity gross margin calculated from gross margin = harvest revenue (net of levy) – harvest cost – growing cost – tractor fuel cost – water allocation cost
8 Annuity gross margin calculated from gross margin = harvest revenue (net of levy) – harvest cost – growing cost – tractor fuel cost – water allocation cost – landowner labour
cost

12

https://www.qld.gov.au/environment/agriculture/sustainable-farming/reef/reef-regulations
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3.2.3 Restored wetlands for ecosystem services
Restoring floodplain wetlands that have previously been drained for sugarcane production is
a potential mechanism for enhancing delivery of ecosystem services and reducing DIN loads
to the Great Barrier Reef lagoon. Low-lying sugarcane fields in coastal and near-coastal areas
are potential sites for wetland restoration, particularly those that are adjacent or close to
remnant freshwater or estuarine wetlands. Whilst, from the perspective of this study, the main
goal of transitioning cane land to restored floodplain or coastal wetlands is to reduce DIN
losses (via surface runoff and deep drainage), co-benefits associated with this transition are
also an important consideration. Examples of co-benefits include biodiversity, enhanced
connectivity for fish migration between habitats, carbon storage and carbon sequestration.
Areas of sugarcane that are close to protected areas and other important habitats for fish and
wildlife are also priority locations for wetland restoration to address habitat fragmentation.
The definition of restored wetlands used in this analysis is intentionally broad and includes
freshwater, brackish and saline wetland types reflecting the original landscape typology before
conversion for agricultural purposes, including (https://wetlandinfo.des.qld.gov.au/wetlands/):
•
•
•
•
•
•
•
•
•
•
•
•
•
•

mangrove forests (estuarine)
saltmarsh (saltpan/samphire) (estuarine)
coastal saline swamps (palustrine)
coastal non-floodplain tree swamps Melaleuca and Eucalyptus (palustrine)
coastal non-floodplain wet heath swamps (palustrine)
coastal non-floodplain grass, sedge and herb swamps (palustrine)
coastal floodplain tree swamps – Melaleuca and Eucalyptus (palustrine)
coastal floodplain wet heath swamps (palustrine)
coastal floodplain grass, sedge, herb swamps (palustrine)
coastal floodplain lakes (lacustrine)
coastal non-floodplain rock lakes (lacustrine)
coastal non-floodplain sand lakes – perched (lacustrine)
coastal non-floodplain sand lakes – window (lacustrine)
coastal non-floodplain soil lakes (lacustrine).

This study conducts an economic evaluation of transitioning low-lying, high DIN risk sugarcane
land to restored wetlands, regardless of the specific wetland type that is the intended endpoint
of the restoration. In many cases, this entails returning sugarcane land to its pre-existing form
as a wetland. When changing land use from cane production to natural wetlands, in addition
to co-benefits such as those to biodiversity and fisheries, landholders can significantly enhance
nitrogen regulation and carbon sequestration services (depending on wetland type), for which
they could potentially receive payment for supplying nitrogen credits and carbon credits under
the following policies:
•
•
•

Australian Government’s Environmental Protection and Biodiversity Conservation Act
1999 (EPBC Act 1999) Environmental Offsets Policy
Queensland Government’s Point Source Water Quality Offsets Policy
Queensland Government’s Land Restoration Fund
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The revenues generated from carbon credits form an income stream from restored wetlands
in our economic analysis. Coastal wetlands are one of the largest stores of carbon globally
(Moomaw et al., 2018), with a third of the terrestrial carbon estimated to be stored within
wetland ecosystems (Department of Environment and Science Queensland, 2020). Adame et
al. (2020) examined carbon and nitrogen stocks and sequestration rates based on samples
taken from five natural floodplain Melaleuca wetlands in the Wet Tropics, and an additional
three samples taken from nearby mangroves, a sugarcane farm, and saltmarsh. They found
that the mean ecosystem carbon stocks and sequestration rate across the five Melaleuca
wetlands were 350 Mg C per ha and 5 MgC/ha/year, respectively; comparable to the stock of
310 Mg C/ha at the mangrove site, and twice that of the saltmarsh site at 140 Mg C/ha. Drawing
on these results, in this study it is assumed that cane land that is transitioned to restored
wetlands in the Lower Burdekin or Mackay-Whitsunday region could deliver a sequestration
rate of 5 MgC/ha/year (i.e. 5 tonneC/ha/year), equivalent to a CO2-e sequestration rate13 of
18.33 tonne of CO2e/ha/year once it is fully established. Based on soil samples collected
from 25 bioretention basins of varying ages in the Gold Coast Australia, Kavehei et al. (2021,
2019) found that the relationship between carbon accumulation and age is highly significant
and positive. Similarly, restored wetlands may take several years for their soil and vegetation
to fully establish before they are able to deliver carbon storage and sequestration services. It
is thus reasonable to assume that carbon credits would not be realised immediately after
wetland restoration has been implemented. Given that the duration of establishment period for
restored wetlands in Dry Tropics region is currently unknown, here we assume that landholders
can earn carbon credits from their restored wetland from years 5 to 30 of the 30-year
evaluation time frame. The revenue generated is calculated using the 2019 price for carbon
credits, as published by the Clean Energy Regulator, expressed in Australian Carbon Credit
Units (ACCUs) where 1 ACCU = 1 tonne of CO2-e, is $14.17 per tonne of CO2-e 14.
The upfront cost for wetland restoration can be highly variable depending on restoration
objectives, strategies, spatial location, soil types, hydrology and connectivity to other types of
ecosystems. Streever (1997) obtained data on the costs of wetland restoration via
questionnaire responses from 31 wetland restoration projects in Australia. Streever's data for
the per hectare cost of restoring wetlands of less than 10ha (a size that is compatible with the
conversion area potential of typical cane farms) suggests a mean upfront cost per area of
approximately $30,000/ha/year (or 2019 AUD $51,664)15 (Streever, 1997; Figure 2d on p.8).
Moore (2015) estimated that the cost of removing bunds to restore wetland and installing a
fishway to reinstate fish passage at two sites (the Tedlands and Boundary Creek wetlands) in
the Mackay Regional Council area was between $35,000 - $85,000 (2019 AUD$ 37,422 $90,881), with estimated costs varying depending on the setting. These works contributed to
improvements in the ecological condition of sites of approximately 355ha (Tedlands) and 45ha
(Boundary Creek). It is unlikely, however, that such costly modifications would be undertaken
on a small wetland restoration site. Waltham et al. (2019) report that under a co-investment
initiative to manage and protect water quality in the GBR, the Australian Government and

13

Using conversion factor outlined in US EPA for carbon storage in a managed forest, available online at
https://www.epa.gov/energy/greenhouse-gases-equivalencies-calculator-calculations-and-references, date accessed: 4th
February 2021.
14
Available at
http://www.cleanenergyregulator.gov.au/Infohub/Markets/Pages/Buying%20ACCUs/ACCU%20market%20updates/AustralianCarbon-Credit-Units-Market-Update-%E2%80%93-October-2019.aspx : date accessed 6th May 2021.
15
Data were extracted from a scatterplot in Streever (1997, Figure 2d on p8) using web-based software:
https://apps.automeris.io/wpd/ , date accessed: 30 April 2021.
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Greening Australia, in partnership with Birdlife Australia, Conservation Volunteers Australia
and Wetland Care Australia, undertook a $4 million project to restore 200 ha of wetlands in
priority areas along the GBR coastline. Waltham et al. (2019) also reported that the Federal
Government’s Reef Trust and Greening Australia via the Reef Aid program committed $10
million to restore 500ha of priority coastal habitat. Both of these programs deliver wetland
restoration at an average cost of $20,000 per ha. Given the considerable variations reported
for the cost of restoring wetlands, in this study, economic assessments are conducted for
the following indicative upfront conversion costs to a private landholder when
transitioning their cane land to restored wetland: $20,000/ha, $40,000/ha and $60,000/ha.
Restored wetlands may require maintenance once the upfront restoration work has been
completed. Cost estimates have been produced from a project funded by the Australian
Government’s Great Barrier Reef Coastal Wetlands Protection Programme – Pilot Programme
that trialled different low cost methods to remove blankets of aquatic weeds (water hyacinth)
in tropical coastal wetlands (Veitch et al., 2007). Veitch et al. (2007) reported that the cost of
removing dense matted floating weed was approximately $8,500/ha (2019 AUD$11,389). This
type of weed removal may only be necessary for freshwater wetlands as Abbott et al (2020)
found substantial reduction in weed infestation, reappearance of native plants, improvements
in water quality and fish diversity following bund removal to allow tidal ingress. Given the
uncertainty surrounding maintenance costs for restored wetlands, coupled with the expectation
that restored coastal wetlands would typically require minimal maintenance, a conservative
estimate of $750/ha/year in 2019AUD is assumed for the annual maintenance cost of
restored wetland in this study, based on Greening Australia’s daily hire rate of $360/person
(Bartley et al. 201816 Table 10 in Appendix 1 on p24) and an assumption of two person days
of maintenance required per hectare per year.
Using these parameter estimates, the annual net revenue accruing from restored wetland is
calculated as:
Annual net revenue
= Annual revenue from sale of carbon credits – annual wetland maintenance cost
Assuming that carbon credits will be produced from year 5 through to year 30, annual net
revenue will be:
= 0 – $750/ha/year = -$750 /ha/year for years 1 to 4
and
= (18.33 tonne CO2-e/ha/year x $14.17/tonne CO2-e/ha/year) – $750/ha/year
= - $490/ha/year for years 5 to 30
This stream of net revenues from the restored wetlands produces an annuity gross margin of
-550 $/ha or -561 $/ha at 5% and 7% real annual discount rates, respectively. The reduction
in annuity gross margin following conversion from cane production to restored wetland differs

16

Available at https://nesptropical.edu.au/wp-content/uploads/2019/01/NESP-TWQ-2.1.4-TECHNICAL-REPORT-3.pdf , date
accessed 4 May 2021.
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between regions, depending on the regional annuity gross margin from cane production (which
itself differs slightly depending on whether a 5% or 7% real annual discount rate is applied to
net revenues from each year of the cane cropping cycle). When combined with the upfront
cost of land conversion, the reduction in annuity gross margin from changing land use
produces the following region-specific total present value costs and annualised present value
costs of land conversion (assuming an upfront conversion cost of $20,000/ha, Table 13).
Table 13: Total present value cost of land conversion from sugarcane to restored wetlands in the Lower
Burdekin and Mackay-Whitsunday regions evaluated over 30 years, assuming an upfront cost of
$20,000/ha

Restored wetlands
BRIA
Burdekin Delta
Mackay-Whitsunday

Total present value cost
of land conversion
($/ha)
r = 5%
r = 7%
38,265
35,017
55,621
48,295
33,746
31,034

Annualised total present
value cost of land
conversion ($/ha/year)
r = 5%
r = 7%
2,489
2,822
3,618
3,892
2,195
2,501

Upfront
conversion
cost
($/ha)
20,000
20,000
20,000

The nitrogen removal achieved per hectare of restored wetland will be dependent on the load
entering the wetland, residence time, wetland configuration, connectivity, chemical properties
(e.g., dissolved oxygen concentration, redox, pH, C:N ratio) and wetland vegetation type and
condition. The authors are not aware of any studies that have reported nitrogen removal rates
for restored wetlands in the Lower Burdekin and Mackay-Whitsunday regions specifically.
However, Adame et al. (2019) used (i) empirical estimates of potential denitrification rate in
Melaleuca and mangrove wetlands in the Wet Topics; (ii) influent nitrate and ammonium
concentrations for a 6-day flood event in the Tully-Murray catchments in March 2018 as
predicted by the Paddock to Reef modelling suite, and (iii) a biogeochemical model of nitrogen
transformation processes within wetlands to predict daily denitrification rate in natural
floodplain and coastal wetlands in the Tully-Murray catchments during the March 2018 flood
event. Adame et al.’s predicted denitrification rate for wetlands dominated by Melaleuca spp
and mangroves was 5.3 mg m-2 h-1 (1.272 kg ha-1 day-1) (Adame et al. 2019). Here we regard
this as a feasible rate for DIN removal by restored floodplain and coastal wetlands in the
Burdekin and Mackay-Whitsundays regions.
The 5.3 mg m-2 h-1 (1.272 kg ha-1 day-1) DIN removal rate required reasonably high influent
nitrate-nitrogen concentrations (0.4 - 0.6 mg L-1 nitrate-nitrogen, as reported by Adame et al.
(2019)) and adequate residence time for denitrification to occur. It is therefore not realistic to
assume that the wetlands could denitrify at this rate throughout the whole of the year, nor will
sufficient DIN be delivered by the catchment year-round. To produce an indicative range of
annual DIN load removals to estimate indicative cost-effectiveness of DIN removal by restored
ecosystem wetlands (and, in the next section, engineered treatment wetlands) we assume that
the nitrate removal rate calculated by Adame et al. (2019) for floodplain and coastal wetlands
can be achieved for approximately 2, 4 or 8 weeks per year (for restored wetlands) and (in the
following section) for approximately 4, 8, or 12 weeks per year for engineered treatment
wetlands. A range of durations were considered as wetlands differ substantially and we aimed
to encapsulate the impact of this variability. The resulting annual DIN load removal rates are
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20, 40 and 80 kg DIN ha-1 year-1 for restored wetlands, corresponding to restored wetlands
denitrifying at the rate calculated by Adame et al. (2019) for 16, 31, 63 and 94 days per year17.
Conversion from cane land to restored wetland removes the DIN losses that were previously
coming from the cane land, i.e., land use conversion reduces annual DIN losses by a further
11.5, 37.3 and 35.2 kg DIN per hectare for the BRIA, Burdekin Delta and Mackay region,
respectively, in addition to the 20, 40 and 80 kg DIN per hectare that the wetland itself is
assumed to remove annually.
Combining the annualised total present value costs of conversion with assumed annual DIN
reductions for restored wetland in the BRIA, Burdekin Delta and Mackay regions produces
region-specific estimates of the cost-effectiveness of DIN reduction over a 30-year evaluation
timeframe following land use conversion from sugarcane to restored wetland as shown in
Table 14 (at a real discount rate of 5% per annum) and Table 15 (at a real discount rate of
7% per annum)).

17

The 80kg DIN ha-1 year-1 removal rate is slightly below the 20th percentile of annual nitrate removal rates reported by Kadlec
and Wallace for free water surface wetlands (Kaldec & Wallace 2009; Table p.335). The median influent nitrate concentration
for the free water surface wetlands in Kadlec and Wallace's data was 4 mg L-1 (ten times higher than the concentrations
predicted by Paddock to Reef modelling for the floodplain and coastal wetlands in Adame et al. (2019)). The minimum influent
concentration in Kadlec and Wallace's data was 0.05 mg L-1 (ten times lower than the Paddock to Reef prediction). DIN removal
performance for floodplain and coastal wetlands that sits close to the 20th percentile of the performance range reported by
Kadlec and Wallace therefore appears reasonable.
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Table 14: Cost-effectiveness of DIN reduction for conversion to restored wetland evaluated at 5%
discount rate over a 30-year period

Restored wetlands

Cost-effectiveness of land conversion from cane to
restored wetland ($/kgDIN)
Discount rate r = 5%
Upfront cost: $20,000/ha

DIN removal rate of wetland
(kg DIN/ha/year)
BRIA
Burdekin Delta
Mackay-Whitsunday

20

40

80

79.02
63.14
39.77

48.33
46.81
29.19

27.20
30.85
19.06

Annual
cost ($/ha)
2,489
3,628
2,195

Discount rate r = 5%
Upfront cost: $40,000/ha
DIN removal rate of wetland
(kg DIN/ha/year)
BRIA
Burdekin Delta
Mackay-Whitsunday

20

40

80

120.32
85.85
63.34

73.60
63.64
46.49

41.42
41.94
30.35

Annual
cost ($/ha)
3,790
4,919
3,496

Discount rate r = 5%
Upfront cost: $60,000/ha
DIN removal rate of wetland
(kg DIN/ha/year)
BRIA
Burdekin Delta
Mackay-Whitsunday
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20

40

80

161.63
108.56
86.91

98.86
80.47
63.79

55.64
53.03
41.64

Annual
cost ($/ha)
5,091
6,220
4,797

Table 15: Cost-effectiveness of DIN reduction for conversion to restored wetland evaluated at 7%
discount rate over a 30-year period

Restored wetlands

Cost-effectiveness of land conversion from cane to
restored wetland ($/kgDIN)
Discount rate r = 7%
Upfront cost: $20,000/ha

DIN removal rate of wetland
(kg DIN/ha/year)
BRIA
Burdekin Delta
Mackay-Whitsunday

20

40

80

89.58
67.92
45.31

54.79
50.35
33.26

30.84
33.18
21.71

Annual
cost ($/ha)
2,822
3,892
2,501

Discount rate r = 7%
Upfront cost: $40,000/ha
DIN removal rate of wetland
(kg DIN/ha/year)
BRIA
Burdekin Delta
Mackay-Whitsunday

20

40

80

140.75
96.05
63.34

86.09
71.20
46.49

48.45
46.92
30.35

Annual
cost ($/ha)
4,434
5,504
4,113

Discount rate r = 7%
Upfront cost: $60,000/ha
DIN removal rate of wetland
(kg DIN/ha/year)
BRIA
Burdekin Delta
Mackay-Whitsunday

20

40

80

191.92
124.18
103.70

117.39
92.05
76.12

66.07
60.66
49.69

Annual
cost ($/ha)
6,045
7,115
5,724

These results suggest that the cost-effectiveness of land use conversion to restored wetlands
is primarily influenced by the upfront cost of conversion and the DIN removal rate achieved.
Differences between the regions arise due to differences in the opportunity cost of foregone
income from cane production and the DIN loss per hectare under cane production. For the
upfront costs and DIN removal rates considered, the cost-effectiveness of DIN removal
obtained by converting low-lying, high-DIN risk cane land to restored wetland for the three
regions ranges between $22 and $192 per kg DIN removed, when evaluated over a 30-year
time horizon at a real discount rate of 7% per annum.

DIN credit payments required to achieve 5-, 10- and 15-year paybacks, and return
on investment
The DIN credit payments ($/kg DIN reduced) required for each of the regions to achieve 5-,
10- and 15-year paybacks on cumulative (discounted) net benefit following change of land use
from cane to restored wetland are shown for upfront costs of $20,000, $40,000 and $60,000
per hectare and DIN removal rates in the wetland of20, 40 and 80 kg DIN/ha, evaluated at a
real discount rate of 7% per annum in Figure 13, Figure 14 and Figure 15 below.
By construction, the annualised (discounted) rate of return on upfront investment with DIN
credit payments that deliver 5-, 10-, 15- and 30-year payback periods will each be 0% at the
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end of the 5th, 10th, 15th and 30th year, respectively, and will then follow trajectories similar to
those shown in Figure 12 as the duration of the DIN supply contract extends. Figure 16 shows
example annualised (discounted) rates of return on upfront investment with DIN credit
payments that deliver 5-, 10-, 15- and 30-year payback periods for an upfront cost of
$20,000/ha and a DIN removal rate in the wetland of 40 kg DIN/ha/year.
The rate of return curves (Figure 16) indicate that land conversion to restored wetland should
deliver in excess of a 4% annualised (discounted) return over 15- 20- and 25-year DIN credit
supply agreements when DIN credit payments are sufficient to ensure a 5-year payback
period. Similarly, if DIN credit payments are sufficient to ensure 10-year payback land
conversion to constructed treatment wetland should deliver slightly more than a 2% annualised
(discounted) return over 20- and 25-year DIN credit supply agreements.
The DIN credit payment curves in Figure 13, Figure 14 and Figure 15 indicate that payment
rates of around 120 $/kg DIN would be sufficient to provide 5-year payback (and 4% annualised
(discounted) return over 15- and 20-year DIN credit supply agreements) from restored
wetlands in all regions provided that DIN removal rates of at least 80 kg DIN ha-1 year-1 can be
achieved for upfront costs of less than $40k ha-1. If DIN removal rates drop to 40 kg DIN ha-1
year-1 credit payments of 215 $/kg DIN will be required to provide 5-year payback (and 4%
annualised (discounted) return) with upfront costs of $40k ha-1.
•
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It is noted here that consistent inflow due to irrigation in the Burdekin should have a
significant influence on cost effectiveness compared to rain fed inflows in other regions
(e.g. wet tropics). Although not yet established or modelled, there could be greater
scope for DIN removal due to longer flow periods and less requirement for design for
large rainfall runoff events.

Figure 13: BRIA DIN credit payments ($/kg DIN) required to deliver 5-, 10-, 15-, 20-, 25- and 30-year paybacks at DIN removal rates of 20, 40 and 80 kgDIN/ha in the
restored wetland and upfront costs of $20k, $40k and $60k k per hectare, evaluated at a real discount rate of 7%
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Figure 14: Burdekin Delta DIN credit payments ($/kg DIN) required to deliver 5-, 10-, 15-, 20-, 25- and 30-year paybacks at DIN removal rates of 20, 40 and 80
kgDIN/ha in the restored wetland and upfront costs of $20k, $40k and $60k per hectare, evaluated at 7% discount rate

60

Figure 15: Mackay region DIN credit payments ($/kg DIN) required to deliver 5-, 10-, 15-, 20-, 25- and 30-year paybacks at DIN removal rates of
20, 40 and 80 kgDIN/ha in the restored wetland and upfront costs of $20k, $40k and $60k per hectare, evaluated at 7% discount rate
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Figure 16: Annualised (discounted) rate of return on upfront investment in converting representative lowlying, high DIN risk cane land to restored wetlands in the BRIA, Burdekin Delta and Mackay regions.
Results are shown for DIN credit payments that deliver 5-, 10-, 15- and 30-year paybacks on upfront
investment, an upfront cost of $20,000/ha and a DIN removal rate in the wetland of 40 kg DIN/ha/year.
Rates of return for investment in restoring wetlands for each region remain very similar across the full
span of upfront costs and DIN removal rates examined
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3.2.4 Engineered treatment wetlands
Farm-scale engineered treatment wetlands are another land use change option for reducing
DIN losses to the Great Barrier Reef lagoon from low-lying, high DIN loss cane land. Farmscale engineered wetlands are constructed with the aim of configuring conditions under which
DIN losses travelling from surrounding cane land via surface runoff and/or deep drainage can
be reduced through uptake of nitrogen by wetland plants, accumulation of sediment into
wetland soil, and largely denitrification by denitrifying bacteria in soils, water, and biofilms on
wetland vegetation (https://wetlandinfo.des.qld.gov.au/wetlands/). The location of engineered
treatment wetlands in the landscape must be considered carefully to provide appropriate
conditions to support rapid denitrification as well as adequate hydraulic retention time in order
to remove substantial nitrogen loads (Wallace and Waltham 2021).
In NESP TWQ Hub Project 5.12, the cost-effectiveness of engineered treatment wetlands is
estimated based on the costings incurred in constructing four farm-scale engineered treatment
wetlands that were designed by Australian Wetlands Consulting for the Wet Tropics MIP
(https://terrain.org.au/major-integrated-project/). These wetlands took three different forms:
fully constructed wetland (a formal constructed wetland involving large-scale earthworks and
vegetation plantings), landscape wetland (which re-instated natural hydrology to create a
wetland system, but included engineered inlet and outlet structures), and embellished wetland
(in which minor modifications were undertaken to enhance water flow through existing
drainage areas on farms, but again included engineered inlets and outlets (Australian
Wetlands Consulting, 2020; Section 2.1 p.3)).
Data on the costs of these wetlands were provided by Dr Mark Bayley of Australian Wetlands
Consulting and Suzette Argent, Catchment Repair Project Officer for the Wet Tropics MIP at
Terrain NRM. Actual wetland-specific costs were provided for design, earthworks and planting
for four engineered treatment wetlands (planting costs were only incurred for the formal
engineered treatment wetland). Annual maintenance costs were estimated drawing on
experience from Australian Wetlands Consulting. For confidentiality reasons, we report
representative per hectare costs for the three types of engineered treatment wetland but
withhold information on wetland size and location. Representative costs per hectare for
construction (comprising design, earthworks and – where necessary – vegetation planting)
were as follows: fully constructed engineered wetland $536,000/ha; engineered embellished
wetland $110,000/ha; engineered landscape wetland $46,000/ha.
For each type of engineered treatment wetland, per hectare total present value costs of
construction and maintenance, and the equivalent annualised total present value cost, are
calculated over a 30-year evaluation period, using real discount rates of 5% and 7% per annum
(Table 16) (Alluvium, 2019; Rust and Star, 2018; Star et al., 2018). Our evaluation assumes
an interval of 15 years between renewals for the engineered wetlands, in accordance with the
15-year effective lifetime prescribed by the Australian Tax Office (ATO) for liners and erosion
matting for aquaculture ponds and channels (https://www.depreciationrates.net.au). Renewal
cost in year 15 is taken to comprise 20% of the excavation cost incurred during initial
construction, on the assumption that renewal will typically entail dredging accumulated
sediment from the wetland. The opportunity cost of taking low-lying cane land out of production
to create a wetland is expressed via reduction in annuity gross margin (Eqn 3; Chapter 3); this
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differs between the BRIA, Burdekin Delta and Mackay region based on the annuity gross
margins from cane production on representative farms.
Table 16: Total present value cost of land conversion from sugarcane to three types of engineered
treatment wetlands in the Lower Burdekin and Mackay-Whitsunday regions evaluated over 30 years,
assuming upfront costs of $46,000/ha, $110,000/ha and $536,000/ha for engineered landscape wetlands,
embellished engineered wetlands and fully constructed engineered wetlands, respectively

Engineered
Landscape Wetlands
BRIA
Burdekin Delta
Mackay-Whitsunday

Embellished
Engineered Wetlands
BRIA
Burdekin Delta
Mackay-Whitsunday

Fully Constructed
Engineered Wetlands
BRIA
Burdekin Delta
Mackay-Whitsunday

Total present value cost
of land conversion
($/ha)
r = 5%
r = 7%
77,545
71,384
94,901
84,662
73,026
67,401

Annualised total present
value cost of land
conversion ($/ha/year)
r = 5%
r = 7%
5,044
5,753
6,173
6,823
4,750
5,432

Upfront
conversion
cost
($/ha)
46,000
46,000
46,000

Total present value cost
of land conversion
($/ha)
r = 5%
r = 7%
215,512
194,698
232,868
207,976
210,993
190,715

Annualised total present
value cost of land
conversion ($/ha/year)
r = 5%
r = 7%
14,019
15,690
15,148
16,760
13,725
15,369

Upfront
conversion
cost
($/ha)
110,000
110,000
110,000

Total present value cost
of land conversion
($/ha)
r = 5%
r = 7%
682,255
652,296
699,610
665,574
677,735
648,313

Annualised total present
value cost of land
conversion ($/ha/year)
r = 5%
r = 7%
44,382
52,566
45,511
53,636
44,088
52,245

Upfront
conversion
cost
($/ha)
536,000
536,000
536,000

Cost-effectiveness estimation
Recognising that that there will likely be some variation in the per hectare cost of converting
cane land to the different types of engineered treatment wetlands due to site specific factors,
but also recognising that the starting point cost estimates presented in the previous section
and Table 16 are from derived from actual expenditures, for cost-effectiveness analysis we
consider upfront conversion costs based on actual per hectare expenditures and
approximately 50% above actual per hectare expenditures for each type of constructed
wetland as shown in Table 17.
Table 17: Range of upfront costs used for cost-effectiveness estimation for the different types of
engineered treatment wetlands

Wetland type
Landscape engineered wetland
Embellished engineered wetland
Formal engineered wetland
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Range of upfront costs ($/ha)
46,000, 70,000
110,000, 165,000
536,000, 800,000

As explained in the previous section on restored wetlands, we draw on results from Adame et
al. (2019) and assume a denitrification rate of 1.272 kg ha-1 day-1 for engineered treatment
wetlands. We then further assume that the engineered treatment wetlands will be located
specifically to maximise denitrification potential and connected to their hydrological
environment via engineered inlet and outlet structures such that they are able to achieve this
denitrification rate for approximately 4, 8 or 12 weeks per year18. We therefore calculate the
cost-effectiveness of DIN removal via engineered treatment wetlands over a 30-year
evaluation period assuming annual DIN removal rates of 40, 80 and 120 kg DIN ha-1 yr-1.
In a study of nitrogen removal by a constructed wetland in the Wet Topics, Wallace and
Waltham (2021) estimated annual denitrification to be 51 kg DIN ha-1 yr-1. This sits towards the
lower end of the range of DIN removal rates assumed here for engineered treatment wetlands.
Conversion from cane land to engineered treatment wetland removes the DIN that was
previously lost from the cane land, i.e., land use conversion reduces annual DIN losses by
11.5, 37.3 and 35.2 kg DIN per hectare for, respectively, the BRIA, Burdekin Delta and Mackay
region, in addition to the DIN loads that the engineered treatment wetlands remove annually.
Combining the region-specific annualised total present value costs of conversion that follow
from the upfront costs in Table 17, with the range of assumed annual DIN reductions from the
engineered treatment wetlands (and allowing for the region-specific reductions in DIN loss from
converting former cane land), produces the region-specific estimates shown in Figure 17,
Figure 18 and Figure 19 for the cost-effectiveness of DIN reduction following land use
conversion from sugarcane to the three forms of engineered treatment wetland, over a 30-year
evaluation period, discounting at 7% real discount rate per annum. The cost-effectiveness
metric reports the annualised present value cost of each form of engineered treatment wetland
per kilogram of DIN reduction achieved (i.e., $/kg DIN removed) (Eqn 6).

18

For restored ecosystem wetlands we assumed that the 1.272 kg ha-1 day-1 denitrification rate could be achieved for
approximately 2, 4 and 8 weeks per year. We assume that this denitrification rate can be maintained for longer in the
engineered treatment wetlands because their location and the design of their inlet and outlet structures are intended specifically
and solely to maximise nitrogen load removal.
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$100/kg DIN

$50/kg DIN

$100/kg DIN

$50/kg DIN

$100/kg DIN

$50/kg DIN

Figure 17: Cost-effectiveness of DIN reduction following conversion of low-lying, high DIN risk cane land
to engineered landscape wetland in the BRIA, Burdekin Delta and Mackay region. Cost-effectiveness is
evaluated over a 30-year time horizon at a real discount rate of 7% per annum
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$100/kg DIN

$100/kg DIN

$100/kg DIN

Figure 18: Cost-effectiveness of DIN reduction following conversion of low-lying, high DIN risk cane land
to embellished engineered wetland in the BRIA, Burdekin Delta and Mackay region. Cost-effectiveness is
evaluated over a 30-year time horizon at a real discount rate of 7% per annum
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500 $/kg DIN

500 $/kg DIN

$500/kg DIN

Figure 19: Cost-effectiveness of DIN reduction following conversion of low-lying, high DIN risk cane land
to formal engineered wetland in the BRIA, Burdekin Delta and Mackay region. Cost-effectiveness is
evaluated over a 30-year time horizon at a real discount rate of 7% per annum

Results in Figure 17, Figure 18 and Figure 19 suggest that engineered landscape wetlands,
can offer DIN reductions at a cost-effectiveness of better than 50 $/kg DIN over a 30-year
evaluation period (discounting at 7% per annum), provided that a DIN reduction rate of at least
120 kg DIN ha-1 yr-1 can be achieved for an upfront cost of less than $46,000 ha-1. Engineered
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embellished wetlands appear to offer DIN reductions at a cost-effectiveness around 100 $/kg
DIN over a 30-year evaluation period (discounting at 7% per annum), provided that a DIN
reduction rate of at least 120 kg DIN ha-1 yr-1 can be achieved for an upfront cost of less than
$110,000 ha-1. The cost-effectiveness of DIN reduction delivered by the formal engineered
wetland appears considerably less attractive due to this wetland’s substantially higher
construction cost.
Mulitple authors have reported that denitrification rate in wetlands is closely associated with
nitrate concentrations in the influent water (Adame et al., 2019b; Piña-Ochoa and ÁlvarezCobelas, 2006; Zhou et al., 2014). It is also well established that effective nitrogen load removal
requires an appropriate combination of denitrification rate and hydraulic retention time. Wallace
and Waltham (2021) found that residence time is a stronger driver of removal effectiveness
than in-flow nitrate concentration, notwithstanding the redox, pH, mineral, macro and micro
nutrients, temperature and vegetation demands. Both of these key factors in removal of high
nitrogen loads are strongly affected by the siting of the engineered treatment wetland within
the topography and hydrology of the farm landscape. If existing wet sumps that receive runoff
and/or groundwater drainage from surrounding cane fields can be identified as sites for
construction of an engineered landscape wetland or an engineered embellished wetland, and
if the volume of these engineered treatment wetlands is adequate to ensure that they remain
wet through continuing seepage of groundwater for several months of the year, then it seems
likely that such systems could make a contribution to DIN removal at moderate cost19.

DIN credit payments required to achieve 5-, 10- and 15-year payback, and return
on investment
The DIN credit payments ($/kg DIN reduced) required to achieve 5-, 10- and 15-year paybacks
following change of land use from cane to an engineered landscape wetland or an engineered
embellished wetland are shown in Figure 20, Figure 21 and Figure 22 (for an engineered
landscape wetland) and Figure 23, Figure 24 and Figure 25 (for an engineered embellished
wetlands) below20.
By construction, the annualised (discounted) rate of return on upfront investment with DIN
credit payments that deliver 5-, 10-, 15- and 30-year payback periods will each be 0% at the
end of the 5th, 10th, 15th and 30th year, respectively, and will then follow trajectories similar to
those shown in Figure 12 as the duration of the DIN supply contract extends. Figure 26 shows
example annualised (discounted) rates of return on upfront investment in converting land use
from sugar cane to engineered landscape wetland, with DIN credit payments that deliver 5-,
10-, 15- and 30-year payback periods for an upfront cost of $46,000/ha and a DIN removal
rate in the wetland of 120 kg DIN ha-1 year-1. The kinks in the rates of return curves in year 15
are due to the renewal costs incurred at the end of the wetland’s 15-year renewal cycle.

19

An important caveat here is that this analysis assumes that the retention time of the engineered treatment wetland is
adequate to allow effective denitrification of incoming nutrient loads. This may not be the case if the wetland occupies a very
small proportion of its contributing catchment and/or if the majority of DIN runoff is concentrated into a single large rainfall event
shortly after fertiliser application. The levels of denitrification performance and cost-effectiveness suggested here assume that
the engineered treatment wetland has been located and designed appropriately within the farm landscape. This will not be
possible in all settings.
20
We do not calculate DIN credit payments for a formal engineered wetland as it appears considerably less cost-effective than
either an engineered landscape wetland or an engineered embellished wetland.
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The rate of return curves (Figure 26) indicate that land conversion to engineered landscape
wetland should deliver in excess of a 4% annualised (discounted) return over 10-year to 25year DIN credit supply agreements when DIN credit payments are sufficient to ensure a 5-year
payback period. Similarly, if DIN credit payments are sufficient to ensure 10-year payback land
conversion to engineered treatment wetland should deliver close to a 2% annualised
(discounted) return over 20- and 25-year DIN credit supply agreements.
The DIN credit payment curves in Figure 20, Figure 21 and Figure 22 indicate that payment
rates of less than 100 $/kg DIN should be sufficient to provide 5-year payback (and 4%
annualised (discounted) return over 15- and 20-year DIN credit supply agreements) from
engineered landscape wetlands in all regions provided that DIN removal rates of at least 120
kg DIN ha-1 year-1 can be achieved for upfront costs of less than $46k ha-1. If DIN removal rates
drop to 80 kg DIN ha-1 year-1 credit payments of close to 150 $/kg DIN will be required to
provide 5-year payback (and 4% annualised (discounted) return) across all regions with upfront
costs of $46k ha-1.
The outcomes are less attractive for conversion to engineered embellished wetlands (Figure
23, Figure 24 and Figure 25) for which payment rates of at least 200 $/kg DIN will be required
to provide 5-year payback (and 4% annualised (discounted) return) in all regions with DIN
removal rates of at least 120 kg DIN ha-1 year-1 and upfront costs of less than $46k ha-1. With
engineered embellished wetlands, if DIN removal rates drop to 80 kg DIN ha-1 year-1 credit
payments of 350 $/kg DIN will be required to provide 5-year payback (and 4% annualised
(discounted) return) across all regions with upfront costs of $46k ha-1.
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Figure 20: BRIA DIN credit payments ($/kg DIN) required to deliver 5-, 10-, 15-, 20-, 25- and 30-year paybacks at DIN removal rates of 40, 80, and 120 kgDIN/ha in an
engineered landscape wetland with upfront costs of $46,000 & $70,000 per hectare, at 7% real discount rate
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Figure 21: Burdekin Delta DIN credit payments ($/kg DIN) required to deliver 5-, 10-, 15-, 20-, 25- and 30-year paybacks at DIN removal rates of40, 80, and 120
kgDIN/ha in an engineered landscape wetland with upfront costs of, $46k, $70k & $90k per hectare, at 7% real discount rate
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Figure 22: Mackay DIN credit payments ($/kg DIN) required to deliver 5-, 10-, 15-, 20-, 25- and 30-year paybacks at DIN removal rates of 40, 80, and 120 kgDIN/ha in
an engineered landscape wetland with upfront costs of, $46k, $70k and $90k per hectare, at 7% real discount rate
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Figure 23: BRIA DIN credit payments ($/kg DIN) required to deliver 5-, 10-, 15-, 20-, 25- and 30-year paybacks at DIN removal rates of 40, 80, and 120 kgDIN/ha in an
engineered embellished wetland with upfront costs of $110k, $165k and $220k per hectare, at 7% real discount rate
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Figure 24: Budekin Delta DIN credit payments ($/kg DIN) required to deliver 5-, 10-, 15-, 20-, 25- and 30-year paybacks at DIN removal rates of 40, 80, and 120
kgDIN/ha in an engineered embellished wetland with upfront costs of $110k, $165k & $220k per hectare, at 7% real discount rate
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Figure 25: Mackay DIN credit payments ($/kg DIN) required to deliver 5-, 10-, 15-, 20-, 25- and 30-year paybacks at DIN removal rates of 40, 80, and 120
kgDIN/ha in an engineered embellished wetland with upfront costs of, $110k, $165k and $220k per hectare, at 7% real discount rate
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Figure 26: Annualised (discounted) rate of return on upfront investment in converting representative lowlying, high DIN risk cane land to engineered landscape wetlands in the BRIA, Burdekin Delta and Mackay
regions. Results are shown for DIN credit payments that deliver 5-, 10-, 15- and 30-year paybacks on
upfront investment, an upfront cost of $46,000/ha and a DIN removal rate in the wetland of 120 kg
DIN/ha/year.
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3.2.5 Irrigation water recycle pits
Recycle pits have been identified as a useful mechanism for reducing cane farmers’ irrigation
water requirements on furrow-irrigated cane land in the Lower Burdekin, particularly in the
BRIA (Shannon and McShane, 2013). To achieve an acceptable level of irrigation uniformity
across the farm, each irrigation event will typically result in 15% to 20% runoff (Sugar Research
Australia, 2020). Recycle pits, as described in WetlandInfo (Department of Environment and
Science Queensland, 2018), comprise a pond or drainage channel installed on cane land to
collect irrigation tailwater and store it for re-use on cane fields. Recycle pits can deliver both
water quantity and water quality benefits as sediments, nutrients and pesticides are also
captured and re-used on the farm, reducing flows of these pollutants (Department of
Environment and Science Queensland, 2018) which would otherwise enter the Great Barrier
Reef lagoon and/or Bowling Green Bay’s Ramsar-listed wetlands (Sugar Research Australia,
2020).

Shannon and McShane (2013) have identified more than 100 recycle pits within the Burdekin
Haughton Water Supply System (BHWSS) in the BRIA. These range from 2ML to more than
160ML in capacity. For the BRIA as a whole, the proportion of irrigated agricultural land with
tailwater capture is approximately 70%. Thus far, investments in tailwater water capture and
re-use within the BHWSS are estimated at $15-20 million, indicating that on average a recycle
pit costs $150,000 to $200,000. Whilst the majority of farms have already installed tailwater
capture, considerable water flows are still reaching the Barretta Creek catchment from (i) farms
without tailwater capture system, (ii) releases from SunWater storages, and (iii) overflows from
farms with inadequate tailwater capture (Shannon and McShane, 2013). These findings show
that there is still scope for installation of additional recycle pits to reduce water losses in the
BRIA.
Project 5.12 estimates the cost-effectiveness of converting sections of existing low-lying cane
land into recycle pits within the BRIA to reduce DIN loss to the Great Barrier Reef lagoon.
Economic analysis is undertaken using the estimated cost function provided in Waltham et al
2021, and estimates of DIN savings provided by Shannon and McShane (2013). We used this
approach because the construction cost function was derived from actual expenditure data in
a program in which farmers benefited directly from the drainage and biodiversity services
provided by the excavated lagoon. Construction of recycle pits from which farmers derive
benefits through reduced irrigation and fertliser costs is directly analogous; hence we believe
it is appropriate to use this function to estimate the cost of constructing on-farm recycle pits.
Dry weather recycle pits sized appropriately to capture tailwater from individual irrigation
events are the focus of our evaluation. Data on the operational effectiveness of six recycle pits
during the 7-week dry season in 2013 are reported by Shannon and McShane (2013). Unlike
wetlands, recycle pits do not require planting of macrophytes. Maintenance thus typically only
involves occasional dredging to remove trapped sediments, however, this sediment can be
again reused on paddock.
A recycle pit is expected to effectively reduce losses of nutrients, sediments and pesticides to
downstream waterways if it is designed as follows (Department of Environment and Science
Queensland, 2018):
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•
•
•
•
•

Appropriately sized such that all irrigation tailwater from a complete irrigation event can
be captured plus an allowance of 10% additional capacity to prevent overflowing
Includes a bypass system to minimise mixing of captured water and high flow events
Includes an impermeable base and walls to prevent seepage of captured water to
groundwater.
Captured water is re-applied onto the farm as soon as possible following an irrigation
or rainfall event in order to leave sufficient capacity to capture the next event
Sufficient pumping capacity and adequately sized pipelines are configured to allow
rapid and efficient re-use of water.

A general rule of thumb that can be used to gauge the adequacy of a recycle pit for capturing
irrigation events for a farm located in the BRIA is a recycle pit of 5 – 10 ML volume for each
100ha of irrigated fields (Department of Environment and Science Queensland, 2018). It is
assumed that relevant approvals (if applicable) have been sought from Burdekin local
government prior to recycle pit construction. Summary details of recycle pit sizing, performance
and costs are provided below. Full details are provided in Appendix 10.
Farm characteristics and operations:
•
•

•
•

Farm area: 240 ha (Poggio and Page, 2010b)
Irrigation rate: 12 ML/ha/year over 80% of the farm area growing sugarcane;
4ML/ha/year over 20% of the farm growing a soy legume crop over the fallow break at
the end of the cane cycle ((Department of Agriculture Fisheries and Forestry, 2016;
Waterhouse et al (2016, cited in Sugar Research Australia, 2020)
Recycle pits are sized to capture runoff from irrigation of sugarcane when their
catchment in the farm is growing plant cane or ratoon cane
Irrigation runoff captured: 15% (Sugar Research Australia, 2020)

Summary of conversions costs and benefits for a representative 240ha sugarcane farm in
BRIA:
•
•
•

•
•
•
•
•

Number of recycle pits required: 4 (each of 0.4125ha area by 2m deep)
Cane land area converted to recycle pits: 1.65 ha
Forgone annuity gross margin from sugarcane: $638/ha/year at a 5% real discount
rate, or $649/ha/year at a 7% real discount rate i.e., $1,053/farm/year at 5% discount
rate, or $1,071/farm/year at 7% discount rate
Irrigation water saving: 192 ha @ 1.8ML/ha/year for sugarcane, plus 48 ha @
0.6ML/ha/year for legume fallow = 374.4ML/year for the farm as a whole
Irrigation water cost saving: $27,230/year
Fertiliser saving: 192 ha @ 4.16 kg/ha/year = 799 kg/year
Fertiliser cost saving: 799 kg/year @ $738/tonne = $589/year per 240ha farm
Recycle pit installation (upfront) cost: $22,335 per recycle pit (in 2019AUD)21; 4 recycle
pits per 240ha farm = $89,340 per farm (in 2019 AUD)

21

Shannon and McShane (2013) report average cost of storage facility is between $150,000 and $200,000 per storage, ranging
in size from 2ML to over 160ML. As our representative pit is an 8.25 ML storage, the lower end of the cost estimate is adopted
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•
•
•

Recycle pit renewal cost calculated as 20% of upfront cost: $4,467 per recycle pit (in
2019AUD); 4 recycle pits per 240ha farm = $17,868 per farm (in 2019 AUD)
Average DIN load saved from release to waterways due to water capture and re-use:
15% x 8.9 kg DIN/ha/year x 192ha = 256 kg DIN/year22
Savings in pumping cost from the irrigation channel are assumed to offset pumping
cost from the recycle pit.

The reduction in annuity gross margin following land conversion from sugarcane to recycle pits
is calculated using Eqn 3:
Annuity GM Reduction = Annuity 𝐺𝑀𝑠𝑢𝑔𝑎𝑟𝑐𝑎𝑛𝑒 − Annuity 𝐺𝑀𝑟𝑒𝑐𝑦𝑐𝑙𝑒𝑝𝑖𝑡
Annuity GM Reduction at 5% discount rate = [$638 ∗ 1.65] − [$27,230 + $589] = −$26,766
Annuity GM Reduction at 7% discount rate = [$649 ∗ 1.65] − [$27,230 + $589] = −$26,748

The reduction in annuity GM is negative, indicating that the savings from reduced irrigation
water and fertiliser usage in combination are higher than the forgone gross margin from
sugarcane from the farm’s 1.65 ha of production land excavated to produce the recycle pits.
The upfront cost of converting 1.65 ha of sugarcane land to four equally-sized recycle pits has
to subtracted from the total present value of savings in water and fertiliser costs. Based
Waltham et al (2021), the predicted upfront installation cost of $22,335 per recycle pit (i.e.,
$89,340 per 240ha farm) is applied here. Accounting for upfront construction cost and renewal
cost in addition to the savings from reduced irrigation water and fertiliser usage produces the
total present value costs of conversion and annualised total present value cost of conversion
shown in Table 18 below. (It is acknowledged that the assumed upfront installation cost per
recycle pit might be more expensive that outlined here, where they require evaluation of site
suitability, design to ensure sizing is appropriate, excavation, pipelines to return water to
irrigation network, pumps, electrical connection, pump controllers. It might be more optimal
for farmers to reduce runoff volume with better irrigation management, which could lead to
lower construction costs due to reduced storage and pumping capacity requirements –
possibly more towards the installation costs assumed herein).
Table 18: Upfront conversion cost, total present value cost of land conversion, and annualised total
present value cost of land conversion from sugarcane production to irrigation water recycle pits in the
BRIA

Recycle pits in
the BRIA

BRIA

Total present value cost
of land conversion
($/240ha farm)
r = 5%
-276,555

r = 7%
-206,375

Annualised total present
value cost of land
conversion ($/240ha
farm/year)
r = 5%
r = 7%
-17,990
-16,631

Upfront conversion
cost:
4 recycle pits per
240ha farm
($/240ha farm)
89,340

From the foregoing calculations, the four recycle pits on the representative BRIA cane farm
produce a farm-wide reduction in DIN loss of 256 kg DIN/year. Applying Eqn 6 to calculate

in this study (escalated to 2019 AUD$). Total upfront costs incurred to install a recycle pit include soil survey, engineering
design, earthworks (excavation and jute matting of upper batters to prevent erosion), pumping system and pipework.
22
This assumes that the recycle pits can capture the DIN load from surface runoff only (8.9kg DIN/ha/year), but not DIN load
travelling through the drainage pathway (2.6kg DIN/ha/year).
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cost-effectiveness as the ratio of annualised total present value cost to annual DIN reduction
produces the results in Table 19.
Table 19: Cost-effectiveness of converting sugarcane land in the BRIA to recycle pits to reduce DIN
losses, calculated over a 30-year evaluation lifetime at real annual discount rates of 5% and 7%

Recycle pits in the
BRIA
BRIA

Cost-effectiveness of land conversion from cane to recycle pits ($/kg
DIN)
r = 5%
r = 7%
-70
-65

In comparison, Rolfe and Windle (2011a; 2011b) reported cost-effectiveness outcomes for 10
recycle pit projects, 8 water management projects, 10 fertiliser management projects, and 5
pesticide management projects that were accepted under a 2007/2008 nitrogen reduction
reverse tender program implemented in the Lower Burdekin region. Rolfe and Windle reported
that the cost-effectiveness of N-reduction projects on cane land ranged from $0.65/kg N
reduction to $17.49/ kg N reduction (2019 AUD $ $0.82/kg N reduction to $21.95/kg N
reduction). When compared to the 2007/2008 Burdekin tender for successful projects, our
cost-effectiveness estimates for recycle pits differs from reported those by Rolfe and Windle
(2011a; 2011b). This difference may be due to large increases in the cost of irrigation water
and electricity for pumping relative to other agricultural input costs over the last decade. This
has substantially increased the costs savings from having on-farm recycle pits.
Our costs are modelled from landholder’s perspective which include construction cost, renewal
cost and forgone gross margins but excluding transaction cost. The estimated recycle pit
construction cost of $150,000 to $200,000 per recycle pit reported in Shannon and McShane
(2013) is much higher than estimated here at $22,345 per recycle pit ($89,340 per farm). We
note that the same per recycle pit base costs were also used by Alluvium (2016, 2019) in their
evaluation of the cost-effectiveness of dry weather and wet weather recycle pits.
The difference in costs between our study and prior studies may be due to the range of cost
items that are being included to arrive at total cost. For example, Shannon and McShane
(2013) cost figures came from total investments of $15-29 million in tailwater capture within
the BHWSS resulting in more than 100 recycle pits that were mapped. This investment figure
may have included wider range of costs such as program administration cost, design cost and
feasibility study, in addition to the actual on-ground construction cost. We believe that our
recycle pit cost estimates are more representative of the actual cost incurred by landholders.
The combined savings in irrigation water cost ($27,230 per year) and fertiliser cost ($589 per
year) are very substantial. This allows the farm to recoup the $89,340 construction costs of its
recycle pits within four years (at 5% and 7% discount rates). On this basis, farmers with suitable
sites available would likely invest in recycle pits voluntarily. No incentive payment is therefore
required, as evidence by widespread use of recycle pits in Burdekin.
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3.2.6 Cattle fattening
Cattle fattening has been identified as a possible land use option for reducing DIN losses from
low-lying, high DIN risk, sugarcane land in the Dry Tropics. Beef grazing is well established in
some parts of the region, where it features in conjunction with sugarcane growing. For
example, it has been reported that more than half of the beef cattle in the Mackay-Whitsunday
region are owned and managed by joint cane and beef enterprises (Bishop, 2007). Although
the beef business in Mackay-Whitsunday is dominated by breeding and sale of weaners,
stores or cull cows, beef fattening operations are on the rise, driven by landholders sowing
pastures on land that was previously planted with cane (Reef Catchments NRM, 2013).
In contrast, cattle fattening is typically not the preferred land use option in the BRIA and the
Burdekin Delta because of the high profitability of growing sugarcane in those areas. Apart
from studies by Heatley (2019) and Major (2017), there appear to be no other publicly available
grazing-related information relating to the Lower Burdekin region. The information contained
in Heatley (2019), though very helpful for a beef fattening operation in the Byrne Valley, is not
directly applicable for analysing the cost-effectiveness of converting low-lying, high DIN risk
cane land in the BRIA and the Burdekin Delta to cattle fattening as Heatley’s beef fattening
property was established on previously forested land (Heatley, 2019; Major, 2017). Due to
limited publicly available information, this study therefore uses the prices and costs from cattle
fattening in the Mackay-Whitsunday region, appropriately adjusted to the Lower Burdekin
context, for estimating the cost-effectiveness of converting from cane production to beef
fattening in the BRIA and the Burdekin Delta as a mechanism for reducing DIN losses from
those areas to the Great Barrier Reef lagoon.
The beef fattening system considered in Project 5.12 for potential conversion of low-lying, high
DIN risk cane land in the Mackay-Whitsunday region, the BRIA and the Burdekin Delta is cattle
finishing on non-irrigated pasture without fertiliser input. Our analyses utilise information on
cattle management practices and input costs for a similar form of low DIN impact beef fattening
system for the Wet Tropics, as modelled previously by Waltham et al. (2017) in NESP Tropical
Water Quality Hub Project 2.1.2. Appropriate adjustments are applied for the Lower Burdekin
and Mackay-Whitsunday regions. Economic performance is modelled separately for locations
that are, or are not, adjacent to existing grazing land because additional upfront conversion
costs will be required to construct a stockyard and loading facilities on former cane fields that
are not adjacent to land that is already used for grazing.
Buy-in and sell-out livestock prices, stocking rates and weight gain are the key drivers of
profitability in grass-finished cattle fattening. The primary mechanism for generating net
revenue is weight gain per livestock head through fattening on grass pastures, given the buyin and sell-out prices. An advantageous difference between the buy-in and sell-out prices can
augment net revenues, but this difference may or may not work out to the farmer’s advantage
to any particular extent in any given year.
In the fattening system considered in this study for the Mackay-Whitsunday region, the BRIA
and the Burdekin Delta, yearling Brahman (Bos Indicus spp.) store steers weighing 450kg are
purchased from Braeside Sale Yards in Nebo (for the Mackay-Whitsunday region), or from
Dalrymple Sale Yards in Charters Towers (for the BRIA and Burdekin Delta) in early to midApril of each year. These cattle are then fattened on no-fertiliser, sown grass pastures through
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the dry season (April until the end of November or early December ≈ 240 days) to a bodyweight
of 550kg before they are sold to the nearest abattoir. For the Mackay-Whitsunday region this
will be either Thomas Borthwick & Sons near Mackay, or Kuttabul Abattoir in Kuttabul. For the
Lower Burdekin it will be Full Circle Butchery near Ayr, or JBS Australia’s Townsville facility.
The Brahman steers are fattened on a sown mixture of Tully humidicola (Brachiaria humidicola
(syn. Urochloa humidicola) cv. Tully (1981)) and Setaria (Kazungula variety) grasses. This
combination of grass species is appropriate for beef fattening on low-lying former cane land in
the Mackay-Whitsunday region, the BRIA and the Burdekin Delta as both grass species are
tolerant of poor drainage, waterlogging and flooding (Bishop, 2007).
For the Mackay-Whitsunday region a stocking density of 1 adult equivalent (AE)/ha23 is used
for our cost-effectiveness analysis as this is considered to be at the land’s sustainable grazing
offtake without fertiliser input when generating a weight gain of 0.42 kg/head/day over 240
days per year for 500kg mid-term Brahman steers24. A Brahman (Bos indicus) steer of 500kg
gaining 0.4kg/day requires approximately 1.39 AE grazing offtake (McLean and Blakeley,
2014; p.30). The animal density assumed for this no-fertiliser-input cattle fattening system in
the Mackay-Whitsunday region is thus 0.719 heads/ha.
The Lower Burdekin is drier than Mackay-Whitsunday region (mean annual rainfall 949mm
mm compared with 1595 mm 25); the rate of pasture growth rate is therefore expected to be
lower. In our analysis, stocking density for cattle fattening in the BRIA and Burdekin Delta is
determined by adjusting the 0.719 heads/ha stocking density at mid-term weight for the
Mackay-Whitsunday region in proportion to the ratio of simulated annual total pasture growth
in the two regions. Simulated annual total pasture growth per hectare for low-lying areas of the
Mackay-Whitsundays, BRIA and Burdekin Delta over the period 1957 to 2020 was obtained
from the Queensland Government’s AussieGRASS model26 via the Long Paddock website
(https://www.longpaddock.qld.gov.au/). Figure 27 shows simulated mean annual total pasture
growth per hectare in kilograms of dry matter per hectare (kg DM/ha) across all low-lying
sugarcane land the Lower Burdekin (BRIA and Burdekin Delta combined; 5,282 polygons in
total) and the Mackay Whitsunday region (9,362 polygons) for the years 1957 – 2020. Based
on the data in Figure 27, the long-term simulated mean annual total pasture growth per hectare
per year over the years 1957 – 2020 for polygons representing low-lying, high DIN risk
sugarcane land in the Lower Burdekin (BRIA and the Burdekin Delta combined) and MackayWhitsunday region, respectively, are 7,969 kg DM/ha and 8,201 kg DM/ha.

23

McLean and Blakeley (2014) define one adult equivalent (AE) standardised unit as a 450kg Bos taurus steer at weight maintenance rate, 2.25
years of age, grazing on pasture with a dietary quality of 7.75 megajoules of metabolisable energy required for maintenance per kg of dry matter
(MJ ME/kg DM) and walking 7 kilometres each day.
24
Bishop (2007) reports the results of a grazing trial conducted in the 1970s on a Tedlands property in Koumala, in Mackay region. Results
indicate that stocking densities on Kazungula pastures without nitrogen input are about half of that achievable with nitrogen input for cattle gaining
around 180 kg/head/year i.e. 2 AE/ha for Kazungula plus nitrogen pastures (Walker 1980 cited in Bishop (2007, p.94)) and 1 AE/ha for cattle
grazing on Kazungula/siratro pastures (presumably) without nitrogen input.
25

Rainfall data obtained from the Bureau of Meteorology for: Mackay Meteorological Office (Site number 033119), mean annual
rainfall 1959-2020 = 1595mm; Ayr Queensland Department of Primary Industries Research Station (site number 330002) mean
annual rainfall 1952-2020 = 949mm.
26
AussieGRASS is a well-established spatially specific simulation model that predicts natural pasture growth knowing long-term
time series data on rainfall, spatial water balance and key parameters that affect pasture growth (Carter et al., 2000) and
https://www.longpaddock.qld.gov.au/aussiegrass.
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Figure 27: Simulated annual total pasture growth measured as total dry matter (DM) in kg per hectare per year over 63 years for high DIN risk, low-lying sugarcane
areas in the Lower Burdekin (BRIA and the Burdekin Delta) (annual mean across 5282 polygons) and Mackay-Whitsunday (annual mean across 9362 polygons).
Data source: Queensland Government’s AussieGRASS via the Long Paddock website available at https://www.longpaddock.qld.gov.au/
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Adjusting the stocking density of Brahman fattening steers in proportion to the ratio of
simulated mean total annual pasture growth per hectare produces a stocking density for the
BRIA and Burdekin Delta of:
𝑆𝑡𝑜𝑐𝑘𝑖𝑛𝑔 𝑑𝑒𝑛𝑠𝑖𝑡𝑦𝐿𝑜𝑤𝑒𝑟_𝐵𝑢𝑟𝑑𝑒𝑘𝑖𝑛
𝐿𝑜𝑛𝑔 − 𝑡𝑒𝑟𝑚 𝑚𝑒𝑎𝑛 𝑜𝑓 𝑎𝑛𝑛𝑢𝑎𝑙 𝑏𝑖𝑜𝑚𝑎𝑠𝑠 𝑔𝑟𝑜𝑤𝑡ℎ𝐿𝑜𝑤𝑒𝑟 𝐵𝑢𝑟𝑑𝑒𝑘𝑖𝑛
=(
)
𝐿𝑜𝑛𝑔 − 𝑡𝑒𝑟𝑚 𝑚𝑒𝑎𝑛 𝑜𝑓 𝑎𝑛𝑛𝑢𝑎𝑙 𝑏𝑖𝑜𝑚𝑎𝑠𝑠 𝑔𝑟𝑜𝑤𝑡ℎ𝑀𝑎𝑐𝑘𝑎𝑦−𝑊ℎ𝑖𝑡𝑠𝑢𝑛𝑑𝑎𝑦
∗ 𝑆𝑡𝑜𝑐𝑘𝑖𝑛𝑔 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑀𝑎𝑐𝑘𝑎𝑦−𝑊ℎ𝑖𝑡𝑠𝑢𝑛𝑑𝑎𝑦
𝑆𝑡𝑜𝑐𝑘𝑖𝑛𝑔 𝑑𝑒𝑛𝑠𝑖𝑡𝑦𝐿𝑜𝑤𝑒𝑟_𝐵𝑢𝑟𝑑𝑒𝑘𝑖𝑛 = (

7,969 kg DM/year
) ∗ 0.719 heads/ha = 0.699 heads/ha
8,201 kg DM/year

A stocking density of 0.699 head/ha is thus used for fattening of 500kg mid-term Braham steers
gaining 0.42kg/head/day on sown Tully humidicola and Setaria pasture with no fertiliser or
irrigation water inputs in the BRIA and Burdekin Delta.
A summary of the no-fertiliser-input, no irrigation, fattening systems on representative former
high DIN risk, low-lying cane land in the Lower Burdekin and Mackay-Whitsunday region, as
modelled in this study, is provided in Table 20.
Table 20: Summary of the modelled grazing system in the Lower Burdekin (BRIA and Burdekin Delta) and
Mackay-Whitsunday regions, showing parameter values used in the cost-effectiveness analysis

Grazing system: Beef fattening
Sown pasture mixture: Tully humidicola and Setaria (Kazungula variety)
Parameter
Unit
Parameter value
Buy-in weight from breeding properties or
kg/head
450
saleyards
Sell-out weight to local abattoir
kg/head
550
Duration of fattening
days
240
Live weight gain
kg/head/day
0.42
Total weight gain
kg/head/year
100
Stocking density (Mackay)
AE/ha
1
Stocking density at mid-term weight
Heads/ha
0.719
(Mackay)
Stocking density (Lower Burdekin)
AE/ha
0.972
Stocking density at mid-term weight
Heads/ha
0.699
(Lower Burdekin)
Fertiliser application
kg N/ha/year
0
DIN loss
kg DIN/ha/year
0

Revenues
A time series over 21 years of prices for (buy-in) medium steers and (sell-out) heavy steers at
saleyards in Queensland (Meat & Livestock Australia n.d.27) (Figure 28), indicates that the buyin price is usually slightly higher than the sell-out price. The mean (median) prices of medium
(buy-in) and heavy (sell-out) steers over the time period shown in Figure 28 are $2.38/kg live
weight ($2.33/kg live weight) and $2.47/kg live weight ($2.45/kg live weight), respectively.

27

Available at http://statistics.mla.com.au/Report/List , date accessed 20 April 2021.
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Given the fluctuations in the price of steers, the mean price of heavy steers is used to produce
an indicative revenue from the sale of fattened steers. Assuming a 10-ha paddock (Waltham
et al., 2017), and using parameter values from Table 20, the annual revenue generated from
cattle fattening in the Mackay-Whitsunday region at a livestock sale price of $2.47/kg live
weight is $9,768 per 10 ha per year28, or $976.8 per hectare per year. For the BRIA and the
Burdekin Delta, the annual revenue generated from cattle fattening is $9,496 per 10 ha per
year29, or $949.6 per hectare per year.

Figure 28: Buy-in price of medium steers with live weight between 400-500kg and sell-out price of heavy
steers with live weight between 500 – 600kg s for Queensland (Meat & Livestock Australia n.d., available
at http://statistics.mla.com.au/Report/List , date accessed 20 April 2021). All prices are converted to 2019
AUD using Australian Bureau of Statistics Consumer Price Index (catalogue number 6401.0) for Australia
(Australian Bureau of Statistics, 2020)

Costs
The main components of annual costs for cattle fattening comprise costs for livestock
purchase, livestock transport, veterinary costs and agents’ fees. Livestock-related costs are
estimated per head and then converted to per hectare costs using the region-specific stocking
densities in Table 20. Given the fluctuations in the price of buy-in steers (Figure 28), a mean
price of $2.38/kg live weight is used to calculate steer purchase cost. Veterinary-related costs,
agent’s fees (as a percentage of cattle sale price) and transport costs are taken from Waltham

28
29

0.719 heads/ha x 10 ha x sell-out weight of 550kg/head x $2.47/kg live weight = $9,768.
0.699 heads/ha x 10 ha x sell-out weight of 550kg/head x $2.47/kg live weight = $9,496.
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et al. (2017), escalated to 2019AUD using the Consumer Price Index for Australia (Australian
Bureau of Statistics, 2020).
A senior beef extension officer from the Queensland Department of Agriculture and Fisheries
provided Waltham et al (2017) with a cost of $40/head in 2016 AUD ($42/head in 2019 AUD)
for freight of cattle into a fattening property in the Wet Tropics and subsequent cartage to the
Port of Townsville for live export. For a representative farm in the Wet Tropics the total
transport distance from sale yards at Mareeba to the property and thence to the Port of
Townsville is approximately 400km. The transport cost provided by the senior beef extension
officer can therefore be expressed as approximately $0.10/head/km in 2016 AUD or
$0.11/head/km in 2019 AUD. This per head, per kilometre transport cost is consistent with
estimated cattle freight costs in a recent study conducted by Deloitte Access Economics for
AgriFutures Australia (Deloitte Access Economics, 2019). A freight cost of $0.11/head/km is
therefore used in this study, in conjunction with mean distances travelled, to estimate cattle
transport costs from the sale yard to the fattening property, and from the fattening property to
the abattoir.
A road network analysis was undertaken to determine the distance from each polygon of lowlying sugarcane land in the BRIA and Burdekin Delta (5,282 polygons, combined) and the
Mackay-Whitsunday region (9,362 polygons) identified as suitable for conversion to cattle
fattening to the nearest cattle saleyard and the nearest local abattoir (Figure 29, Figure 30,
and Figure 31). Locations of cattle sale yards and abattoirs were sourced from The Farm
Transparency Project (formerly Aussie Farms30). The mean transport distance from the
nearest sale yard to the fattening property to the nearest abattoir from this analysis was 150km
for the Mackay-Whitsunday region and 170 km for the BRIA and the Burdekin Delta.

30

Available at https://www.farmtransparency.org/facilities.php?pctg=food&ctg=saleyards&state=QLD, date accessed: 21 April
2021.
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Figure 29: Locations of low-lying, high DIN risk cane land in the Lower Burdekin and Mackay-Whitsunday
regions, local saleyards and local abattoirs
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(a) Road distance to nearest saleyard

(b) Road distance to nearest abattoir

Figure 30: Road network analysis to determine distances travelled from each polygon (9362 polygons in total) of low-lying sugarcane land in Mackay-Whitsunday
to the (a) nearest saleyard, and (b) nearest abattoir
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(a) Road distance to the nearest saleyards

(b) Road distance to the nearest abattoir
Figure 31: Road network analysis to determine distances travelled from each polygon (5282 polygons in
total) of low-lying sugarcane land in the BRIA and Burdekin Delta to (a) the nearest saleyard, and (b) the
nearest abattoir
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Drawing on the parameters in preceding paragraphs and Table 20, annual operating costs for
cattle fattening in the Lower Burdekin and Mackay-Whitsunday regions are summarised in
Table 21.
Table 21: Annual operating costs in 2019 AUD for a representative beef fattening enterprise without
fertiliser and irrigation inputs in the Lower Burdekin and Mackay-Whitsunday regions

Grazing system: Beef fattening
Sown pasture mixture: Tully humidicola and Setaria (Kazungula variety)
Mackay-Whitsundays
Cost item

Unit

Value

Cattle purchase cost

$/ha

770.05

Veterinary-related cost

$/ha

23.73

Transport cost

$/ha

11.86

Agents’ fees

$/ha

48.84

Total (Annual) costs

$/ha

854.48

Total (Annual) costs

$ per 10 ha

8,545

Lower Burdekin (BRIA and Burdekin Delta)
Cost item

Unit

Value

Cattle purchase cost

$/ha

748.63

Veterinary-related cost

$/ha

23.07

Transport cost

$/ha

13.07

Agents’ fees

$/ha

47.48

Total (Annual) costs

$/ha

832.25

Total (Annual) costs

$ per 10 ha

8,323

Land conversion costs
Major upfront costs of transitioning from sugarcane production to beef fattening operations are
installation of off-stream watering, fencing, land preparation, planting and pasture
establishment. These costs are incurred once at the beginning of the land conversion activity.
An establishment cost of $14,451 ($15,256 in 2019 AUD) from Waltham et al (2017) for a 10ha paddock for beef fattening in the Wet Tropics is used in this study. An additional upfront
cost of $15,000 ($15,836 in 2019 AUD) for constructing stockyard and loading facilities is
added for land blocks which were not adjacent to existing grazing land. A detailed breakdown
of the upfront costs of conversion from sugarcane to cattle fattening is given in Table 22.
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Table 22: Upfront costs for converting 10-ha of low-lying, high-DIN risk sugarcane land to sown, nofertiliser-input cattle fattening. Costs from Waltham et al. (2017), inflated to 2019 AUD using the Consumer
Price Index for Australia (Australian Bureau of Statistics, 2020). Identical costs are applied for land
conversion in the BRIA, Burdekin Delta and Mackay-Whitsunday regions

Cost item
Initial soil tests
Water infrastructure
Fencing
Weed clearing
Herbicide
Pasture preparation
Sowing pasture
Total cost [adjacent to existing grazing land]
Stock yard and loading facilities
Total cost [not adjacent to existing grazing land]

$ per 10 ha
169
5,938
3,374
475
391
1,425
3,484
15,256
15,836
31,092

Annuity gross margin and reduction in annuity gross margin following
conversion to cattle fattening
Annuity gross margins for converting 10 ha of low-lying, high DIN risk cane land to cattle
fattening are obtained by subtracting annual operating costs (Table 21) from annual revenue
as follows:
Mackay-Whitsundays region
AGMGrazing = Annual revenue – sum of operating costs = $9,768 - $8,545 = $1,223 / 10 ha
Burdekin River Irrigation Area (BRIA) and the Burdekin Delta
AGMGrazing = Annual revenue – sum of operating costs = $9,496 - $8,323 = $1,173 / 10ha
Reduction in annuity gross margin (relative to sugarcane production31) for beef fattening with
no fertiliser input and no irrigation water input is calculated as follows, for real discount rates
of 5% and 7% per annum:
Mackay-Whitsundays region
Reduction in AGM when transitioning from cane to cattle fattening
= AGMsugarcane@5% – AGMGrazing = $455/ha - $122/ha = $333/ha
= AGMsugarcane@7% – AGMGrazing = $436/ha - $122/ha = $314/ha

31

Annuity gross margins for sugarcane production in the Mackay region at real discount rates of 5% and 7% per annum are
$455/ha and $436/ha, respectively (Table 12). Annuity gross margins for cane production in the BRIA at real discount rates of
5% and 7% per annum are $751/ha and $753/ha, respectively (Table 10). Annuity gross margins for cane production in the
Burdekin Delta at real discount rates of 5% and 7% per annum are $1,884/ha and $1,827/ha, respectively (Table 11). These
annuity gross margins include the cost of purchasing an irrigation water allocation for cane, and the cost of using the full amount
of that water allocation. They do not include the cost of landholder’s labour, as labour requirements for cane production and
cattle fattening are assumed to be broadly equivalent.
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Burdekin River Irrigation Area (BRIA)
Reduction in AGM when transitioning from cane to cattle fattening
= AGMsugarcane@5% – AGMGrazing = $751/ha - $117/ha = $634/ha
= AGMsugarcane@7% – AGMGrazing = $753/ha - $117/ha = $636/ha
Burdekin Delta: Reduction in AGM when transitioning from cane to cattle fattening
= AGMsugarcane@5% – AGMGrazing = $1,884/ha - $117/ha = $1,767/ha
= AGMsugarcane@7% – AGMGrazing = $1,827/ha - $117/ha = $1,710/ha

Total present value cost and annualised present value cost of land conversion
The total present value cost of land conversion incorporates the reduction in annuity gross
margin together with the upfront cost of conversion calculated, over 30 years and discounted
at 5% and 7% per annum. Total present value costs are then annualised using the same
discount rates. The upfront conversion cost, and total and annualised present value costs of
land conversion from sugarcane to grazing in the Mackay-Whitsunday region, the BRIA and
the Burdekin Delta are summarised in Table 23, Table 24 and Table 25 respectively.
Table 23: Total and annualised present value costs of land conversion from cane production to cattle
fattening in Mackay-Whitsunday region calculated over a 30-year evaluation period using real annual
discount rates of 5% and 7%

Mackay-Whitsunday
Adjacent to existing grazing land
Not adjacent to existing grazing
land

Total present value
costs ($/10ha)
r = 5%
66,403
82,239

r = 7%
54,185
70,021

Annualised total
present value costs
($/10ha/year)
r = 5%
r = 7%
4,320
4,367
5,350
5,643

Upfront
conversion
cost
($/10ha)
15,256
31,092

Table 24: Total and annualised present value costs of land conversion from cane production to cattle
fattening in the BRIA calculated over a 30-year evaluation period using real annual discount rates of 5%
and 7%

BRIA
Adjacent to existing grazing land
Not adjacent to existing grazing
land

Total present value
costs ($/10ha)
r = 5%
112,664
128,500

r = 7%
94,135
109,971

Annualised total
present value costs
($/10ha/year)
r = 5%
r = 7%
7,329
7,586
8,359
8,862

Upfront
conversion
cost
($/10ha)
15,256
31,092
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Table 25: Total and annualised present value costs of land conversion from cane production to cattle
fattening in the Burdekin Delta calculated over a 30-year evaluation period using real annual discount
rates of 5% and 7%

Burdekin Delta
Adjacent to existing grazing land
Not adjacent to existing grazing
land

Total present value
costs ($/10ha)
r = 5%
286,834
302,670

r = 7%
227,408
243,244

Annualised total
present value costs
($/10ha/year)
r = 5%
r = 7%
18,659
18,326
19,589
19,602

Upfront
conversion
cost
($/10ha
15,256
31,092

Cost-effectiveness of DIN reduction
Cost-effectiveness is evaluated in terms of the annualised total PV cost of conversion per unit
annual reduction in DIN loss (relative to the DIN loss from sugarcane32). Cost-effectiveness is
evaluated from a private perspective over a 30-year time horizon at 5% and 7% discount rates,
as explained in the economics methodology section. The cost-effectiveness of DIN reduction
via conversion of low-lying marginal sugarcane land to beef fattening without fertiliser
application or irrigation is reported in Table 26, Table 27 and Table 28.
Table 26: Cost-effectiveness of land conversion from sugarcane to no-fertiliser cattle fattening in the
Mackay-Whitsunday region calculated over a 30-year evaluation period using annual discount rates of 5%
and 7%

Mackay-Whitsundays
Adjacent to existing grazing land
Not adjacent to existing grazing land

Cost-effectiveness
($/kgDIN)
r = 5%
r = 7%
12
12
15
16

Table 27: Cost-effectiveness of land conversion from sugarcane to no-fertiliser cattle fattening in the
BRIA calculated over a 30-year evaluation period using annual discount rates of 5% and 7%

BRIA
Adjacent to existing grazing land
Not adjacent to existing grazing land

32

Cost-effectiveness
($/kgDIN)
r = 5%
r = 7%
64
66
73
77

DIN loss (kg DIN/ha/year) from sugarcane production on a representative cane farm in the Mackay region, under fertiliser
application rates following Six Easy Steps® (Sugar Research Australia, 2013) based on a District Yield Potential (DYP) of 130
tonnes/ha in line with Minimum Standard (‘moderate risk’) practice as specified in the Sugarcane Water Quality Risk Framework
2017-2022 (The Australian and Queensland Governments, n.d.) and the Prescribed Methodology for Sugarcane Cultivation
(State of Queensland, 2019) under the 2019 Reef Regulations is predicted to be 35.2 kg DIN/ha/year, of which 2.0 kg
DIN/ha/year is predicted to be lost via runoff and the remaining 33.2 kg DIN/ha/year is predicted to be lost to drainage.
Equivalent DIN losses for the BRIA (under Six Easy Steps® fertiliser applications at DYP = 150 tonnes/ha) are 11.5 kg
DIN/ha/year, with 8.9 kg DIN/ha to runoff and 2.6 kg DIN/ha/year to drainage. For the Burdekin Delta (under Six Easy Steps®
fertiliser applications at DYP = 150 tonnes/ha) predicted DIN losses are 37.3 kg DIN/ha/year, with 37.0 kg DIN/ha to runoff and
0.3 kg DIN/ha/year to drainage (van Grieken et al., 2010c; p.5 & 6).
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Table 28:Cost-effectiveness of land conversion from sugarcane to no-fertiliser cattle fattening in the
Burdekin Delta calculated over a 30-year evaluation period using annual discount rates of 5% and 7%

Burdekin Delta
Adjacent to existing grazing land
Not adjacent to existing grazing land

Cost-effectiveness
($/kgDIN)
r = 5%
r = 7%
50
49
53
53

These cost-effectiveness estimates are achievable under the assumptions previously stated.
These assumptions may be somewhat optimistic, particularly when pasture growth can vary
throughout the year in accordance with soil types and water availability. Pasture growth rate is
expected to fluctuate more widely when no fertiliser is applied. Productivity of the land may
also decline several years after land conversion has taken place. Consequently, the costeffectiveness estimates provided in this study should be regarded as indicative only.

DIN credit payments required to achieve 5-, 10- and 15-year paybacks, and return
on investment
The DIN credit payments ($/kg DIN reduced) required to achieve 5-, 10- and 15-year paybacks
following change of land use from cane to cattle fattening are shown in Table 29 below.
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Table 29: DIN credit payments required to achieve 5-, 10- and 15-year cumulative discounted cash flow
payback periods, following land use change from cane to cattle fattening (evaluated at real discount rates
of 5% and 7% per annum)

DIN credit payments ($/kg DIN) required to achieve 5-, 10- & 15-year payback periods @ 5%
real discount rate
5-year payback
10-year payback
15-year payback
BRIA
Adjacent to existing
86
72
68
grazing land
Not adjacent to
118
90
81
existing grazing land
Burdekin Delta
Adjacent to existing
57
53
51
grazing land
Not adjacent to
67
58
55
existing grazing land
Mackay
Adjacent to existing
19
15
14
grazing land
Not adjacent to
30
21
18
existing grazing land

DIN credit payments ($/kg DIN) required to achieve 5-, 10- & 15-year payback periods @ 7%
real discount rate
5-year payback
10-year payback
15-year payback
BRIA
Adjacent to existing
88
74
70
grazing land
Not adjacent to
121
94
85
existing grazing land
Burdekin Delta
Adjacent to existing
56
52
50
grazing land
Not adjacent to
66
58
55
existing grazing land
Mackay
Adjacent to existing
19
15
14
grazing land
Not adjacent to
31
21
19
existing grazing land

By construction, the annualised (discounted) rate of return on upfront investment with DIN
credit payments that deliver 5-, 10-, 15- and 30-year payback periods will each be 0% at the
end of the 5th, 10th, 15th and 30th year, respectively, and will then follow trajectories similar to
those shown in Figure 12 as the duration of the DIN supply contract extends. As an example,
Figure 32 shows annualised (discounted) rates of return on upfront investment in converting
sugar cane land in Mackay to cattle fattening, assuming that the land being converted is not
adjacent to existing grazing land. The rate of return curve (Figure 32) indicates that conversion
of cane land to cattle fattening should deliver in excess of a 4% annualised (discounted) return
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over 15- and 20-year DIN credit supply agreements when DIN credit payments are sufficient
to ensure a 5-year payback period, i.e., are at least 31 $/kg DIN (from Table 29). Similarly, if
DIN credit payments are sufficient to ensure 10-year payback, converting cane land to cattle
fattening should deliver close to a 2% annualised (discounted) return over 20- and 25-year DIN
credit supply agreements at a credit payment rate of 21 $/kg DIN.

Figure 32: Annualised (discounted) rate of return on upfront investment in converting representative lowlying, high DIN risk cane land in Mackay region to cattle fattening, calculated at 7% real discount rate.
Results are shown for DIN credit payments that deliver 5-, 10-, 15- and 30-year paybacks on upfront
investment, when upfront costs are $31,092/ha (averaged across conversion of a 10ha block). Rates of
return for converting cane land to cattle fattening are similar in the other regions, but the DIN credit
payment rates required to achieve 5-, 10-, 15- and 30-year paybacks will differ as shown in Table 29

3.2.7 Farm forestry
Softwood and hardwood timber plantations have been identified as a possible alternative land
use option to reduce DIN losses following conversion of low-lying, high DIN risk, sugarcane
land in the Burdekin and Mackay-Whitsunday NRM regions. Strong demand for wood products
provides promising prospects for profitable supply to domestic and international markets.
Demand for Queensland timber is positively correlated with activity in the domestic housing
and construction sector, with this sector being the biggest consumer of timber products (State
of Queensland, 2016b).
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North Queensland is included as one of the 15 National Plantation Inventory (NPI) regions
(Figure 33). Region-specific information on the current state of Australia’s forests is regularly
reported by the Australian Bureau of Agricultural and Resource Economics and Sciences
(ABARES) in the Australian Government Department of Agriculture, Water and the
Environment (DAWE). This study considers establishment of new forestry plantations on lowlying, high DIN risk sugarcane land within the North Queensland NPI region.

Figure 33: National Plantation Inventory Regions. Map downloaded from
https://www.agriculture.gov.au/sites/default/files/abares/forestsaustralia/documents/sofr_2018/maps%20a
nd%20other%20graphics/c2/SOFR_2018_Fig_2_28_Plantations_and_NPI_regions.png on 27th October
2020

Commercial timber plantations in North Queensland are concentrated in the MackayRockhampton and Cairns-Townville sub-regions (State of Queensland 2016). Total plantation
area in Queensland (Figure 34) is dominated by softwood plantations which increased rapidly
in total area between 1950 and 1980. Total softwood plantation area has increased more
slowly since then, reaching around 195,000 ha in 2010. Hardwood plantation area peaked at
64,000 ha in 2009 before declining thereafter to around 35,000 ha in 2015. Softwood and
hardwood plantation areas have barely increased since 2016. The decline in hardwood
plantation area between 2014-2016 reflects (i) failures of plantations established under the
managed investment scheme, and (ii) the global financial crisis impacting businesses (State
of Queensland, 2016b). A similar decline in total plantation area at national level has also been
recorded, particularly between 2011-12 (2.02 million ha) and 2015-16 (1.97 million ha).
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Figure 34: Total and new hardwood and softwood plantation area in Queensland, 1938 – 2019
Data source: Gavran (2020)

Domestic demand for wood products is projected to increase through to 2050, exceeding
availability of supply from existing plantations under current export scenarios (Whittle et al.,
2019). This situation led Whittle et al. (2019) to undertake research (jointly funded by Forest
and Wood Products Australia and ABARES) on the economic potential of establishing new
forest plantations in Australia up to the year 2050 under current market conditions.
Whittle et al. (2019) used a dynamic mixed-integer linear programming Forest Resource Use
Model (FORUM) to simulate the optimal flow of wood products from plantations to wood
processing mills and final domestic and export markets such that the present value of returns
would be maximised. The FORUM framework has also been extended to include
establishment of new softwood and hardwood timber plantations on cleared agricultural land
within the NPI regions (Whittle et al., 2019). Our economic evaluation in Project 5.12 of the
cost-effectiveness of DIN reduction via conversion of low-lying, high DIN risk cane land uses
input data (up-front costs and on-going costs) from the FORUM framework for new plantation
establishment, together with other relevant data that are publicly available.
The supply chain for the forest industry in Queensland comprises three parts: (i) primary
production, (ii) primary or first processing, and (iii) secondary processing (Schirmer et al.,
2018). Primary production refers to the planting and growing of trees over a specified rotation
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period, followed by harvesting of logs that are sold as roundwood to primary processors
(Schirmer et al., 2018). Primary processors process roundwood into initial products such as
sawn timber and woodchips before selling on these pre-processed products to secondary
wood processors (Schirmer et al., 2018). Almost all primary processors depend on
Queensland-grown logs for their input of raw materials (Schirmer et al., 2018). Initial wood
products from primary processors are then supplied to secondary processors for further
processing (Schirmer et al., 2018) and value adding to produce finished products. Besides
supplying to primary processors, plantation owners may alternatively choose to export their
harvested roundwood directly.
Proximity to existing wood processing mills or ports is one of the key factors affecting the
economic viability of potential land use conversion (Figure 35). In this study, all softwood and
hardwood logs harvested from new plantations on what was previously low-lying, high DIN risk
cane land in the Dry Tropics are modelled as being sold to the nearest first processors at mill
door prices33. In Queensland, the majority of timber for processing is supplied from softwood
plantations, although hardwood from native forests is also an important component in the
product stream (State of Queensland, 2016b). The Queensland Department of Agriculture and
Fisheries estimates that there are close to 100 sawmills operating in Queensland, of which 60
mills have the capacity to process more than 300 cubic metres per annum (State of
Queensland, 2016b). The majority of mid-sized and smaller mills processing hardwood timber
sourced from native forests are located in regional areas (State of Queensland, 2016b).
The spatial distribution of major softwood and hardwood forests grown for commercial timber
production in Queensland is shown in Figure 36. In addition to revenues from the sale of
roundwood, potential income from the sale of carbon credits is also included in our economic
evaluation. There is also potential for additional revenues from the sale of plantation residues
from thinning and harvesting operations, however, this aspect is excluded from Project 5.12’s
analysis because of limited data. Consequently, residues from softwood and hardwood
plantation sawlog thinning and harvesting are assumed to be left on the field. As noted by
State of Queensland (2018a), retaining residues in situ provides environmental benefits,
consistent with the water quality improvement goal of transitioning cane land to farm forestry.

33

Export potential is not considered in this study because export data indicate that there has been no timber or wood export
from the ports of Mackay and Mourilyan since 2014-15 (Department of Transport and Main Roads, 2019).
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Figure 35: Wood processing and port facilities in North Queensland. Source: ABARES Forest economics
and statistics. Map downloaded from https://www.agriculture.gov.au/abares/researchtopics/forests/forest-economics on 3 Nov 2020.
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Figure 36: Spatial distribution of major softwood and hardwood forests grown commercially for timber in
Queensland. Source: (State of Queensland, 2016b)

Softwood plantations
The tropical climate of north Queensland presents good growing conditions for softwood timber
and an opportunity for existing cane growers to transition into farm forestry. Softwood tree
species grown in Queensland are dominated by exotic pine (Southern pine) and native
Araucaria (hoop pine), with exotic pine covering more than 70% of softwood plantation area
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(State of Queensland, 2018). Southern pine and hoop pine produce premium grade softwood
(Department of Agriculture Fisheries and Forestry, 2013a, 2013b). Southern pine species are
Caribbean pine (Pinus caribaea var. hondurensis), slash pine (Pinus elliottii var. elliottii) and
an advanced hybrid of both (Department of Agriculture Fisheries and Forestry, 2013a). The
species name for native hoop pine is Araucaria cunninghamii, with other names including
Queensland pine, colonial pine and the aboriginal names cumburtu and coonam (Department
of Agriculture Fisheries and Forestry, 2013b).
Major areas of softwood plantations are South-East Queensland, Central Queensland around
Rockhampton and Mackay, and further north near Ingham and Atherton. Within the Dry Tropics
NRM region, southern pines are found in estates close to Yeppoon and Mackay, and Araucaria
forestry is established near Monto and Mackay (Schirmer et al., 2018).
Ideal plantation sites would be on suitable soils that generally receive rainfall in excess of
800mm in 7 out of 10 years and are located in close proximity to wood processing facilities.
Whilst southern pines can grow on poorly drained soils, Araucaria requires well-drained soils
(Department of Agriculture Fisheries and Forestry, 2013a, 2013b). Both species are relatively
tolerant to drought and saline (low to medium) conditions, but are moderately prone to damage
by cyclonic winds (Department of Agriculture Fisheries and Forestry, 2013a, 2013b). Southern
pines can be susceptible to a range of pests and diseases. Pests such as sirex woodwasp
(Sirex noctilio) and five-spined bark beetle (lps grandicollis) can cause stem damage and stain
the wood (Department of Agriculture Fisheries and Forestry, 2013a). Southern pine trees can
also suffer from diseases caused by Cinnamon fungus (Phytophthera cinnamomic), Diplodia
shoot blight (Diplodia species) and Dothistroma needle blight (Dothistroma septosporum)
(Department of Agriculture Fisheries and Forestry, 2013a). Araucaria trees can be damaged
by hoop pine borer (Pachycotes australis) and stitch beetle (Hyleops glabtratus) (Department
of Agriculture Fisheries and Forestry, 2013b) and for Araucaria, careful pruning during winter
is required to minimise attacks by pine bark weevil that remain relatively inactive during colder
months (Department of Agriculture Fisheries and Forestry, 2013b). It is therefore critical that
pests are appropriately managed at all stages of each rotation.
Commercial plantations require high initial capital input followed by a long rotation period
lasting at least 30 years for southern pine and typically 40 years for Araucaria (Department of
Agriculture Fisheries and Forestry, 2013a, 2013b). When matched to appropriate sites,
coupled with good silviculture practices, a commercial southern pine or Araucaria plantation
has the potential to achieve good growth rates and productivity that are relatively tolerant to
pests and diseases (Department of Agriculture Fisheries and Forestry, 2013a, 2013b).Sawlog
yield at clear-fell age ranges between 250 and 300 cubic metres per hectare (m 3/ha) on
suitable sites for southern pine (Department of Agriculture Fisheries and Forestry, 2013a), and
between 200 and 1100 m3/ha for Araucaria (Herbohn, 2006). Forest management practice and
operations should be undertaken to ensure protection of soil, nutrients and water. Southern
pine and Araucaria trees require periodical thinning and pruning to encourage faster and
uniform growth. Uniform stands at full rotation (typically 30 years or more for southern pine
and 40 years or more for Araucaria) produce logs that are able to meet specified product
requirements and therefore command high prices.

103

Key products from softwood timber include sawlogs, ply and veneer logs, panel logs, pulp logs
and other minor log products such as roundwood, poles and posts (Gavran, 2020). Softwood
logs are supplied to meet local demand for:
•
•
•
•

sawn timber used in domestic housing and dwelling construction,
particleboard, medium density fibreboard and plywood that are manufactured
in accordance with specific product specifications,
poles for use in pole frame construction and as power poles
pulp and paper products to produce writing paper, tissues and packaging
materials.

In Queensland, the processing industry for southern pine wood products is well-established
and serves well established domestic markets (Department of Agriculture Fisheries and
Forestry, 2013a). Given the predominant role of southern pine in Queensland’s softwood
plantation industry, the softwood component of this study focuses on economic evaluation of
southern pine farm forestry that supplies harvested softwood logs to the nearest mil.

Hardwood plantations
The tropical climate of north Queensland presents good growing conditions and an opportunity
for existing cane growers whose land is located on suitable soils and climate to transition into
growing hardwoods such as spotted gum commercially. Hardwood plantations are
concentrated in coastal areas and the south-east corner of Queensland (Figure 36).
Approximately 56% of hardwood plantation estates in Queensland are managed for sawlog
production and many hardwood plantations are relatively new (State of Queensland, 2012).
Areas of low-lying, high DIN loss cane land within the Dry Tropics and Mackay-Whitsunday
regions have been identified as potential sites for establishing hardwood plantations.
Queensland native forests consist of a large variety of hardwood species. According to Timber
Queensland34, hardwood species that are commonly grown and are available commercially
include spotted gum, broad-leaved red ironbark, grey box, forest red gum, grey ironbark,
narrow-leaved red ironbark, white mahogany, blackbutt, Gympie messmate and cypress.
Spotted gum is the most common native hardwood species comprising 70% of sawlog volume,
with the majority of the remainder consisting of ironbarks and blackbutt (State of Queensland,
2018). Given that spotted gum is the most common harvested hardwood timber in Queensland
(Lewis et al., 2010), this study focuses on economic evaluation of spotted gum farm forestry
that supplies harvested hardwood logs to the nearest mill.
Spotted gum yields higher productivity in locations with deeper, moist, well-drained and
moderately heavy soils on red and yellow podzolics and some sodosols (Department of
Agriculture Fisheries and Forestry, 2013c). The trees are highly tolerant to drought, but have
low to medium tolerance to salinity, and are moderately resilient to cyclonic winds (Department
of Agriculture Fisheries and Forestry, 2013c). Spotted gum is also one of the few native
hardwood species that have a high rating for bushfire resistance (State of Queensland, 2016b).

34

http://www.timberqueensland.com.au/Growing/Facts.aspx date accessed 6th November 2020

104

Though spotted gums are termite resistant, and are generally tolerant to pests and diseases,
they can still be susceptible to leaf pests. Leaf pests include erinose mite, leaf beetles,
Christmas beetles and swarming scarabs (Department of Agriculture Fisheries and Forestry,
2013c). Spotted gum susceptibility to stem pests such as longicorn beetles is generally lower
compared to other plantation hardwood species (Department of Agriculture Fisheries and
Forestry, 2013c). In terms of diseases, spotted gum’s susceptibility to quambalaria shoot blight
(which damages new shoots and leaves, thus affecting tree growth and from) is found to vary
between varieties and provenances (Department of Agriculture Fisheries and Forestry, 2013c).
It is therefore critical that pests and diseases are appropriately managed at all stages of each
rotation.
As for softwood, commercial hardwood plantations require high initial capital input, followed by
a rotation period of 25 - 30 years or longer. Round wood of different ages, following from the
different rotation lengths is produced to meet the demand for different products. Spotted gum
timber of 30 years or more may be used to produce general sawn wood for construction and
appearance products (Department of Agriculture Fisheries and Forestry, 2013c). Uniform
stands at full rotation (25 or 30 years) produce logs that are able to meet specific product
requirements. Uniform stands also enable clear felling that may be preferred over selective
harvesting.
Queensland supplies the largest volume of spotted gum in Australia and its hardwood timbers
are considered some of the world’s strongest and most durable (State of Queensland, 2016b).
Owing to their strength and durability, timbers from spotted gum plantations are used in heavy
construction, weather-exposed applications (e.g. poles, piles, sleepers, girders and
commercial decking); and as appearance-grade timbers for quality flooring and decking (State
of Queensland, 2016b).
Project 5.12’s economic analyses of farm forestry focus on transitioning low-lying, high DIN
loss cane land in the Lower Burdekin (the BRIA and Burdekin Delta) and Mackay-Whitsunday
regions to softwood (southern pine) or hardwood (spotted gum) production, with the timber
stand managed to produce a uniform crop that is clear felled at the end of a 30-year rotation
period.

Economic evaluation
A discounted cash flow analysis is undertaken to evaluate the economic performance of land
conversion from sugarcane to small-scale single rotation softwood (southern pine) and
hardwood (spotted gum) farm forestry plantations. The plantations considered here will be
established on what was previously cane land that has low salinity conditions and moderately
waterlogged soils. The discounted cash flow analysis comprises two components: capital cash
flows and operating cash flows. Capital cash flows are associated with the upfront capital cost
of establishing the forestry plantation. These may include a site survey (on-ground and using
GIS), site preparation (land clearing, weed control, fertiliser application) and site cultivation
(planting of seedlings at specified density). Operating cash flows are cash flows associated
with the management of the plantation and revenues from the sale of products and services
supplied by the plantation. Management costs are incurred by engaging forestry contractors
to undertake (i) regular thinning and pruning during the rotation to ensure good growth and
uniform development of the forest stand, (ii) fire risk management which includes pruning,
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weed control and surveillance, and (iii) pest and disease control. Products and services
supplied by the plantation are (i) harvested timber at the end of rotation period, and (ii) annual
carbon credits based on average mean annual increment (MAI) over the rotation period.
Despite revenue potential from the sale of carbon credits, the largest inflows of revenue will
accrue from the sale of mature logs at the end of the rotation period. The 30-year forestry
rotation assumed for softwood and hardwood make farm forestry a high-risk investment,
characterised by high levels of uncertainty because the large revenues from harvested timber
will not be received until 30 years after the trees are planted. Additional risks include potential
damage from cyclones as low-lying sugarcane land is located in coastal areas that are prone
to tropical cyclones.

Costs: Plantation establishment and maintenance costs
Data required for the discounted cash flow analysis were sourced from publicly available
reports. As none of these reports provide data specific to the Lower Burdekin and MackayWhitsunday regions, we assume that establishment and maintenance costs for the case study
regions are the same as those quoted for Queensland more generally. Key data on plantation
establishment and maintenance costs are taken from Whittle et al. (2019) (see Table 30), as
these are the most recent and species-specific. All cost figures are expressed in 2019
Australian dollars.
Table 30: Capital cost and operating costs for new softwood and hardwood farm forestry grown on a 30year rotation

Economic potential for new plantation establishment in Australia: outlook to 2050
Research funded by Forest and Wood Products Australia (FWPA) and Australian Bureau of
Agricultural and Resource Economics (ABARES)
(Whittle et al., 2019)
Study area
National Plantation Inventory regions in Australia
Background information Establishment of new softwood and hardwood timber plantations on
cleared agricultural land, as part of the simulation study based on the
FORUM framework. All softwood plantations modelled are for sawlogs
production, with thinnings, to produce a combination of pulplogs and
sawlogs. Spotted gum plantations are for sawlog production.
Costs: southern pine
Upfront costs of site preparation, seedling purchase and planting:
softwood
$1,500/ha
First year maintenance: $640/ha
On-going maintenance: $90/ha
Costs: spotted gum
Upfront costs of site preparation, seedling purchase and planting:
hardwood
$2,100/ha
First year maintenance: $140/ha
On-going maintenance: $180/ha

Costs: Harvest cost
To the best of author’s knowledge, timber harvesting costs from plantations in the Lower
Burdekin and Mackay-Whitsunday regions are not readily available. Donaghy et al. (2010)
conducted a discounted cash flow analysis of transitioning from a conventional grazing system
to a combined grazing and hardwood (spotted gum) forestry in the semi-arid areas (annual
rainfall of 600 – 700 mm) of the Fitzroy River basin in Central Queensland. Donaghy et al.

106

(2010) quoted a harvest/snigging35 cost of $2,700/ha (~$3329/ha in 2019 AUD) for spotted
gum grown for pole production up to the age of 25 years.
In the absence of any other information on harvest cost for the Lower Burdekin and MackayWhitsunday regions, this project assumes a harvest/snigging cost of $3,329/ha for both
plantation types.

Cost: Transport distance and transport cost to timber mill
A GIS-based road network analysis was undertaken to determine the distance from each
polygon (14,625 polygons in total) of low-lying cane land in the Lower Burdekin and MackayWhitsunday regions that was identified as suitable for timber production (softwood/hardwood)
to the nearest sawmill. Within the study area, a total of 14 sawmills were identified via the
Queensland Spatial Catalogue (QSpatial) Web-based Agricultural Land Information (WALI)
2.0. Locations of sawmills within the Lower Burdekin and Mackay-Whitsunday regions are
shown in Figure 37. These sawmills were operating at the time of publication, and information
about the mills, including their coordinate location, is available in the public domain.
Once the distances from each polygon to each of the 14 mills had been calculated, the nearest
mill is selected to receive felled roundwood for each polygon. Results from this analysis
indicate that the maximum, minimum, median and mean distances to nearest softwood sawmill
are 137km, 44km, 106km and 100km, respectively. The maximum, minimum, median and
mean distances to nearest hardwood sawmill are 131km, 0.4km, 32km and 37km, respectively.
The mean distance from potential sites of at least 1ha in size to the nearest softwood
sawmill (100km) and the nearest hardwood sawmill (37km) are used for calculating
timber transport costs in this study.
To determine the full cost of transporting logged timber from plantation site to the nearest mill,
the following information is also required: (i) type and capacity of logging trucks, (ii) wood
density, and (iii) haulage cost. The Log Haulage Manual (ForestWorks ISC, 2014) provides
detailed information on mass limits, dimension limits and load constraints of different types of
heavy vehicles in accordance to Heavy Vehicle National Law that is applicable to all states
except Western Australia and the Northern Territory, and is administered by the National
Heavy Vehicle Regulator. From the list of heavy vehicles presented in the Log Haulage
Manual, a semi-trailer with maximum gross mass of 42.5 tonne (ForestWorks ISC, 2014) is
assumed in this study. This is taken to be representative of the kind of vehicle that would be
required for timber transportation in the case study regions. Wood air dry density figures of
625 kg/m3 and 1010 kg/m3 for southern pine and spotted gum, respectively, were obtained
from DAFF (Department of Agriculture Fisheries and Forestry, 2013c, 2013a). A haulage cost
of $2.58/km ($2.70/km in 2019 AUD) is used for a semi-trailer travelling at 60km/hour on a
sealed road (Higgins et al., 2017). An additional idle cost of $119/hour ($123 in 2019 AUD) for
a semi-trailer (Higgins et al., 2017) is also added to the transport cost to account for the loading
and unloading time which is assumed to be 2 hours per semi-trailer per load.

35

Snigging is the forestry term used for extraction of the felled timber from the plantation to a location from which it can be
loaded onto trucks for transport to the timber mill.
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Figure 37: Locations of sawmills and areas identified as suitable for timber production. Location of
sawmills were obtained from Queensland Spatial Catalogue (QSpatial) Web-based Agricultural Land
Information (http://qldspatial.information.qld.gov.au/WALI/)

Revenues: Mean annual increment, rotation length and timber volume harvested
The Queensland Department of Agriculture, Fisheries and Forestry (DAFF) provide mean
annual growth increment (MAI) estimates for southern pine and spotted gum (Table 31). The
MAI estimates for southern pine provided by DAFF (2013a) span the MAI range reported in
Matysek and Fisher (2016). The average MAI for spotted gum reported in Department of
Agriculture Fisheries and Forestry (2013c) is higher than the Queensland average reported in
Matysek and Fisher (2016), but lower than the Australian average (de Fegeley et al., 2011)
and lower than the Queensland Hardwood Region 3 (Mackay) average derived from expert
opinion (Venn, 2005).
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Table 31: Mean annual increment (MAI) in m3/ha/year from published reports. Text in blue indicates that
the data are used for the economic evaluation in this study

§

Description
Queensland Hardwood Region
3 (Mackay)
Queensland average MAI
(m3/ha/year)
Australian average (m3/ha/year)
Queensland Central Coast
average (m3/ha/year)

Softwood
-

Hardwood
15 - 25

Reference
Venn (2005)

12-18
(Southern pine)
21
-

8

Matysek and Fisher ( 2016, p36)
de Fegeley et al. (2011, p5)
Department
of
Agriculture
Fisheries and Forestry (2013c)

Queensland average
(m3/ha/year)§

10-20
(Southern
pine)

15
10,16 max
(Spotted
gum)
-

Department
of
Agriculture
Fisheries and Forestry (2013a)

Reported as potential productivity in m3 per hectare per year.

For this study, we use the somewhat conservative estimates of MAI from DAFF
factsheets; 10 m3/ha/year for southern pine (softwood) and spotted gum (hardwood)
(Department of Agriculture Fisheries and Forestry, 2013c, 2013a).
In line with Whittle et al. (2019), the rotation length used in this study is 30 years for
southern pine and spotted gum farm forestry as in Maraseni et al. (2011) and Venn (2005).
The 30-year rotation length in conjunction with the MAI figures from DAFF produce a timber
harvest volume of 300 m3/ha for both species.

Revenues: Timber price and log composition
ABARES publish Australian Forest and Wood Products Statistics which contain time series
data on forest and wood products resources, production, consumption, trade and employment
(Gavran, 2020). In this dataset, time series data on the volume of timber produced (in gross
roundwood equivalent (GRWE) measured in m3), unit cost or price of GRWE at the mill door
(in $/m3), and the value of timber harvested (i.e., GRWE volume multiplied by the mill door
price) are available by state, forest type (native or plantation), log type (hardwood or softwood)
and by categories of forest products (e.g., sawlogs, pulplogs and panel logs). However, the
prices of the different categories of harvested softwood and hardwood logs available for
Queensland are not species-specific.
This study uses the Australian Forest and Wood Products Statistics (Gavran, 2020) for timber
price and log composition from southern pine softwood farm forestry. Log composition for
spotted gum hardwood farm forestry is taken from Venn (2005), which was also used in
Maraseni et al. (2011). Data on the timber price and log composition used in this study are
summarised in Table 32 and Table 33. Logs from softwood and hardwood farm forestry are
modelled as being sold in the domestic market only since the most recent Trade Statistics for
Queensland Ports36 indicate that there have been no timber or wood exports from the ports of
Mackay and Mourilyan since 2014-15 (Department of Transport and Main Roads, 2019). The

36

https://www.tmr.qld.gov.au/business-industry/Transport-sectors/Ports/Port-governance/Trade-statistics-for-Queensland-ports ,
date accessed 2nd Feb 2021
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report further states that the supply of timber and woodchip for export came from the
Caboolture
and Maryborough regions, much further south than our case study regions
(Department of Transport and Main Roads, 2019).
Table 32: Timber price and log composition used for softwood farm forestry (Gavran, 2020)

Log type

Log composition‡ (%)

Sawlogs
Ply and veneer logs
Panel logs for domestic particle board
production
Panel logs for domestic medium
density fibreboard
Other minor log products –
roundwood, poles and posts
Other minor log products – other not
elsewhere included

84.38
0.76
0

Log price at mill door#
2019 AUD/m3)
93.90
230.94
-

12.11

53.86

2.69

82.21

0.07

32.76

(in

‡

Calculated as percentages of total domestic volume over five years from 2014-15 to 2018-19. Based on the most
recent data available for the respective log categories. # Based on the most recent data available for the respective
log categories.

Table 33: Timber price and log composition for hardwood farm forestry (Venn, 2005)

#

Log type
(Maraseni et al.,
2011; Venn,
2005)
Pole

Log composition (%)
(Maraseni et al.,
2011; Venn, 2005)
20

Log price at mill
door#
(in 2019 AUD/m3)
(Gavran, 2020)
334

Sawlog

60

156

Low-value log

20

130

Log price description
(Gavran, 2020)

Based on poles and piles
price of $300.23 in 2013-14.
Based on domestic sawlogs
price of $145.48 in 2015-16.
Based on the average of
fencing price of $110.32 in
2016-17 and other logs price
of $126.61 in 2012-13.

Based on the most recent data available for the respective log categories.

Revenues: Carbon sequestration revenues
This study uses the estimates of carbon content from DAFF (Department of Agriculture
Fisheries and Forestry, 2013c, 2013a) and the carbon price published by the Australian
Government Clean Energy Regulator to calculate carbon sequestration revenues from
southern pine (softwood) and spotted gum (hardwood) farm forestry. Estimates of carbon
content are:
1. 420 kg/m3 for mature, native grown spotted gum (Department of Agriculture Fisheries
and Forestry, 2013c)
2. 275 kg/m3 for full rotation (30 years or older), plantation grown southern pine
(Department of Agriculture Fisheries and Forestry, 2013a)
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These estimated carbon contents are then converted into CO2-e/m3/year using a conversion
factor 44/1237, to produce equivalent carbon content of 1.54 tonnes CO2-e/m3 for spotted gum
and 1.008 tonnes CO2-e/m3 for southern pine. Annual carbon abatement credits accruing to
landholders are calculated using the MAI of 10 m3/ha/year for both tree species. This means
that owners of hardwood spotted gum plantation and softwood southern pine plantation would
be able to earn carbon credits amounting to 15.4 tonnes CO2-e/ha/year and 10 tonnes CO2e/ha/year, respectively. The price of carbon, as published by the Clean Energy Regulator, is
expressed in Australian Carbon Credit Units (ACCU) where 1 AACU = 1 tonne of CO2-e, priced
at $14.17 per ACCU.

Estimates of DIN losses from plantation forests
There is no published information on DIN losses from softwood and hardwood farm forestry in
the Lower Burdekin and Mackay-Whitsunday regions. However, NRM region-specific
estimates of DIN losses from different land uses have been produced under the Paddock to
Reef water quality monitoring program (e.g., McCloskey et al., 2017). In Paddock to Reef, the
Source model was used to estimate DIN export load and areal rate by land use, based on the
most recently available Queensland Land Use Mapping Program (QLUMP) data in each NRM
region (McCloskey et al., 2017). McCloskey et al.'s (2017) estimate of DIN losses from forestry
in the Burdekin and Mackay-Whitsunday regions are both <0.5 kg DIN/ha/year (McCloskey et
al., 2017, Figure 26 p.98, Figure 32 p.108).
A few studies report DIN loss and nitrogen requirements of plantation forestry in the Wet
Tropics. Using the forestry crop growth model LUCTOR and the water pollutant delivery model
SedNet, Roebeling et al. (2007) analysed the cost-effectiveness of changing forest
management practice from bare interrow ground cover to grassed interrows in a teak (Tectona
grandis) hardwood plantation in the Tully-Murray catchment in the Wet Tropics. Roebeling et
al., (2007, Table 8, p.27) reported that DIN delivery to river mouth with either bare or grassed
interrows was between 1.25 – 1.55 kg DIN/ha depending on the soil type. Roebeling et al.
(2007) estimates are of similar magnitude to McCloskey et al’s modelled DIN losses of ~1.8
kgDIN/ha/year from forestry in the Wet Tropics (McCloskey et al., 2017, Figure 18 p.82).
Compared to other land uses, softwood and hardwood plantations generally require much
lower nitrogen (Waltham et al., 2017). In the Wet Tropics, annual nitrogen requirements of
softwood (southern pine) plantation and hardwood plantations are 3.4 kgN/ha and 9.7 kgN/ha,
respectively, compared to bamboo (318 kg N/ha), industrial hemp (150 kgN/ha), tree fruits (55
– 120 kgN/ha), and grain legumes (15 – 50 kgN/ha) (Waltham et al., 2017).
Given that softwood and hardwood plantations in the Wet Tropics have very low annual
nitrogen requirements and consequently, low DIN losses, it is likely that similar forestry
plantations in the (drier) Lower Burdekin and the Mackay-Whitsunday regions would yield even
lower DIN deliveries, given similar N requirements. Modelled DIN loads from McCloskey et al.
(2017) indicate that the per hectare DIN loss rate from the Burdekin and Mackay-Whitsunday
regions is approximately a third of that from the Wet Tropics. Applying this proportion to the

37

Using the conversion factor outlined by the US EPA for carbon storage in a managed forest, available online at
https://www.epa.gov/energy/greenhouse-gases-equivalencies-calculator-calculations-and-references, date accessed: 4th
February 2021.
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upper limit of DIN loss reported by Roebeling et al. (2007), this study uses a DIN loss of ~0.5
kg DIN/ha/year for softwood and hardwood farm forestry in the Lower Burdekin and MackayWhitsunday regions in its cost-effectiveness evaluation.

Reduction in DIN loss from conversion of sugarcane to farm forestry
Comparing a DIN loss of 0.5 kg DIN/ha/year from southern pine and spotted gum forestry with
the DIN losses from low-lying sugarcane production in the Lower Burdekin and MackayWhitsunday regions38 in Table 10, Table 11 and Table 12 produces estimates of DIN reduction
that could potentially be achieved through conversion of cane land to forestry, as shown in
Table 34.
Table 34: DIN reduction from conversion of low-lying sugarcane land to softwood/hardwood forestry

Region
Lower Burdekin - BRIA
Lower Burdekin – Burdekin Delta
Mackay-Whitsunday

DIN reduction from land use conversion (kg
DIN/ha/year)
11.0
36.8
34.7

Annuity Gross Margins from softwood and hardwood farm forestry
The gross margin from softwood or hardwood farm forestry is calculated using Equation 7:
𝐺𝑀𝑠𝑜𝑓𝑡𝑤𝑜𝑜𝑑 𝑜𝑟 ℎ𝑎𝑟𝑑𝑤𝑜𝑜𝑑
30

30

𝑡=1

𝑡=1

𝑅𝑒𝑣𝑒𝑛𝑢𝑒 𝑓𝑟𝑜𝑚 𝑠𝑎𝑙𝑒 𝑜𝑓 𝑐𝑎𝑟𝑏𝑜𝑛 𝑐𝑟𝑒𝑑𝑖𝑡𝑠
𝑂𝑛 − 𝑔𝑜𝑖𝑛𝑔 𝑝𝑙𝑎𝑛𝑡𝑎𝑡𝑖𝑜𝑛 𝑐𝑜𝑠𝑡𝑠
=∑
−∑
(1 + 𝑟)𝑡
(1 + 𝑟)𝑡
𝑅𝑒𝑣𝑒𝑛𝑢𝑒 𝑓𝑟𝑜𝑚 𝑡𝑖𝑚𝑏𝑒𝑟 𝑠𝑎𝑙𝑒 𝑇𝑖𝑚𝑏𝑒𝑟 ℎ𝑎𝑟𝑣𝑒𝑠𝑡 𝑐𝑜𝑠𝑡
+
−
(1 + 𝑟)30
(1 + 𝑟)30
𝑇𝑖𝑚𝑏𝑒𝑟 𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡 𝑐𝑜𝑠𝑡
−
(1 + 𝑟)30

(𝐸𝑞𝑛 7)

Annuity gross margin (annuity GM) is obtained by dividing 𝐺𝑀𝑠𝑜𝑓𝑡𝑤𝑜𝑜𝑑 𝑜𝑟 ℎ𝑎𝑟𝑑𝑤𝑜𝑜𝑑 by the
annuity factor as shown in Eqn 2 (in Chapter 3). The reduction in Annuity GM following land
use change from sugarcane to softwood or hardwood farm forestry is calculated using Eqn 3,
at real discount rates of 5% and 7% per annum.
Table
35
reports
the
results
of
the
𝐴𝑛𝑛𝑢𝑖𝑡𝑦 𝐺𝑀𝑠𝑜𝑓𝑡𝑤𝑜𝑜𝑑 𝑜𝑟 ℎ𝑎𝑟𝑑𝑤𝑜𝑜𝑑
and
𝑅𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝐴𝑛𝑛𝑢𝑖𝑡𝑦 𝐺𝑀𝑠𝑜𝑓𝑡𝑤𝑜𝑜𝑑 𝑜𝑟 ℎ𝑎𝑟𝑑𝑤𝑜𝑜𝑑 calculations for conversion of low-lying, high DIN
loss cane land in the BRIA, Burdekin Delta and Mackay regions.

38

DIN loss (kg DIN/ha/year) from sugarcane production on a representative cane farm in the BRIA, Burdekin Delta and Mackay
region, under fertiliser application rates following Six Easy Steps® (Sugar Research Australia, 2013) based on District Yield
Potential (DYP) in line with Minimum Standard (‘moderate risk’) practice as specified in the Sugarcane Water Quality Risk
Framework 2017-2022 (The Australian and Queensland Governments, n.d.) and the Prescribed Methodology for Sugarcane
Cultivation (State of Queensland, 2019) under the 2019 Reef Regulations are predicted to be 11.5 kg DIN/ha/year for the BRIA
(at DYP = 150 tonnes/ha), 37.3 kg DIN/ha/year for the Burdekin Delta (at DYP = 150 tonnes/ha), and 35.2 kg DIN/ha/year for
the Mackay region (at DYP = 130 tonnes/ha) (van Grieken et al., 2010c; p.5 & 6).
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Table 35: Reductions in annuity gross margins for softwood and hardwood farm forestry over a 30-year
evaluation period (relative to the average annual gross margin cane production)

BRIA
Annuity GMcane = $638/ha/year (accounts for cost of irrigation water & labour)
Real discount rate = 5% per annum
Unit

Softwood

Hardwood

Annuity GM

$/ha/year

335

791

Reduction in annuity GM

$/ha/year

303

-153

BRIA
Annuity GMcane = $649/ha/year (accounts for cost of irrigation water & labour)
Real discount rate = 7% per annum
Unit

Softwood

Hardwood

Annuity GM

$/ha/year

234

569

Reduction in annuity GM

$/ha/year

415

80

Burdekin Delta
Annuity GMcane = $1,767/ha/year (accounts for cost of irrigation water & labour)
Real discount rate = 5% per annum
Unit

Softwood

Hardwood

Annuity GM

$/ha/year

335

791

Reduction in annuity GM

$/ha/year

1,432

976

Burdekin Delta
Annuity GMcane = $1,719/ha/year (accounts for cost of irrigation water & labour)
Real discount rate = 7% per annum
Unit

Softwood

Hardwood

Annuity GM

$/ha/year

234

569

Reduction in annuity GM

$/ha/year

1,485

1,150

Mackay
Annuity GMcane = $344/ha/year (accounts for cost of irrigation water & labour)
Real discount rate = 5% per annum
Unit

Softwood

Hardwood

Annuity GM

$/ha/year

335

791

Reduction in annuity GM

$/ha/year

9

-447

Mackay
Annuity GMcane = $328/ha/year (accounts for cost of irrigation water & labour)
Real discount rate = 7% per annum
Unit

Softwood

Hardwood

Annuity GM

$/ha/year

234

569

Reduction in annuity GM

$/ha/year

94

-241
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Over a 30-year evaluation period, the reduction in annuity GM is positive for softwood and
hardwood in the Burdekin Delta (at both discount rates), positive for softwood in the BRIA and
Mackay (at both discount rates), and positive for hardwood in the BRIA at a 7% discount rate.
This indicates that, under the specified discount rate(s) and a 30-year evaluation period, the
annuity GM from sugarcane exceeds those from the relevant type of forestry in these regions.
However, a negative reduction in annuity GM arises for hardwood forestry in the BRIA (at a
5% real discount rate), and for hardwood forestry in Mackay region (at both discount rates),
indicating that the annuity GM from the relevant type of forestry in these regions exceeds the
annuity GM from cane.

Total present value cost of land conversion
Upfront establishment costs of $1,500/ha and $2,100/ha are incurred in year zero for softwood
and hardwood forestry, respectively. To calculate the total present value cost of land
conversion from sugarcane to forestry (Eqn 4), the reduction in annuity GM from forestry (Table
35) is discounted at 5% or 7% real discount rate per annum and summed over the evaluation
period of 30 years, before adding in the upfront establishment cost. Total present value costs
are then annualised using Eqn 5 to produce the annualised total present value cost of land
conversion from sugarcane to softwood or hardwood farm forestry, evaluated at 5% and 7%
real discount rates over a 30-year evaluation period, as summarised in Table 36.
Table 36: Upfront cost, total present value cost, and annualised total present value cost of land
conversion from sugarcane to softwood and hardwood farm forestry in Lower Burdekin and MackayWhitsunday regions evaluated over 30 years

Upfront cost of
land use
conversion
($/ha)
BRIA
Softwood forestry
Hardwood forestry
Burdekin Delta
Softwood forestry
Hardwood forestry
Mackay
Softwood forestry
Hardwood forestry

Total present value
cost of land conversion
($/ha)
r = 5%
r = 7%

Annualised total present
value cost of land
conversion ($/ha/year)
r = 5%
r = 7%

1,500
2,100

6,156
-246

6,651
3,097

400
-16

536
250

1,500
2,100

23,512
17,109

19,928
16,374

1,508
1,113

1,590
1,320

1,500
2,100

1,637
-4,766

2,667
-887

105
-310

213
-71.45

Cost-effectiveness of DIN reduction and required DIN credit payments for 5-, 10and 15-year paybacks and return on investment
Under the assumptions described in the preceding sections, the cost-effectiveness of DIN
reduction for conversion from cane production to softwood or hardwood farm forestry is
summarised in Table 37. The DIN credit payments ($/kg DIN) required to achieve 5-, 10- and
15-year payback on cumulative discounted cashflow, evaluated at real discount rates of 5%
and 7% per annum, are shown in Table 38.
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Table 37: Cost-effectiveness of DIN reduction for conversion to softwood and hardwood forestry at 5%
and 7% discount rates evaluated over a 30-year period

Cost-effectiveness of land conversion from cane to forestry
($/ha/kgDIN)
r = 5%
r = 7%
BRIA (DIN loss from cane production = kg DIN/ha)
Softwood forestry
36
49
Hardwood forestry
-2
23
Burdekin Delta (DIN loss from cane production = kg DIN/ha)
Softwood forestry
42
44
Hardwood forestry
30
36
Mackay (DIN loss from cane production = kg DIN/ha)
Softwood forestry
3
6
Hardwood forestry
-9
-2
Table 38: DIN credit payments required to achieve 5-, 10- and 15-year discounted cash flow payback
periods, when evaluated at real discount rates of 5% and 7% per annum

DIN credit payments ($/kg DIN) required to achieve 5-, 10- & 15-year payback periods @ 5%
real discount rate
5-year payback
10-year payback
15-year payback
BRIA (required DIN credit payments $/kg DIN)
Softwood forestry
96
77
71
Hardwood forestry
98
79
73
Burdekin Delta (required DIN credit payments $/kg DIN)
Softwood forestry
60
54
52
Hardwood forestry
60
54
52
Mackay (required DIN credit payments $/kg DIN)
Softwood forestry
22
16
14
Hardwood forestry
23
17
15

DIN credit payments ($/kg DIN) required to achieve 5-, 10- & 15-year payback periods @ 7%
real discount rate
5-year payback
10-year payback
15-year payback
BRIA (required DIN credit payments $/kg DIN)
Softwood forestry
99
80
74
Hardwood forestry
101
82
76
Burdekin Delta (required DIN credit payments $/kg DIN)
Softwood forestry
59
53
52
Hardwood forestry
60
54
52
Mackay (required DIN credit payments $/kg DIN)
Softwood forestry
22
16
14
Hardwood forestry
23
17
15

By construction, the annualised (discounted) rate of return on upfront investment with DIN
credit payments that deliver 5-, 10-, 15- and 30-year payback periods will each be 0% at the
end of the 5th, 10th, 15th and 30th year, respectively, and will then follow trajectories similar to
those shown in Figure 12 as the duration of the DIN supply contract extends. As an example,
shows annualised (discounted) rates of return on upfront investment in converting sugar cane
land in Mackay region to hardwood farm forestry. The rate of return curve (Figure 38) indicates
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that conversion of cane land to hardwood farm forestry should deliver in excess of a 4%
annualised (discounted) return over 15- and 20-year DIN credit supply agreements when DIN
credit payments are sufficient to ensure a 5-year payback period, i.e., are at least 23 $/kg DIN
(from Table 38). Similarly, if DIN credit payments are sufficient to ensure 10-year payback,
converting cane land to hardwood farm forestry should deliver close to a 2% annualised
(discounted) return over 20- and 25-year DIN credit supply agreements at a credit payment
rate of 17 $/kg DIN. The annualised (discounted) rate of return will increase to more than 6%
per annum (with the 5-year payback credit payment rate), or more than 5% per annum (with
the 10-year payback credit payment rate) if the timber crop survives through to harvest in year
30. This offers the landholder a considerable bonus on their investment. Incentive payments
will likely still be required, however, because otherwise (as shown by the 30-year payback
‘cost-effectiveness’ payment rate) the landholder will be reliant on the timber crop being
harvested successfully simply to break even on his investment.
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Figure 38: Annualised (discounted) rate of return on upfront investment in converting representative lowlying, high DIN risk cane land in Mackay region to hardwood farm forestry, calculated at 7% real discount
rate. Results are shown for DIN credit payments that deliver 5-, 10-, 15- and 30-year paybacks on upfront
investment. Rates of return for converting cane land to hardwood or softwood farm forestry are similar in
the other regions, but the DIN credit payment rates required to achieve 5-, 10-, 15- and 30-year paybacks
will differ as shown in Table 38.

Limitations and barriers to adoption
Due to the lengthy payoff periods and high risks surrounding forestry, investments in largescale forest plantations in Queensland have typically been undertaken by state government
on state-owned land, agribusinesses who participated in the Managed Investment Scheme
(MIS),
superannuation
funds,
and
large
timber
industry
companies,
(http://www.timberqueensland.com.au/Growing/plantation-ownership-investment.aspx). This
is partly because plantation forests can be difficult to manage, especially when modern
silviculture practices are required to produce harvested timber that meets industry
specifications.
For all case study locations, at 5% or 7% discount rate, present value net revenues remain
negative through years 1 to 29 of the forestry cycle, and only become positive in year 30 when
the timber crop is harvested. This exposes the landholder to considerable risk through e.g.,
fluctuation in demand and price for the harvested timber and potential damage to the crop from
pest attack or cyclones. The latter risk is particularly problematic for the low-lying, high DIN
loss cane lands in coastal areas of the Lower Burdekin and Mackay-Whitsunday. A cyclone
could potentially wipe out substantial prior investment in the tree stock, particularly if it hits in
the final years of the production cycle. This risk alone may be sufficient to explain why, despite
the ostensibly positive annualised total present value from hardwood farm forestry in some
locations, landholders have clearly been unwilling to forego reliable, relatively low risk, regular
income from sugarcane by switching land use to timber production.
Simple deterministic analysis suggests that conversion of low-lying, high DIN risk, sugarcane
land to softwood or hardwood farm forestry may be able to deliver present value net benefits
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to the landowner, as well as reducing DIN emissions. However, evidence on the ground
appears to indicate that the very lengthy periods of negative cash flow, and aversion to the
risks surrounding the potential impact of cyclones and fluctuating prices and costs on
plantation forestry has deterred landholders from switching away from sugarcane production
in low-lying, high DIN risk areas in the Lower Burdekin and Mackay-Whitsunday regions.
Emerging opportunities that recognise that land use conversion to forestry and woodland can
deliver stacked co-benefit streams from a public perspective, together with potential job
creation, may assist with farm scale reforestation initiatives. However, in order for this land use
change to be economically attractive from the perspective of a private landholder, payment
mechanisms must reward supply multiple co-benefits. The Queensland Government’s Land
Restoration Fund is promising in this regard because it can provide multi-year payments
streams in recognition of supply of carbon sequestration, improvements to Reef water quality,
biodiversity improvements and employment opportunities for rural and indigenous
communities (https://www.qld.gov.au/environment/climate/climate-change/land-restorationfund). The combined co-benefit payment required per hectare in order to recoup the
landholder’s upfront investment over 5, 10 or 15 years can be calculated from the payment
rates for DIN alone, knowing the per-hectare DIN reduction delivered through land use change
to farm forestry (Table 34).

.
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3.2.8 Alternative land uses for the BRIA: results
Table 39 summarises key results regarding conversion of low-lying, high DIN risk sugarcane land in the BRIA to alternative land uses. For brevity
and clarity, and to facilitate direct comparison with many previous studies (e.g., Alluvium, 2019, 2016), results are quoted for a real discount rate
of 7% per annum only. The same relative patterns are evident when results are evaluated at a 5% real discount rate. For land use conversion to
wetland, cost-effectiveness and DIN credit payment rates to achieve specified payback periods are reported for annual DIN removal rates across
the range 20, 40 and 80 kg DIN ha-1 for restored wetland, and 40, 80 and 120 kg DIN ha-1 for engineered wetlands in combination with what we
consider to be the most likely upfront cost for the wetland type concerned.
Table 39: Summary of key results regarding conversion of low-lying, high DIN risk sugarcane land in the BRIA to alternative land uses. Results are quoted for a real
discount rate of 7% per annum

BRIA
7% discount rate

Annualised Total
Present Value
Cost

Cost Effectiveness
over 30-year
evaluation period

DIN credit payments for payback
period
5-year

10-year

15-year

($/ha)

($/ha)

($/ha)

($/kg DIN)

($/kg DIN)

($/kg DIN)

($/kg DIN)

20k, 40k, 60k

35,0171

2,8221

31 – 902

68 - 1982

45 - 1312

38 - 1092

46k, 70k

71,3843

5,7533

44 – 1124

99 - 2534

64 - 1634

54 - 1394

110k, 165k

194,6985

15,6905

119 – 3056

251 - 6416

167 - 4256

145 - 3706

Recycle pits7

54,145

-125,076

-10,079

-65

-

-

-

Cattle fattening: (adjacent)

1,526

9,414

759

66

88

74

70

Cattle fattening: (not adjacent)

3,109

10,997

886

77

121

94

85

Farm Forestry: softwood

1,500

6,651

536

49

99

80

74

Farm Forestry: hardwood

2,100

3,097

250

23

101

82

76

Restored wetland
Engineered landscape wetland
Engineered embellished wetland

1

Upfront cost

Total Present
Value Cost

ha-1

for $20k
upfront cost
for $20k ha-1 upfront cost and DIN removal rates between 80 and 20 kg DIN ha-1 year-1
3 for $46k ha-1 upfront cost
4 for $46k ha-1 upfront cost and DIN removal rates between 120 and 40 kg DIN ha-1 year-1
5 for $110k ha-1 upfront cost
6 for $110k ha-1 upfront cost and DIN removal rates between 120 and 40 kg DIN ha-1 year-1
7 Recycle pits deliver present value cost savings over a 30-year evaluation time period. This is primarily attributable to savings in water charges.
2
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3.2.8 Alternative land uses for the Burdekin Delta: results
Table 40 summarises key results regarding conversion of low-lying, high DIN risk sugarcane land in the Burdekin Delta to alternative land uses.
For brevity and clarity, and to facilitate direct comparison with many previous studies (e.g., Alluvium, 2019, 2016), results are quoted for a real
discount rate of 7% per annum only. The same relative patterns are evident when results are evaluated at a 5% real discount rate. For land use
conversion to wetland, cost-effectiveness and DIN credit payment rates to achieve specified payback periods are reported for annual DIN removal
rates across the range 20, 40 and 80 kg DIN ha-1 for restored wetland and 40, 80 and 120 kg DIN ha-1 for engineered wetlands in combination
with what we consider to be the most likely upfront cost for the wetland type concerned.
Table 40: Summary of key results regarding conversion of low-lying, high DIN risk sugarcane land in the Burdekin Delta to alternative land uses. Results are
quoted for a real discount rate of 7% per annum

Burdekin Delta
7% discount rate

Upfront cost

Total Present
Value Cost

Annualised Total
Present Value
Cost

Cost Effectiveness
over 30-year
evaluation period

DIN credit payments for payback
period
5-year

10-year

15-year

($/ha)

($/ha)

($/ha)

($/kg DIN)

($/kg DIN)

($/kg DIN)

($/kg DIN)

20k, 40k, 60k

48,2951

3,8921

33 - 682

62 - 1272

44 - 902

38 - 792

46k, 70k

84,6623

6,8233

43 – 884

90 - 1834

60 - 1234

52 - 1064

110k, 165k

207,9765

16,7605

107 – 2176

217 - 4416

146 - 2976

128 - 2616

Cattle fattening: (adjacent)

1,526

22,741

1833

49

56

52

50

Cattle fattening: (not adjacent)

3,109

24,324

1960

53

66

58

55

Farm Forestry: softwood

1,500

19,928

1590

44

59

53

52

Farm Forestry: hardwood

2,100

16,374

1320

36

60

54

52

Restored wetland
Engineered landscape wetland
Engineered embellished wetland

1

for $20k ha-1 upfront cost
2 for $20k ha-1 upfront cost and DIN removal rates between 80 and 20 kg DIN ha-1 year-1
3 for $46k ha-1 upfront cost
4 for $46k ha-1 upfront cost and DIN removal rates between 120 and 40 kg DIN ha-1 year-1
5 for $110k ha-1 upfront cost
6 for $110k ha-1 upfront cost and DIN removal rates between 120 and 40 kg DIN ha-1 year-1
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3.2.8 Alternative land uses for the Mackay region: results
Table 41 summarises key results regarding conversion of low-lying, high DIN risk sugarcane land in the Mackay Region to alternative land uses.
For brevity and clarity, and to facilitate direct comparison with many previous studies (e.g., Alluvium, 2019, 2016), results are quoted for a real
discount rate of 7% per annum only. The same relative patterns are evident when results are evaluated at a 5% real discount rate. For land use
conversion to wetland, cost-effectiveness and DIN credit payment rates to achieve specified payback periods are reported for annual DIN removal
rates across the range 20, 40 and 80 kg DIN ha-1 for restored wetlands and 40, 80 and 120 kg DIN ha-1 for engineered wetlands in combination
with what we consider to be the most likely upfront cost for the wetland type concerned.
Table 41: Summary of key results regarding conversion of low-lying, high DIN risk sugarcane land in the Mackay Region to alternative land uses. Results are
quoted for a real discount rate of 7% per annum

Mackay
7% discount rate

Total Present
Value Cost

Annualised Total
Present Value
Cost

Cost Effectiveness
over 30-year
evaluation period
($/kg DIN)

($/ha)

($/ha)

($/ha)

20k, 40k, 60k

31,0341

2,5011

22 -

46k, 70k

67,4013

5,4323

35 – 724

110k, 165k

190,7155

15,3695

Cattle fattening: (adjacent)

1,526

5,419

Cattle fattening: (not adjacent)

3,109

Farm Forestry: softwood
Farm Forestry: hardwood

Restored wetland
Engineered landscape wetland
Engineered embellished wetland

1

Upfront cost

452

DIN credit payments for payback
period
5-year

10-year

15-year

($/kg DIN)

($/kg DIN)

($/kg DIN)

692

27 - 562

82 – 1694

52 – 1074

44 – 914

99 – 2046

211 - 4356

139 - 2886

121 - 2496

437

12

19

15

14

7,002

564

16

31

21

19

1,500

2,667

213

6

22

16

14

2,100

-887

-71

-2

23

17

15

51 -

1082

33 -

ha-1

for $20k
upfront cost
for $20k ha-1 upfront cost and DIN removal rates between 80 and 20 kg DIN ha-1 year-1
3 for $46k ha-1upfront cost
4 for $46k ha-1 upfront cost and DIN removal rates between 120 and 40 kg DIN ha-1 year-1
5 for $110k ha-1 upfront cost
6 for $110k ha-1 upfront cost and DIN removal rates between 120 and 40 kg DIN ha-1 year-1
2
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3.3 Discussion
This section discusses findings from the economic analysis, comparing the cost-effectiveness
of the different land use change options as potential approaches for reducing DIN losses from
low-lying, high DIN risk sugarcane land in the three case study regions: the BRIA, Burdekin
Delta and Mackay Region. We also reflect on the levels of incentive payment – potentially in
the form of payments for DIN credits – that might be required to incentivise landholders to
change land use. Comparisons are made across land uses and between regions; key
assumptions are reiterated, and suggestions are made for on-going research to further
improve understanding of this important topic. The discussion is organised into topic-related
subsections.

3.3.1 Sugarcane baselines across the regions
To the authors’ knowledge, this is the first evaluation of the cost-effectiveness of DIN reduction
via land use change that has assumed DIN loss baselines from sugarcane production that are
consistent with the 2019 Reef Regulations39 and the Prescribed Methodology for Sugarcane
Cultivation (State of Queensland, 2019). Under the 2019 Reef Regulations, from 1st December
2021, sugarcane growers in the BRIA, Burdekin Delta and Mackay Regions will have to
operate under a whole of farm nitrogen and phosphorus budget that features ‘Six Easy Steps’®
compliant fertiliser applications (Sugar Research Australia, 2013) derived from District Yield
Potential (i.e. adjusted for nitrogen mineralisation in the soil (predicted via soil testing for
organic carbon content), with appropriate allowance for nitrogen inputs from legume fallow and
application of mill by-products), such that they are in line with Minimum Standard (‘moderate
risk’) practice as specified in the Sugarcane Water Quality Risk Framework 2017-2022 (The
Australian and Queensland Governments, n.d.).
Modelling studies indicate that DIN losses from representative sugarcane production in the
case study regions will reduce considerably when ‘Six Easy Steps’® compliant fertiliser
applications are used instead of grower-derived traditional practice (van Grieken et al.,
2010c).This change is predicted to reduce total DIN runoff from cane production on a
representative soil type in the BRIA from 81.2 kg DIN/ha/year to 11.5 kg DIN/ha/year, from
135.1 to 37.3 kg DIN/ha/year in the Burdekin Delta, and from 60.2 to 35.2 kg DIN/ha/year in
the Mackay Region (van Grieken et al., 2010c; Tables 6 & 7, p.5 - 6). Modelling suggests that
compliance with the Prescribed Methodology will significantly influence the calculated costeffectiveness of these land use changes in comparison to cost-effectiveness estimates
provided in earlier studies. All else equal, baselining DIN losses from fertiliser applications that
are compliant with the Prescribed Methodology would be expected to substantially increase
the cost ($/kg DIN) of reducing DIN losses further via land use change.
Running economic estimations from sugarcane baselines that are compliant with the
Prescribed Methodology will also affect the cost of DIN reductions achieved via restoring
wetland or constructing engineered treatment wetlands, but the cost impacts of the new
baselines may be less pronounced for these land use changes because a substantial

39

https://www.qld.gov.au/environment/agriculture/sustainable-farming/reef/reef-regulations
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proportion of the DIN reductions from these land use changes will come from active
denitrification in the wetlands.

3.3.2 Cost-effectiveness of changing land use to cattle fattening and farm
forestry
Results suggest that conversion of low-lying, high DIN risk cane land to farm forestry or for
cattle fattening are particularly cost-effective approaches for DIN reduction in Mackay region
and moderately cost-effective approaches in the Burdekin Delta and in the BRIA.
All else equal, the relative cost of achieving DIN reductions via land use change to cattle
fattening and farm forestry will differ (i) in direct proportion to inter-region variation in the
foregone gross margin from cane production, and (ii) in inverse proportion to inter-region
variation in the total DIN loss from cane land. That is, all else equal, the cost of achieving DIN
reductions will increase as the annuity gross margin from cane production increases and will
decrease as the total DIN loss from cane land increases.
Annualised gross margins per hectare from cane production on a representative farm in the
Burdekin Delta are approximately two and half times higher than in the BRIA, and more than
five times higher than in Mackay region (Table 10, Table 11, Table 12). All else equal, this acts
to increase the cost of achieving DIN reductions via cattle fattening and farm forestry in the
Delta relative to the BRIA and Mackay. Furthermore, baseline DIN losses from representative
cane land in the Burdekin Delta, and Mackay region (Marian soil) are approximately three times
higher than those from representative cane land in the BRIA, (Table 10, Table 11, Table 12
and van Grieken et al., (2010c)). All else equal, this acts to increase the cost of achieving DIN
reductions in the BRIA relative to the Delta and Mackay.
Accounting for inter-regional variation in gross margins and DIN losses in combination, all else
equal, the cost of achieving DIN reductions via land use change to cattle fattening and farm
forestry would be expected to be approximately five times higher in the Burdekin Delta than in
Mackay region (because gross margin is higher by a factor of five, whilst DIN losses are very
similar), and would be expected to be approximately six times higher in the BRIA than in
Mackay (because gross margin is higher by a factor of two, whilst DIN losses are lower by a
factor of three).
Inter-regional variations in other costs (e.g., transport costs from saleyards, to abattoirs and to
sawmills) are also important, but the relative variation across regions in the cost effectiveness
of DIN reductions from switching to cattle fattening and farm forestry broadly tracks interregional variations in gross margins and DIN losses in combination (Tables 39, 40 and 41).
These are the key factors that make transitioning to cattle fattening and farm forestry
considerably more cost-effective in Mackay region than in the BRIA or the Burdekin Delta, and
lead to correspondingly lower DIN credit payments being required to achieve 5-year payback
and provide an attractive annualised (discounted) rate of return on upfront investment (Table
29, Figure 32 and Table 38).
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3.3.3 Cost-effectiveness of changing land use to restored wetland or engineered
treatment wetland
The costs incurred in changing land use from marginal cane production to restored wetland
and engineered treatment wetland are dominated by the upfront cost of conversion, particularly
so for engineered treatment wetlands. Even in the Delta, foregone gross margins from cane
make only a modest contribution to the costs of switching to these land uses, hence there is
only modest variation in the annualised total present value cost of land use change to restored
wetlands or (particularly) engineered treatment wetlands between regions
The annual DIN reductions achieved through land use change to various forms of wetland
remain difficult to determine. Literature indicates that high DIN removal rates can be achieved
in natural floodplain wetlands (Adame et al., 2020, 2019b), and engineered wetlands (Wallace
and Waltham, 2021) in the Reef catchment, and in engineered free water surface treatment
wetlands in multiple settings worldwide (Kadlec and Wallace, 2009; Table 9.37, p.335) under
appropriate conditions i.e., a combination of catchment size and wetland volume that provides
a suitably lengthy residence time for denitrification to occur, together with adequate nitrogen
concentrations in influent water and appropriate chemical conditions particularly with regard to
organic carbon content in the substrate and dissolved oxygen concentration in the water
column (e.g. Wallace and Waltham 2021).
Improved quantification of the extent to which these requirements have been, or can be,
achieved in practice remains an urgent priority for further research. Peer-reviewed studies of
denitrification in natural wetlands and engineered wetlands continue to advance understanding
of this topic (Adame et al., 2020, 2019a, 2019b; Wallace and Waltham 2021) and the costs of
constructing engineered treatment systems in agricultural areas in the Reef catchment have
now begun to be collected (e.g., Australian Wetlands Consulting, (2020)). However, there
remains considerable uncertainty regarding construction and maintenance costs for restored
wetlands and different forms of engineered treatment wetlands, and also regarding annual total
DIN load removals by natural and engineered treatment wetlands in agricultural landscapes
subject to high intensity rain events.
These uncertainties were handled in this study by assigning a range of upfront costs for each
type of wetland conversion and assuming a range of annual DIN load removals (20, 40 and 80
kg DIN ha-1 year-1 for restored wetland, and 40, 80 and 120 kg DIN ha-1 year-1 for engineered
treatment wetlands). Our assumed ranges for annual DIN load removals draw from the
literature (Adame et al. 2019: estimated 1.272 kg DIN removed ha-1 day-1 - which we assume
to be achievable over approximately 2, 4, 8 or 12 weeks of the year to generate the range of
annual DIN removal estimates used in this report; Wallace and Waltham 2021: total DIN
removal in an engineered wetland estimated to be 51 kg DIN ha-1 year-1: which falls within the
range of annual DIN removal rates used in this report). The estimates of cost-effectiveness
and DIN credit payment rates required to achieve 5-, 10- and 15-year (discounted) payback
on upfront investment in Tables 39, 40 and 41 report results across these ranges of annual
DIN load removals for what we consider to be the most likely upfront cost for each type of
wetland conversion ($20k/ha for restored wetland; $46k/ha for engineered landscape
wetlands; $110k/ha for engineered embellished wetlands).
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If higher annual DIN load removals rates can be achieved at the assumed upfront costs, or if
the assumed DIN removal rates can be achieved for lower upfront costs, then the costeffectiveness of DIN load removal will improve and the DIN credit payment requirements
required to achieve 5-, 10-, or 15-year paybacks will reduce. The uncertainty regarding annual
DIN load removal rates and upfront costs for converting marginal cane land to restored wetland
or engineered treatment wetland should be borne in mind when comparing cost-effectiveness
and DIN credit payment rates of the different wetland options with those from cattle fattening
and farm forestry.
Results in Tables 39, 40 and 41 suggest that conversion of low-lying, high DIN risk cane land
to restored wetland or engineered landscape wetland could potentially provide similarly costeffective options for DIN reduction alongside cattle fattening and farm forestry in the BRIA and
the Burdekin Delta. In Mackay region, land use change to cattle fattening or farm forestry show
the prospect of delivering DIN reduction more cost-effectively than conversion to either
restored wetland or engineered treatment wetland.
Conversion to engineered embellished wetland appears to perform worse than conversion to
engineered landscape wetlands, but further information on construction costs and DIN removal
rates for these two wetland types are required before a definitive conclusion can be reached.
Under the assumptions used in our analysis, conversion to formal engineered wetland (which
is not reported in Tables 39, 40 and 41) does appear to be considerably less cost-effective
across all regions than the other land use changes considered in Project 5.12.
More generally, improved empirical quantification of total annual DIN load removal,
construction cost and maintenance cost remain urgent priorities for reducing uncertainty
around the cost-effectiveness of DIN reduction achieved by converting low-lying, high DIN risk
cane land to restored wetlands or various forms of engineered treatment wetlands.

3.3.4 Cost-effectiveness of DIN reduction via irrigation water recycling pits in the
BRIA
Conversion of low-lying, high DIN risk cane land in the BRIA to recycle pits appears to be the
most cost-effective DIN reduction option considered in this study. This is primarily because the
very considerable savings in irrigation costs that result from capturing and recycling irrigation
tailwater enable the landholder to produce a positive net return over the 30-year evaluation
period from investing in recycle pits. The associated DIN reductions (from capturing and
recycling DIN in the irrigation tailwater) therefore require no additional incentivisation as these
DIN reductions are achieved at zero cost to the landholder. The DIN reductions produced,
however, are quite modest (1.1 kg DIN/ha/year across a 240ha cane farm). This is because in
line with Shannon & McShane (2013) we assume that recycling captures 15% of the DIN loss
to surface runoff in the BRIA that follows from ‘Six Easy Steps’® fertiliser applications (Sugar
Research Australia, 2013) based on a District Yield Potential of 150 tonnes per hectare40.
Surface runoff is predicted to contain less than 9 kg DIN/ha/year. Hence the DIN load reduction
achieved by recycling captured irrigation runoff is only modest, but it should be achievable at

40

in compliance with the Prescribed Methodology (State of Queensland, 2019; Table 1, p.22)
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zero cost to the landholder. This suggests that continuing promotion of recycle pits should be
regarded as a beneficial option for reducing irrigation water usage and DIN losses.

3.3.5 Incentivising land use change via DIN credit payments
As explained in Section 3.1.7 and illustrated in Figure 10 and Figure 12, DIN credit payments
at the rate that matches the cost-effectiveness ($/kg DIN) reported in Tables 39, 40 and 41
are unlikely to be sufficient to incentivise landholders to convert low-lying, high DIN risk cane
land to the alternative land uses under consideration in Project 5.12 because they would only
payoff upfront costs in year 30, and in so doing provide an annualised (discounted) rate of
return on upfront investment of 0% over the 30-year time frame.
As landholders are typically risk averse, particularly when considering switching from a wellestablished land use, DIN credit payments at rates that provide faster payback and higher
annualised (discounted) rates of return on upfront investment will likely be required to
effectively incentivise land use change. The indicative combinations of payback period and net
return illustrated in preceding sections suggest that DIN credit payments that provide 5-year
payback and annualised (discounted) rates returns in excess of 4% per annum might be
sufficient to incentivise landholders to sign up to DIN credit supply contracts of between 10and 25-years’ duration41. Comparing ‘5-year payback’ DIN credit payments implemented over
15-year DIN credit supply contracts (which will deliver an annualised (discounted) rate of return
in excess of 5% per annum) across the different land conversion options and case study
regions suggests:
(i)

In Mackay region, credit payments between 20 and 30 $/kg DIN might be sufficient
to incentivise land use change from low-lying, high DIN risk cane production to
cattle fattening (on land adjacent to existing grazing land42) and farm forestry,
(Table 41). These land use changes deliver broadly similar performance in the
Mackay region. DIN credit payment rates of $20 to $30 $/kg DIN provide annual
incentive payments of 670 $/ha and 770 $/ha for land use change to cattle fattening
and farm forestry, respectively.

(ii)

In the Burdekin Delta, credit payments of between 56 and 66 $/kg DIN would likely
be adequate to incentivise land use conversion from low-lying, high DIN risk cane
production to farm forestry (at 2,200 $/ha), cattle fattening (at 2,500 $/ha)43, or
restored wetlands (at 7,300 $/ha). The additional per hectare payment for restored
wetlands reflects that these wetlands remove DIN as well as merely displacing DIN
losses from former cane production.

With DIN credits purchased at the ‘5-year payback’ rate, annualised (discounted) rate of return on upfront investment will
typically fall below 4% per annum for DIN supply contracts that are shorter than 7 years or longer than 27 years duration.
42
As noted earlier, cattle fattening and breeding operations are relatively common in Mackay region, so it is plausible that cane
land for conversion could be adjacent to existing cattle paddock with loading and unloading facilities already accessible.
43
There are only small areas of cattle paddocks in the BRIA and Burdekin Delta currently, so it is likely that stock loading and
unloading facilities would have to be newly constructed for conversion to cattle fattening in these regions. This roughly doubles
the upfront investment required.
41
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In the BRIA, credit payments of 68 $/kg DIN (6,200 $/ha) might be sufficient to
incentivise land use change to restored wetland. In contrast, payments around 100
$/kg DIN (1,100 $/ha or 13,150 $/ha) would be required to incentivise conversion
to farm forestry or engineered landscape wetland, respectively, in the BRIA.

These levels of payment per kilo of DIN removed are similar to those reported elsewhere in
the literature (see Farr et al., 2019, for a recent synthesis) and are lower than the median unit
cost (150 $/kg DIN) that is used as the basis for the offset fee for residual unmitigated DIN
emissions under the Reef Trust’s Offsets Calculator (Reef Trust, 2017). However, when
expressed as incentive payments per hectare, they highlight that strong evidence of effective
annual DIN load removal by restored wetlands and engineered treatment wetlands will be
required to justify the high levels of credit payments that may be necessary to incentivise
transition from cane production to wetlands. A major objective of the incentive payments is to
reduce the landholder’s payback period on their upfront investment (allowing for on-going
maintenance costs) to an attractive 5 years. It may therefore be useful to consider stepped
incentive payment agreements in which DIN credit payments drop to a lower rate after 5 years
once payback has been achieved. This type of ‘feed-in tariff’ arrangement has been used
successfully to incentivise uptake of roof-top solar generation in Australia and elsewhere
(Poruschi et al. 2017).
A major advantage of restored wetlands compared to the other land use change options
considered is that they could potentially attract additional payments from ‘stacked’ benefits in
recognition of the biodiversity services and/or nursery services they provide for commercial
fish species – in addition to the carbon credits that have been included in this analysis.
However, the per hectare DIN-based incentive payments to support conversion to farm forestry
or cattle fattening are less dramatic, particularly in Mackay region. This suggests that it might
be less challenging to pursue these approaches initially until the case for high per hectare DIN
load removal by restored wetlands and/or engineered treatment wetlands is fully established
by rigorous scientific research. We recommend that research of this type should be undertaken
urgently as DIN reduction via conversion to restored wetlands appears to be an attractive
option in the BRIA and the Burdekin Delta.
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4.0 FACILITATING ON-GROUND IMPLEMENTATION
4.1 Site-specific options analysis
The MCA framework utilised here used a regional approach of mapping and setting rules in
the analysis to identify potential areas of sugar cane land that that has a high DIN generation
potential because it is considered to be low-lying and thereby connected with existing coastal
wetland systems and floodplain connecting channels and waterways.. This coarse level of
assessment here, similar to the wet tropics project (Waltham et al. 2021) does not take into
account site-specific social, economic and environmental implications of land use conversion.
Similarly the economic evaluation shows that restoring wetland ecosystems, treatment
systems, grazing and plantation forestry may be cost-effective mechanisms for reducing DIN,
but this might not be always the case and depends on a number of local nuanced conditions
and factors (such as elevation, drainage lines, connectivity etc). The effectiveness of the
mapping here, as has been the case in the wet tropics catchments, is in that the framework
opens up discussions and communication around the potential for this line of land use
management, that assists in delivering water quality improvement outcomes, but that also
provides the most cost effective outcome for land holders. Therefore these factors need to be
considered on a site-by-site basis prior to any on-ground land use conversion (for example
sites with higher DIN losses and lower upfront costs are more cost-effective but it is difficult to
precisely identify these here at the scale of the mapping and assessment undertaken – this
could be determined as part of a separate study). This site-specific options analysis is an
essential part of the framework and needs to be undertaken following the identification of
potential areas of land and land use options via the MCA and economic analyses. The sitespecific options analysis consists of two parts:
1. Shortlisting sites;
2. Site assessment.

4.1.1 Shortlisting sites
Potential sites could be identified through an expression of interest process or by contacting
landholders in areas identified in the MCA. Landowners should be provided up front with
information on the financial impacts in terms of changes in gross margins, conversion and
maintenance costs, and the present value cost of land conversion, including sources of
funding, so that they can assess whether they wish to transition all or part of their land to an
alternative land use. In some cases, landowners may feel that conversion to another land use
offers a greater return, such as tree crops, based on economic analyses information alone,
without any financial assistance. In other instances, conversion could involve government or
private investment to support land use conversion. In this case, investors should thoroughly
compare multiple sites to determine which is likely to be most cost-effective in reducing DIN
loss. The findings in the economic evaluation (Section 3) and list of considerations for the site
assessment (4.1.2 below) provide some guidance on how this could be conducted.
Once a site or sites have been shortlisted, a site assessment is required to ensure that land
use conversion is suitable for the site and will not have any detrimental social, economic or
environmental repercussions.
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4.1.2 Site assessment
Decision support systems to assist in site assessment
There are existing decision support systems that have been used to assess and compare sites
for management intervention in the GBR catchments. These generally focus on one objective,
such as water quality (e.g., Reef Trust tender process and Water Quality Grants assessment)
or wetlands (e.g., wetland decision support system (wetland DSS) and Walking the Landscape
approach). No single existing DSS covers all potential investor priorities, which may be water
quality improvement, wetland restoration or biodiversity improvement.
The wetland DSS and Walking the Landscape approach both consider multiple ecosystem
services and can be configured based on investor priorities and management objectives. The
wetland DSS (secondary DSS) is an interactive spreadsheet where values, threats and
capacity can be weighted and values assigned for different sites (HLA-Envirosciences 2006).
The Walking the Landscape approach integrates scientific data with expert knowledge via a
facilitated stakeholder workshop to develop a common understanding of landscape processes
(www.wetlandinfo.ehp.qld.gov.au/resources/static/pdf/ecology/connectivity/walking-thelandscape-15-02-13.pdf ).
Due to their ability to consider multiple landscape processes and ecosystem services, these
are useful tools that can help support on-ground land use conversion, particularly the ‘restore
ecosystem services’ option. Although the DSS provides a framework for assisting in the
analysis of site-specific options, it does not consider all possible factors and site nuances and
therefore should only be used to support decision making, not to make decisions (HLAEnvirosciences 2006). The following section outlines the range of factors that need to be
considered for each site.
Process for assessing sites
The following steps should be taken to assess whether single or multiple sites (aggregated)
are suitable for land use conversion and the most appropriate land use for the site/s:
1. Identify the management objectives and investor priorities (i.e., is there an opportunity to
bundle value outcomes – such as water quality improvement, enhancing fish habitat,
carbon sequestration);
2. Collate published biophysical, social and economic information on the site/s;
3. Elicit local landholder and stakeholder knowledge of the site/s; and
4. Workshop with landholders, investors and stakeholders to discuss available information,
suitability of alternative land uses and implications of land use conversion.
The information that should be collated and assessed during this process is outlined below.
Production
•
•
•

Current management system and likelihood (i.e., capacity and cost) of best
management practices being adopted;
Sugarcane production and economic viability under current and potential future
management system;
Sugarcane production in different years and the proportion of years site is economically
viable;
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•
•

Size of the site and the proportion of the property it takes up and viability of remaining
sugarcane enterprise; and
Impact of land use conversion on mill viability.

Environment
•
•
•
•

•

•

Landscape context (i.e., position in the landscape relative to natural features and
agricultural production areas);
Current and potential connectivity to waterways, including surface water and
groundwater;
Site opportunities and constraints to an alternative use, including waterlogging, soils,
access, tenure, weeds, adjoining production systems and feral animals;
Potential impact of land use change on adjacent or downstream production areas and
natural areas (for example underlying constraints such as salinity and groundwater
issues experienced in the lower Burdekin);
Vulnerability to predicted climate change impacts including rainfall, temperature and
sea-level rise and impact this would have on the viability of future sugarcane production
or alternative land use; and
Legislative or planning constraints.

Socio-economic
•
•
•
•

Landholder ambitions and future plans for the site (e.g., succession plan, planned
expansion or intention to sell);
Willingness of landowner to change land use, including desire to remain as custodian
of the site;
Capacity of landowner to implement changes required of an alternative land use (e.g.,
skills required to establish and run a grazing or forestry crop enterprise); and
Proposed development of the site or adjoining land, e.g., earmarked for urban
expansion.

4.1.3 Local data
Integrating local datasets will be also a useful extension on the results presented in this project.
Local datasets could include additional soils information, waterway barriers, land use,
hydrology, or even water quality. Local governments, water boards, NRM or industry may hold
such data, which could be accessed and used in further refining the staring points outlined in
this project.
In addition, new knowledge or forecast of future climates, including intensity and frequency of
cyclones, drought, climate projections, together with local data, could be incorporated into
current planning. This is particularly important if planning to convert from sugarcane to
plantation forestry. Consultations with landholders with experience already in converting
sugarcane land to low-DIN alternatives uses would also be beneficial.
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5.0 CONCLUSIONS
5.1 Framework
Research undertaken as part of this project has created an assessment framework capable of
identifying areas of land currently used for the production of sugarcane that can be considered
high risk from a nitrogen enrichment perspective and potentially suitable for conversion to
alternative uses. The framework helps to identify candidate sugarcane land for conversion,
and then provide an objective evaluation of the financial impact of converting high DIN risk
sugarcane land to alternative land uses. The goal here is to choose land use that would result
in DIN reduction at minimum cost to society.
A major advantage of this approach is that it takes a whole of system perspective and
incorporates multiple benefits including carbon sequestration and non-monetary fishery
benefits. In the pilot study region, only tree crops provided a higher rate of return than current
use – and then only if yields achieve their full potential over multiple years. However, this may
not be the case in alternative geographic locations with differing soil, climactic and economic
conditions that may make alternative crops and land uses more viable. Conversion to
treatment wetlands and/or restoration of wetlands could be a cost-effective approach for DIN
reduction at locations where conversion can be achieved at low cost and DIN removal rates
are high. Appropriate locations would have to be identified on a site by site basis.
The analysis has been constrained to a degree by the availability of both biophysical and
economic data at an appropriate scale. The pilot has shown that further development will be
necessary before the decision support tool is fully viable at a local scale. The utility of the
framework lies in the fact that it allows spatial identification of high DIN risk sugarcane land
suitable for conversion and also compares the value that different conversion options would
deliver. The framework developed here (and from the Wet Tropics report – NESP TWQ Hub
Project 2.1.2) seems robust to accommodate differences between the regions, and is therefore
applicable to multiple regions. Of interest is that the outcomes (most cost-effective) land use
for conversion varies between different sugarcane production areas – which has been an
important outcome in this assessment more broadly.

5.2 Key considerations
Conversion of low-lying, high DIN risk sugarcane land to alternative uses must be mindful and
sympathetic to the broader biophysical, social and economic system in which these activities
will occur. Some alternative land uses such as wetland restoration may introduce a number of
new management challenges such as weed control that will need to be factored into action
plans and costings (Burrows et al. 2012). Land use conversion will present a significant
challenge to the established ways of doing business and agriculture in those areas where there
is a long history of dominant practice and an ageing farmer profile.
Returns from alternative uses of low-lying sugarcane land will in the beginning be somewhat
uncertain in comparison to the long and stable history of sugarcane production and its
associated and established system of transport, milling, business practices and support
mechanisms. Consultation with landholders indicated that the issue of mill viability, because

131

Waltham et al.

of volume throughput considerations, needed to be considered as part of the framework of
analysis. In the first iteration of this framework the impact of potential land use change on mill
viability is not included in the economic analysis for a number of reasons. Primarily these are:
1) in the first iteration of any scheme the area likely to be converted will be small in relation to
the overall area of production; 2) the productive potential and yield of the land which could
potentially be converted is low and; 3) in comparison to other factors impacting on mill viability
such as climatic conditions, the world sugar price, water, fuel and electricity costs and
grower/miller relationships the impact of a small area of low-lying land use change will be
immaterial.

5.3 Opportunities and constraints
5.3.1 Opportunities for implementing the framework
In a number of instances conversion of low-lying, high DIN risk sugarcane land to wetlands is
a cost effective approach for DIN reduction. This is an important finding from a whole of GBR
perspective as the ways in which low-lying, high DIN risk, sugarcane land are managed has
major implications for water quality. The management practices currently implemented and the
land use decisions regarding low-lying sugarcane land impose significant costs on broader
society through their impacts on ecosystem functions that support economically valuable
industries (for example tourism, commercial and recreational fisheries).
The supply of wetland services from private land typically goes unrewarded by the market
forces because of missing markets. For example, in Queensland there is no mechanism for
private landholders with wetlands on their property to gain benefit from the services they
provide to other industries such as commercial and recreational fishing, except through
development offsetting and the Land Restoration Fund. No clearly defined funding stream
derived from fisheries is available to maintain or enhance wetlands on private land, even
though wetlands play an essential role in the life history of many desirable aquatic species
(e.g., barramundi, Lates calcarifer, an iconic species, that has a diadromous movement
ecology (needing to migrate between fresh and tidal waters to complete lifecycle stages, and
a distribution across northern Australia rivers and estuaries James et al. (2017)). The absence
of such markets means that there are few economic incentives for landholders in appropriate
areas to either protect or restore wetland function.
Restoring or retaining wetlands typically comes at an opportunity cost to landholders. Under
its current structure the market generates too much wetland loss and too little wetland
restoration. Therefore, in this instance there is a clear need for government or third party
intervention to address the current market failure and support wetland management and
restoration on private land in the areas identified in this project. The following table (Table 43)
suggests a number of forms intervention in the current market could take:
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Table 42: Market interventions and approaches for wetland restoration

Approach

How it would work

Comment

Education and
Information
Campaigns

Engage landholders in relevant target
areas and inform them of the value of
wetland areas on their property to the
broader ecosystem and reef.
Provide landholders with subsidies
for goods and services for wetland
restoration.

May encourage some landholders to
participate, though the fact that it will
be at their own opportunity cost will
be a significant dis-incentive.
Reduces costs to landholders for
wetland work. May be provided in
conjunction with education but does
not address opportunity cost impacts
of taking land out of production.
In effect this rewards landholders
who maintain and manage functional
wetlands. Compensation would be
paid on the basis of annual value of
lost production from low-lying land.
Provides an incentive in the market
and will encourage investment in
areas that provide the greatest
ecosystem services. Will require the
development of transparent
supportive market mechanisms such
as benefit calculators and capacity
building.
Will require local government
participation.

Subsidies

Compensation

Compensation is paid to landholders
to protect and restore wetland
functionality.

Payments for
Ecosystem
Services

Landholders are paid on the basis of
the amount of ecosystem services
that the wetland system generates
initially across the three benefits
identified in the framework.

Rate Relief

Landholders receive rate relief from
Local Councils for participation in
wetland restoration.
Auctions are a way that private
landholders can effectively compete
to provide environmental services.
Auctions provide a means of
revealing landholder willingness to
participate and a mechanism for
quantifying the perceived opportunity
cost for providing environmental
outcomes.
Conditioning environmentally
damaging activities with offset
requirements is a way of modifying
existing market behaviours to ensure
that the overall impacts are
minimised and adequate
environmental conservation is
achieved.
Cap and trade is a market-based
approach that sets a maximum limit
on an environmentally damaging
outcome (e.g., total DIN emissions)
in a geographically-defined area
(e.g., a specific river catchment).
Tradable permits in emissions are

Auctions

Offsets

Cap and Trade

Auctions would be a suitable way of
encouraging low-lying land use
conversion, though will require a
significant investment in regional
capacity building.

Offset opportunities are emerging in
Queensland that may potentially
incentivise land use conversion.

A cap on the amount of available
nitrogen pollution in each catchment
would incentivise wetland restoration.
See (Smart et al. 2016) for further
information.
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issued to landholders by the
government. Permits can be bought
and sold (e.g., online) between
landholders under the total cap.
Trading occurs when landholders can
realise a benefit by buying or selling.

Land Acquisition

Conservation
Easements

Conservation
Leases
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Wetland banking in America is an
example of a cap and trade approach
where a cap on wetland loss has
been implemented with tradeable
credits being generated through
wetland restoration elsewhere.
Under this model land could be
purchased for the purposes of
wetland restoration. Outright
purchase of private properties by
public authorities is a form of direct
intervention in the market place to
ensure conservation outcomes.
Various private and quasi-private
organisations have recently come
into existence with the express
purpose of buying and protecting
high value conservation land. The
Bush Heritage Trust and Queensland
Trust for Nature are examples of
such organisations.
Conservation easements are a tool of
property law that is used in other
countries. They grant a right to a
public authority to restrict land use on
properties not in their ownership.
Easements are commonly used for
linear infrastructure in Australia. In
the United States conservation
easements have become the most
popular conservation tool.
Conservation leases are an
alternative to outright land purchase
and involve temporary long-term
leases over properties or strategic
areas of properties. Conservation
leases are increasingly being used in
Great Britain and France to enhance
conservation outcomes on private
land.

A variation on this model is the
purchase of land, wetland restoration
and then resale of commercially
important areas of land to reduce
overall costs. Appropriate mix of land
repurposing, boundary realignment,
and sale of alternative land parcels
may be commercially attractive and
also deliver a conservation outcome.

Could be an appropriate, though
potentially controversial, approach
and may have to mix with other
approaches to be socially viable.

Reduces overall purchase costs while
still allowing land access and
conversion potential.
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5.3.2 Constraints
The potential market interventions identified to encourage land use conversion all face
significant implementation barriers under the current policy and investment frameworks. A
significant stream of funding will need to be identified to allow the market interventions
described above to be implemented. However, in comparison to approaches that involve
supporting current production practices through best management rather than land retirement
or conversion there may be significant gains in outcomes versus dollars spent. Land
conversion is likely to be a more permanent and lasting approach.
Significant gaps exist in the knowledge of alternative land use performance in terms of their
environmental and economic performance. However, this pilot study has demonstrated that
large and productive gains from a whole of society perspective can potentially be achieved.
Further work including a pilot project is required to inform the further development of the
framework.
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6.0 TRIAL, REVIEW AND IMPROVE – PHASE 2
6.1 Improved information for framework
There is a need for targeted research and updated datasets to improve the knowledge base
for the MCA and economic analyses. The datasets used in the MCA were generally captured
at ranges between 1:100,000 to 1:50,000 and therefore results should be interpreted at this
scale, limiting the confidence of results at finer resolutions. The spatial extent and availability
of some datasets precluded their use in the MCA. Datasets, such as Acid Sulfate Soils, were
not available throughout the whole Dry Tropics region and therefore could not be used in this
MCA. In addition, there are datasets such as groundwater dependent ecosystems that would
be useful for assessing suitability for wetland restoration or treatment systems, which are
available in other regions but not the Dry Tropics. Although BlueMaps was deemed the best
available dataset on connectivity to the GBR, it does not account for interrupted connectivity
from bunds, infrastructure etc. Updating and expanding these datasets would make the
framework more robust. The framework can easily be updated to include updated or additional
datasets when they become available.
In lieu of spatially referenced sugarcane production data, the framework assumed that lowlying, flood prone sugarcane land has poor productivity. Information on sugarcane yield, CCS
and gross margins in multiple catchments and soil types would enhance the MCA and help
refine the economic analyses. Similarly, more recent and comprehensive information on the
costs and revenues from alternative land uses would reduce uncertainty in the economic
analyses. Additional information regarding which factors influence the costs of wetland
conversion, and which factors influence the efficiency of DIN removal would be particularly
useful to better quantify the cost effectiveness of ecosystem service wetlands and treatment
systems as options for DIN loss reduction.
There remains debate in relation to the efficacy of constructed wetlands for treatment, with
very different levels of efficacy presented which has major implications on the cost
effectiveness examined here. However, the opportunity to integrate constructed treatment
wetlands into a broader treatment train (i.e. using devices like paddock scale bioreactors, or
high rate macroalgae ponds), in the right location, might deliver additional benefits for water
quality improvement and may still be cost effective. There is a real need for additional data
and research in this area, so that more informed decisions can be made and thereby costed.

6.2 Pilot projects
It is recommended that the framework be tested via a pilot project/s in the Dry Tropics, involving
wetland restoration or a treatment system. Pilots could be modelled on previous wetland
restoration or constructed treatment wetland projects conducted on sugarcane farms, which
have demonstrated that poorly performing low-lying sugarcane land can be taken out of
production without impacting farm productivity. Overall farm production can actually be
improved, as highlighted in some of these case studies:
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•

Burnside (Herbert): Five hectares of wetlands were re-established on the sugarcane
and grazing property south of Ingham. The soil that was excavated as part of the
wetland rehabilitation was used to raise paddock height. Which, along with best
management practices, improved yields in previously poor productivity areas by five
tonnes per hectare.
wetlandinfo.ehp.qld.gov.au/resources/static/pdf/resources/reports/farming-casestudies/cs-cane-15-04-13.pdf

•

Papale’s wetland (Burdekin): Four hectares of previously poorly performing low-lying
sugarcane land was converted to a wetland to capture and reuse water runoff and
provide habitat for wildlife. As part of this work, the sugarcane paddock was
reconfigured to help maintain the same sugarcane yield on less land.
www.smartcane.com.au/CaseStudies/NatSysMgmCs2.aspx

•

Mungalla bund wall removal (Ingham): A wetland ecosystem services project site in
Ingham where a section of an earth bund wall constructed in the 1940’s was removed
to reinstate tidal exchange above the wall, to improve water quality, destroy invasive
aquatic weeds and to also reconnect the wetlands downstream. This project has
demonstrated some of the benefits offered in removing bund walls to improve water
quality
and
fisheries
habitat
value
(Figure
39).
https://www.mungallaaboriginaltours.com.au/2016-07-20-04-14-12/wetlandsrestoration-project

Figure 39: Mungalla wetland before bund wall removal (September 2013) with invasive aquatic weed
choke, and after bund wall removal and saltwater ingress (September 2015) with native aquatic vegetation
returning (Abbott et al. 2020)

In addition to the economic and environmental benefits, these projects benefited the
landowners by providing recreational opportunities, improving aesthetics or for other altruistic
reasons. A wetland restoration or treatment system pilot project could also achieve social,
economic and environmental benefits and therefore is recommended to test and refine the
framework and achieve DIN reductions.
The Queensland Government-funded Wet Tropics Major Integrated Projects (MIPs) was
established to pilot investment and evaluation of treatment wetlands. The MIP had the thesis
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to improve water quality from sugarcane and banana farms in the Tully and Johnstone River
catchments by integrating water quality solutions across all activities in the catchments. There
is an opportunity here to establish a similar program in the dry tropics region.
Regional and local stakeholders and landowners would need to be involved in the site-specific
analysis to shortlist sites and identify the most appropriate site for a pilot.
A structured monitoring and evaluation program would be required as part of a pilot project to:
• Effectively model hydrology using appropriate platforms and that is supported by
local data to validate and calibrate the modelling;
• Evaluate the success of wetland restoration or treatment system construction on
sugarcane land;
• Quantify the DIN reductions and the economic costs and benefits of wetland
restoration or a treatment system;
• Identify any unintended social, economic or environmental consequences, whether
positive or negative; and
• Determine what improvements should be made to the framework.
A pilot project is an ideal opportunity to fill some of the key knowledge gaps pertaining to the
treatment capacity of restored wetlands and treatment systems in a dry tropics context. These
knowledge gaps are currently constraining the implementation of wetland restoration or
treatment system projects due to an inability to quantify the water quality benefits of such
projects.

6.3 Other NRM regions and industries
The study applied the framework developed and logic determined from the wet tropics, with
the results here supporting the opportunity to extend the framework to other sugarcane
growing regions in the GBR. This would involve updating the datasets in the MCA and revising
the economic analysis based on local information. Different agricultural land use options would
need to be explored, as the viability of alternative crops will vary between regions because of
different climates, markets and infrastructure availability (i.e., irrigation systems).
The framework was developed for sugarcane, however, it could be adapted to other intensive
agricultural industries, such as banana, where DIN loss is also an issue. At this stage, this
framework is unlikely to be applicable in a rangelands grazing context to manage sediment
loss, because the risk factors, inputs and possible options are very different to sugarcane.
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APPENDIX 1: MULTI-CRITERIA ANALYSIS
This section outlines the datasets (Table 43), ranking system (Table 44) and process used in the multi-criteria analysis. The flowchart diagrams
illustrate the process, with blue representing the inputs used for the processes, pink indicating the processes used and yellow the outputs from
each process. The text indicates how the specific process was achieved.
Table 43: Sources of datasets used in the land suitability model

Low lying areas

Dataset
Drainage basins (2020)

LiDAR (2009-2015)

Regional Ecosystem
(2018)
QLD floodplain
assessment overlay
(2013)
QLUMP (2017-2018)
DIN risk

Catchments Load
modelling (2019)
Property Boundaries
(2019)

Scenario 1: Grazing

QLUMP (2017-2018)

Ordered Drainage
(2010)

Source
Department of
Natural Resources,
Mines and Energy
Department of
Environment and
Resource
Management
Department of
Environment and
Science
Department of
Natural Resources,
Mines and Energy
Queensland
Government
Department of
Natural Resources,
Mines and Energy
Department of
Natural Resources,
Mines and Energy
Department of
Environment and
Science
Department of
Natural Resources,
Mines and Energy

Attributes
Boundaries and subcatchments
information
Contour lines

Scale
1:100,000

Landzones 1, 2 and 3

1:50,000

Potential flood hazard
areas

1:100,000

Sugarcane modified
land
DIN generation rate

1:50,000

Comments
Burdekin, Mackay Whitsunday
regions

1:50,000

1:100,000

Parcel boundaries

NA

Grazing modified
pasture

1:50,000

Rivers and streams

1:100,000

Version 11

Baseline from sugarcane only
and within source subcatchments

Version 6.13
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Scenario 2 & 3: Plantation
forestry

Scenario 4 & 5: Restore
ecosystem services or
treatment system

Agricultural Land Audit
– potential softwood
plantation forestry
(2013)
Agricultural Land Audit
– potential hardwood
plantation forestry
(2013)
Queensland Wetland
(2020, 2015)

Department of
Agriculture and
Fisheries

Potential softwood
forestry

NA

Department of
Agriculture and
Fisheries

Potential hardwood
forestry

NA

Department of
Environment and
Science

Current wetlands,
Ponded pasture

1:100,000

Map of Queensland
Environmental Values
(2020)
Fish Habitat Area
(2018)

Department of
Environment and
Science
Department of
Environment and
Science
Department of
Natural Resources,
Mines and Energy
Department of
Environment and
Science
Department of
Environment and
Science

High / general
ecological significance
wetland
Declared Fish Habitat
Area

1:50,000

Watercourse Lines
(2019)
QLUMP (2017-2018)

Pre-clear Regional
Ecosystem (2018)
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Watercourse

Conservation,
protected estates and
natural environment
Historic wetland

Version 5 (2020) to define
freshwater / estuarine
wetlands. Version 4 (2015) to
identify ponded pastures.

Varies

Varies

1:50,000

1:50,000

Broad Vegetation Group
(2019) version 4.0. Broad
Vegetation Groups 4a-b, 15b,
16a-d, 19b, 22a-c, 26a, 29a,
34a-g and 35a-b for wetland
classification.
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Table 44: Land suitability model ranking system

Scenario

Criterion

Unit
Most suitable (score)

Suitability ranking system
Moderately suitable
Low suitable
(score)
(score)
Land >20ha (1)
-

a: Grazing

-

-

Adjacent to current
grazing (1)

b: Softwood
plantation
forestry
c: Hardwood
plantation
forestry
d: Restore
ecosystem
services

Agricultural
Land Audit

-

Potential softwood
forestry (1)

-

-

Potential hardwood
forestry (Ronald Baker
et al.)
Historic wetland (7)

-

-

Adjacent to GES
Freshwater/Estuarine
wetland (3/4)

-

e: Treatment
system

Ecological
value

-

Management
value

-

Adjacent to declared
Fish Habitat Area (2)

Adjacent to HES
Freshwater/Estuarine
wetland (5/6)
Adjacent to natural land
and protected estates (1)

DIN

kg/ha/yr

< 8 (3)

> 13 - < 18 (1)

Ecological
value

-

> 8 - < 13 (2)
Adjacent to HES
Freshwater/Estuarine
wetland (5/6)

Adjacent to GES
Freshwater/Estuarine
wetland (3/4)

DIN

kg/ha/yr

> 18 - < 21 (4)

> 21 (5)

< 8 (1)
> 8 - < 13 (Ronald Baker et
al.) (2)
> 13 - < 18 (3)

References
Unsuitable
<10m around
rivers (Islam
and Tanaka)

English pers.
comm
DEEDI 2011
Department of
Agriculture and
Fisheries 2013

Adjacent to
Freshwater
wetland (1)

Upstream of
ponded
pasture

Department of
Environment
and Science
2018,

Adjacent to
Estuarine
wetland (2)
-

-

-

> 18 - < 21 (0)

Within 500m of
freshwater
wetland (1)
Within 500m of
estuarine
wetland (2)
-

> 21

-

<8

Department of
Environment
and Science
2018, 2019
Hateley et al
(2014)

Hateley et al
(2014)

-
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Flowchart 1 - Low-lying sugarcane areas (LLA) within the Dry Tropics
region
a. Define the areas <50m above sea-level. The areas less than 50m above sea-level are
generated using LiDAR and drainage basins datasets (Table S4.1). First, the <50m
areas are selected from the LiDAR dataset using the Raster Calculator tool (Spatial
Analyst – ArcMap 10.7.1 - ArcGIS), then using the Raster to Polygon tool (Conversion
– ArcMap 10.7.1 - ArcGIS), the areas <50m above the sea-level are converted to
polygon shapefile. Use the Clip tool (Coverage – ArcMap 10.7.1) to produce
b. removed from the Dry Tropics region to produce the <50m elevation dataset.

Raster
caltulator

LiDAR

<50m
elevation

<50m
raster

Raster to
polygon

<50m
polygon

Clip

Burdekin / Mackay
Whitsunday drainage
c. Define the areas prone to flooding and coastal and alluvial land zones. The areas prone
to flooding are created (floodplain LZ dataset) by combining the following two datasets
using the Union tool (Analysis Tools – ArcMap 10.7.1 - ArcGIS):
• coastal or alluvial land zones i.e. land zones 1 (tidal flats and beaches), 2
(coastal sand dunes and beach ridges) and 3 (river and creek landforms) from
the Regional Ecosystem dataset (Wilson and Taylor 2012)
• potential flood hazard areas from the Queensland (QLD) Floodplain
Assessment Overlay.

Floodplain
Union

Landzones
1, 2 and 3
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Floodplain
_LZ

d. Define the low-lying areas under sugarcane production. The sugarcane modified lands
are extracted (Select by Attribute – ArcMap 10.7.1 - ArcGIS) from the Queensland Land
use Mapping Project dataset (QLUMP - Table 1).
e. To produce the low lying areas dataset, the areas less than 50m above the sea level,
prone to flooding and with sugarcane production are intersected (Analysis Tools –
ArcMap 10.7.1 - ArcGIS) to only keep areas that fit all three factors; the output is called
Low Lying Areas (LLA).

<50m
elevation
Floodplain
_LZ

Intersect

Low Lying
Areas (LLA)

Sugarcane
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Flowchart 2 - Area at risk of DIN loss to GBR, within the low lying
sugarcane areas (LLA)
•

Define the areas with the greatest loss of dissolved inorganic nitrogen (DIN). Information
regarding DIN generation from sugarcane land is found in the Catchments Load modelling
dataset (Table S4.1). Only DIN generated from sugarcane land is used. The Catchments
Load modelling dataset is first clipped (Analysis Tools – ArcMap 10.7.1 - ArcGIS) to the
LLA dataset; the output is called DIN_LLA. A suitability field is added to the DIN attribute
table to score the land parcel from 1 (low DIN generation rate) to 5 (high DIN generation
rate) following the data ranges from the technical report by Hateley et al. (2014).

DIN

DIN_LLA

•

Clip to
LLA

DIN_LLA

Field Calculator:
Suit_DIN =
1 for < 8 kg/ha/yr
2 for > 8 - < 13 kg/ha/yr
3 for > 13 - < 18 kg/ha/yr
4 for > 18 - < 21 kg/ha/yr
5 for > 21 - < 27 kg/ha/yr

Add Field:
Suit_DIN

Select by attributes:
DINkghayr =
1: < 8 kg/ha/yr
2: > 8 - < 13 kg/ha/yr
3: > 13 - < 18 kg/ha/yr
4: > 18 - < 21 kg/ha/yr
5: > 21 - < 27 kg/ha/yr

Identify areas with different levels of risk of DIN loss to the GBR (DINrisk) within the low
lying sugarcane areas (LLA). The layer ‘Sugarcane’ is intersected with ‘Property
boundaries (2019) (Table 1)’ dataset to create ‘Sugarcane properties’. The DIN_LLA and
sugarcane properties dataset are unioned to delimit parcels for conversion (DINrisk_1).
The “union” tool combines both layers in their entirety and therefore a clip is performed to
remove those sugarcane properties that fall outside of the LLA. The output, called DINrisk,
is then used in each land use scenario to rank land parcels.

DIN_LLA

Sugarcane
properties
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Union

DINrisk _1

Clip to
LLA

DINrisk

Flowchart 3 - Grazing scenario
a. To remove the DINrisk areas within 10m of streams or rivers, we first create a 10m
buffer around the ordered drainage dataset (Table S4.1). This 10m buffer is then
erased (Analysis Tools – ArcMap 10.7.1 - ArcGIS) from the DINrisk dataset; the output
is called Grazing. A suitability field is added to the Grazing attribute table to score each
land parcel depending on their suitability level (Table S4.2).
b. Define the suitable land parcels within the DINrisk dataset based on their size (> 20ha)
and proximity to existing grazing land. First, land parcels with an area greater than
20ha are selected (Data Management – ArcMap 10.7.1 - ArcGIS) and given a medium
suitability level.

10m buffer
Rivers
Erase

Grazing

DINrisk

Grazing

Field Calculator:
Suit_Graze =
1: DINrisk > 20 ha

Add Field:
Suit_Graze

Select by
attributes
Area > 20 ha

c. The grazing modified lands are then selected (Data Management – ArcMap 10.7.1 ArcGIS) from the Queensland Land use Mapping Project dataset (QLUMP - Table 1),
and used in the select by location tool with “are within a distance of 1m of source layer”
as option (Data Management – ArcMap 10.7.1 - ArcGIS), to select parcels adjacent to
grazing land. The selected parcels are given a high suitability level. Finally, a grazing
suitability map is produced, each parcel within the land of interest is coloured based on
their level of suitability (i.e. from the suitability field).
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Landuse

Select by
attributes
Modified grazing
categories

Grazing

Select by
Location
Grazing adjacent to
grazing categories
(within a metre)

Field Calculator:
Suit_Graze =
2: Adjacent to grazing

Grazing
Flowchart 4 – Plantation Forestry scenario (Softwood or Hardwood)
a. Define the potential land parcels within the DINrisk dataset based on the Agricultural
Land Audit 2013. Add a suitability field then use Select by location tool with “intersect
the source layer with 1m distance” as option (Data Management – ArcMap 10.7.1 ArcGIS), to select parcels that intersect with the potential plantation forestry areas. The
selected parcels are given a single suitability level. Finally, 2 plantation forestry
suitability maps (softwood and hardwood) are produced, each parcel within the land of
interest is coloured based on their level of DIN load.

DINrisk

Add Field:
Suit_SWood
(Suit_ HWood)

Potential
softwood
(hardwood)
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Select by
Location

Field Calculator:
Suit_SWood
(Suit_HWood)=
1: Potential

Softwood
(Hardwood

Flowchart 5 - Non-agricultural land use scenarios (restore ecosystem
services or treatment system)
a. Define the different wetland classes based on their proximity (within 200m for
restoration / 500m for treatment) to estuarine and freshwater wetlands. Create two
separate 200m / 500m buffers around the current wetlands.
b. In each buffer, the different wetlands from the Queensland Wetland dataset (Table 45)
are first classified according to their ecological and management characteristics (i.e.
marine, freshwater, of high ecological significance and/or adjacent to a declared Fish
Habitat Area). Management value and ecological value Resto (for restore ecosystem
services) in the buffer 200m and ecological value Treat (for treatment systems) in the
buffer 500m are added to the Wetland datasets attribute table to give each wetland
parcel an ecological and management value score. Freshwater (i.e. lacustrine,
palustrine and riverine categories) and estuarine (i.e. estuarine and marine categories)
wetlands are first selected and given an ecological value of 1 and 2, respectively.
Table 45: Ecological and management values and their ranking for restore ecosystem services

and treatment system options
Option

Value categories used

Ranking (in decreasing order of
priority, 1=lowest ranking)

Restore ecosystem
services

Ecological value RESTORE

7: within historic wetland
6: adjacent to HES estuarine wetland
5: adjacent to HES freshwater wetland
4: adjacent to GES estuarine wetland
3: adjacent to GES freshwater wetland
2: adjacent to estuarine wetland
1: adjacent to freshwater wetland
2: adjacent to declared Fish Habitat
Area
1: adjacent to natural land or protected
estate
6: adjacent to HES estuarine wetland
5: adjacent to HES freshwater wetland
4: adjacent to GES estuarine wetland
3: adjacent to GES freshwater wetland
2: within 500m of estuarine wetland
1: within 500m of freshwater wetland

Management value

Treatment system

Ecological value - TREAT
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Wetland

Wetland

Buffer

(200m /
500m)_buff

Erase

200m/500m, outside only
and
dissolved
using
“Wetclass_”

(200m /
500m)_buff_erase
_multi

Wetland

Merge

Select by attributes:
WETCLASS_ =
1:
“Lacustrine”
&
“Riverine”
2: “Marine” & “Estuarine”

Multipart to
singlepart

Wetland_(200m
/ 500m)_buff

Add “Treat” field in
Wetland_500m_buff /
Add “Resto” field in
Wetland_200m_buff

Field Calculator: Treat =
1: Within 500m of current
freshwater wetland
2: Within 500m of current
estuarine wetland

Field Calculator: Resto =
1: Current freshwater wetland
2: Current estuarine wetland
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(200m /
500m)_buff_
erase

Wetland Classes
200m

Wetland Classes
500m

Define the different wetland classes based on if the existing wetland is of high / general
ecological significance. The Map of Queensland Environmental Values dataset is used to
select freshwater and estuarine wetlands that are HES / GES. The selection is made using
“intersect source layer with a search distance of 1m” as option (Data Management – ArcMap
10.7.1 - ArcGIS). Wetland parcels are given an ecological value score of 3 (GES freshwater
wetland), 4 (GES estuarine wetland), 5 (HES freshwater wetland) and 6 (GES estuarine
wetland).

Wetland Classes
200m / 500m

GES /
HES

Select by
Location
Wetland areas that
are GES / HES

Field Calculator: Resto / Treat=
3: Current GES freshwater wetland
4: Current GES estuarine wetland
5: Current HES freshwater wetland
6: Current HES estuarine wetland

Wetland Classes
200m / 500m
c. Define the different wetland classes based on their proximity to a declared Fish Habitat
Area in Wetland Classes 200m. A selection by location using “are within a distance of
1m of source layer” as option (Data Management – ArcMap 10.7.1 - ArcGIS) is
performed to select estuarine wetlands that are adjacent to declared Fish Habitat
Areas, based on the Fish Habitat Area dataset and given a management value score
of 2.
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Wetland
Classes 200m

FHA

Select by
Location
Wetland adjacent to
FHA

Add
“Mgt”
Field

Field Calculator:
Mgt =
2: Current FHA
estuarine wetland

Wetland
Classes 200m

d. Using the new wetland classification, DINrisk parcels are ranked according to their
features. Ecological value Suit_Resto and management value Suit_Mgt fields are
added to the DINrisk attribute table for wetland restoration, and again ecological value
Suit_Treat is added for wetland treatment in separate shapefiles to give each parcel an
ecological and management value score. Multiple selections by location using “are
within a distance of 1m of source layer” as option (Data Management – ArcMap 10.7.1
- ArcGIS) are performed to select parcels. DINrisk parcels adjacent, or within a metre,
to wetland classes with an ecological value Suit_Resto / Suit_Treat score of 1 to 6 (i.e.
based on the classified wetland dataset ecological value Resto / Treat fields) are given
the same ecological value score (i.e. 1 to 6).
e. Identify DINrisk areas that “are within a distance of 1m of” all the natural land using
Landuse dataset by using Select by location) Data Management – ArcMap 10.7.1 –
ArcGIS). Select DINrisk lands that are adjacent to natural areas and give a
management value score of 1.
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Wetland Classes
200m
DINrisk

Landuse

DINRisk adjacent to
FHA and natural areas

Select by
Location

Select by
attributes
All the natural land
and
protected
estate

Add “Suit_Mgt”
Field

Field Calculator:
Suit_Mgt =
2: Current FHA estuarine
wetland
1: Adjacent to natural areas

Resto
f.

Identify upstream of ponded pasture to assign 0 ranking (unsuitable) for ecosystem
services restoration scenario. First, add “P_Pasture” field. Select H2M3p (ponded
pasture) from QLD Wetland dataset then manually select cane land parcels that are
upstream (connected by watercourses, generally west of ponded pasture) using
Watercourse lines dataset. Give the selected parcels the value of “0: Upstream of
ponded pasture”. The unaffected parcels will have the value of 1: NA.

Resto

Select by
attributes
H2M3p (Ponded
pasture) from QLD
Wetland. Then
manually select
upstream parcels of
the two ponded
pastures

Field calculator:
P_Pasture=
0: Upstream of ponded pasture
1: NA

Resto
g. Define the suitable land within the DINrisk dataset based on their proximity to the
wetland classes and areas that are mapped as having been wetlands prior to
catchment development/clearing, referred to as ‘historic wetlands’. These ‘historic
wetlands’ are extracted from the Pre-clear Regional Ecosystem dataset following broad
vegetation groupings from Appendix 2 in Neldner et al. (2014). DINrisk parcels that
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“intersect with a search distance of 1m” the historic wetlands are selected and given
an ecological value RESTORE of 5.
h. DINrisk parcels adjacent, or within a metre, to wetland classes with an ecological value
TREAT score (i.e. in ecological value TREAT field) of 1 to 2 are given the same
ecological value score (i.e. 1 to 2). A selection by location using “intersect source layer
with a search distance of 1m” as option (Data Management – ArcMap 10.7.1 - ArcGIS)
are performed to select DINrisk parcels that are adjacent to a high ecological
significance freshwater and estuarine wetlands and given ecological values TREAT of
3 and 4 respectively.
i. Define the suitable land within the DINrisk dataset based on their proximity to a
declared FHA and natural land and protected estates. The DINrisk parcels adjacent, or
within a metre, to wetland classes with a management value score of 2 are given the
same management value score (i.e. 2) The natural land and protected estates are
extracted (Data Management – ArcMap 10.7.1 - ArcGIS) from the Queensland Land
use Mapping Project dataset (QLUMP, then a selection by location using “are within a
distance of 1m of source layer” option (Data Management – ArcMap 10.7.1 - ArcGIS)
is performed to select DINrisk parcels adjacent to natural areas and give them a
management value score of 1.
j. Maps showing the attributes of different land parcels for restore ecosystem services
and treatment systems are produced. Each land parcel is coloured based on their
ecological and management suitability level using a colour ramp from least to most
suitable.
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Wetland
Classes
200m / 500m

Resto /
Treat
Historic
Wetland
(Resto only)
Map of
Queensland
Environmental
Values

DINRisk adjacent to GES /
HES, different wetland
classes (within a metrer
and intersect with historic
wetland classes

Select by
Location

Field Calculator:
Suit_Resto =
1: Adjacent to freshwater wetland
2: Adjacent to estuarine wetland
3: Adjacent to GES freshwater
wetland
4: Adjacent to GES estuarine wetland
5: Adjacent to HES freshwater
wetland
6: Adjacent to HES estuarine wetland
7: Within a historic wetland

Suit_Treat =
1: Within 50m of freshwater wetland
2: within 50m of estuarine wetland
3: Adjacent to GES freshwater
wetland
4: Adjacent to GES estuarine wetland

Resto / Treat
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APPENDIX 2: SPATIAL MAP SHOWING SUITABLE LAND
FOR GRAZING IN THE MCA
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APPENDIX 3: SPATIAL MAP SHOWING SUITABLE LAND
FOR SOFTWOOD FORESTRY IN THE MCA
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APPENDIX 4: SPATIAL MAP SHOWING SUITABLE LAND
FOR HARDWOOD FORESTRY IN THE MCA
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APPENDIX 5: SPATIAL MAP SHOWING SUITABLE LAND
FOR WETLAND ECOSYSTEM SERVICES IN THE MCA
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Legend for Appendix 5
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APPENDIX 6: SPATIAL MAP SHOWING SUITABLE LAND
FOR TREATMENT SYSTEM IN THE MCA
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APPENDIX 7: ECONOMIC ANALYSIS DETAILS
Sugarcane production
The economic analyses in NESP TWQ Hub Project 5.12 regard sugarcane as the baseline
land use in the Project’s three study regions: the Burdekin River Irrigation Area (BRIA), the
Burdekin Delta, and Mackay region. The reduction in annuity gross margin for each alternative
land use is calculated by subtracting the annuity gross margin delivered by the alternative land
use from the annuity gross margin delivered by a representative cane farm in the relevant
region. This Appendix describes how the annuity gross margin for a representative cane farm
in each study region is calculated.
Representative information on the cane production cycle (i.e. number of ratoon crops,
harvesting approach (green cane harvesting vs. burnt cane harvesting), land management
during the 6-month fallow between harvesting the final ratoon crop of one cycle and planting
cane again to start the next cycle), farm size, soil type, fertiliser application rates under a ‘Six
Easy Steps’ (Schroeder et al., 2010) fertiliser management plan derived from District Yield
Potential44, cane yields, sugar content (‘CCS’), and DIN losses from sugarcane production for
each region are obtained from van Grieken et al., (2010c; Section 2 p.4-7), and the
representative Regional Scenarios for the BRIA, Burdekin Delta and Mackay regions provided
in the Farm Economic Analysis Tool (FEAT) Online sugarcane profitability analysis tool
developed by the Queensland Department of Agriculture and Fisheries (State of Queensland
Department of Agriculture and Fisheries, 2020; State of Queensland (2016); State of
Queensland (2020)).
Indicative gross margins from cane production on a representative cane farm in each region
in calendar year 2019 are produced using FEAT’s default 2015 activity profiles for cane
production in the relevant region (State of Queensland, 2016) as a starting point, cross
checked against cane yields and CCS percentages from Sugar Research Australia, (2017),
Connellan et al. (2017), Poggio and Page (2010a, 2010b) and Thorburn et al. (2011) for the
BRIA and the Burdekin Delta, and Rohde et al., (2013, 2012) and Rohde and Bush (2011) for
Mackay region. Gross margins predicted by FEAT for indicative cane production on a
representative cane farm in each region are used to derive region-specific annuity gross
margins for sugarcane production, calculated at 5% and 7% real discount rate over the duration
of the cane cycle (5 years for the BRIA and the Burdekin Delta, 6 years for Mackay region).
DIN losses from representative cane production in each region are obtained from van Grieken
et al. (2010b; Section 2 p.4-7), cross-checked against (Thorburn et al., 2011) for the BRIA, and
Rohde et al., (2013, 2012) and Rohde and Bush (2011) for Mackay region. The region-specific
annuity gross margins and DIN losses from sugarcane are the baselines against which the
cost-effectiveness of DIN reduction achieved via the land use conversions is assessed.

Fertiliser application rates following ‘Six Easy Steps’ based on District Yield Potential (i.e. adjusted for nitrogen mineralisation
in the soil (predicted via soil testing for organic carbon content), with appropriate allowance for nitrogen inputs from legume
fallow and application of mill by-products) are in line with Minimum Standard (‘moderate risk’) practice as specified in the
Sugarcane Water Quality Risk Framework 2017-2022 (The Australian and Queensland Governments, n.d.) and the Prescribed
Methodology for Sugarcane Cultivation (State of Queensland, 2019) under the 2019 Reef Regulations.
44
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Key features of representative sugarcane production, FEAT’s predicted farm-level gross
margin and annuity gross margin, and DIN losses for each region are summarised in the
region-specific subsections following. Full details of the underlying FEAT modelling are
provided in the following sections.

7.1 Price and cost adjustments for the 2019 cane crush
Default prices and costs in FEAT’s 2015 Regional Scenarios for the BRIA, Burdekin Delta and
Mackay region are adjusted to calculate representative farm gross margins for the 2019 sugar
crush as follows:
• Average Queensland sugar price for the five years 2015 – 2019, labour price and farm
diesel price for 2019 are obtained from FEAT’s recently compiled Regional Scenario
for Bundaberg (State of Queensland, 2020).
• Prices for irrigation water and electricity for 2019-2020 are obtained directly from
suppliers (Sunwater for the BRIA and Mackay region (Sunwater, 2019a, 2019b), Lower
Burdekin Water for the Burdekin Delta (Lower Burdekin Water, 2019)); Ergon Energy
for Tariff 65 farm electricity (ErgonEnergy, 2021)).
• Prices for other production inputs are adjusted from FEAT’s 2015 defaults using
relevant price indices from the ABARES Agricultural Commodities Data Tables
(December 2020 release) (ABARES, 2020).
• Prices for fertiliser, soil ameliorants, agrochemicals, contract planting and maintenance
of vehicles and machinery are adjusted for production of the 2019 cane crush by the
ratio of relevant ABARES’ FY2018-19 to FY2014-15 price indices for these inputs, as
detailed in the following activity-specific tables.
• Contract harvesting cost impacts gross margin later in the calendar year. Contract
harvesting cost is therefore adjusted from FEAT’s 2015 default for the 2019 sugar crush
using the ratio of the ABARES FY 2019-20 to FY2015-16 labour price index.

7.1.2 Labour cost in gross margin calculation
In their economic evaluations of improvements in cane management practice, Poggio and
Page (2010a, 2010b) and van Grieken et al. (2010a) included labour cost when calculating
gross margins to reflect differences in labour input as management practices improved (e.g.,
as tillage practices were modified). Most of the alternative land uses considered in Project 5.12
require minimal labour input from the landowner in most years of their production cycle. This
applies to plantation forestry, constructed treatment wetlands, restored wetlands, and recycle
pits. In contrast, cattle fattening will require consistent landholder labour input in each year of
its operating cycle. Labour cost thus needs to be handled appropriately when calculating the
reduction in annuity gross margin following each potential land use conversion to ensure valid
comparisons.
If it is assumed that the landholder labour input required for cane growing and cattle fattening
are roughly equivalent, landholder labour input will not need to be included when calculating
the reduction in annuity gross margin from this land use change. However, the saving in
landholder labour input when changing land use from cane to plantation forestry, constructed
treatment wetlands, restored wetlands or recycle pits needs to be accounted for. This is done
by subtracting the cost of landholder labour input from harvest net revenue in the annuity gross
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margin from cane when calculating the reduction in annuity gross margin that results from
changing land use from cane to plantation forestry, constructed treatment wetlands, restored
wetlands or recycle pits. To facilitate these calculations, in the following sections, gross margin
from cane is reported as harvest revenue net of variable input costs (e.g., costs of machinery
and fuel for land preparation, contract planting, fertiliser, irrigation water, electricity for
pumping, contract harvesting etc.), and the cost of landholder labour input is reported
separately.

7.1.3 Irrigation water cost in gross margin calculation for sugarcane
Irrigation water for sugarcane production is purchased from the Burdekin Haughton Water
Supply Scheme (BRIA), Lower Burdekin Water (Burdekin Delta) and the Pioneer River Water
Supply Scheme (Mackay region) via two-part tariffs. For the Burdekin Haughton and Pioneer
River schemes (both operated by Sunwater), the tariff comprises a fixed charge to secure a
water allocation and a variable charge for the volume of water used within that allocation
(Sunwater, 2019a, 2019b)45. For irrigation water purchased from Lower Burdekin Water, the
tariff comprises an area-based fixed charge (partly subsidised by the sugar miller Wilmar Sugar
Australia Limited) and a volumetric ‘open water’ charge levied on usage (Lower Burdekin
Water, 2019). In FEAT’s default treatment of irrigation water costs, the variable cost elements
of the water charge are subtracted from harvest net revenue when calculating farm-level gross
margin, whereas the fixed cost elements are excluded from the gross margin calculation but
are included along with other fixed costs (e.g., land rates, repairs and maintenance on buildings
etc.) when FEAT calculates farm-level profit.
It is assumed that none of the alternative land uses considered in Project 5.12 will require
irrigation. Reduced irrigation water expenditures should therefore be accounted for in full when
calculating the reduction in annuity gross margin that follows from land use change.
Consequently, in NESP TWQ Hub Project 5.12, both variable and fixed elements of water
charges are subtracted from harvest net revenue when calculating farm-level gross margin
from cane.

7.1.4 Farm size and operating cost of machinery
FEAT’s estimate of the per hectare operating costs of farm machinery is influenced by farm
size, (van Grieken et al., 2010a; Section 2.3.1 p.3). Gross margins for cane production are
therefore calculated for representative farm sizes for each of the three regions, drawing on the
region-specific farm sizes in van Grieken et al. (2010a; Section 3.2 p.4).

45

For the Budekin Haughton Water Supply Scheme, both components comprise two elements. The fixed element comprises
Part A and Part C charges. The variable element comprises Part B and Part D charges (Sunwater, 2019a).
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Appendix 7.1: Burdekin BRIA
Table 46: Burdekin BRIA: Characteristics of cane production on a representative farm

Burdekin BRIA: Representative farm and cane production cycle
Farm size (ha) 1

240

Soil type 1

Cracking clay
Controlled traffic with pre-formed beds.
Reduced tillage and zonal tillage of block prior to planting.
Zero tillage in ratoons.
3

Soil management 1

Number of ratoon crops in cycle 1
Length of production cycle (years)
Fallow management

1

1

5
Legume fallow (soy bean: ploughed in, not harvested)

Cane row spacing (m)

1

Fertiliser management

1

1.8
Six Easy Steps nutrient management derived from
District Yield Potential of 150 tonnes caneFW/ha 2
Soil testing on fallow block in each cycle.
Subsurface nutrient application.
Soil ameliorant applied during soy fallow.

Fertiliser application: plant cane
(kgN/ha) 3
Fertiliser application: ratoons
(kgN/ha) 3
Irrigation management 1
Cane irrigation rate (ML/ha)

4

Legume irrigation rate (ML/ha)
Pest management

1

50 (allowing for N-input from soy fallow)
170
Furrow irrigation
12

4

1

Cane harvest 1
Average cane yield 5 (tonnes cane
fresh weight/ha)
Average CCS 1 (%)

4
Integrated pest management
Cane burnt prior to harvest
96
14.94

DIN loss in runoff 6 (kg DIN/ha)

8.9

DIN loss to drainage 6 (kg DIN/ha)

2.6
11.5

Total DIN loss 6 (kg DIN/ha)
1

Data for representative BRIA farm and cane cultivation practices obtained from van Grieken et al., (2010b; Table
4, p.4), van Grieken et al., (2010a; Section 3, p.4-5) and van Grieken et al.,( 2010b; Section 2.2.1, p.14-17)
2 As specified for the BRIA in the Prescribed Methodology for Sugarcane Cultivation under the 2019 Reef
Regulations (State of Queensland, 2019; Table 1, p.22).
3 Derived from Six Easy Steps DYP150 fertiliser application rates reported for the RP20 Nitrogen Trials program in
the BRIA (Connellan et al., 2017; Section 4 p.16-106).
4 Irrigation rate from FEAT BRIA Regional Example (State of Queensland Department of Agriculture and Fisheries,
2020)
5 Average cane yield across plant cane and three ratoon crops (i.e. fallow excluded). Results under Six Easy Steps
DYP150 fertiliser application rates from APSIM modelling quoted in van Grieken et al., (2010b; Table 10, p.7)
6 Results from APSIM modelling under Six Easy Steps DYP150 fertiliser application rates as quoted in van Grieken
et al., (2010b; Table 6, p.5)
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Table 47: Predicted gross margins for 3-ratoon cane production system on a representative cane farm in
the BRIA, under Six Easy Steps fertiliser applications derived from District Yield Potential = 150
tonnes/ha, burnt cane harvesting and legume (soy) fallow. Predictions produced by FEAT, using default
farming activity profiles for the BRIA with prices and costs adjusted as detailed in tables following.
Prices, costs, revenues and gross margins expressed in 2019 AUD$

BRIA
Plant cane + three ratoons with
soy bean legume fallow
Area (ha)

Late
Plant
48

Yield (tonne/ha) [cane only]

109.3

100.8

92.0

82.0

0

96.0

CCS1

14.50

14.18

15.64

15.45

0

14.94

39.19

38.00

43.49

42.77

0

40.86

4281

3829

4000

3508

0

887

818

747

666

0

2137

1129

1129

1129

1278

(%) [cane only]

First
Ratoon
48

Second
Ratoon
48

Third
Ratoon
48

Legume
Fallow
48

Farm
240

Price2

Cane
($/tonne net of levy)
[cane only]
Harvest Revenue (net of levy) ($/ha)
Harvesting costs3 ($/ha)
Growing costs4 ($/ha)
Fuel cost6 ($/ha)

30

10

10

10

66

Water allocation cost5 ($/ha)

511

511

511

511

170

Labour cost7 ($/ha)

126

84

84

84

162

1227

1872

2114

1703

-1344

1115

1101

1788

2030

1619

-1506

1007

716

1361

1603

11929

-1514

672

590

1277

1519

1108

-1676

564

8

Gross Margin ($/ha)
Gross Margin9 (minus labour cost)
($/ha)
Gross Margin10 (minus water
allocation cost) ($/ha)
Gross Margin11 (minus water
allocation cost and labour cost)
($/ha)
1

Representative CCS percentages for each crop stage in the production cycle in the BRIA under Six Easy Steps
fertiliser applications derived from DYP= 150 tonnes/ha (Connellan et al., 2017).
2 Derived in FEAT using the industry standard cane pricing formula, a representative sugar price of $417.41 (the
average Queensland sugar price 2015 – 2019 (State of Queensland, 2020)), a levy of $0.90/tonne (all in 2019
AUD$), and a cane price calculation constant of 0.66 (State of Queensland Department of Agriculture and Fisheries,
2020).
3 Harvesting cost of $8.12/tonne cane fresh weight derived from FEAT (2015) default for BRIA (State of Queensland,
2016) escalated to FY2019-20 in 2019 AUD using the ‘labour’ index from ABARES Economic Overview –
Agricultural Commodities – December Quarter 2020 (ABARES, 2020).
4
Growing costs specified in detail for each crop stage in Appendix A1. Growing costs include usage charges for
irrigation water, but do not include cost of purchasing a water allocation cost, labour costs or tractor fuel cost.
5 Water allocation price of $42.59/ML 2019-20 from Burdekin Haughton Water Supply Scheme: Burdekin Channel
Part B and D (Variable) water charges ($/ML).
6 & 7From FEAT (2019) Regional Scenario for Bundaberg (State of Queensland, 2020).
8 Gross margin = harvest revenue (net of levy) – harvest cost – growing cost – tractor fuel cost
9 Gross margin minus labour cost = harvest revenue (net of levy) – harvest cost – growing cost – tractor fuel cost –
labour cost
10 Gross margin minus water allocation cost = harvest revenue (net of levy) – harvest cost – growing cost – tractor
fuel cost – water allocation cost
11 Gross margin minus water allocation cost and labour cost = harvest revenue (net of levy) – harvest cost – growing
cost – tractor fuel cost – labour cost – water allocation cost
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Table 48: Burdekin River Irrigation Area (BRIA): Overarching scenario assumptions applied in FEAT simulations to determine representative farm gross margin
from sugarcane production (State of Queensland Department of Agriculture and Fisheries, 2020). FEAT default costs and prices from the 2015 BRIA Regional
Scenario are adjusted or escalated to 2019 using the approaches stated in the table below

BRIA: Overarching Scenario Assumptions
Year
Item

Farm

Farm size (ha)

2402

2015

2019

Prices in
2015 AUD

Cost escalation via
ABARES1 index for:

Prices in
2019 AUD

4303

417.414

Cane price ($/tonne) 6

43

41.76

Harvest cost ($/tonne)

7.207

Levies ($/tonne)

0.907

0.907

1.009

1.0010

Sugar price ($/tonne)
Average CCS (%)

14.945

Tractor fuel price after rebate ($/L)
Row width

labour

8.128

1.811

Economic Overview – Agricultural Commodities – December Quarter 2020 (ABARES, 2020)
Representative farm size (van Grieken et al., 2010c; Table 4, p.4)
3 Average Queensland sugar price over the five years 2010 – 2014 (State of Queensland, 2016; Table 3, p.5)
4 Average Queensland sugar price over the five years 2015 – 2019 (State of Queensland, 2020; p.4)
5 van Grieken et al.,(2010c; Table 4, p.4)
6 Calculated from sugar price using the cane price formula: Cane price = (0.009 x Sugar price x (CCS – 4)) + 0.662 (Wilmar, n.d.; State of Queensland
Department of Agriculture and Fisheries, 2020)
7 FEAT Regional Scenarios (State of Queensland, 2016; Tables 3 & 4 p.5)
8 Harvesting cost of $8.12/tonne cane fresh weight derived from FEAT (2015) default for BRIA (State of Queensland, 2016) escalated to FY2019-20
in 2019 AUD using the ‘labour’ index from ABARES Economic Overview – Agricultural Commodities – December Quarter 2020 (ABARES, 2020).
9 FEAT Regional Scenarios (State of Queensland, 2016; p.6)
10 FEAT Regional Example – Bundaberg (State of Queensland, 2020; p.5)
11 van Grieken et al. (2010a, p.4)
1 ABARES
2
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Table 49: Indicative plant cane growing costs, farm labour requirement and farm fuel use for a representative cane farm in the BRIA, as determined via FEAT
simulations (State of Queensland Department of Agriculture and Fisheries, 2020). FEAT default costs and prices from the 2015 BRIA Regional Scenario are
adjusted or escalated to 2019 using the approaches stated in the relevant sub-table below

BRIA Plant Cane: Land preparation

Item

# Operations

JD 165 HP: Zonal Ripper Rotary Hoe

1

2015 (default from FEAT)
Prices in 2015 AUD
Unit
Total Cost ($/ha)
Cost
($/ha)
30.48
30.48

Totals
1 ABARES

2019
2019 AUD
Cost escalation via
ABARES1 index for:
machinery
maintenance

Prices in
Unit
Cost
($/ha)
31.81

30.48

Total
Cost
($/ha)
31.81

Farm
Labour
(hrs/ha)
0.99

Farm Fuel
Use
(L/ha)
17.9

31.81

0.99

17.9

Economic Overview – Agricultural Commodities – December Quarter 2020 (ABARES, 2020)

BRIA Plant cane: Cane planting by contractor

Item

Cane setts
to plant
(tonnes/ha)

Cane setts
to plant
(tonnes/ha)
Contract
planting
Totals

102

2015 (default from FEAT)
Prices in 2015 AUD
Unit
Cane
Contract
Cost
Setts
Plant
($/t)
Cost
Cost
($/ha)
($/ha)
433
430

Total
Cost
($/ha)

2019
in 2019 AUD
Cost escalation via
ABARES1 index for:

Prices
Unit
Cost
($/ha)
41.763

505

labour
935.00

Economic Overview – Agricultural Commodities – December Quarter 2020 (ABARES, 2020)
2 Default quantity in FEAT Online (State of Queensland Department of Agriculture and Fisheries, 2020)
3 The cost of cane billets for planting is set equal to the on-farm price of cane (State of Queensland, 2016; p.6)
1 ABARES
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Cane
Setts
Cost
($/ha)
417.60

Contract
Plant
Cost
($/ha)

Total
Cost
($/ha)

Farm
Labour
(hrs/ha)

Farm
Fuel
Use
(L/ha)

0

0

0

0

566.88
984.48

BRIA Plant cane: Fertiliser and soil ameliorant application

1
2

Item

#
Applications

Application
Rate (kg/ha)

N
content
(%) 2

N
applied
(kgN/ha)

2015
Prices in 2015
AUD
Unit
Total
Cost Cost
($/t)
($/ha)

Fertiliser DAP

1

187

17.7

33.1

870

Muriate of Potash

1

154

0

0

Urea

1

37

46.0

17.0

JD120HP Stool splitter
fertiliser box; 1.9m 3 row
Totals

1

2019
Prices in 2019 AUD
Unit
Cost
($/ha)

162.69

Cost
escalation
via
ABARES1
index for
fertilisers

904

169.00

760

117.04

fertilisers

790

121.58

630

23.31
8.33

fertilisers

654

24.22
8.69

0.33

3.72

323.49

0.33

3.72

machinery
maint.

337.84

Total
Cost
($/ha)

Farm
Labour
(hrs/ha)

Farm
Fuel
Use
(L/ha)

ABARES Economic Overview – Agricultural Commodities – December Quarter 2020 (ABARES, 2020)
Nitrogen content of fertilisers from Incitec Pivot (MAP and DAP Factsheet www.incitecpivotfertilisers.com.au/products-and-services )

BRIA Plant cane: Weed control
2015
Prices in 2015
AUD
Unit
Total
Cost
Cost
($/t)
($/ha)

2019
Prices in 2019 AUD

Item

# Applications

Application
Rate
(unit/ha)

Spray 1: 0.5kg Diurex+1.2L Paraquat+1L 2,4-D
Advance 700
Spray 3: 1.2L Paraquat +1L 2,4-D Amine 625+2.5L
Stomp Xtra +1.5kg Atrazine
JD 120HP: Sprayer 1.9m 5 row

2

1

23.60

47.20

Cost
Escalation
via
ABARES1
index for
chemicals

1

1

63.29

63.29

chemicals

1

4.66

JD 120HP: Sprayer 1.9m 4 row tracking legs

2

11.80

machinery
maint.
machinery
maint.

Totals
1 ABARES

126.95

Unit
Cost
($/ha)

Total
Cost
($/ha)

21.90

43.80

58.72

58.72

Farm
Labour
(hrs/ha)

Farm
Fuel
Use
(L/ha)

4.86

0.20

2.23

12.31

0.57

6.38

0.77

8.61

119.69

Economic Overview – Agricultural Commodities – December Quarter 2020 (ABARES, 2020)
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BRIA Plant cane: Insect control by contractor

Item

#
Applications

Application
Rate
(unit/ha)

2015
Prices in 2015
AUD
Unit
Total
Cost
Cost
($/t)
($/ha)

Lorsban

1

1.5

11.32

Totals
1 ABARES

16.98

2019
AUD

Prices in 2019

Cost Escalation via
ABARES1 index for

Unit
Cost
($/ha)

Total
Cost
($/ha)

chemicals

10.50

15.76

0

Farm
Fuel
Use
(L/ha)
0

15.76

0

0

16.98

Farm
Labour
(hrs/ha)

Economic Overview – Agricultural Commodities – December Quarter 2020 (ABARES, 2020)

BRIA Plant cane: Disease control by contractor

Item

#
Applications

Application
Rate
(unit/ha)

2015
Prices in
2015 AUD
Unit
Total
Cost
Cost
($/t)
($/ha)

Bumper

1

0.16

13.75

Totals
1 ABARES

176

2.20

2019
2019 AUD

chemicals

Cost Escalation via
ABARES1 index for

2.20
Economic Overview – Agricultural Commodities – December Quarter 2020 (ABARES, 2020)

Prices in

Unit
Cost
($/ha)

Total
Cost
($/ha)

Farm
Labour
(hrs/ha)

12.76

2.04

0

Farm
Fuel
Use
(L/ha)
0

2.04

0

0

BRIA Plant cane: Irrigation
Irrigation
Electric
Pump
Rate
Pump Power Flow Rate
(ML/ha)
(kW)
(L/s)
12 5
12 5
Totals

11

50

Daytime
pumping
(%)
50

2015 Prices in 2015 AUD
Water
Water
Daytime
Allocation Usage
Electricity
Price 1
Price 2
Price 3
($/ML)
($/ML)
($/kWh)
27.34
0.31
32.96

Night
Electricity
Price 3
($/kWh)
0.17

Repair
Total
Farm
& Maint Cost
Labour
Cost 4
($/ha)
(hrs/ha)
($/ML)
5.00
564.08
1.5
395.52
959.60
1.5

1

Burdekin Channel Part A and C (Fixed) water charges from FEAT (2015) default for BRIA (State of Queensland, 2016)
Burdekin Channel Part B and D (Variable) water charges from FEAT (2015) default for BRIA (State of Queensland, 2016)
3 Ergon Energy Tafiff 65 pricing for FY2015-16 from FEAT (2015) default for BRIA (State of Queensland, 2016)
4 From FEAT (2015) default for BRIA (State of Queensland, 2016)
5 FEAT (2015) default for BRIA (State of Queensland, 2016). Assuming 0% recycled water.
2

BRIA Plant cane: Irrigation
Irrigation
Electric
Pump Flow
Rate
Pump Power Rate (L/s)
(ML/ha)
(kW)
12 5
12 5
Totals

11

50

Daytime
pumping
(%)
50

2019 Prices in 2019 AUD
Water
Water
Daytime
Allocation Usage
Electricity
Price 1
Price 2
Price 3
($/ML)
($/ML)
($/kWh)
30.14
0.41
42.59

Night
Electricity
Price 3
($/kWh)
0.22

Repair
Total
Farm
& Maint Cost
Labour
Cost 4
($/ha)
(hrs/ha)
($/ML)
5.61
660.03
1.5
511.08
1171.11
1.5

1

2019-20 Burdekin Haughton Water Supply Scheme: Burdekin Channel Part A and C (Fixed) water charges ($/ML)
2019-20 Burdekin Haughton Water Supply Scheme: Burdekin Channel Part B and D (Variable) water charges ($/ML)
3 Ergon Energy Tariff 65 pricing for FY2019-20 (https://www.ergon.com.au/retail/business/tariffs-and-prices/farming-tariffs)
4 FEAT (2015) default for BRIA (State of Queensland, 2016) escalated to FY2019-20 in 2019 AUD using ‘labour’ index from ABARES Economic Overview – Agricultural
Commodities – December Quarter 2020 (ABARES, 2020).
5 FEAT (2015) default for BRIA (State of Queensland, 2016). Assuming 0% recycled water.
2
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Table 50: Summary of indicative plant cane growing costs, farm labour requirement and farm fuel use for a representative cane farm in the BRIA, as determined via
FEAT simulations (State of Queensland Department of Agriculture and Fisheries, 2020)

BRIA Plant Cane: All growing costs
2015

2019

Total Growing
Cost ($/ha)

Total Growing
Cost ($/ha)

30.48

31.81

Total Farm
Labour
(hrs/ha)
0.99

Cane planting

935.00

984.48

0.00

0.00

Fertiliser and ameliorant application

337.84

323.49

0.33

3.72

Weed, insect & disease control

146.13

137.49

0.77

8.61

Irrigation (includes variable water charges)

564.08

660.03

1.50

0.00

Fixed water charges

395.52

511.08

2409.05

2633.67

Item

Land preparation

Totals
1Farm
2Farm

178

2019

3.59

2019

Total Farm
Labour Cost
($/ha)1

125.65

Total Farm
Fuel Use
(L/ha)
17.9

Total Farm
Fuel Cost
($/ha)2

30.23

labour cost for FY2019-20 $35/hr from FEAT Bundaberg Regional Example (State of Queensland, 2020; p.6)
fuel cost for FY2019-20 $1.00/litre (after diesel fuel rebate and removal of GST) from FEAT Bundaberg Regional Example (State of Queensland, 2020; p.5).

30.23

Table 51: Indicative ratoon cane growing costs, farm labour requirement and farm fuel use for a representative cane farm in the BRIA, as determined via FEAT
simulations (State of Queensland Department of Agriculture and Fisheries, 2020). FEAT default costs and prices from the 2015 BRIA Regional Scenario are
adjusted or escalated to 2019 using the approaches stated in the relevant sub-table below

BRIA Ratoon cane: Fertiliser and soil ameliorant application

Item

#
Applications

Application
Rate (kg/ha)

N
content
(%) 2

N
applied
(kgN/ha)

2015
Prices in 2015
AUD
Unit
Total
Cost Cost
($/t)
($/ha)

Fertiliser ‘Baratta’

1

530

32.2

170

710

JD120HP Stool splitter
fertiliser box; 1.9m 3 row
Totals

1

2019
Prices in 2019 AUD

376.01
8.33

Cost
escalation
via
ABARES1
index for
fertilisers

Unit
Cost
($/ha)

737.57

machinery
maint.

384.34

Total
Cost
($/ha)

Farm
Labour
(hrs/ha)

Farm
Fuel
Use
(L/ha)

390.91
8.69

0.33

3.72

399.31

0.33

3.72

Economic Overview – Agricultural Commodities – December Quarter 2020 (ABARES, 2020)
2 Nitrogen content from ‘FertFinder®_v2.xls’ from Sugar Research Australia (2016).
1 ABARES

BRIA Ratoon cane: Weed control

Item

#
Applications

Application
Rate
(unit/ha)

2015
Prices in 2015
AUD
Unit
Total
Cost
Cost
($/t)
($/ha)

Spray 1: 0.5kg Diurex+1.2L Paraquat+1L 2,4-D
Advance 700
Edge spraying

2

1

23.58

1

1

6

labour

6.74

Spot spraying

1

1

6

labour

6.74

JD 120HP: Sprayer 1.9m 4 row tracking legs

2

5.90

Totals
1

47.16

11.80
70.96

2019
Prices in 2019 AUD
Cost
Escalation
via
ABARES1
index for
chemicals

machinery
maint.

Unit
Cost
($/ha)

21.90

Total
Cost
($/ha)

Farm
Labour
(hrs/ha)

Farm
Fuel
Use
(L/ha)

43.80

12.31

0.57

6.38

69.59

0.57

6.38

ABARES Economic Overview – Agricultural Commodities – December Quarter 2020 (ABARES, 2020)
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BRIA Ratoon cane: Irrigation

2015 Prices in 2015 AUD

Irrigation Rate
(ML/ha)

Electric Pump
Power (kW)

Pump Flow
Rate (L/s)

Daytime
pumping
(%)

12 5

11

50

50

12

5

Water
Allocation
Price 1
($/ML)

Water
Usage
Price 2
($/ML)
27.34

Daytime
Electricity
Price 3
($/kWh)
0.31

Night
Electricity
Price 3
($/kWh)
0.17

Repair &
Maint
Cost 4
($/ML)
5.00

32.96

Total
Cost
($/ha)
564.08

Farm
Labour
(hrs/ha)
1.5

395.52

Totals

959.60

1.5

1

Burdekin Channel Part A and C (Fixed) water charges from FEAT (2015) default for BRIA (State of Queensland, 2016)
Burdekin Channel Part B and D (Variable) water charges from FEAT (2015) default for BRIA (State of Queensland, 2016)
3 Ergon Energy Tafiff 65 pricing for FY2015-16 from FEAT (2015) default for BRIA (State of Queensland, 2016)
4 From FEAT (2015) default for BRIA (State of Queensland, 2016)
5 FEAT (2015) default for BRIA (State of Queensland, 2016). Assuming 0% recycled water.
2

BRIA Ratoon cane: Irrigation

2019 Prices in 2019 AUD

Irrigation Rate
(ML/ha)

Electric Pump
Power (kW)

Pump Flow
Rate (L/s)

Daytime
pumping
(%)

12 5

11

50

50

12

5

Totals
1

Water
Allocation
Price 1
($/ML)
42.59

Water
Usage
Price 2
($/ML)
30.14

Daytime
Electricity
Price 3
($/kWh)
0.41

Night
Electricity
Price 3
($/kWh)
0.22

Repair
& Maint
Cost 4
($/ML)
5.22

Total
Cost
($/ha)
660.03

Farm
Labour
(hrs/ha)
1.5

511.08
1171.11

1.5

2019-20 Burdekin Haughton Water Supply Scheme: Burdekin Channel Part A and C (Fixed) water charges ($/ML)
2 2019-20 Burdekin Haughton Water Supply Scheme: Burdekin Channel Part B and D (Variable) water charges ($/ML)
3 Ergon Energy Tariff 65 pricing for FY2019-20 (https://www.ergon.com.au/retail/business/tariffs-and-prices/farming-tariffs)
4 FEAT (2015) default for BRIA (State of Queensland, 2016) escalated to FY2019-20 in 2019 AUD using ‘labour’ index from ABARES Economic Overview – Agricultural
Commodities – December Quarter 2020 (ABARES, 2020).
5 FEAT (2015) default for BRIA (State of Queensland, 2016). Assuming 0% recycled water.
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Table 52: Summary of indicative plant cane growing costs, farm labour requirement and farm fuel use for a representative cane farm in the BRIA, as determined via
FEAT simulations (State of Queensland Department of Agriculture and Fisheries, 2020)

BRIA Ratoon Cane: All growing costs
Item

Fertiliser application
Weed control
Irrigation (includes variable water charges)
Fixed water charges
Totals
1Farm
2Farm

2015

2019

2019

2019

Total Growing
Cost ($/ha)

Total Growing
Cost ($/ha)

384.34

399.31

Total Farm
Labour
(hrs/ha)
0.33

70.96

69.59

0.57

6.38

564.08

660.03

1.50

0.00

395.52

511.08

0.00

1414.90

1640.01

2.40

Total Farm
Labour Cost
($/ha) 1

Total Farm
Fuel Use
(L/ha)
3.72

Total Farm
Fuel Cost
($/ha) 2

0.00
84.00

10.10

10.10

labour cost for FY2019-20 $35/hr from FEAT Bundaberg Regional Example (State of Queensland, 2020; p.6)
fuel cost for FY2019-20 $1.00/litre (after diesel fuel rebate and removal of GST) from FEAT Bundaberg Regional Example (State of Queensland, 2020; p.5).
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Table 53: Indicative legume fallow growing costs, farm labour requirement and farm fuel use for a representative cane farm in the BRIA, as determined via FEAT
simulations (State of Queensland Department of Agriculture and Fisheries, 2020). FEAT default costs and prices from the 2015 BRIA Regional Scenario are
adjusted or escalated to 2019 using the approaches stated in the relevant sub-table below

BRIA Legume fallow: Land preparation
2015 (default from FEAT)
Prices in 2015 AUD
Unit Cost ($/ha) Total Cost
($/ha)

Item

# Operations

JD 165 HP: Zonal Ripper Rotary Hoe

1

30.48

30.48

JD 165HP: Offsets 28 plate

3

29.35

88.05

Totals
1 ABARES

2019
Prices in 2019 AUD
Cost
Unit
escalation via
Cost
ABARES1
($/ha)
index for:
machinery
31.81
maintenance
machinery
30.63
maintenance

Farm Labour
(hrs/ha)

Farm Fuel Use
(L/ha)

31.81

0.99

17.90

91.89

2.16

38.85

123.70

3.15

56.75

2019
Prices in 2019 AUD
Cost escalation
Unit
via ABARES1
Cost
index for:
($/kg)
pulses
22.84

Total
Cost
($/ha)
14.39

Farm Labour
(hrs/ha)

135.60

118.53

Total
Cost
($/ha)

Economic Overview – Agricultural Commodities – December Quarter 2020 (ABARES, 2020)

BRIA Legume fallow: Legume planting

Item

Application rate
(kg/ha)

Innoculant

0.632

Seed (Leichardt soy bean)

632

2015 (default from FEAT)
Prices in 2015 AUD
Unit Cost
Total Cost
($/kg)
($/ha)
18.142

11.43

1.712

107.73

pulses

JD 80HP: Direct Drill Legume
Planter 1.9m 2 row

10.262

Vehicle &
machinery
maint.

Totals

129.42

Economic Overview – Agricultural Commodities – December Quarter 2020 (ABARES, 2020)
2 Default quantity in FEAT Online (State of Queensland Department of Agriculture and Fisheries, 2020)
1 ABARES
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2.15

Farm Fuel
Use (L/ha)

10.71

0.37

2.60

160.70

0.37

2.60

BRIA Legume fallow: Gypsum

Item

#
Applications

Application Rate
(kg/ha)

Gypsum

1

4000

2015
Prices in 2015 AUD
Unit Cost
Total
($/t)
Cost
($/ha)
155
620.00

Totals

2019
2019 AUD
Cost escalation via
ABARES1 index for
fertilisers

Prices in
Unit
Cost
($/ha)
161.02

620.00

Total
Cost
($/ha)
644.08
644.08

Farm Labour
(hrs/ha)

Farm
Fuel Use
(L/ha)

0.33

3.72

Economic Overview – Agricultural Commodities – December Quarter 2020 (ABARES, 2020)
2 Nitrogen content of fertilisers from Incitec Pivot (MAP and DAP Factsheet www.incitecpivotfertilisers.com.au/products-and-services )
1 ABARES

BRIA Legume fallow: Weed control
2015
Prices in 2015
AUD
Unit
Total
Cost
Cost
($/t)
($/ha)

2019
Prices in 2019 AUD

Item

# Applications

Application Rate
(unit/ha)

Spray 1: 1.5L Roundup DST + 1.5L Dual
Gold
Spray 2: 1L Blazer

1

1

31.23

31.23

Cost
Escalation
via
ABARES1
index for
chemicals

1

1

58.07

58.07

Spray 3: 3.5L Roundup DST + 0.6L Starane
Advanced
JD 120HP: Sprayer 1.9m 5 row

1

34.48

3

4.66

Totals
1 ABARES

Unit
Cost
($/ha)

Total
Cost
($/ha)

Farm
Labour
(hrs/ha)

Farm
Fuel
Use
(L/ha)

28.98

28.98

chemicals

53.88

53.88

34.48

chemicals

32.06

32.06

13.98

machinery
maint.

4.86

14.58

0.60

6.70

129.50

0.60

6.70

137.76
Economic Overview – Agricultural Commodities – December Quarter 2020 (ABARES, 2020)
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BRIA Legume fallow: Irrigation

2015 (Prices in 2015 AUD)

Irrigation Rate
(ML/ha)

Electric Pump
Power (kW)

Pump Flow
Rate (L/s)

Daytime
pumping
(%)

45

11

50

50

4

5

Water
Allocation
Price 1
($/ML)

Water
Usage
Price 2
($/ML)
27.34

Daytime
Electricity
Price 3
($/kWh)
0.31

Night
Electricity
Price 3
($/kWh)
0.17

Repair &
Maint
Cost 4
($/ML)
5.00

32.96

Total
Cost
($/ha)
188.03

Farm
Labour
(hrs/ha)
0.5

131.84

Totals

319.87

0.5

1

Burdekin Channel Part A and C (Fixed) water charges from FEAT (2015) default for BRIA (State of Queensland, 2016)
Burdekin Channel Part B and D (Variable) water charges from FEAT (2015) default for BRIA (State of Queensland, 2016)
3 Ergon Energy Tariff 65 pricing for FY2015-16 from FEAT (2015) default for BRIA (State of Queensland, 2016)
4 From FEAT (2015) default for BRIA (State of Queensland, 2016)
5 FEAT (2015) default for BRIA (State of Queensland, 2016). Assuming 0% recycled water.
2

BRIA Legume fallow: Irrigation

2019 (Prices in 2019 AUD)

Irrigation Rate
(ML/ha)

Electric Pump
Power (kW)

Pump Flow
Rate (L/s)

Daytime
pumping
(%)

45

11

50

50

4

5

Totals
1

Water
Allocation
Price 1
($/ML)
42.59

Water
Usage
Price 2
($/ML)
30.14

Daytime
Electricity
Price 3
($/kWh)
0.41

Night
Electricity
Price 3
($/kWh)
0.22

Repair
& Maint
Cost 4
($/ML)
5.61

Total
Cost
($/ha)
220.00

Farm
Labour
(hrs/ha)
0.5

170.36
390.36

0.5

2019-20 Burdekin Haughton Water Supply Scheme: Burdekin Channel Part A and C (Fixed) water charges ($/ML)
2 2019-20 Burdekin Haughton Water Supply Scheme: Burdekin Channel Part B and D (Variable) water charges ($/ML)
3 Ergon Energy Tariff 65 pricing for FY2019-20 (https://www.ergon.com.au/retail/business/tariffs-and-prices/farming-tariffs)
4 FEAT (2015) default for BRIA (State of Queensland, 2016) escalated to FY2019-20 in 2019 AUD using ‘labour’ index from ABARES Economic Overview – Agricultural
Commodities – December Quarter 2020 (ABARES, 2020).
5 FEAT (2015) default for BRIA (State of Queensland, 2016). Assuming 0% recycled water.
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Table 54: Summary of indicative plant cane growing costs, farm labour requirement and farm fuel use for a representative cane farm in the BRIA, as determined via
FEAT simulations (State of Queensland Department of Agriculture and Fisheries, 2020)

BRIA Legume fallow: All growing costs
2015

2019

Total Growing
Cost ($/ha)

Total Growing
Cost ($/ha)

Land preparation

118.53

123.70

Total Farm
Labour
(hrs/ha)
3.15

Legume planting

129.42

160.70

0.37

2.60

Gypsum

620.00

644.08

0.00

0.00

Weed control

137.76

129.50

0.60

6.70

Irrigation (includes variable water charges)

188.03

220.00

0.50

0.00

Fixed water charges

131.84

170.26

1325.58

1448.34

Item

Totals
1Farm
2Farm

2019

4.62

2019

Total Farm
Labour Cost
($/ha) 1

161.70

Total Farm
Fuel Use
(L/ha)
56.75

Total Farm
Fuel Cost
($/ha) 2

66.05

66.05

labour cost for FY2019-20 $35/hr from FEAT Bundaberg Regional Example (State of Queensland, 2020; p.6)
fuel cost for FY2019-20 $1.00/litre (after diesel fuel rebate and removal of GST) from FEAT Bundaberg Regional Example (State of Queensland, 2020; p.5).
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Appendix 7.2: Burdekin Delta
Table 55: Burdekin Delta: Characteristics of cane production on a representative farm

Burdekin Delta: Representative farm and cane production cycle1
Farm size1 (ha)

120

Soil type1

Medium clay
Controlled traffic with pre-formed beds.
Reduced tillage and zonal tillage of block prior to planting.
Zero tillage in ratoons.

Soil management1

Number of ratoon crops in
cycle1
Length of production cycle1
(years)
Fallow management1
Cane row

spacing1

(m)

Fertiliser management1

Fertiliser application: plant
cane3 (kgN/ha)
Fertiliser application: ratoons3
(kgN/ha)
Irrigation management1
Cane irrigation

rate4

(ML/ha)

rate4

3
5
Legume fallow (soy bean: ploughed in, not harvested)
1.8
Six Easy Steps nutrient management derived from
District Yield Potential of 150 tonnes cane FW/ha 2
Soil testing on fallow block in each cycle.
Subsurface nutrient application.
Soil ameliorant applied during soy fallow.
50 (allowing for N-input from soy fallow)
170
Furrow irrigation
16

Legume irrigation
(ML/ha)
Pest management1

Integrated pest management

harvest1

Cane burnt prior to harvest

Cane

yield5

Average cane
(tonnes
cane fresh weight/ha)
Average CCS1 (%)
DIN loss in

runoff6

(kg DIN/ha)

drainage6

DIN loss to
(kg
DIN/ha)
Total DIN loss6 (kg DIN/ha)
1

5

131
14.94
37.0
0.3
37.3

Data for representative BRIA farm and cane cultivation practices obtained from van Grieken et al., (2010b; Table
4, p.4), van Grieken et al., (2010a; Section 3, p.4-5) and van Grieken et al.,( 2010b; Section 2.2.1, p.10-13)
2 As specified for the BRIA in the Prescribed Methodology for Sugarcane Cultivation under the 2019 Reef
Regulations (State of Queensland, 2019; Table 1, p.22).
3 Derived from Six Easy Steps DYP150 fertiliser application rates reported for the RP20 Nitrogen Trials program in
the BRIA (Connellan et al., 2017; Section 4 p.16-106).
4 Irrigation rate from FEAT BRIA Regional Example (State of Queensland Department of Agriculture and Fisheries,
2020)
5 Average cane yield across plant cane and three ratoon crops (i.e. fallow excluded). Results under Six Easy Steps
DYP150 fertiliser application rates from APSIM modelling quoted in van Grieken et al., (2010b; Table 10, p.7)
6 Results from APSIM modelling under Six Easy Steps DYP150 fertiliser application rates as quoted in van Grieken
et al., (2010b; Table 6, p.5)
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Table 56: Predicted gross margins for 3-ratoon cane production system on a representative cane farm in
the Burdekin Delta, under Six Easy Steps fertiliser applications derived from District Yield Potential = 150
tonnes/ha, burnt cane harvesting and legume (soy) fallow. Predictions produced by FEAT, using default
farming activity profiles for the Burdekin Delta with prices and costs adjusted as detailed in table
following. Prices, costs, revenues and gross margins expressed in 2019 AUD$

Burdekin Delta
Plant cane + three ratoons with
soy bean legume fallow
Area (ha)

Late
Plant
24

Yield (tonne/ha) [cane only]

140.6

138.5

125.9

119.0

0

131.0

CCS1

14.79

14.26

14.78

15.92

0

14.94

Cane
($/tonne net of levy)
[cane only]
Harvest Revenue (net of levy) ($/ha)

40.38

38.39

40.35

44.63

0

40.94

5678

5316

5079

5313

0

Harvesting costs3 ($/ha)

1141

1124

1022

966

0

Growing costs4 ($/ha)43

1693

843

843

843

683

(%) [cane only]

First
Ratoon
24

Second
Ratoon
24

Third
Ratoon
24

Legume
Fallow
24

Farm
120

Price2

Fuel cost6 ($/ha)

37

9

9

9

64

Fixed water charges5 ($/ha)

776

776

776

776

308

Labour cost7 ($/ha)

146

81

81

81

169

2809

3340

3205

3494

-747

2420

2664

3259

3124

3413

-916

2309

2033

2564

2429

2718

-1055

1738

1887

2483

2348

2637

-1224

1626

Gross Margin8 ($/ha)
Gross Margin9 (minus labour cost)
($/ha)
Gross Margin10 (minus fixed water
charges) ($/ha)
Gross Margin11 (minus fixed water
charges & labour cost) ($/ha)
1

Representative CCS percentages for each crop stage in the production cycle in the BRIA under Six Easy Steps
fertiliser applications derived from DYP= 150 tonnes/ha (Connellan et al., 2017).
2 Derived in FEAT using the industry standard cane pricing formula, a representative sugar price of $417.41 (the
average Queensland sugar price 2014 – 2019 (State of Queensland, 2020)), a levy of $0.81/tonne (all in 2019
AUD$), and a cane price calculation constant of 0.66 (State of Queensland Department of Agriculture and Fisheries,
2020).
3 Harvesting cost of $8.12/tonne cane fresh weight derived from FEAT (2015) default for BRIA (State of Queensland,
2016) escalated to FY2019-20 in 2019 AUD using the ‘labour’ index from ABARES Economic Overview –
Agricultural Commodities – December Quarter 2020 (ABARES, 2020).
4 Growing costs specified in detail for each crop stage in the tables following. Growing costs do not include cost of
purchasing a water allocation cost, the fixed per area water charge, labour costs or tractor fuel cost.
5c
6&7
From FEAT (2019) Regional Scenario for Bundaberg (State of Queensland, 2020).
8 Gross margin = harvest revenue (net of levy) – harvest cost – growing cost – tractor fuel cost
9 Gross margin minus labour cost = harvest revenue (net of levy) – harvest cost – growing cost – tractor fuel cost –
labour cost
10 Gross margin minus water allocation cost = harvest revenue (net of levy) – harvest cost – growing cost – tractor
fuel cost – water allocation cost
11 Gross margin minus water allocation cost and labour cost = harvest revenue (net of levy) – harvest cost – growing
cost – tractor fuel cost – labour cost – water allocation cost
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Table 57: Burdekin Delta: Overarching scenario assumptions applied in FEAT simulations to determine
representative farm gross margin from sugarcane production (State of Queensland Department of
Agriculture and Fisheries, 2020). FEAT default costs and prices from the 2015 BRIA Regional Scenario are
adjusted or escalated to 2019 using the approaches stated in the table below

Burdekin Delta: Overarching Scenario Assumptions
Year
Item

Farm

Farm size (ha)

2402

2015

2019

Prices in 2015 AUD

Cost
escalation via
ABARES1
index for:

Prices in
2019 AUD

4303

417.414

Cane price ($/tonne)6

42.19

40.95

Harvest cost ($/tonne)

7.207

Levies ($/tonne)

0.817

0.817

Tractor fuel price after rebate ($/L)

1.009

1.0010

Sugar price ($/tonne)
Average CCS (%)

Row width

14.945

labour

8.128

1.811

Economic Overview – Agricultural Commodities – December Quarter 2020 (ABARES, 2020)
Representative farm size (van Grieken et al., 2010c; Table 4, p.4)
3 Average Queensland sugar price over the five years 2010 – 2014 (State of Queensland, 2016; Table 3, p.5)
4 Average Queensland sugar price over the five years 2015 – 2019 (State of Queensland, 2020; p.4)
5 van Grieken et al.(2010c; Table 4, p.4)
6 Calculated from sugar price using the cane price formula: Cane price = (0.009 x Sugar price x (CCS – 4)) + 0.66
– levy of 0.81;$/tonne (Wilmar, n.d.; State of Queensland Department of Agriculture and Fisheries, 2016; Table 4
p.5)
7 FEAT Regional Scenarios (State of Queensland, 2016; Table 3 p.5)
8 Harvesting cost of $8.12/tonne cane fresh weight derived from FEAT (2015) default for BRIA (State of Queensland,
2016) escalated to FY2019-20 in 2019 AUD using the ‘labour’ index from ABARES Economic Overview –
Agricultural Commodities – December Quarter 2020 (ABARES, 2020).
9 FEAT Regional Scenarios (State of Queensland, 2016; p.6)
10 FEAT Regional Example – Bundaberg (State of Queensland, 2020; p.5)
11 van Grieken et al. (2010a, p.4)
1 ABARES
2
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Table 58: Indicative plant cane growing costs, farm labour requirement and farm fuel use for a representative cane farm in the Burdekin Delta, as determined via
FEAT simulations (State of Queensland Department of Agriculture and Fisheries, 2020). FEAT default costs and prices from the 2015 Burdekin Delta Regional
Scenario are adjusted or escalated to 2019 using the approaches stated in the relevant sub-table below

Burdekin Delta Plant Cane: Land preparation

Item

# Operations

JD 165 HP: Zonal Ripper Rotary Hoe

1

2015 (default from FEAT)
Prices in 2015 AUD

2019
2019 AUD

Unit
Cost
($/ha)

Total Cost ($/ha)

Cost escalation via
ABARES1 index for:

Unit
Cost
($/ha)

Total
Cost
($/ha)

Farm Labour

Farm Fuel Use

(hrs/ha)

(L/ha)

30.48

30.48

machinery
maintenance

31.81

31.81

0.99

17.9

31.81

0.99

17.9

Totals
1 ABARES

Prices in

30.48
Economic Overview – Agricultural Commodities – December Quarter 2020 (ABARES, 2020)

Burdekin Delta Plant cane: Cane planting by contractor
2015 (default from FEAT)
Prices in 2015 AUD
Item

Cane setts
to plant
(tonnes/ha)

Unit
Cost
($/t)

Cane
Setts
Cost
($/ha)

Cane setts to
plant
(tonnes/ha)

102

42.193

421.90

Contract
planting
Totals

Contract
Plant
Cost
($/ha)

2019
Prices in 2019 AUD
Total Cost
($/ha)

450

Cost escalation
via ABARES1
index for:

Unit
Cost
($/ha)

Cane
Setts
Cost
($/ha)

40.953

409.50

labour
871.90

Contract
Plant
Cost
($/ha)

Total
Cost
($/ha)

Farm
Labour
(hrs/ha)

Farm
Fuel
Use
(L/ha)
0

0

0

0

505.14
916.54

Economic Overview – Agricultural Commodities – December Quarter 2020 (ABARES, 2020)
Default quantity in FEAT Online (State of Queensland Department of Agriculture and Fisheries, 2020)
3 The cost of cane billets for planting is set equal to the on-farm price of cane (State of Queensland, 2016; p.6)
1 ABARES
2
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Burdekin Delta Plant cane: Fertiliser and soil ameliorant application

Item

# Applications

Application
Rate
(kg/ha)

N
content
(%) 2

N
applied
(kgN/ha)

2015
Prices in 2015
AUD

2019
Prices in 2019 AUD

Unit
Cost
($/t)

Cost
escalation
via
ABARES1
index for

Unit
Cost
($/ha)

Total
Cost
($/ha)

fertilisers

727.1
8

104.71

fertilisers

654.4
7

34.69

Delta 1

1

144

11.5

25.5

700

Urea

1

53

46.0

24.4

630

JD120HP Stool splitter
fertiliser box; 1.9m 3 row

1

Totals
Economic Overview – Agricultural Commodities – December Quarter 2020 (ABARES, 2020)
Nitrogen content from ‘FertFinder®_v2.xls’ from Sugar Research Australia (2016)

1 ABARES
2
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Total
Cost
($/ha)

100.80
33.39
8.33
142.52

machinery
maint.

Farm
Labour
(hrs/ha)

Farm
Fuel
Use
(L/ha)

8.69

0.33

3.72

148.09

0.33

3.72

Burdekin Delta Plant cane: Weed control
2015
Prices in 2015
AUD

2019
Prices in 2019 AUD
Cost
Escalation
via
ABARES1
index for

Unit
Cost
($/ha)

Item

#
Applications

Application
Rate
(unit/ha)

Unit
Cost
($/t)

Spray 1: 0.5kg Diurex+1.2L Paraquat+1L 2,4-D
Advance 700

2

1

23.60

47.20

chemicals

21.90

43.80

Spray 3: 1.2L Paraquat +1L 2,4-D Amine
625+2.5L Stomp Xtra +1.5kg Atrazine

1

1

63.29

63.29

chemicals

58.72

58.72

JD 120HP: Bedformer 2 Row

1

12.34

machinery
maint.

12.88

0.57

6.38

JD 120HP: Sprayer 1.9m 5 row

1

4.66

machinery
maint.

4.86

0.20

2.23

JD 120HP: Sprayer 1.9m 4 row tracking legs

2

11.80

machinery
maint.

12.31

0.57

6.38

132.57

1.34

14.99

Totals
1 ABARES

Total
Cost
($/ha)

139.29

Total
Cost
($/ha)

Farm
Labour
(hrs/ha)

Farm
Fuel
Use
(L/ha)

Economic Overview – Agricultural Commodities – December Quarter 2020 (ABARES, 2020)
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Burdekin Delta Plant cane: Insect control
2015
Prices in 2015
AUD

2019
in 2019 AUD

Prices

Item

#
Applications

Application
Rate
(unit/ha)

Unit
Cost
($/t)

Total
Cost
($/ha)

Cost Escalation via
ABARES1 index for

Unit
Cost
($/ha)

Total
Cost
($/ha)

Lorsban (wire worm)

1

1.5

11.32

16.98

chemicals

10.50

15.76

Confidor Guard

1

1.44

36.39

52.40

chemicals

33.78

48.64

Totals
1 ABARES

59.38

64.40

Farm
Labour
(hrs/ha)

Farm
Fuel
Use
(L/ha)

0

0

0

0

Farm
Labour
(hrs/ha)

Farm
Fuel
Use
(L/ha)

Economic Overview – Agricultural Commodities – December Quarter 2020 (ABARES, 2020)

Burdekin Delta Plant cane: Disease control
2019
2019 AUD
Cost Escalation via
ABARES1 index for

Item

#
Applications

Application
Rate
(unit/ha)

Unit
Cost
($/t)

Bumper

1

0.16

13.75

Totals
1 ABARES
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2015
Prices in
2015 AUD
Total
Cost
($/ha)
2.20

chemicals

2.20
Economic Overview – Agricultural Commodities – December Quarter 2020 (ABARES, 2020)

Prices in

Unit
Cost
($/ha)

Total
Cost
($/ha)

12.76

2.04

0

0

2.04

0

0

Burdekin Delta Plant cane: Irrigation

2015 Prices in 2015 AUD

Irrigation Rate
(ML/ha)

Electric Pump
Power (kW)

Pump Flow
Rate (L/s)

Daytime
pumping
(%)

165

11

50

50

165

Water
Allocation
Price1
($/ML)

Area
Charge2
($/ha)

Daytime
Electricity
Price3
($/kWh)
0.31

32.96

Night
Electricity
Price3
($/kWh)
0.17

Repair &
Maint
Cost4
($/ML)
5.00

90.14

Total
Cost
($/ha)
314.67

Farm
Labour
(hrs/ha)
1.5

617.50

Totals

932.17

1.5

1

c
Area-based water charge from Lower Burdekin Water for cane land in Northern Division. Deflated from 2019 Lower Burdekin Water Area Charge for cane land in
Northern Division (Lower Burdekin Water, 2019) using water price index from ABARES Economic Overview – Agricultural Commodities – December Quarter 2020
(ABARES, 2020)
3 Ergon Energy Tafiff 65 pricing for FY2015-16 from FEAT (2015) default for Burdekin Delta (State of Queensland, 2016)
4 From FEAT (2015) default for Burdekin Delta (State of Queensland, 2016)
5
FEAT (2015) default for Burdekin Delta (State of Queensland, 2016). Assuming 0% recycled water.
2

Burdekin Delta Plant cane: Irrigation

2019 Prices in 2019 AUD

Irrigation Rate
(ML/ha)

Electric Pump
Power (kW)

Pump Flow
Rate (L/s)

Daytime
pumping
(%)

165

11

50

50

165
Totals

Water
Allocation
Price1
($/ML)

Area
Charge2
($/ha)

Daytime
Electricity
Price3
($/kWh)
0.41

42.59

94.88

Night
Electricity
Price3
($/kWh)
0.22

Repair
& Maint
Cost4
($/ML)
5.61

Total
Cost
($/ha)
397.80

Farm
Labour
(hrs/ha)
1.5

776.32
1174.12

1.5

1

2019-20 Burdekin Haughton Water Supply Scheme: Burdekin Channel Part A and C (Fixed) water charges ($/ML)
Area-based water charge from Lower Burdekin Water for cane land in Northern Division (Lower Burdekin Water, 2019)
3 Ergon Energy Tariff 65 pricing for FY2019-20 (https://www.ergon.com.au/retail/business/tariffs-and-prices/farming-tariffs)
4 FEAT (2015) default for Burdekin Delta (State of Queensland, 2016) escalated to FY2019-20 in 2019 AUD using ‘labour’ index from ABARES Economic Overview –
Agricultural Commodities – December Quarter 2020 (ABARES, 2020).
5 FEAT (2015) default for Burdekin Delta (State of Queensland, 2016). Assuming 0% recycled water.
2
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Table 59: Summary of indicative plant cane growing costs, farm labour requirement and farm fuel use for a representative cane farm in the Burdekin Delta, as
determined via FEAT simulations (State of Queensland Department of Agriculture and Fisheries, 2020)

Burdekin Delta Plant Cane: All growing costs

Item

Land preparation

2015

2019

2019

Total
Growing
Cost ($/ha)

Total
Growing
Cost ($/ha)

Total Farm
Labour
(hrs/ha)

2019

Total Farm
Labour Cost
($/ha) 1

Total Farm
Fuel Use
(L/ha)

30.48

31.81

0.99

17.9

Cane planting

871.90

916.54

0.00

0.00

Fertiliser and ameliorant application

142.52

148.09

0.33

3.72

Weed, insect & disease control

200.87

199.01

1.34

14.99

Irrigation (pumping and maintenance)

314.67

397.80

1.50

0.00

Fixed water charges

617.50

776.32

0.00

0.00

2177.94

2469.57

4.16

Totals
1Farm
2Farm
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145.60

36.61

labour cost for FY2019-20 $35/hr from FEAT Bundaberg Regional Example (State of Queensland, 2020; p.6)
fuel cost for FY2019-20 $1.00/litre (after diesel fuel rebate and removal of GST) from FEAT Bundaberg Regional Example (State of Queensland, 2020; p.5).

Total Farm
Fuel Cost
($/ha) 2

36.61

Table 60: Indicative ratoon cane growing costs, farm labour requirement and farm fuel use for a representative cane farm in the Burdekin Delta, as determined via
FEAT simulations (State of Queensland Department of Agriculture and Fisheries, 2020). FEAT default costs and prices from the 2015 Burdekin Delta Regional
Scenario are adjusted or escalated to 2019 using the approaches stated in the relevant sub-table below

Burdekin Delta Ratoon cane: Fertiliser application

Item

Fertiliser ‘Lower Burdekin
Ratooner’
JD120HP Stool splitter
fertiliser box; 1.9m 3 row
Totals

#
Applications

Application
Rate (kg/ha)

N
content
(%) 2

N
applied
(kgN/ha)

1

479

35.5

170

2015
Prices in 2015
AUD
Unit
Total
Cost Cost
($/t)
($/ha)

679

1

2019
Prices in 2019 AUD
Cost
escalation
via
ABARES1
index for

320.93

fertilisers

8.33

machinery
maint.

329.26

Unit
Cost
($/ha)

696.02

Total
Cost
($/ha)

Farm
Labour
(hrs/ha)

Farm
Fuel
Use
(L/ha)

333.39
8.69

0.33

3.72

342.08

0.33

3.72

Economic Overview – Agricultural Commodities – December Quarter 2020 (ABARES, 2020)
2 Nitrogen content from ‘FertFinder®_v2.xls’ from Sugar Research Australia (2016).
1 ABARES
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Burdekin Delta Ratoon cane: Weed control

Item

#
Applications

Application
Rate
(unit/ha)

2015
Prices in 2015
AUD
Unit
Total
Cost
Cost
($/t)
($/ha)

Spray 1: 0.5kg Diurex+1.2L Paraquat+1L 2,4-D
Advance 700
Edge spraying

2

1

23.60

1

1

Spot spraying

1

1

JD 120HP: Sprayer 1.9m 4 row tracking legs

1

5.90

5.90

JD 120HP: Sprayer 1.9m 5 row

1

4.66

4.66

Totals
1 ABARES

47.20

2019
Prices in 2019 AUD
Cost
Escalation
via
ABARES1
index for
chemicals

6

labour

6

labour

Unit
Cost
($/ha)

Total
Cost
($/ha)

21.90

Farm
Labour
(hrs/ha)

Farm
Fuel
Use
(L/ha)

43.80
6.74
6.74

machinery
maint.
machinery
maint.

6.88

6.88

0.28

3.19

5.43

5.43

0.20

2.23

69.59

0.48

5.42

69.76
Economic Overview – Agricultural Commodities – December Quarter 2020 (ABARES, 2020)

Burdekin Delta Ratoon cane: Insect control

Item

#
Applications

Application
Rate
(unit/ha)

2015
Prices in 2015
AUD
Unit
Total
Cost
Cost
($/t)
($/ha)

Confidor Guard

1

1

36.39

Totals
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36.39
36.39

2019
in 2019 AUD

Prices

Cost Escalation via
ABARES1 index for

Unit
Cost
($/ha)

Total
Cost
($/ha)

chemicals

33.78

33.78
33.78

Farm
Labour
(hrs/ha)

0

Farm
Fuel
Use
(L/ha)
0

Burdekin Delta Ratoon cane: Irrigation

2015 Prices in 2015 AUD

Irrigation Rate
(ML/ha)

Electric Pump
Power (kW)

Pump Flow
Rate (L/s)

Daytime
pumping
(%)

165

11

50

50

165

Water
Allocation
Price1
($/ML)
32.96

Area
Charge2
($/ha)

Daytime
Electricity
Price3
($/kWh)
0.31

Night
Electricity
Price3
($/kWh)
0.17

Repair &
Maint
Cost4
($/ML)
5.00

90.14

Total
Cost
($/ha)
314.67

Farm
Labour
(hrs/ha)
1.5

617.50

Totals

932.17

1.5

1

Burdekin Channel Part A and C (Fixed) water charges from FEAT (2015) default for Burdekin Delta (State of Queensland, 2016)
Area-based water charge from Lower Burdekin Water for cane land in Northern Division. Deflated from 2019 Lower Burdekin Water Area Charge for cane land in
Northern Division (Lower Burdekin Water, 2019) using water price index from ABARES Economic Overview – Agricultural Commodities – December Quarter 2020
(ABARES, 2020)
3 Ergon Energy Tafiff 65 pricing for FY2015-16 from FEAT (2015) default for Burdekin Delta (State of Queensland, 2016)
4 From FEAT (2015) default for Burdekin Delta (State of Queensland, 2016)
5 FEAT (2015) default for Burdekin Delta (State of Queensland, 2016). Assuming 0% recycled water.
2

Burdekin Delta Ratoon cane: Irrigation

2019 Prices in 2019 AUD

Irrigation Rate
(ML/ha)

Electric Pump
Power (kW)

Pump Flow
Rate (L/s)

Daytime
pumping
(%)

165

11

50

50

165
Totals

Water
Allocation
Price1
($/ML)
42.59

Area
Charge2
($/ha)

94.88

Daytime
Electricity
Price3
($/kWh)
0.41

Night
Electricity
Price3
($/kWh)
0.22

Repair
& Maint
Cost4
($/ML)
5.22

Total
Cost
($/ha)
397.80

Farm
Labour
(hrs/ha)
1.5

776.32
1174.12

1.5

1

2019-20 Burdekin Haughton Water Supply Scheme: Burdekin Channel Part A and C (Fixed) water charges ($/ML)
Area-based water charge from Lower Burdekin Water for cane land in Northern Division (Lower Burdekin Water, 2019)
3 Ergon Energy Tariff 65 pricing for FY2019-20 (https://www.ergon.com.au/retail/business/tariffs-and-prices/farming-tariffs)
4 FEAT (2015) default for Burdekin Delta (State of Queensland, 2016) escalated to FY2019-20 in 2019 AUD using ‘labour’ index from ABARES Economic Overview –
Agricultural Commodities – December Quarter 2020 (ABARES, 2020).
5 FEAT (2015) default for Burdekin Delta (State of Queensland, 2016). Assuming 0% recycled water.
2
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Table 61: Summary of indicative plant cane growing costs, farm labour requirement and farm fuel use for a representative cane farm in the Burdekin Delta, as
determined via FEAT simulations (State of Queensland Department of Agriculture and Fisheries, 2020)

Burdekin Delta Ratoon Cane: All growing costs
2015

2019

Total Growing
Cost ($/ha)

Total Growing
Cost ($/ha)

Fertiliser application

329.26

342.08

Total Farm
Labour
(hrs/ha)
0.33

Weed and insect control

106.15

103.37

0.48

5.42

Irrigation (pumping and maintenance)

314.67

397.80

1.50

0.00

617.50

776.32

0.00

1367.58

1619.57

2.31

Item

Fixed water charges
Totals
1Farm
2Farm
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2019

2019

Total Farm
Labour Cost
($/ha) 1

Total Farm
Fuel Use
(L/ha)
3.72

Total Farm
Fuel Cost
($/ha) 2

0.00
80.85

9.14

labour cost for FY2019-20 $35/hr from FEAT Bundaberg Regional Example (State of Queensland, 2020; p.6)
fuel cost for FY2019-20 $1.00/litre (after diesel fuel rebate and removal of GST) from FEAT Bundaberg Regional Example (State of Queensland, 2020; p.5).

9.14

Table 62: Indicative legume fallow growing costs, farm labour requirement and farm fuel use for a representative cane farm in the Burdekin Delta, as determined via
FEAT simulations (State of Queensland Department of Agriculture and Fisheries, 2020). FEAT default costs and prices from the 2015 Burdekin Delta Regional
Scenario are adjusted or escalated to 2019 using the approaches stated in the relevant sub-table below

Burdekin Delta Legume fallow: Land preparation
2015 (default from FEAT)
Prices in 2015 AUD
Unit Cost
Total Cost
($/ha)
($/ha)

Item

# Operations

JD 165 HP: Zonal Ripper Rotary Hoe

1

30.48

30.48

JD 120HP: Bedformer 2 Row

1

12.34

12.34

JD 165HP: Offsets 28 plate

2

29.35

58.70

Totals
1 ABARES

2019
Prices in 2019 AUD
Cost escalation via
ABARES1 index
for:
machinery
maintenance
machinery
maintenance
machinery
maintenance

Unit
Cost
($/ha)
31.81

Total
Cost
($/ha)
31.81

Farm Labour
(hrs/ha)

Farm Fuel Use
(L/ha)

0.99

17.90

12.88

12.88

0.57

6.38

30.63

61.25

1.44

25.90

105.94

3.00

50.18

101.52
Economic Overview – Agricultural Commodities – December Quarter 2020 (ABARES, 2020)

Burdekin Delta Legume fallow: Legume planting

Item

Application rate
(kg/ha)

Innoculant

0.632

Seed (Leichardt soy bean)

632

JD 80HP: Direct Drill Legume
Planter 1.9m 2 row
Totals

2015 (default from
FEAT)
Prices in 2015 AUD
Unit Cost
Total Cost
($/kg)
($/ha)

2019
Prices in 2019 AUD
Cost escalation via
ABARES1 index for:

Unit Cost
($/kg)

Total Cost
($/ha)

18.742

11.81

pulses

23.60

14.87

1.712

107.73

pulses

2.15

135.60

11.77

Vehicle & machinery
maint.

131.31

Farm Labour
(hrs/ha)

Farm
Fuel Use
(L/ha)

12.28

0.43

3.00

162.75

0.43

3.00

Economic Overview – Agricultural Commodities – December Quarter 2020 (ABARES, 2020)
2 Default quantity in FEAT Online (State of Queensland Department of Agriculture and Fisheries, 2020)
1 ABARES
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Burdekin Delta Legume fallow: Gypsum

Item

# Applications

Application Rate
(kg/ha)

2015
Prices in 2015 AUD
Unit Cost Total Cost
($/t)
($/ha)

Gypsum

1

1000

155

155.00

Totals

2019
Prices in 2019 AUD
Cost escalation
via ABARES1
index for
fertilisers

Unit
Cost
($/ha)
161.02

Total
Cost
($/ha)
161.02
161.02

155.00

Farm Labour
(hrs/ha)

0.33

Farm
Fuel Use
(L/ha)
3.72

Economic Overview – Agricultural Commodities – December Quarter 2020 (ABARES, 2020)
Nitrogen content of fertilisers from Incitec Pivot (MAP and DAP Factsheet www.incitecpivotfertilisers.com.au/products-and-services )

1 ABARES
2

Burdekin Delta Legume fallow: Weed control
2015
Prices in 2015
AUD
Unit
Total
Cost
Cost
($/t)
($/ha)

Item

# Applications

Application
Rate (unit/ha)

Spray 1: 1.5L Roundup DST + 1.5L Dual Gold

1

1

31.23

Spray 2: 1L Blazer

1

1

Spray 3: 3.5L Roundup DST + 0.6L Starane
Advanced
JD 120HP: Sprayer 1.9m 5 row

Unit
Cost
($/ha)

31.23

Cost
Escalation
via
ABARES1
index for
chemicals

28.98

28.98

58.07

58.07

chemicals

53.88

53.88

1

34.48

34.48

chemicals

32.06

32.06

3

4.66

13.98

machinery
maint.

4.86

14.58

0.60

6.70

129.50

0.60

6.70

Totals
1 ABARES
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2019
Prices in 2019 AUD

137.76
Economic Overview – Agricultural Commodities – December Quarter 2020 (ABARES, 2020)

Total
Cost
($/ha)

Farm
Labour
(hrs/ha)

Farm
Fuel
Use
(L/ha)

Burdekin Delta Legume fallow: Irrigation

2015 (Prices in 2015 AUD)

Irrigation Rate
(ML/ha)

Electric Pump
Power (kW)

Pump Flow
Rate (L/s)

Daytime
pumping
(%)

55

11

50

50

55

Water
Allocation
Price1
($/ML)
32.96

Area
Charge2
($/ML)

Daytime
Electricity
Price 3
($/kWh)
0.31

Night
Electricity
Price 3
($/kWh)
0.17

Repair &
Maint
Cost 4
($/ML)
5.00

90.14

Total
Cost
($/ha)
98.33

Farm
Labour
(hrs/ha)
0.47

254.94

Totals

353.27

0.47

1

Burdekin Channel Part A and C (Fixed) water charges from FEAT (2015) default for Burdekin Delta (State of Queensland, 2016)
Area-based water charge from Lower Burdekin Water for cane land in Northern Division. Deflated from 2019 Lower Burdekin Water Area Charge for cane land in
Northern Division (Lower Burdekin Water, 2019) using water price index from ABARES Economic Overview – Agricultural Commodities – December Quarter 2020
(ABARES, 2020)
3 Ergon Energy Tariff 65 pricing for FY2015-16 from FEAT (2015) default for Burdekin Delta (State of Queensland, 2016)
4 From FEAT (2015) default for Burdekin Delta (State of Queensland, 2016)
5 FEAT (2015) default for Burdekin Delta (State of Queensland, 2016). Assuming 0% recycled water.
2

Burdekin Delta Legume fallow: Irrigation

2019 (Prices in 2019 AUD)

Irrigation Rate
(ML/ha)

Electric Pump
Power (kW)

Pump Flow
Rate (L/s)

Daytime
pumping
(%)

55

11

50

50

55
Totals

Water
Allocation
Price 1
($/ML)
42.59

Area
Charge2
($/ML)

94.88

Daytime
Electricity
Price 3
($/kWh)
0.41

Night
Electricity
Price 3
($/kWh)
0.22

Repair
& Maint
Cost 4
($/ML)
5.61

Total
Cost
($/ha)
124.31

Farm
Labour
(hrs/ha)
0.47

307.83
432.14

0.47

1

2019-20 Burdekin Haughton Water Supply Scheme: Burdekin Channel Part A and C (Fixed) water charges ($/ML)
Area-based water charge from Lower Burdekin Water for cane land in Northern Division (Lower Burdekin Water, 2019)3 Ergon Energy Tariff 65 pricing for FY2019-20
(https://www.ergon.com.au/retail/business/tariffs-and-prices/farming-tariffs)
4 FEAT (2015) default for BRIA (State of Queensland, 2016) escalated to FY2019-20 in 2019 AUD using ‘labour’ index from ABARES Economic Overview – Agricultural
Commodities – December Quarter 2020 (ABARES, 2020).
5 FEAT (2015) default for BRIA (State of Queensland, 2016). Assuming 0% recycled water.
2
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Table 63: Summary of indicative legume fallow growing costs, farm labour requirement and farm fuel use for a representative cane farm in the Burdekin Delta, as
determined via FEAT simulations (State of Queensland Department of Agriculture and Fisheries, 2020)

Burdekin Delta Legume fallow: All growing costs
2015

2019

Total Growing
Cost ($/ha)

Total Growing
Cost ($/ha)

Land preparation

101.52

105.94

Total Farm
Labour
(hrs/ha)
3.00

Legume planting

131.31

162.75

0.43

3.00

Gypsum

155.00

161.02

0.33

3.72

Weed control

137.76

129.50

0.60

6.70

98.33

124.31

0.47

0.00

Fixed water charges

254.94

307.83

Totals

878.86

991.35

Item

Irrigation (pumping and maintenance)

1Farm
2Farm
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2019

4.83

2019

Total Farm
Labour Cost
($/ha) 1

169.05

Total Farm
Fuel Use
(L/ha)
50.18

Total Farm
Fuel Cost
($/ha) 2

63.60

labour cost for FY2019-20 $35/hr from FEAT Bundaberg Regional Example (State of Queensland, 2020; p.6)
fuel cost for FY2019-20 $1.00/litre (after diesel fuel rebate and removal of GST) from FEAT Bundaberg Regional Example (State of Queensland, 2020; p.5).

63.60

Appendix 7.3: Mackay Region
Table 64: Mackay Region: Characteristics of cane production on a representative farm

Mackay Region: Representative farm and cane production cycle1
Farm size1 (ha)

150

Soil type1

Marian
Controlled traffic with permanent beds.
Reduced tillage and zonal tillage of block prior to planting.
Zero tillage in ratoons.

Soil management1

Number of ratoon crops in
cycle1
Length of production cycle1
(years)
Fallow management1
Cane row spacing1 (m)
Fertiliser management1

Fertiliser application: plant
cane3 (kgN/ha)
Fertiliser application: ratoons3
(kgN/ha)
Irrigation management2
Cane irrigation rate4 (ML/ha)
Legume irrigation rate4
(ML/ha)
Pest management1
Cane harvest1

6
Legume fallow (soy bean: ploughed in, not harvested)
1.8
Six Easy Steps nutrient management derived from
District Yield Potential of 130 tonnes cane FW/ha 2
Soil testing on fallow block in each cycle.
Subsurface nutrient application.
Soil ameliorant applied during soy fallow.
33 (allowing for N-input from soy fallow)
150
Overhead irrigation
2
0
Integrated pest management
Green cane harvesting

yield5

Average cane
(tonnes
cane fresh weight/ha)
Average CCS1 (%)
DIN loss in

4

runoff6

(kg DIN/ha)

drainage6

DIN loss to
(kg
DIN/ha)
Total DIN loss6 (kg DIN/ha)

70
13.71
2.0
33.2
35.2

1

Data for representative Mackay Region farm and cane cultivation practices obtained from van Grieken et al.,
(2010b; Table 4, p.4), van Grieken et al., (2010a; Section 3, p.4-5) and van Grieken et al.,( 2010b; Section 2.2.1,
p.10-13)
2 As specified for the Mackay Region in the Prescribed Methodology for Sugarcane Cultivation under the 2019 Reef
Regulations (State of Queensland, 2019; Table 1, p.22).
3 From Six Easy Steps fertiliser application rates for the Mackay Region reported in (van Grieken et al., 2010b;
p.21). These fertiliser application rates are assumed to be from Six Easy Steps derived from DYP = 130 tonnes/ha
for the Mackay Region in accordance with the Prescribed Methodology for Sugarcane Cultivation (State of
Queensland, 2019; Table 2, p.23)
4 Irrigation rate from FEAT Mackay Regional Example (State of Queensland Department of Agriculture and
Fisheries, 2020)
5 Average cane yield across plant cane and four ratoon crops (i.e. fallow excluded). Results under Six Easy Steps
DYP130 fertiliser application rates from APSIM modelling quoted in van Grieken et al., (2010b; Table 9 p.6)
6 Results from APSIM modelling under Six Easy Steps DYP130 fertiliser application rates as quoted in van Grieken
et al., (2010b; Table 7, p.6)
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Table 65: Predicted gross margins for FY2019-2020 (2019 cane crush) 4-ratoon cane production system on a representative cane farm in the Mackay Region, under
Six Easy Steps fertiliser applications derived from District Yield Potential = 130 tonnes/ha, burnt cane harvesting and legume (soy) fallow. Predictions produced by
FEAT, using default farming activity profiles for the Mackay Region with prices and costs adjusted as detailed in table following. Prices, costs, revenues and gross
margins expressed in 2019 AUD$

Mackay Region
Plant cane + four ratoons with soy bean legume fallow
Area (ha)
Yield (tonne/ha) [cane only]
CCS1

(%) [cane only]

Plant
Cane
25

First
Ratoon
25

Second
Ratoon
25

Third
Ratoon
25

Fourth
Ratoon
25

Legume
Fallow
25

Farm
150

77.8

76.0

69.0

65.1

62.1

0

70

13.93

13.72

13.62

13.64

13.63

0

13.71

Cane Price2 ($/tonne net of levy) [cane only]

37.46

36.68

36.30

36.37

36.34

0

36.63

Harvest Revenue (net of levy) ($/ha)

2915

2787

2505

2372

2257

0

745

728

661

624

595

0

2042

795

835

835

835

860

99

7

7

7

7

10

132

132

132

132

132

0

271

74

74

74

74

36

Harvesting
Growing
Fuel

costs3

costs4

cost6

($/ha)

($/ha)

Fixed water
Labour

($/ha)

charges5 ($/ha)

cost7

($/ha)
8

Gross Margin ($/ha)

29

1257

1002

906

820

-870

524

Gross Margin9 (minus labour cost) ($/ha)

-242

1183

928

832

746

-906

424

Gross Margin10 (minus fixed water charges) ($/ha)

-103

1125

870

774

688

-870

414

Gross Margin11 (minus fixed water charges & labour cost) ($/ha)

-374

1051

796

700

614

-906

314

1

Representative CCS percentages for each crop stage in the production cycle in the BRIA under Six Easy Steps fertiliser applications derived from DYP= 150 tonnes/ha (Connellan et al., 2017).
2
Derived in FEAT using the industry standard cane pricing formula, a representative sugar price of $417.41 (the average Queensland sugar price 2014 – 2019 (State of Queensland, 2020)), a levy of
$0.96/tonne (all in 2019 AUD$), and a cane price calculation constant of 1.12 (State of Queensland Department of Agriculture and Fisheries, 2020).
3
Harvesting cost of $9.58/tonne cane fresh weight derived from FEAT (2015) default for Mackay Region (State of Queensland, 2016) escalated to FY2019-20 in 2019 AUD using the ‘labour’ index
from ABARES Economic Overview – Agricultural Commodities – December Quarter 2020 (ABARES, 2020).
4
Growing costs specified in detail for each crop stage in the tables following. Growing costs do not include cost of purchasing a water allocation cost, the fixed per area water charge, labour costs or
tractor fuel cost.
5
Water allocation price of $42.59/ML 2019-20 from Burdekin Haughton Water Supply Scheme: Burdekin Channel Part B and D (Variable) water charges ($/ML), plus cane land area (Northern Division)
fixed charge of $94.88 per hectare (Lower Burdekin Water, 2019).
6&7
From FEAT (2019) Regional Scenario for Bundaberg (State of Queensland, 2020).
8
Gross margin = harvest revenue (net of levy) – harvest cost – growing cost – tractor fuel cost
9
Gross margin minus labour cost = harvest revenue (net of levy) – harvest cost – growing cost – tractor fuel cost – labour cost
10
Gross margin minus water allocation cost = harvest revenue (net of levy) – harvest cost – growing cost – tractor fuel cost – water allocation cost
11
Gross margin minus water allocation cost and labour cost = harvest revenue (net of levy) – harvest cost – growing cost – tractor fuel cost – labour cost – water allocation cost
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Table 66: Mackay Region: Overarching scenario assumptions applied in FEAT simulations to determine representative farm gross margin from sugarcane
production (State of Queensland Department of Agriculture and Fisheries, 2020). FEAT default costs and prices from the 2015 BRIA Regional Scenario are adjusted
or escalated to 2019 using the approaches stated in the table below

Mackay Region: Overarching Scenario Assumptions
Year
Item

Farm

Farm size (ha)

1502

Sugar price ($/tonne)
Average CCS (%)
Cane price

2015

2019

Prices in
2015 AUD

Cost escalation via
ABARES1 index for:

Prices in
2019 AUD

4303

417.414

37.74

36.64

13.715

($/tonne)6

Harvest cost ($/tonne)

8.507

Levies ($/tonne)

0.967

0.967

Tractor fuel price after rebate ($/L)

1.009

1.0010

Row width

labour

9.588

1.811

Economic Overview – Agricultural Commodities – December Quarter 2020 (ABARES, 2020)
Representative farm size (van Grieken et al., 2010c; Table 4, p.4)
3 Average Queensland sugar price over the five years 2010 – 2014 (State of Queensland, 2016; Table 3, p.5)
4 Average Queensland sugar price over the five years 2015 – 2019 (State of Queensland, 2020; p.4)
5 van Grieken et al.(2010c; Table 4, p.4)
6 Calculated from sugar price using the cane price formula: Cane price = (0.009 x Sugar price x (CCS – 4)) + 1.12 – levy of 0.96;$/tonne (Wilmar, n.d.;
State of Queensland Department of Agriculture and Fisheries, 2016; Table 4 p.5)
7 FEAT Regional Scenarios (State of Queensland, 2016; Table 3 p.5)
8 Harvesting cost of $9.58/tonne cane fresh weight derived from FEAT (2015) default for Mackay Region (State of Queensland, 2016) escalated to
FY2019-20 in 2019 AUD using the ‘labour’ index from ABARES Economic Overview – Agricultural Commodities – December Quarter 2020 (ABARES,
2020).
9 FEAT Regional Scenarios (State of Queensland, 2016; p.6)
10 FEAT Regional Example – Bundaberg (State of Queensland, 2020; p.5)
11 van Grieken et al. (2010a, p.4)
1 ABARES
2
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Table 67: Indicative plant cane growing costs, farm labour requirement and farm fuel use for a representative cane farm in the Mackay Region, as determined via
FEAT simulations (State of Queensland Department of Agriculture and Fisheries, 2020). FEAT default costs and prices from the 2015 Mackay Regional Scenario are
adjusted or escalated to 2019 using the approaches stated in the relevant sub-table below

Mackay Region Plant Cane: Land preparation
2015 (default from FEAT)
Prices in 2015 AUD
Unit Cost
Total Cost
($/ha)
($/ha)

Item

# Operations

JD 165 HP: Mound Renovator

1

25.27

25.27

JD 165 HP: Zonal Ripper Rotary Hoe

1

30.48

30.48

JD 165 HP: Offsets 28 plate

3

29.35

88.05

Totals
1 ABARES

2019
in 2019 AUD
Cost escalation via
ABARES1 index
for:
machinery
maintenance
machinery
maintenance
machinery
maintenance

Prices
Unit
Cost
($/ha)
26.37

Total
Cost
($/ha)
26.37

Farm Labour
(hrs/ha)

Farm Fuel Use
(L/ha)

0.85

15.34

31.81

31.81

0.99

17.90

30.63

91.88

2.16

38.85

150.06

4.00

72.09

143.80
Economic Overview – Agricultural Commodities – December Quarter 2020 (ABARES, 2020)

Mackay Region Plant cane: Cane planting by contractor

Item

Cane setts
to plant
(tonnes/ha)

Cane setts
to plant
(tonnes/ha)
Contract
planting
Totals

102

2015 (default from FEAT)
Prices in 2015 AUD
Unit
Cane
Contract
Cost
Setts
Plant
($/t)
Cost
Cost
($/ha)
($/ha)
37.853 378.50

Total
Cost
($/ha)

2019
Prices in 2019 AUD
Cost escalation via
ABARES1 index for:

Unit
Cost
($/ha)
36.633

450

labour
828.50

Economic Overview – Agricultural Commodities – December Quarter 2020 (ABARES, 2020)
2 Default quantity in FEAT Online (State of Queensland Department of Agriculture and Fisheries, 2020)
3 The cost of cane billets for planting is set equal to the on-farm price of cane (State of Queensland, 2016; p.6)
1 ABARES
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Cane
Setts
Cost
($/ha)
366.30

Contract
Plant
Cost
($/ha)

Total
Cost
($/ha)

Farm
Labour
(hrs/ha)

Farm
Fuel
Use
(L/ha)

0

0

0

0

505.14
871.44

Mackay Region Plant cane: Fertiliser and soil ameliorant application

Item

# Applications

Application
Rate
(kg/ha)

N
content
(%) 2

N
applied
(kgN/ha)

2015
Prices in 2015
AUD
Unit
Total
Cost
Cost
($/t)
($/ha)

Potash

1

154

0

0

736.30

113.39

DAP

1

185

18

33

843.32

JD120HP Stool splitter
fertiliser box; 1.9m 3 row
Totals

1

156.01
8.33
277.73

2019
Prices in 2019 AUD
Cost
escalation
via
ABARES1
index for
fertilisers

Unit
Cost
($/ha)

764.89

117.79

fertilisers

876.07

162.07
8.69

0.33

3.72

288.55

0.33

3.72

machinery
maint.

Total
Cost
($/ha)

Farm
Labour
(hrs/ha)

Farm
Fuel
Use
(L/ha)

Economic Overview – Agricultural Commodities – December Quarter 2020 (ABARES, 2020)
Nitrogen content from ‘FertFinder®_v2.xls’ from Sugar Research Australia (2016)

1 ABARES
2
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Mackay Region Plant cane: Weed control
2015
Prices in
AUD
Unit
Cost
($/t)

2015

Item

# Applications

Application
Rate
(unit/ha)

Spray 2: 2.5L Velpar K4 + 1.2L Paraquat +
wetter
Spray 1: 2kg Atradex + 2.25L Stomp Xtra +
1.2L Paraquat + wetter
JD 120HP: Hilling up 2 Row

1

1

53.03

53.03

Cost
Escalation
via
ABARES1
index for
chemicals

1

1

60.56

60.56

chemicals

1

11.81

JD 120HP: Tillage implement 2 Row

1

13.76

JD 120HP: Sprayer 1.9m 5 row

1

4.66

JD 120HP: Sprayer 1.9m 4 row tracking legs

2

11.80

machinery
maint.
machinery
maint.
machinery
maint.
machinery
maint.

Totals
1 ABARES
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Total
Cost
($/ha)

2019
Prices in 2019 AUD

155.62
Economic Overview – Agricultural Commodities – December Quarter 2020 (ABARES, 2020)

Unit
Cost
($/ha)

Total
Cost
($/ha)

49.21

49.21

56.19

56.19

Farm
Labour
(hrs/ha)

Farm
Fuel
Use
(L/ha)

12.32

0.57

6.38

14.36

0.57

8.51

4.86

0.20

2.23

12.31

0.57

6.38

1.91

23.50

149.25

Mackay Region Plant cane: Insect control
2015
Prices in
AUD
Unit
Cost
($/t)

2015

2019
Prices in 2019 AUD

Total
Cost
($/ha)

Cost Escalation
via ABARES1
index for

Item

#
Applications

Application
Rate
(unit/ha)

Regent 200SC

1

0.1

349.18

34.92

chemicals

324.01

32.40

suSCon Maxi

1

12.5

22.71

283.88

chemicals

21.07

263.38

Totals
1 ABARES

Unit
Cost
($/ha)

318.80

Total
Cost
($/ha)

295.78

Farm
Labour
(hrs/ha)
0

Farm
Fuel
Use
(L/ha)
0

0

0

Farm
Labour
(hrs/ha)

Farm
Fuel
Use
(L/ha)
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Mackay Region Plant cane: Disease control
2015
Prices in
2015 AUD

2019
2019 AUD
Cost Escalation via
ABARES1 index for

Item

#
Applications

Application
Rate
(unit/ha)

Unit
Cost
($/t)

Shirtan

1

0.8

45.44

Totals
1 ABARES

Total
Cost
($/ha)
36.35

chemicals

36.35

Prices in

Unit
Cost
($/ha)

Total
Cost
($/ha)

42.16

2.04

0

0

33.73

0

0

Economic Overview – Agricultural Commodities – December Quarter 2020 (ABARES, 2020)
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Mackay Region Plant cane: Irrigation

2015 Prices in 2015 AUD

Irrigation Rate
(ML/ha)

Electric Pump
Power (kW)

Pump Flow
Rate (L/s)

Daytime
pumping
(%)

25

24

25

50

25

Water
Allocation
Price1
($/ML)

Water
Usage
Price2
($/ML)
32.96

Daytime
Electricity
Price3
($/kWh)
0.31

Night
Electricity
Price3
($/kWh)
0.17

59.00

Repair &
Maint
Cost4
($/ML)
5.00

Total
Cost
($/ha)

Farm
Labour
(hrs/ha)

203.92

1.5

118.00

Totals

321.92

1.5

1

Eton Water Supply Scheme Channel Part A and C (Fixed) water charges from FEAT (2015) default for Mackay Region (State of Queensland, 2016)
Eton Water Supply Scheme Channel Part B and D (Variable) water charges from FEAT (2015) default for Mackay Region (State of Queensland, 2016)
3 Ergon Energy Tafiff 65 pricing for FY2015-16 from FEAT (2015) default for BRIA (State of Queensland, 2016)
4 From FEAT (2015) default for BRIA (State of Queensland, 2016)
5 FEAT (2015) default for Mackay Region (State of Queensland, 2016). Assuming 0% recycled water.
2

Mackay Region Plant cane: Irrigation
Irrigation
Electric
Pump Flow
Rate
Pump Power Rate (L/s)
(ML/ha)
(kW)
25
25
Totals
1

24

25

Daytime
pumping
(%)
50

2019 Prices in 2019 AUD
Water
Water
Daytime
Allocation Usage
Electricity
Price1
Price2
Price3
($/ML)
($/ML)
($/kWh)
36.76
0.41
65.79

Night
Electricity
Price3
($/kWh)
0.22

Repair Total
Farm
& Maint Cost
Labour
Cost4
($/ha)
(hrs/ha)
($/ML)
5.61
252.75
1.5
131.58
384.33
1.5

2019-20 Eton Water Supply Scheme: Channel Part A and C (Fixed) water charges ($/ML)
2019-20 Eton Water Supply Scheme: Channel Part B and D (Variable) water charges ($/ML)
3 Ergon Energy Tariff 65 pricing for FY2019-20 (https://www.ergon.com.au/retail/business/tariffs-and-prices/farming-tariffs)
4
FEAT (2015) default for Mackay Region (State of Queensland, 2016) escalated to FY2019-20 in 2019 AUD using ‘labour’ index from ABARES Economic Overview –
Agricultural Commodities – December Quarter 2020 (ABARES, 2020).
5 FEAT (2015) default for Mackay Region (State of Queensland, 2016). Assuming 0% recycled water.
2
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Table 68: Summary of indicative plant cane growing costs, farm labour requirement and farm fuel use for a representative cane farm in the Mackay Region, as
determined via FEAT simulations (State of Queensland Department of Agriculture and Fisheries, 2020).

Mackay Region Plant Cane: All growing costs
2015

2019

Total Growing
Cost ($/ha)

Total Growing
Cost ($/ha)

Land preparation

143.80

150.06

Total Farm
Labour
(hrs/ha)
4.00

Cane planting

828.50

871.44

0.00

0.00

Fertiliser and ameliorant application

277.73

288.55

0.33

3.72

Weed, insect & disease control

510.77

478.76

1.91

23.50

Irrigation (water usage, pumping and
maintenance)
Fixed water charges (water allocation)

203.92

252.75

1.50

0.00

118.00

131.58

0.00

0.00

2082.72

2173.14

7.74

Item

Totals
1Farm
2Farm

2019

2019

Total Farm
Labour Cost
($/ha)1

270.90

Total Farm
Fuel Use
(L/ha)
72.09

Total Farm
Fuel Cost
($/ha)2

99.31

99.31

labour cost for FY2019-20 $35/hr from FEAT Bundaberg Regional Example (State of Queensland, 2020; p.6)
fuel cost for FY2019-20 $1.00/litre (after diesel fuel rebate and removal of GST) from FEAT Bundaberg Regional Example (State of Queensland, 2020; p.5).
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Table 69: Indicative ratoon cane growing costs, farm labour requirement and farm fuel use for a representative cane farm in the Mackay Region, as determined via
FEAT simulations (State of Queensland Department of Agriculture and Fisheries, 2020). FEAT default costs and prices from the 2015 Mackay Regional Scenario are
adjusted or escalated to 2019 using the approaches stated in the relevant sub-table below.

Mackay Region Ratoon cane: Fertiliser application

Item

Fertiliser ‘CK160s’
JD120HP Stool splitter
fertiliser box; 1.9m 3 row
Totals

Application
Rate (kg/ha)

N
content
(%) 2

N
applied
(kgN/ha)

1
1

590

25.5

150

715.80

Economic Overview – Agricultural Commodities – December Quarter 2020 (ABARES, 2020)
Nitrogen content from ‘FertFinder®_v2.xls’ from Sugar Research Australia (2016).

1 ABARES
2

#
Applications

2015
Prices in 2015
AUD
Unit
Total
Cost
Cost
($/t)
($/ha)

212

422.32
8.33
430.65

2019
Prices in 2019 AUD
Cost
escalation
via ABARES1
index for
fertilisers
machinery
maintenance.

Unit
Cost
($/ha)

Total
Cost
($/ha)

Farm
Labour
(hrs/ha)

Farm
Fuel
Use
(L/ha)

743.60

438.72
8.69

0.33

3.72

447.41

0.33

3.72

Mackay Region Ratoon cane: Weed control

Item

#
Applications

Application
Rate
(unit/ha)

2015
Prices in 2015
AUD
Unit
Total
Cost
Cost
($/t)
($/ha)

Spray 1: 0.5kg Diurex+1.2L Paraquat+1L 2,4-D
Advance 700 + wetter
Spray 2: 0.5L Comet 400EC + 1.7L MCPA +
wetter
Edge spraying

1

1

23.60

1

1

32.96

1

1

6

labour

6.74

Spot spraying

1

1

6

labour

6.74

JD 120HP: Sprayer 1.9m 4 row tracking legs

1

5.90

5.90

High rise tractor (contractor)

1

20.00

20.00

Totals
1 ABARES

2019
Prices in 2019 AUD
Unit
Cost
($/ha)

23.59

Cost
Escalation
via
ABARES1
index for
chemicals

21.90

21.90

32.96

chemicals

30.58

30.58

machinery
maint.
labour

Total
Cost
($/ha)

6.16

6.16

22.45

22.45

94.45

Farm
Labour
(hrs/ha)

94.57

Farm
Fuel
Use
(L/ha)

0.28

3.19

0.28

3.19

Economic Overview – Agricultural Commodities – December Quarter 2020 (ABARES, 2020)

Mackay Region Ratoon cane: Insect control [Not required for First Ratoon Crop]

Item

#
Applications

Application
Rate
(unit/ha)

2015
Prices in 2015
AUD
Unit
Total
Cost
Cost
($/t)
($/ha)

Confidor Guard

1

1.2

36.22

Totals

43.46
43.46

2019
in 2019 AUD

Prices

Cost Escalation via
ABARES1 index for

Unit
Cost
($/ha)

Total
Cost
($/ha)

chemicals

33.61

40.33
40.33

Farm
Labour
(hrs/ha)

0

Farm
Fuel
Use
(L/ha)
0
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Mackay Region Ratoon cane: Irrigation

2015 Prices in 2015 AUD

Irrigation Rate
(ML/ha)

Electric Pump
Power (kW)

Pump Flow
Rate (L/s)

Daytime
pumping
(%)

25

24

25

50

25

Water
Allocation
Price1
($/ML)

Water
Usage
Price2
($/ML)
32.96

Daytime
Electricity
Price3
($/kWh)
0.31

Night
Electricity
Price3
($/kWh)
0.17

Repair &
Maint
Cost4
($/ML)
5.00

59.00

Total
Cost
($/ha)
203.92

Farm
Labour
(hrs/ha)
1.5

118.00

Totals

321.92

1.5

1

Eton WSS Channel Part A and C (Fixed) water charges for 2015-16 derived from 2019-20 Eton Water Supply Scheme: Channel Part A and C (Fixed) water charges
($/ML), using the deflation ratio established for water usage charge (Parts B & D) [see 2 below].
2 2015 price for Eton WSS Channel Part B & D (Variable) water charges derived from FEAT (2015) default for Mackay Region (State of Queensland, 2016) by back
calculation from FEAT’s stated total variable cost of water supply, having calculated electricity costs using Tariff 65 pricing for FY2015-16 from FEAT (2015) and a repair
and maintenance cost of $5/ML from FEAT (2015)
3 Ergon Energy Tariff 65 pricing for FY2015-16 from FEAT (2015) default for Burdekin Delta (State of Queensland, 2016)
4 From FEAT (2015) default for Burdekin Delta (State of Queensland, 2016)
5 FEAT (2015) default for Burdekin Delta (State of Queensland, 2016). Assuming 0% recycled water.

Mackay Region Ratoon cane: Irrigation

2019 Prices in 2019 AUD

Irrigation Rate
(ML/ha)

Electric Pump
Power (kW)

Pump Flow
Rate (L/s)

Daytime
pumping
(%)

25

24

25

50

25
Totals
1

Water
Allocation
Price1
($/ML)
65.79

Water
Usage
Price2
($/ML)
36.76

Daytime
Electricity
Price3
($/kWh)
0.41

Night
Electricity
Price3
($/kWh)
0.22

Repair
& Maint
Cost4
($/ML)
5.22

Total
Cost
($/ha)
252.75

Farm
Labour
(hrs/ha)
1.5

131.58
384.33

1.5

2019-20 Eton Water Supply Scheme: Channel Part A and C (Fixed) water charges ($/ML)
2 2019-20 Eton Water Supply Scheme: Channel Part B and D (Variable) water charges ($/ML)
3 Ergon Energy Tariff 65 pricing for FY2019-20 (https://www.ergon.com.au/retail/business/tariffs-and-prices/farming-tariffs)
4 FEAT (2015) default for Burdekin Delta (State of Queensland, 2016) escalated to FY2019-20 in 2019 AUD using ‘labour’ index from ABARES Economic Overview –
Agricultural Commodities – December Quarter 2020 (ABARES, 2020).
5 FEAT (2015) default for Burdekin Delta (State of Queensland, 2016). Assuming 0% recycled water.
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Table 70: Summary of indicative plant cane growing costs, farm labour requirement and farm fuel use for a representative cane farm in the Burdekin Delta, as
determined via FEAT simulations (State of Queensland Department of Agriculture and Fisheries, 2020).

Mackay Region Ratoon Cane: All growing costs
Item

2015

2019

2019

Total Growing
Cost ($/ha)

Total Growing
Cost ($/ha)

2019

430.65

447.41

Total Farm
Labour
(hrs/ha)
0.33

94.45

94.57

0.28

3.19

Weed and insect control [Ratoon 2, 3 & 4]

137.91

134.88

0.28

3.19

Irrigation (water usage, pumping and maintenance)

203.92

252.75

1.50

0.00

Fixed water charges (water allocation)

118.00

131.58

0.00

0.00

Totals [Ratoon 1]

847.02

926.31

2.11

73.85

6.91

6.91

Totals [Ratoons 2, 3 & 4]

890.48

966.62

2.11

73.85

6.91

6.91

Fertiliser application
Weed and insect control [Ratoon 1]

1Farm
2Farm

Total Farm
Labour Cost
($/ha) 1

Total Farm
Fuel Use
(L/ha)
3.72

Total Farm
Fuel Cost
($/ha) 2

labour cost for FY2019-20 $35/hr from FEAT Bundaberg Regional Example (State of Queensland, 2020; p.6)
fuel cost for FY2019-20 $1.00/litre (after diesel fuel rebate and removal of GST) from FEAT Bundaberg Regional Example (State of Queensland, 2020; p.5).
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Table 71: Indicative legume fallow growing costs, farm labour requirement and farm fuel use for a representative cane farm in the Mackay Region, as determined
via FEAT simulations (State of Queensland Department of Agriculture and Fisheries, 2020). FEAT default costs and prices from the 2015 Mackay Regional Scenario
are adjusted or escalated to 2019 using the approaches stated in the relevant sub-table below.

Mackay Region Legume fallow: Legume planting
2015 (default from FEAT)
Prices in 2015 AUD
Unit Cost
Total Cost
($/kg)
($/ha)

2019
Prices in 2019 AUD
Cost escalation via
ABARES1 index for:

Item

Application
rate (kg/ha)

Innoculant

0.62

12.952

7.77

pulses

16.30

9.78

Seed (Leichardt soy bean)

602

1.922

115.20

pulses

2.41

145.01

JD 80HP: Direct Drill Legume
Planter 1.9m 2 row
Totals

11.77

Unit Cost
($/kg)

Total Cost
($/ha)

Vehicle & machinery
maint.

134.74

Farm
Labour
(hrs/ha)

Farm Fuel
Use
(L/ha)

12.28

0.43

3.00

167.07

0.43

3.00

Total
Cost
($/ha)
566.63
566.63

Farm
Labour
(hrs/ha)
0

Farm Fuel
Use
(L/ha)
0

0.00

0.00

Economic Overview – Agricultural Commodities – December Quarter 2020 (ABARES, 2020)
Default quantity in FEAT Online (State of Queensland Department of Agriculture and Fisheries, 2020)

1 ABARES
2

Mackay Region Legume fallow: Lime

Item

# Applications

Application
Rate (kg/ha)

Lime

1

2500

Totals
1 ABARES
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2015
Prices in 2015 AUD
Unit Cost
Total Cost
($/t)
($/ha)
218.18

545.45

2019
Prices in 2019 AUD
Cost escalation via
ABARES1 index for
fertilisers

545.45
Economic Overview – Agricultural Commodities – December Quarter 2020 (ABARES, 2020)

Unit
Cost
($/ha)
226.65

Mackay Region Legume fallow: Weed control

Item

# Applications

Application
Rate
(unit/ha)

Spray 1: 5L Roundup DST + 1L 2,4-D Amicide
Advance 700
Spray 2: 0.14kg Spinnaker

1

1

1

0.14

Spray 3: 3.5L Roundup DST + 0.6L Starane
Advance
JD 120HP: Sprayer 1.9m 5 row

1

1

3

2015
Prices in
AUD
Unit
Cost
($/t)

Total
Cost
($/ha)

2019
Prices in 2019 AUD

50.77

50.77

Cost
Escalation
via
ABARES1
index for
chemicals

167.78

23.49

chemicals

155.69

21.80

45.80

45.80

chemicals

42.50

42.50

4.66

13.98

machinery
maint.

4.86

14.58

0.60

6.70

125.99

0.60

6.70

Totals
1 ABARES

2015

134.04

Unit
Cost
($/ha)

Total
Cost
($/ha)

47.11

47.11

Farm
Labour
(hrs/ha)

Farm
Fuel
Use
(L/ha)

Economic Overview – Agricultural Commodities – December Quarter 2020 (ABARES, 2020)
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Table 72: Summary of indicative plant cane growing costs, farm labour requirement and farm fuel use for a representative cane farm in the Mackay Region, as
determined via FEAT simulations (State of Queensland Department of Agriculture and Fisheries, 2020).

Mackay Region Legume fallow: All growing costs
2015

2019

Total Growing
Cost ($/ha)

Total Growing
Cost ($/ha)

Legume planting

134.74

167.07

Total Farm
Labour
(hrs/ha)
0.43

Lime

545.45

566.63

0.00

0.00

Weed control

134.04

125.99

0.60

6.70

Totals

814.23

859.69

1.03

Item

1Farm
2Farm

218

2019

2019

Total Farm
Labour Cost
($/ha)1

36.05

Total Farm
Fuel Use
(L/ha)
3.00

Total Farm
Fuel Cost
($/ha)2

9.70

labour cost for FY2019-20 $35/hr from FEAT Bundaberg Regional Example (State of Queensland, 2020; p.6)
fuel cost for FY2019-20 $1.00/litre (after diesel fuel rebate and removal of GST) from FEAT Bundaberg Regional Example (State of Queensland, 2020; p.5).

9.70
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APPENDIX 8: RESTORED WETLANDS FOR ECOSYSTEM
SERVICES
Background and context
This Appendix details economic evaluation of transitioning low-lying, high DIN risk sugarcane
land to restored wetlands, regardless of the specific wetland type that is the intended endpoint
of the restoration. In many cases, this entails returning sugarcane land to its pre-existing form
as a wetland. When changing land use from cane production to natural wetlands, in addition
to co-benefits such as those to biodiversity and fisheries, landholders significantly enhance
nitrogen regulation and carbon sequestration services, for which they could potentially receive
payment for supplying nitrogen credits and carbon credits under the following policies:
• Australian Government’s Environmental Protection and Biodiversity Conservation Act
1999 (EPBC Act 1999) Environmental Offsets Policy
• Queensland Government’s Point Source Water Quality Offsets Policy
• Queensland Government’s Land Restoration Fund
The EPBC Act 1999 Environmental Offsets Policy allows the use of an offset for any remaining
impacts on national environmental assets (both terrestrial and aquatic, including marine)
referred to as ‘protected matters’ or matters of national environmental significance (MNES)
(Commonwealth of Australia, 2012a). Protected matters include the following (Commonwealth
of Australia 2012 p5):
• world heritage properties
• national heritage places
• wetlands of international importance (listed under the Ramsar Convention)
• listed threatened species and ecological communities
• migratory species protected under international agreements
• Commonwealth marine areas
• the Great Barrier Reef Marine Park
• the environment, where nuclear actions are involved
• the environment, where actions proposed are on, or will affect, Commonwealth land
and the environment
• the environment, where Commonwealth agencies are proposing to take an action
The EPBC Act 1999 Environmental Offsets Policy requires that project proponents, in
consultation with the Federal Government’s Department of Agriculture, Water and the
Environment, make adequate payments to an offset fund to offset their residual environmental
impacts. If the impacts of the proposed activities are on MNES value relevant to the Great
Barrier Reef Marine Park and World and National Heritage Area, the financial contribution from
approved project proponents can be accepted by the Reef Trust46. The Reef Trust is an
investment program established by the Australian Government to support delivery of the Reef
2050 Long-Term Sustainability Plan (Reef 2050 Plan) (Commonwealth of Australia, 2017). The
Reef Trust delivers GBR marine offsets by funding activities that would (i) deliver

46

https://www.environment.gov.au/marine/gbr/reef-trust, date accessed 30 April 2021.
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improvements in water quality through improvements in broad scale land use that enhance the
health and resilience of coastal habitats and marine biodiversity; and (ii) maintain or improve
the condition of MNES arising from new developments (Commonwealth of Australia, 2017).
The Queensland Government’s Point Source Water Quality Offsets Policy allows existing or
potential new holders of an Environmental Authority (EA) to use water quality offsets to
manage their environmentally relevant activities (ERAs) based on The Environmental
Protection (Water & Wetlands) Policy 201947 management hierarchy: avoid → mitigate →
offset (State of Queensland, 2019a). Under this policy, an EA holder may exceed the
prescribed annual load limits of particular pollutants, provided these exceedances are offset
by obtaining sufficient water quality credits e.g. DIN credits.
The Queensland Government’s Land Restoration Fund supports projects that deliver primarily
carbon sequestration services. Whilst the focus is on carbon sequestration, selection of
submitted projects for funding also considers delivery of important co-benefits such as those
that (Department of Environment and Science, 2020):
• support the condition and health of wetlands and coastal ecosystems in Queensland;
• support improvements in catchment condition, including those draining to the GBR;
• reducing the risk of continued species loss due to habitat loss, climate change impacts
and cumulative development impacts;
• restore habitats for koalas; and
• expanding the extent and improving condition of habitat for threatened species and
ecosystems.
The Land Restoration Fund provides opportunities for landholders to receive regular income
streams, and provide additional jobs in land management and its associated services, as well
as facilitating First Nations peoples to establish on-country businesses and commercial
investments in carbon-reduction projects in Queensland48.
These offset policies and the Land Restoration Fund are essentially operationalised as
payments for ecosystem services mechanisms for delivery of public goods. The economic
analysis in this Appendix considers the loss of income from sugarcane production as being
offset by potential income streams from the sale of carbon credits. Cost-effectiveness analyses
are conducted for a representative block of cane land transitioning to restore wetland in the
Lower Burdekin (the BRIA and the Burdekin Delta) and Mackay-Whitsunday regions.

Economic evaluation
DIN removal rates
The extent to which natural wetlands effectively trap and process nutrients is highly variable
(Land et al., 2016). The amount of nitrogen reduction per hectare of natural wetland will be
dependent on the load entering the wetland, residence time, system configuration, chemical
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https://www.legislation.qld.gov.au/view/html/inforce/current/sl-2019-0156 , date accessed 30 April 2021.
https://www.qld.gov.au/environment/climate/climate-change/land-restoration-fund/about/benefits , date accessed 30 April
2021.
48
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properties (e.g., pH, C:N ratio) and wetland vegetation type. The authors are not aware of any
studies that have reported nitrogen removal rates for natural wetlands located in the Lower
Burdekin and Mackay-Whitsunday regions. In the absence of any other information, estimates
of DIN removal rates from studies in the Wet Tropics are used in this study. Consequently,
once data on DIN removal rates become available for the Dry Tropics region, the economic
evaluation will need to be revised to better reflect this new information. Nevertheless, at this
stage under limited knowledge of DIN removal rates in Dry Tropics, an annual nitrogen
reduction of 200 kg DIN per hectare (assuming a one-to-one correspondence between DIN
and N) is used in this study; this is at the lower end of estimates for constructed treatment
wetlands, which have been found internationally to remove between 200 kgN per hectare per
year and 1200 kgN per hectare per year from agricultural catchments (Department of
Environment and Heritage Protection 201649). This 200 kgDIN/ha/year is still less than 50
percent of the mean potential removal rate of 438 kgDIN/ha/year reported by Adame et al.
(2019) in their study using sample data collected during the wet and dry seasons from five
floodplain wetlands in the Wet Tropics.
Carbon sequestration
Coastal wetlands are one of the largest stores of carbon globally (Moomaw et al., 2018), with
a third of terrestrial carbon estimated to be stored within wetland ecosystems (Department of
Environment and Science Queensland, 2020). Carbon storage has been estimated at ~240
tonnes C per ha to 1m depth in vegetated freshwater wetlands such as melaleuca forests, and
~550 tonnes C per ha to 1m depth in mangrove swamps (Page and Dalal, 2011), with an
undisturbed mangrove ecosystem sequestrating approximately 2669g CO2 per m2 per year
(Commonwealth of Australia, 2012b). Annual carbon sequestration rate in wetlands is
estimated to be between 1 and 1.5 tonnes per hectare per year (Howe et al., 2009; Lovelock
et al., 2014). More recently, Adame et al. (2020) examined carbon and nitrogen stocks and
sequestration rates based on samples taken from five natural floodplain Melaleuca wetlands
in the Wet Tropics, and an additional three samples taken from nearby mangroves, a
sugarcane farm, and saltmarsh. Adame et al. (2020) found that the mean ecosystem carbon
stocks and sequestration rate across the five Melaleuca wetlands were 350 Mg C per ha and
5 MgC/ha/year, respectively. Adame et al. (2020) also found that the mean carbon stock across
these five Melaleuca wetlands was comparable to the stock of 310 Mg C/ha at the mangrove
site, twice that of the saltmarsh site at 140 Mg C/ha and approximately six times the carbon
stock of 55 MgC/ha from the sugarcane farm.
Costa et al. (2020) mapped the carbon stock and carbon sequestration delivered by coastal
blue carbon ecosystems (seagrass meadows, saltmarshes and mangrove forests) in GBR
catchments; however, a GIS investigation indicates that there is little overlap between the
coastal blue carbon ecosystems mapped by Costa et al. and the low-lying sugarcane polygons
in the Lower Burdekin and Mackay-Whitsunday regions considered for potential land use
change (see Figure 40). For this reason, estimates of carbon sequestration from coastal
ecosystems are not included in the economic analysis in this study. In the absence of any other
published information on carbon sequestration rates in wetlands, it is assumed that cane land
that is transitioned to restored wetlands in the Lower Burdekin or Mackay-Whitsunday region

49

Available at https://wetlandinfo.des.qld.gov.au/resources/static/pdf/management/treatment-forum-summary-report-31-0117.pdf , date accessed 3 May 2021.
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would deliver a sequestration rate of 5 MgC/ha/year (i.e. 5 tonneC/ha/year) – as reported by
Adame et al. (2020) for natural floodplain wetlands in the Wet Tropics. This estimated carbon
sequestration rate is then converted into CO2-e/ha/year using a conversion factor 44/1250, to
produce an equivalent CO2-e sequestration rate of 18.33 tonne of CO2e/ha/year once it is
fully established.
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Using conversion factor outlined in US EPA for carbon storage in a managed forest, available online at
https://www.epa.gov/energy/greenhouse-gases-equivalencies-calculator-calculations-and-references, date accessed: 4th
February 2021.
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(a) Lower
Burdekin
Whitsunday

(c) Proserpine

&

Mackay-

(b) Lower Burdekin

(d) Mackay

Figure 40: Locations of coastal blue carbon ecosystems and low-lying sugarcane areas in Lower
Burdekin and Mackay-Whitsunday regions
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Price paid for carbon credits
With an assumed CO2-e sequestration rate of 18.33 tonnes of CO2-e/ha/year, carbon
abatement credits will accrue to landholders at a rate of 18.33 tonnes of CO2e credits/ha/year
once the wetland ecosystem is established. I will take several years for the wetland to become
established after sugarcane production ceases and wetland restoration works commence.
Based on soil samples collected from 25 bioretention basins of varying ages in Gold Coast
Australia, Kavehei et al. (2021, 2019) found that the relationship between carbon accumulation
and age is highly significant and positive. Similarly, restored wetlands may take several years
for their soil and vegetation to fully establish for them to deliver carbon storage and
sequestration service. In the absence of any information on how long it takes for a natural
wetland vegetation community to become established after land use conversion, this study
assumes that landholders could start earning carbon credits from Year 5 onwards. This means
that owners of restored wetlands would be able to earn carbon credits at a rate of 18.33 tonnes
CO2-e/ha/year from Year 5 through to the end of the evaluation period in Year 30. The 2019
price for carbon credits, as published by the Clean Energy Regulator, expressed in Australian
Carbon Credit Units (ACCUs) where 1 ACCU = 1 tonne of CO2-e, is $14.17 per ACCU51.
Upfront cost for restoring wetlands
The upfront cost for wetland restoration can be highly variable depending on restoration
objectives, strategies, spatial location, soil types, hydrology and connectivity to other types of
ecosystems. Restoration strategies should be chosen to address the impacts on, or threats to,
wetland health (Streever, 1997; Waltham et al., 2019). Wetland restoration may require just a
single technique (e.g. removal of bund or causeway to flood previously drained land or to
improve habitat connectivity (e.g. Moore 2015)), or a mixture of techniques which would be
more expensive (e.g. fencing, weed removal, earthworks and revegetation in combination
(Abbott et al., 2020; WetlandCare Australia, 2008)).
Streever (1997) report a mean annual cost of $5,489/ha/year (2019 AUD $9,453/ha/year) for
wetland rehabilitation, obtained via questionnaire responses from 31 wetland restoration
projects in Australia. Streever also plotted project size (in hectares) against cost of wetland
rehabilitation per area (Streever, 1997; Figure 2d on p.8), suggesting that smaller projects are
generally more expensive per hectare than larger projects (see Figure 42 which is reproduced
from Streever (1997)). Focusing on the smallest five wetland rehabilitation projects from
Streever (1997, Figure 2d on p8) (see Figure 41), which are of an appropriate size for wetland
conversion on an individual cane farm, data for these five projects indicate a mean project size
of 1.43ha and mean cost per area of approximately $30,000/ha/year (or 2019 AUD $51,664)52.
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Available at
http://www.cleanenergyregulator.gov.au/Infohub/Markets/Pages/Buying%20ACCUs/ACCU%20market%20updates/AustralianCarbon-Credit-Units-Market-Update-%E2%80%93-October-2019.aspx : date accessed 6th May 2021.
52
Data was extracted from scatterplot in Streever (1997, Figure 2d on p8) using web-based software:
https://apps.automeris.io/wpd/ , date accessed: 30 April 2021.
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Figure 41: Relationship between wetland restoration project size and cost per area based on 31
questionnaire responses. Source: Streever (1997, Figure 2d on p8)

Moore (2015) provides cost estimates for removing fish barriers in wetlands located in Mackay
Regional Council areas to improve aquatic ecosystem connectivity in order to increase
fisheries productivity and conserve vulnerable fish species. Moore (2015) estimated that the
cost of removing a tidal earth bund in Tedlands wetland and installing a fishway in the form of
rock ramp/precast cone is between $75,000 - $85,000 (2019 AUD$ 80,189 - $90,881) (Figure
42a). The cost estimate provided by Moore (2015) to remove a wetland bund located in
Boundary Creek and installing a rock ramp for a fishway is between $35,000 and $45,000
(2019 AUD$ 37,422 - $48,114) (Figure 42b). Following on from this prioritisation study by
Moore (2015), details of the actual on-ground restoration work on Tedlands wetland where the
objective was to improve fish passage are summarised as follows: (pers. comm. Matt Moore,
(2021) the author of the Mackay Regional Council fish barrier prioritisation report (Moore
2015)):
•
•
•

Weed removal (Hymenachne) via aerial herbicide application at a total cost of $15,000
over 10 years
Two fish ladders were installed at a total cost of $100,000 ($50,000 per fish ladder)
Monitoring study with the newly installed fish ladders in place showed numerous
juvenile Barramundi entering and leaving Tedlands wetland

Further investigation of the sites (Figure 43) using the location coordinates via Google Earth,
reveal that restoration works at Tedlands wetland are directly connected to a wetland area of
~ 355 ha, whereas the restoration works at Boundary Creek are directly connected to wetland
area of ~ 45 ha. These works contributed to improvements in the ecological condition of sites
of approximately 355ha (Tedlands) and 45ha (Boundary Creek). It is unlikely, however, that
such costly modifications would be undertaken on a small wetland restoration site. Waltham
et al. (2019) report that under a co-investment initiative to manage and protect water quality in
the GBR, the Australian Government and Greening Australia, in partnership with Birdlife
Australia, Conservation Volunteers Australia and Wetland Care Australia, undertook a $4
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million project to restore 200 ha of wetlands in priority areas along the GBR coastline. Waltham
et al. (2019) also report that the Federal Government’s Reef Trust and Greening Australia via
the Reef Aid program committed $10 million to restore 500ha of priority coastal habitat. Both
of these programs deliver wetland restoration at an average cost of $20,000 per ha. In
Queensland, private landholders may require an approval to undertake on-ground restoration
works that involve modifications to flow paths and/or fish passage. This approval process is
estimated to cost a private landholder an additional $30,000 before on-site works can
commence for a land transition project. Tedlands wetland also provides important habitat for
many water bird species, with over 150 species recorded by local land holders (TEDLANDS).
Although highly modified, these freshwater wetlands provide important habitat services and
values in the GBR catchments (Canning and Waltham 2021).
In a global study of the costs and benefits of ecosystem restoration, De Groot et al. (2013)
found that the upfront capital cost of restoring inland wetlands (defined as freshwater
floodplains, swamps, marshes and peatlands (de Groot et al., 2012)) ranged between
$7000/ha - $38,000/ha in 2016 AUD$ or $7,390/ha - $40,117/ha in 2019AUD$ 53.
Given large variations in wetland restoration cost, in this study, economic assessments are
conducted for the following indicative upfront conversion costs to a private landholder
when transitioning their cane land to restored wetland: $20,000/ha, $40,000/ha and
$60,000/ha.
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De Groot et al. reported costs in 2007 US $. These costs were converted to 2007 Australian $ using the US$:AUD$
exchange rate for June 2007 from the US Federal Reserve (https://fred.stlouisfed.org/series/DEXUSAL) and then escalated to
2019 Australian dollars using the Consumer Price Index published by the Australian Bureau of Statistics.
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(a) Costs to remove tidal earth bund and
installing a fishway (2019 AUD$
80,189 - $90,881)

(b) Costs to remove wetland bund and
installing a fishway (2019 AUD$
37,422 - $48,114)

Figure 42: Estimates of wetland remediation costs to improve aquatic ecosystem connectivity in order to
increase fisheries productivity and conserve vulnerable fish species in Mackay Regional Council areas.
Source: Moore 2015 Appendix 1 p38, 46.

Annual operating costs
Restored wetlands would require maintenance once the upfront restoration work has been
completed. From a landholder’s perspective, once cane land is transitioned into a restored
wetland, the flow of sugarcane gross margins from that land ceases and is replaced by wetland
maintenance cost. Maintenance costs for restored wetlands are not well documented.
Cost estimates have been produced from a project funded by the Australian Government’s
Great Barrier Reef Coastal Wetlands Protection Programme – Pilot Programme that trialled
different low cost methods to remove blankets of aquatic weeds (water hyacinth) in tropical
coastal wetlands (Veitch et al., 2007). In this project, located on Lagoon Creek in the Herbert
River floodplain dominated by sugarcane production, Veitch et al. (2007) reported that the cost
of removing dense matted floating weed was approximately $8,500/ha (2019 AUD$11,389).
This type of weed removal may only be necessary for freshwater wetlands as Abbott et al
(2020) found substantial reduction in weed infestation, reappearance of native plants,
improvements in water quality and fish diversity following bund removal to allow tidal ingress.
Given the uncertainty surrounding maintenance costs for wetlands, coupled with the
expectation that restored coastal wetlands would typically require minimal maintenance, a
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conservative estimate of $750/ha/year in 2019AUD is assumed for the maintenance cost
of restored coastal wetlands. This conservative value of $750/ha/year is based on Greening
Australia’s daily hire rate of $360/person (Bartley et al. 201854 Table 10 in Appendix 1 on p24)
and an assumption of two person days of maintenance required per hectare per year. This
annual maintenance cost estimate was also used in Waltham et al. (2021).
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Available at https://nesptropical.edu.au/wp-content/uploads/2019/01/NESP-TWQ-2.1.4-TECHNICAL-REPORT-3.pdf , date
accessed 4 May 2021.
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Figure 43: Locations of Boundary Creek wetland and Tedlands Wetland, identified in Moore 2015
Appendix 1 p38, 46
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Annuity gross margin from a restored wetland
From the landholder’s perspective, once low-lying sugarcane land is converted into restored
wetlands, the flow of private benefits in the form of revenues from the land will come from the
sale of carbon credits, and a flow of private costs will arise as wetland maintenance costs.
Using the parameter estimates from preceding sections, the annual net revenue accruing from
restored wetland is calculated as:
Annual net revenue
= Annual revenue from sale of carbon credits – annual wetland maintenance cost
Assuming that carbon credits will be produced from year 5 through to year 30, annual net
revenue will be:
= 0 – $750/ha/year = -$750 /ha/year for years 1 to 4
and
= (18.33 tonne CO2-e/ha/year x $14.17/tonne CO2-e/ha/year) – $750/ha/year
= - $490/ha/year for years 5 to 30
This stream of net revenues from the restored wetlands produces an annuity gross margin of
-$550/ha or -$561/ha at 5% and 7% real annual discount rates, respectively. The reduction in
annuity gross margin following conversion from cane production to restored wetland is
calculated using Eqn 3. The results are shown in Table 73. Results differ between regions,
depending on the regional annuity gross margin from cane production (which itself differs
slightly depending on whether a 5% or 7% real annual discount rate is applied to net revenues
from each year of the cane cropping cycle). The reduction in annuity GM is positive for restored
wetland in all three case study regions. This indicates that the annuity GM from sugarcane
exceeds that anticipated from natural wetland in the BRIA, the Burdekin Delta and the MackayWhitsundays region.
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Table 73: Reductions in annuity GM for restored wetland

BRIA
Annuity GMcane = $638/ha/year (accounts for cost of irrigation water & labour)
Real discount rate = 5% per annum
Unit

Restored wetland

Annuity GM

$/ha/year

-550

Reduction in annuity GM

$/ha/year

1,188

BRIA
Annuity GMcane = $649/ha/year (accounts for cost of irrigation water & labour)
Real discount rate = 7% per annum
Unit

Restored wetland

Annuity GM

$/ha/year

-561

Reduction in annuity GM

$/ha/year

1,210

Burdekin Delta
Annuity GMcane = $1,767/ha/year (accounts for cost of irrigation water & labour)
Real discount rate = 5% per annum
Unit

Restored wetland

Annuity GM

$/ha/year

-550

Reduction in annuity GM

$/ha/year

2,317

Burdekin Delta
Annuity GMcane = $1,719/ha/year (accounts for cost of irrigation water & labour)
Real discount rate = 7% per annum
Unit

Restored wetland

Annuity GM

$/ha/year

-561

Reduction in annuity GM

$/ha/year

2,280

Mackay-Whitsunday
Annuity GMcane = $344/ha/year (accounts for cost of irrigation water & labour)
Real discount rate = 5% per annum
Unit

Restored wetland

Annuity GM

$/ha/year

-550

Reduction in annuity GM

$/ha/year

894

Mackay-Whitsunday
Annuity GMcane = $328/ha/year (accounts for cost of irrigation water & labour)
Real discount rate = 7% per annum
Unit

Restored wetland

Annuity GM

$/ha/year

-561

Reduction in annuity GM

$/ha/year

889
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Total present value cost of land conversion
Under the assumptions explained in preceding paragraphs, an upfront wetland restoration cost
of $20,000/ha is incurred in year zero of the evaluation timeframe. The reduction in annuity
GM from restored wetland when combined with the upfront cost of land conversion produces
the following region-specific total present value costs and annualised present value costs of
land conversion (Table 74):
Table 74: Total present value cost of land conversion from sugarcane to restored wetlands in the Lower
Burdekin and Mackay-Whitsunday regions evaluated over 30 years, assuming an upfront cost of
$20,000/ha

Restored wetlands
BRIA
Burdekin Delta
Mackay-Whitsunday

Total present value cost
of land conversion
($/ha)
r = 5%
r = 7%
38,265
35,017
55,621
48,295
33,746
31,034

Annualised total present
value cost of land
conversion ($/ha/year)
r = 5%
r = 7%
2,489
2,822
3,618
3,892
2,195
2,501

Upfront
conversion
cost
($/ha)
20,000
20,000
20,000

The nitrogen removal achieved per hectare of restored wetland will be dependent on the load
entering the wetland, residence time, wetland configuration, chemical properties (e.g., pH, C:N
ratio) and wetland vegetation type. The authors are not aware of any studies that have reported
nitrogen removal rates for natural wetlands in the Lower Burdekin and Mackay-Whitsunday
regions specifically. However, Adame et al. (2019) used (i) empirical estimates of potential
denitrification rate in Melaleuca and mangrove wetlands in the Wet Topics; (ii) influent nitrate
and ammonium concentrations for a 6-day flood event in the Tully-Murray catchments in March
2018 as predicted by the Paddock to Reef modelling suite, and (iii) a biogeochemical model of
nitrogen transformation processes within wetlands to predict daily denitrification rate in
floodplain and coastal wetlands in the Tully-Murray catchments during the March 2018 flood
event. Adame et al.’s predicted denitrification rate for wetlands dominated by Melaleuca spp
and mangroves was 5.3 mg m-2 h-1 (1.272 kg ha-1 day-1) (Adame et al. 2019). Here we regard
this as a feasible rate for DIN removal by restored floodplain and coastal wetlands in the
Burdekin and Mackay-Whitsundays regions.
The 5.3 mg m-2 h-1 (1.272 kg ha-1 day-1) DIN removal rate required reasonably high influent
nitrate concentrations (0.4 - 0.6 mg L-1 nitrate, as reported by Adame et al. (2019)). It is
therefore not realistic to assume that the wetlands could denitrify at this rate throughout the
whole of the year. To produce an indicative range of annual DIN load removals to estimate
indicative cost-effectiveness of DIN removal by restored ecosystem wetlands (and, in the next
appendix (Appendix 9), engineered treatment wetlands) we assume that the nitrate removal
rate calculated by Adame et al. (2019) for floodplain and coastal wetlands is achieved for
approximately 2, 4 or 8 weeks per year (for restored wetlands) and (in the following appendix)
for approximately 4, 8, or 12 weeks per year for engineered treatment wetlands. The resulting
annual DIN load removal rates are 20, 40 and 80 kg DIN ha-1 year-1 for restored wetlands,
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corresponding to restored wetlands denitrifying at the rate calculated by Adame et al. (2019)
for 16, 31, 63 and 94 days per year55.
Conversion from cane land to restored wetland removes the DIN losses that were previously
coming from the cane land, i.e., land use conversion reduces annual DIN losses by 11.5, 37.3
and 35.2 kg DIN per hectare for the BRIA, Burdekin Delta and Mackay region, respectively, in
addition to the 20, 40 and 80 kg DIN per hectare that the wetland removes annually.
Combining the annualised total present value costs of conversion with assumed annual DIN
reductions for restored wetland in the BRIA, Burdekin Delta and Mackay regions produces
region-specific estimates of the cost-effectiveness of DIN reduction over a 30-year evaluation
timeframe following land use conversion from sugarcane to restored wetland (Table 75):
Table 75: Cost-effectiveness of DIN reduction for conversion to restored wetland at 5% and 7% discount
rates evaluated over a 30-year period.

Restored wetlands

Cost-effectiveness of land conversion from cane to
restored wetland ($/kgDIN)

Discount rate r = 5%
Upfront cost: $20,000/ha
DIN removal rate of wetland (kg
20
40
DIN/ha/year)
BRIA
79.02
48.33
Burdekin Delta
63.14
46.81
Mackay-Whitsunday
39.77
29.19
Discount rate r = 5%
Upfront cost: $40,000/ha
DIN removal rate of wetland (kg
20
40
DIN/ha/year)
BRIA
120.32
73.60
Burdekin Delta
85.85
63.64
Mackay-Whitsunday
63.34
46.49
Discount rate r = 5%
Upfront cost: $60,000/ha
DIN removal rate of wetland (kg
20
40
DIN/ha/year)
BRIA
161.63
98.86
Burdekin Delta
108.56
80.47
Mackay-Whitsunday
86.91
63.79

80
27.20
30.85
19.06

80
41.42
41.94
30.35

80
55.64
53.03
41.64

Annual
cost ($/ha)
2,489
3,628
2,195

Annual
cost ($/ha)
3,790
4,919
3,496

Annual
cost ($/ha)
5,091
6,220
4,797
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The 80kg DIN ha-1 year-1 removal rate is slightly below the 20th percentile of annual nitrate removal rates reported by Kadlec
and Wallace for free water surface wetlands (Kaldec & Wallace 2009; Table p.335). The median influent nitrate concentration
for the free water surface wetlands in Kadlec and Wallace's data was 4 mg L-1 (ten times higher than the concentrations
predicted by Paddock to Reef modelling for the floodplain and coastal wetlands in Adame et al. (2019)). The minimum influent
concentration in Kadlec and Wallace's data was 0.05 mg L-1 (ten times lower than the Paddock to Reef prediction). DIN removal
performance for floodplain and coastal wetlands that sits close to the 20th percentile of the performance range reported by
Kadlec and Wallace therefore appears reasonable.
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Restored wetlands

Cost-effectiveness of land conversion from cane to
restored wetland ($/kgDIN)

Discount rate r = 7%
Upfront cost: $20,000/ha
DIN removal rate of wetland (kg
20
40
DIN/ha/year)
BRIA
89.58
54.79
Burdekin Delta
67.92
50.35
Mackay-Whitsunday
45.31
33.26
Discount rate r = 7%
Upfront cost: $40,000/ha
DIN removal rate of wetland (kg
20
40
DIN/ha/year)
BRIA
140.75
86.09
Burdekin Delta
96.05
71.20
Mackay-Whitsunday
63.34
46.49
Discount rate r = 7%
Upfront cost: $60,000/ha
DIN removal rate of wetland (kg
20
40
DIN/ha/year)
BRIA
191.92
117.39
Burdekin Delta
124.18
92.05
Mackay-Whitsunday
103.70
76.12

80
30.84
33.18
21.71

80
48.45
46.92
30.35

80
66.07
60.66
49.69

Annual
cost ($/ha)
2,822
3,892
2,501

Annual
cost ($/ha)
4,434
5,504
4,113

Annual
cost ($/ha)
6,045
7,115
5,724

These results suggest that the cost-effectiveness of land use conversion to restored wetlands
is primarily influenced by the upfront cost of conversion and the DIN removal rate achieved.
Differences between the regions arise due to differences in the opportunity cost of foregone
income from cane production and the DIN loss per hectare under cane production. For the
upfront costs and DIN removal rates considered, the cost-effectiveness of DIN removal
obtained by converting low-lying, high-DIN risk cane land to restored wetland for the three
regions ranges between $22 and $192 per kg DIN removed, when evaluated over a 30-year
time horizon at a real discount rate of 7% per annum.
DIN credit payments required to achieve 5-, 10- and 15-year paybacks, and return on
investment
The DIN credit payments ($/kg DIN reduced) required for each of the regions to achieve 5-,
10- and 15-year paybacks on cumulative (discounted) net benefit following change of land use
from cane to restored wetland are shown for upfront costs of $20,000, $40,000 and $60,000
per hectare and DIN removal rates in the wetland of 20, 40 and 80 kg DIN/ha, evaluated at a
real discount rate of 7% per annum in Figure 44, Figure 45 and Figure 46 below.
By construction, the annualised (discounted) rate of return on upfront investment with DIN
credit payments that deliver 5-, 10-, 15- and 30-year payback periods will each be 0% at the
end of the 5th, 10th, 15th and 30th year, respectively, and will then follow trajectories similar to
those shown in Figure 12 as the duration of the DIN supply contract extends. Figure 16 shows
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example annualised (discounted) rates of return on upfront investment with DIN credit
payments that deliver 5-, 10-, 15- and 30-year payback periods for an upfront cost of
$20,000/ha and a DIN removal rate in the wetland of 40 kg DIN/ha/year.
The rate of return curves (Figure 47) indicate that land conversion to restored wetland should
deliver in excess of a 4% annualised (discounted) return over 15- 20- and 25-year DIN credit
supply agreements when DIN credit payments are sufficient to ensure a 5-year payback
period. Similarly, if DIN credit payments are sufficient to ensure 10-year payback land
conversion to constructed treatment wetland should deliver slightly more than a 2% annualised
(discounted) return over 20- and 25-year DIN credit supply agreements.
The DIN credit payment curves in Figure 44, Figure 45 and Figure 46 indicate that payment
rates of around 120 $/kg DIN would be sufficient to provide 5-year payback (and 4% annualised
(discounted) return over 15- and 20-year DIN credit supply agreements) from restored
wetlands in all regions provided that DIN removal rates of at least 80 kg DIN ha-1 year-1 can be
achieved for upfront costs of less than $40k ha-1. If DIN removal rates drop to 40 kg DIN ha-1
year-1 credit payments of 215 $/kg DIN will be required to provide 5-year payback (and 4%
annualised (discounted) return) with upfront costs of $40k ha-1.
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Figure 44: BRIA DIN credit payments ($/kg DIN) required to deliver 5-, 10-, 15-, 20-, 25- and 30-year paybacks at DIN removal rates of 20, 40 and 80 kgDIN/ha in the
restored wetland and upfront costs of $20k, $40k and $60k k per hectare, evaluated at a real discount rate of 7%
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Figure 45: Burdekin Delta DIN credit payments ($/kg DIN) required to deliver 5-, 10-, 15-, 20-, 25- and 30-year paybacks at DIN removal rates of 20, 40 and 80
kgDIN/ha in the restored wetland and upfront costs of $20k, $40k and $60k per hectare, evaluated at 7% discount rate
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Figure 46: Mackay region DIN credit payments ($/kg DIN) required to deliver 5-, 10-, 15-, 20-, 25- and 30-year paybacks at DIN removal rates
of 20, 40 and 80 kgDIN/ha in the restored wetland and upfront costs of $20k, $40k and $60k per hectare, evaluated at 7% discount rate
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Figure 47: Annualised (discounted) rate of return on upfront investment in converting representative lowlying, high DIN risk cane land to restored wetlands in the BRIA, Burdekin Delta and Mackay regions.
Results are shown for DIN credit payments that deliver 5-, 10-, 15- and 30-year paybacks on upfront
investment, an upfront cost of $20,000/ha and a DIN removal rate in the wetland of 40 kg DIN/ha/year.
Rates of return for investment in restoring wetlands for each region remain very similar across the full
span of upfront costs and DIN removal rates examined
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APPENDIX 9: ENGINEERED TREATMENT WETLANDS
Full details of engineered treatment wetlands have already been provided in the main report
Section 3.2.4, therefore a separate appendix is not necessary.
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APPENDIX 10: RECYCLE PITS IN THE LOWER BURDEKIN
(THE BRIA)
Background and context
Recycle pits have been identified as one of the land use options for furrow-irrigated cane lands
in the Lower Burdekin, particularly in the BRIA (Shannon and McShane, 2013). To achieve an
acceptable level of irrigation uniformity across the farm, each irrigation event will typically result
in 15% to 20% runoff (Sugar Research Australia, 2020). Recycle pits, as described in
WetlandInfo (Department of Environment and Science Queensland, 2018), comprise a pond
or drainage channel installed on cane land to collect irrigation tailwater and store if for re-use
on cane fields. Water from recycle pits is re-applied to cane fields using a pumping system.
As the main function of recycle pits is to capture and re-use water, it is critical that the structure
is installed at the right location in the field-scale landscape to maximise water re-use and
minimise energy usage (via pumping cost). Recycle pits can be used to deliver both water
quantity and water quality benefits as sediments, nutrients and pesticides are also captured
and re-used on the farm, reducing the flows of these pollutants into waterways (Department of
Environment and Science Queensland, 2018) which would otherwise enter the Great Barrier
Reef lagoon and/or Bowling Green Bay’s Ramsar listed wetlands (Sugar Research Australia,
2020).
Whilst the majority of water losses in the BRIA and Burdekin Delta are via surface flow, water
losses via deep drainage are causing elevated water tables, waterlogging and salinity
problems, which adversely affect cane yields (Sugar Research Australia, 2020). Subsoils in
many areas of the BRIA are very sodic, requiring high rates gypsum to be applied to the soil
(Shannon and McShane, 2013); however, it has been found that high drainage losses are
more prevalent in areas where gypsum application rates are high (Sugar Research Australia,
2020). Thus, increased use of recycle pits to capture and re-use irrigation tailwater would
minimise water losses via both pathways.
Despite the environmental benefits, Bennet (2012, cited in Shannon and McShane, 2013)
reports that in some sub-regions (Leichhardt, Selkirk, Jardine and Upper Haughton) of the
Burdekin Haughton Water Supply Scheme (BHWSS) tailwater recycling covers less than 75%
of sugarcane area. In other sub-regions within the BHWSS such as Mulgrave and Woodhouse,
tailwater recycling already covers 88% and 86%, respectively, of sugarcane area (Bennet
2012, cited in Shannon and McShane, 2013). As noted by Shannon and McShane (2013), the
uptake of tailwater capture using recycle pits is still impressive even in some of the earlier
irrigation areas such as Mulgrave where recycle pits have had to be installed after the farm
had been developed. An integrated approach to farm development with built-in recycle pits
from the outset would be more efficient and cost-effective as excess gypsum-treated soil can
easily be incorporated into the farms during construction (Shannon and McShane, 2013). Once
a farm has been established, it will be more costly to install recycle pits because excess
gypsum-treated sodic soil cannot be easily incorporated into existing fields (Shannon and
McShane, 2013). Nevertheless, given the financial benefits of minimising irrigation losses in
terms of reduced production costs and/or increased productivity (Sugar Research Australia,
2020), it is still worthwhile for cane farmers to consider installing recycle pits on their farms.
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From their mapping work, Shannon and McShane (2013) have identified more than 100
recycle pits within the BHWSS in the BRIA. These range from 2ML to more than 160ML in
capacity. For the BRIA as a whole, the proportion of irrigated agricultural land with tailwater
capture is approximately 70%. Thus far, investments in tailwater water capture and re-use
within the BHWSS are estimated at $15-20 million, indicating that on average a recycle pit
costs $150,000 to $200,000. Whilst the majority of farms have already installed tailwater
capture, considerable water is still reaching the Barrata Creek catchment from (i) farms without
tailwater capture system, (ii) releases from SunWater storages, and (iii) overflows from farms
with inadequate tailwater capture (Shannon and McShane, 2013). These findings show that
there is still scope for reducing water loss from farms that have yet to install recycle pits to
capture their irrigation tailwater. As pointed out by Sugar Research Australia (2020), further
adoption of recycle pits by cane farmers in BRIA is warranted.
This study seeks to estimate the cost-effectiveness of converting sections of existing low-lying
cane land into recycle pits within the BRIA for water quality purposes i.e. to reduce DIN loss to
the GBR lagoon. As information on recycle pit construction cost and DIN savings are limited,
this economic analysis is undertaken using the estimated cost function provided in Waltham
et al 2021, and estimates of DIN savings provided by Shannon and McShane (2013). We used
this approach because the construction cost function was derived from actual expenditure data
in a program in which farmers benefited directly from the drainage and biodiversity services
provided by the excavated lagoon. Construction of recycle pits from which farmers derive
benefits through reduced irrigation and fertiliser costs is directly analogous; hence we believe
it is appropriate to use this function to estimate the cost of constructing on-farm recycle pits.
In this study, the cost-effectiveness of recycle pits is evaluated over 30-years which is similar
to Alluvium (2016, 2019) at real discount rates of 5% and 7% per year. The focus of this study
is a dry weather recycle pit which is smaller in size and functions quite differently from
wetlands. Data on the operational effectiveness of six recycle pits reported in Shannon and
McShane (2013) were collected during the 7-week dry season in 2013. Wet weather recycle
pits are not considered in this study because they have to be sized to capture larger runoff
events, with sizing and functionality similar to that of constructed wetland treatment systems
(Alluvium, 2019).

Economic evaluation
Unlike wetlands, recycle pits do not require planting of macrophytes. Maintenance typically
involves occasional dredging to remove trapped sediments. Shannon and McShane (2013)
point to the fact that it is not reasonable to expect growers with smaller farms (150ha or less)
to construct their own tailwater capture systems as the costs are high. In this instance, a
drainage scheme can be designed such that irrigation runoff from smaller distributed sources
upstream are captured further downstream by other growers (Shannon and McShane, 2013).
A recycle pit is expected to effectively reduce losses of nutrients, sediments and pesticides to
downstream waterways if it is designed as follows (Department of Environment and Science
Queensland, 2018):
• Appropriately sized such that all irrigation tailwater from a complete irrigation event can
be captured plus an allowance of 10% additional capacity to prevent overflowing
• Include a bypass system to minimise mixing of captured water and high flow events
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•
•
•

Include an impermeable base and walls to prevent seepage of captured water to
groundwater
Captured water is re-applied onto the farm as soon as possible following an irrigation
or rainfall event in order to leave sufficient capacity to capture the next event
Sufficient pumping capacity and adequately sized pipelines that are configured to allow
rapid and efficient re-use of water.

The general rule of thumb can be used to gauge the adequacy of a recycle pit for capturing
irrigation events for a farm located in the BRIA is a recycle pit of 5 – 10 ML for each 100ha of
irrigated fields (Department of Environment and Science Queensland, 2018). It is assumed
that relevant approvals (if applicable) have been sought from Burdekin local government prior
to recycle pit construction.
Construction cost for installation of an on-farm recycle pit is estimated for a representative
sugarcane farm in the BRIA with the following farm characteristics and operations, recycle pit
configurations and design, savings in water and fertiliser, upfront installation cost and periodic
renewal cost.
Farm characteristics and operations:
• Farm area: 240 ha (Poggio and Page, 2010)
• Irrigation rate: 12 ML/ha/year over 80% of the farm area growing sugarcane;
4ML/ha/year over 20% of the farm growing a soy legume crop over the fallow break at
the end of the cane cycle((Department of Agriculture Fisheries and Forestry, 2016;
Waterhouse et al (2016, cited in Sugar Research Australia, 2020)
• Recycle pits must be sized to capture runoff from irrigation of sugarcane when their
catchment area of the farm is growing plant cane or ratoon cane
• Irrigation runoff (all captured): 15% (Sugar Research Australia, 2020)
Recycle pit configurations:
• Number of irrigation events: 17 irrigation events per year, each of 70mm (equivalent to
0.7ML per irrigation event) (assuming fortnightly irrigation for 252 days a year)
• Tailwater capture: 1.8 ML/ha/year or 0.106 ML/ha per irrigation event56
• Required tailwater capture capacity: 6.36ML/irrigation event per 60-ha irrigated area
(i.e. 4 recycle pits required for a 240ha farm)57
• Storage volume of one recycle pit: 7.5ML (allowing for a loss rate of 8mm/day to
evaporation and deep drainage, this will give enough storage to enable 6.36 ML of
water re-use per fortnight) (Shannon and McShane, 2013, Table 2 p.10)

Design specification for one recycle pit:
• 8.25ML excavation for 7.5ML water storage volume58

This assumption is comfortably within the rule of thumb sizing of 5 – 10ML tailwater storage per 100 irrigated hectares
(Department of Environment and Science Queensland, 2018).
57
Assume all captured tailwater is re-used i.e. pit is emptied completely before the next irrigation event. This water re-use of
6.36ML/fortnight is representative of the recycle pits (excluding Woodhouse 2A) monitored in Shannon and McShane (2013,
Table 2 p.10).
58
8.25ML excavation allows some contingency volume above the 7.5ML storage requirement, consistent with the 10%
additional capacity recommended by Department of Environment and Science Queensland (2018).
56
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•

Surface area is 4125m2 = 0.4125ha; excavation depth is 2m, which means 8,250m3 of
soil excavated.

Savings in water and fertiliser consumption and costs:
• Average DIN loss in runoff: 8.9 kgDIN/ha/year (van Grieken et al., 2010c; Table 6, p.5)
(assuming Six Easy Steps fertiliser application rates, consistent with a District Yield
Potential of 150 tonnes/ha, in line with Prescribed Method for Sugarcane Cultivation in
Great Barrier Reef Catchments (State of Queensland, 2019; Table 2, p.23))
• Average DIN captured and recycled in tailwater: 15% x 8.9 kgDIN/ha/year = 1.34
kgDIN/ha/year
• Fertiliser savings due to tailwater recycling: 4.16 kg/ha for ratoon cane per year59; no
fertiliser saving for legume fallow
• Fertiliser cost savings due to tailwater recycling: $3.07/ha/year60 for sugarcane
• Irrigation water savings due to tailwater recycling: 1.8 ML/ha/year for sugarcane;
0.6ML/ha/year for legume fallow
• Irrigation water cost savings due to tailwater recycling: $130.91/ha/year61 for
sugarcane; $43.64/ha/year for legume fallow
• Savings in pumping cost from the irrigation channel are assumed to offset the pumping
cost from the recycle pit.
Recycle pit installation (upfront) cost:
In NESP TWQ Project 4.10, Waltham et al (2021) produced a function for the total cost of
constructing farm-scale lagoons, calibrated using actual data extracted from archived
Riversdale-Murray Valley Water Board farm compliance plans on 16 properties. This cost
function from Waltham et al (2021) can be written as:
𝐶𝑜𝑠𝑡 = 326.628 + 2.501 𝑉𝑜𝑙_𝐸𝑥𝑐𝑎𝑣𝑎𝑡𝑒𝑑 − 0.00004 𝑉𝑜𝑙_𝐸𝑥𝑐𝑎𝑣𝑎𝑡𝑒𝑑_𝑆𝑞 − 0.708 𝑆𝑢𝑟𝑓𝑎𝑐𝑒_𝐴𝑟𝑒𝑎
(Eqn. A10.1)
where 𝐶𝑜𝑠𝑡 refers to total construction cost (in 2003 AUD) of on-farm drainage lagoons where
33% of the cost is borne by landholder and 67% is covered by the subsidy under the Sugar
Industry Infrastructure Program; 𝑉𝑜𝑙_𝐸𝑥𝑐𝑎𝑣𝑎𝑡𝑒𝑑 is the volume excavated in m3,
𝑉𝑜𝑙_𝐸𝑥𝑐𝑎𝑣𝑎𝑡𝑒𝑑_𝑆𝑞 is the square of volume excavated and 𝑆𝑢𝑟𝑓𝑎𝑐𝑒_𝐴𝑟𝑒𝑎 is the lagoon surface
area in m2.

‘Baratta’ fertiliser has 32% N (Sugar Research Australia 2017 FertFinder tool, available at
https://sugarresearch.com.au/?s=FertFinder , date accessed 21 February 2021)
60
‘Baratta’ fertiliser price assumed to be $738/tonne (in 2019 AUD$), using the $710/tonne price (in 2015 AUD$) quoted in
FEAT’s default scenario for the BRIA (State of Queensland, 2016b), escalated to 2019 pricing using the fertiliser price index
from ABARES Economic Overview – Agricultural Commodities – December Quarter 2020 (ABARES, 2020).
61
Based on pricing of $72.73/ML comprising $42.59 for water allocation (Parts A & C) and $30.14/ML (Parts B & D) for water
use in the Burdekin Haughton Water Supply Scheme: Burdekin Channel for FY2019-2020, available at
https://www.sunwater.com.au/wp-content/uploads/Home/Customer/FeesCharges/Burdekin_Haughton_Fees_and_Charges_2019-2020.pdf , date accessed 24 February 2021.
59
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Based on our design specification for one recycle pit (i.e. surface area is 4,125m2 and 8,250m3
soil excavated), the total construction cost as predicted by Eqn A10.1 is $15,317 in 2003 AUD
(2019 AUD $22,335).
Recycle pit renewal (periodic) cost:
Our evaluation assumes an operational lifetime of 5 years between renewals for the recycle
pits. Renewal cost in years 5, 10, 15, 20 and 25 is taken to comprise 20% of the excavation
cost incurred in initial construction, on the assumption that renovation will typically entail
dredging accumulated sediment from the recycle pits.
Summary of conversions costs and benefits for a representative 240ha sugarcane farm in
BRIA:
• Number of recycle pits required: 4 (each of 0.4125ha area by 2m deep)
• Cane land area converted to recycle pits: 1.65 ha
• Forgone annuity gross margin from sugarcane: $638/ha/year at a 5% real discount
rate, or $649/ha/year at a 7% real discount rate i.e. $1,053/year at 5% discount rate, or
$1,071 at 7% discount rate
• Irrigation water saving: 192 ha @ 1.8ML/ha/year for sugarcane, plus 48 ha @
0.6ML/ha/year for legume fallow = 374.4ML/year for farm as a whole
• Irrigation water cost saving: $27,230/year
• Fertiliser saving: 192 ha @ 4.16 kg/ha/year = 799 kg/year
• Fertiliser cost saving: 799kg/year @ $738/tonne = $589/year per 240ha farm
• Recycle pit installation (upfront) cost: $22,335 per recycle pit (in 2019AUD)62; 4 recycle
pits per 240ha farm = $89,340 per farm (in 2019 AUD)
• Recycle pit renewal cost calculated as 20% of upfront cost: $4,467 per recycle pit (in
2019AUD); 4 recycle pits per 240ha farm = $17,868 per farm (in 2019 AUD)
• Average DIN saved from release to waterways due to water capture and re-use: 15%
x 8.9 kgDIN/ha/year x 192ha = 256 kgDIN/year
Reduction in Annuity Gross Margin
Reduction in Annuity GM following land conversion from sugarcane to recycle pits is calculated
using Eqn A10.2:
Annuity GM Reduction = Annuity 𝐺𝑀𝑠𝑢𝑔𝑎𝑟𝑐𝑎𝑛𝑒 − Annuity 𝐺𝑀𝑟𝑒𝑐𝑦𝑐𝑙𝑒𝑝𝑖𝑡

(Eqn A10.2)

Annuity GM Reduction at 5% discount rate = [$638 ∗ 1.65] − [$27,230 + $589] = −$26,766
Annuity GM Reduction at 7% discount rate = [$649 ∗ 1.65] − [$27,230 + $589] = −$26,748

62

Shannon and McShane (2013) report average cost of storage facility is between $150,000 and $200,000 per storage, ranging
in size from 2ML to over 160ML. As our representative pit is an 8.25 ML storage, the lower end of the cost estimate is adopted
in this study (escalated to 2019 AUD$). Total upfront costs incurred to install a recycle pit include soil survey, engineering
design, earthworks (excavation and jute matting of upper batters to prevent erosion), pumping system and pipework.
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The reduction in annuity GM is negative, indicating that the savings from reduced irrigation
water and fertiliser usage in combination are higher than the forgone gross margin from
sugarcane from the farm’s 1.65 ha of production land excavated to produce the recycle pits.

Total present value cost of land conversion
The upfront cost of converting 1.65 ha of sugarcane land to four equally-sized recycle pits has
to subtracted from the total present value of savings in water and fertiliser costs. Based on Eqn
A10.1, the predicted upfront installation cost of $22,335 per recycle pit (i.e., $89,340 per 240ha
farm) is applied here. Accounting for upfront construction cost and renewal cost in addition to
the savings from reduced irrigation water and fertiliser usage produces the total present value
costs of conversion and annualised total present value cost of conversion shown in Table 76
below.
Table 76: Upfront conversion cost, total present value cost of land conversion, and annualised total
present value cost of land conversion from sugarcane production to irrigation water recycle pits in the
BRIA

Recycle pits in
the BRIA

Total present value cost
of land conversion
($/240ha farm)

BRIA

r = 5%
-276,555

r = 7%
-206,375

Annualised total present
value cost of land
conversion ($/240ha
farm/year)
r = 5%
r = 7%
-17,990
-16,631

Upfront conversion
cost:
4 recycle pits per
240ha farm
($/240ha farm)
89,340

Cost-effectiveness of DIN reduction
From the foregoing calculations, the four recycle pits on the representative BRIA cane farm
produce a farm-wide reduction in DIN loss of 256 kg DIN/year. Applying Eqn 6 from Chapter 3
to calculate cost-effectiveness as the ratio of annualised total present value cost to annual DIN
reduction produces the results in Table 77.
Table 77: Cost-effectiveness of converting sugarcane land in the BRIA to recycle pits to reduce DIN
losses, calculated over a 30-year evaluation lifetime at real annual discount rates of 5% and 7%

Recycle pits in the
BRIA
BRIA

Cost-effectiveness of land conversion from cane to recycle pits ($/kg
DIN)
r = 5%
r = 7%
-70
-65

The cost-effectiveness of DIN reduction for conversion to recycle pits is -$70/kgDIN
when evaluated at a 5% discount rate and -$65/kgDIN when evaluated at a 7% discount
rate. Negative cost-effectiveness indicates benefits received per kgDIN i.e. landholders stand
to gain from having recycle pits because the benefits outweigh the costs. While irrigation runoff
and DIN loss in the runoff can be variable throughout the year, the cost-effectiveness reported
for recycle pits in this study is indicative for an average irrigated sugarcane farm in the BRIA.
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Discussion
For comparison, Rolfe and Windle (2011a; 2011b) reported the following cost-effectiveness
outcomes for the 2007/2008 Burdekin nitrogen reduction reverse tender that was implemented
in the Lower Burdekin region (which includes the Lower Burdekin River, the Haughton River
and Barrata Creek) with a budget of $600,000 (2019 AUD $752,861):
•

•

33 successful projects summed to $600,000 (2019 $752,861) total budget: average
cost was $6.27/kgN reduction (2019 $7.87/kgN reduction), cost range is from $0.65 $23.83/kgN reduction (2019 $0.82 - $29.90 per kgN reduction) (J. Rolfe and Windle,
2011a, p.179)
29 successful projects for cane summed to $437,625 (2019 $549,118) budget: average
cost was $4.56/kgN reduction (2019 $5.72/kgN reduction), costs range is $0.65 $17.49/kgN reduction (2019 $0.82 - $21.95 per kgN reduction) (Rolfe and Windle,
2011b, Table 1 p.497).

Successful projects from the 2007/2008 Burdekin tender included 10 recycle pit projects, 8
water management projects, 10 fertiliser management projects, and 5 pesticide management
projects (Rolfe and Windle, 2011a). When compared to the 2007/2008 Burdekin tender for
successful projects, our cost-effectiveness estimates for recycle pits differs from reported by
Rolfe and Windle (2011a; 2011b). This difference maybe due to large increases in the cost of
irrigation water and electricity for pumping relative to other agricultural input costs over the last
decade. This has substantially increased the costs savings from having on-farm recycle pits.
Our costs are modelled from landholder’s perspective which include construction cost, renewal
cost and forgone gross margins but excluding transaction cost. The estimated recycle pit
construction cost of $150,000 to $200,000 per recycle pit reported in Shannon and McShane
(2013) is much higher than estimated here at $22,345 per recycle pit ($89,340 per farm). We
note that the same per recycle pit base costs were also used by Alluvium (2016, 2019) in their
evaluation of the cost-effectiveness of dry weather and wet weather recycle pits.
The difference in costs between our study and prior studies may be due to the range of cost
items that are being included to arrive at total cost. For example, Shannon and McShane
(2013) cost figures came from total investments of $15-29 million in tailwater capture within
the BHWSS resulting in more than 100 recycle pits that were mapped. This investment figure
may have included wider range of costs such as program administration cost, design cost and
feasibility study, in addition to the actual on-ground construction cost. We believe that our
recycle pit cost estimates are more representative of the actual cost incurred by landholders.
DIN credit payments required to achieve 5-, 10- and 15-year payback, and return on
investment
The combined savings in irrigation water cost ($27,230 per year) and fertiliser cost ($589 per
year) are very substantial. This allows the farm to recoup the $89,340 construction costs of its
recycle pits within four years (at 5% and 7% discount rates). On this basis, farmers with suitable
sites available would likely invest in recycle pits voluntarily. No incentive payment is therefore
required, as evidence by widespread use of recycle pits in Burdekin.
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APPENDIX 11: CATTLE GRAZING IN THE MACKAYWHITSUNDAY REGION
Background and context
Grazing has been identified as a possible land use option for low-lying, high DIN risk,
sugarcane land in the Dry Tropics. In the Mackay-Whitsundays Reef Catchments NRM region,
grazing is the largest land use accounting for ~75% of the region’s total land area that is mainly
used for agricultural production (560,963 ha) followed by sugarcane at 24.5% (Australian
Bureau of Statistics, 2020a). More than half of beef cattle in the Mackay-Whitsundays region
are owned and managed by joint cane and beef enterprises (Bishop, 2007). Although the beef
business is dominated by breeding and sale of weaners, stores or cull cows, beef fattening
operations are on the rise, driven by landholders sowing pastures on land that was previously
planted with cane (Reef Catchments NRM, 2013). In the Mackay-Whitsundays region, most
cattle grazing occurs on improved pastures (Bishop, 2007; Reef Catchments NRM, 2013).
Areas of alluvial flats and plains and coastal wetlands not used for cane growing are the
relevant land types in Mackay-Whitsunday that have been found to be suitable for pasture
improvement for cattle grazing (Bishop, 2007). As described in Bishop (2007), the alluvial flats
and plains land type refers to “alluvial flats and levees with small to large creeks and streams
that are frequently flooded” (p.17) and the coastal wetlands land type is described as
“frequently flooded and waterlogged plains which include swamps” (p.21). Although these land
types are frequently flooded, during the dry season63, these areas can be highly productive to
support cattle fattening operations. Coastal wetlands for example, provide water, good quality
feed and shade for cattle, and these provisions become even more valuable during prolong
droughts (Wegscheidl and Layden, 2011). In Queensland, wetlands are an important part of
many grazing enterprises (Wegscheidl and Layden, 2011). In this study, both of these land
types are regarded as low-lying (marginal) cane lands on which landholders can establish a
pasture-fed grazing system with fencing and off-stream watering points appropriately installed
to manage stock access in order to maintain good ground cover and to control erosion. It is
also assumed that landholders would continue to manage fire, weeds and pests as they would
normally do when the area was planted with cane.
Our analysis utilises information on management practices and input costs for the low DIN
impact beef fattening system that was modelled for the Wet Tropics under NESP Tropical
Water Quality Hub Project 2.1.2 (Waltham et al., 2017). It is reasonable to assume that the
unit costs of establishing this type of cattle grazing fattening business are also applicable to
the Mackay-Whitsunday region. The low-impact beef grazing system considered in this study
is beef fattening on pastures that receive no fertiliser input. The pastures are sown and then
allowed to establish on low-lying previous cane paddocks before bringing cattle in for fattening.
Potential locations for conversion to grazing which are adjacent to existing grazing land are
identified separately from potential conversion locations which are not adjacent to existing
grazing land. Economic performance is modelled separately for these two categories of

63

The wet season occurs between December and March, with up to 70% of rainfall occurring during this period. The dry season
occupies the remainder of the year (Bishop, 2007).
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conversion because additional upfront conversion costs will be required to construct a
stockyard and loading facilities for land which is not adjacent to existing land that is already
used for grazing.
Buy-in and sell-out livestock prices, stocking rates and weight gain are the key drivers of
profitability in a grass-finished cattle business. The primary mechanism for generating net
revenue is weight gain per livestock head, following fattening on grass pastures, given the buyin and sell-out prices. An advantageous difference between the buy-in and sell-out prices can
augment net revenues, but this difference is regarded as stochastic i.e. it may or may not work
out to the farmer’s advantage to any particular extent in any particular year.
For the grazing system considered in this study, yearling store steers weighing about 450kg
are purchased from breeding properties in early to mid-April of each year. These cattle are
then fattened on grass pastures throughout the dry season (April until end of November or
early December ≈ 240 days) to a bodyweight of about 550kg before they are sold to the nearest
abattoir. For the Mackay-Whitsundays region this would be Thomas Borthwick & Sons
(Borthwicks) in Bakers Creek, located just south of Mackay.
Description of the grazing system in the Mackay-Whitsunday region adopted for the
cost-effectiveness calculations
Economic performance and cost-effectiveness outcomes for grazing without fertiliser input are
calculated for standard cattle stores with a buy-in weight of 450 kg per animal that are
purchased in April, fattened for 240 days and then sold direct to an abattoir. The 450kg is a
standard cattle weight at age 2.25 years (McLean and Blakeley, 2014). Brahman cattle (Bos
Indicus spp) are a suitable breed for the Mackay-Whitsunday region because these cattle are
more tolerant of the higher temperatures encountered in the tropical climate of northern
Australia and they possess greater resistance to ticks and droughts (Australian Competition
and Consumer Commission, 2017; Ernst & Young, 2018).
Brahman cattle are fattened on a mixture of Tully humidicola (Brachiaria humidicola (syn.
Urochloa humidicola) cv. Tully (1981)) and Setaria (Kazungula variety) grasses for eight
months. This particular combination of grass species is appropriate for the MackayWhitsunday region as both are tolerant of poor drainage, waterlogging and flooding (Bishop,
2007). The strengths and limitations (Table 78) of the individual grass species are such that in
combination, they are deemed to supply a sufficient amount of feed to support small-scale beef
fattening enterprises during the dry season with low stocking density to match with the slower
rate of pasture growth (particularly as, in this instance, no fertiliser is applied).
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Table 78: Strengths and limitations of Tully humidicola and Setaria grasses (extracted from Bishop 2007
p.30-31,36,66-67 )

Tully humidicola
Strengths

Limitations

Resistant to weed invasion

Slow to establishment phase,
sometimes taking two to three years to
cover the ground

Retains good ground cover under heavy grazing pressure
due its versatility, vigorous growth and dense mat-forming
grass

Can become coarse and unpalatable
in low fertility systems and light grazing
i.e. when grass is not grazed over
summer

Very tolerant of poor drainage, water logging and flooding

Low commercial seed yields resulting
in relatively higher seed prices
compared to most other seed

Persists under low input, low fertility and heavy grazing
system
Can survive prolonged dry periods
Can be grown and managed for both low and high input
production systems
Ideal for small sized properties or hobby farms that want
to carry some cattle and horses
Moderate tolerance to shade
Pasture can be used for summer spelling of other ‘softer’
grasses
Setaria (Kazungula variety)
Strengths

Limitations

Tolerant of flooding and waterlogging

Heavy early flowering/seeding reduces
feed quality

Tolerant of low fertility acid soils

Kazungula variety tends to develop
thick stems, thus require regular
summer grazing

Reliability of establishment. Quickly runs to seed with
summer rain and blows over in the wind and new stems
quickly grow up and run to seed again.

Very high oxalate levels

Good tolerance to cold
Moderate tolerance to shade
Palatable to stock with good weight gains
Adaptable to most conditions (wet and dry, low and high
fertility)
Long-term persistence of stand
Competitiveness with weeds
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Drawing on a previous study on beef-fattening as an alternative land use to cane production
in the Wet Tropics (Waltham et al., 2017), a weight gain of 0.42kg/head/day is assumed for a
similar grazing enterprise in Mackay-Whitsunday region. This assumption is similar to the live
weight gain of 0.43 kg/head/day during Winter, for steers aged 3+ years, reported in Bray et
al. (2015, Appendix 4 on p.5764), and slightly below live weight gains of around 180kg/year
(~0.49kg/day) from Kazunga/siratro pastures stocked at one adult equivalent (AE) per hectare
observed in a trial at Koumala in the 1970s (Bishop 2007 p.94). One AE is defined as a 450kg
animal (Bishop, 2007; English, 2014). McLean and Blakeley (2014) defined one AE
standardised unit as a 450kg steer Bos taurus at weight maintenance rate, 2.25 years of age,
grazing on pasture with a dietary quality of 7.75 megajoules of metabolisable energy required
for maintenance per kg of dry matter (MJ ME/kg DM) and walking 7 kilometres each day.
Using McLean and Blakeley's (2014, p.30) AE equivalent table for Bos Indicus which is
relevant for Brahman breeds in the Mackay-Whitsunday region produces the following:
•
•
•

a 450 kg growing steer gaining 0.4 kg/day = 1.29 AE
a 500 kg growing steer gaining 0.4 kg/day = 1.39 AE
a 550 kg growing steer gaining 0.4 kg/day = 1.48 AE

As pasture is grown on previous cane land with no additional fertiliser input, the rate of pasture
growth is expected to be slower as it relies only on residual nutrients that are currently in the
soil. Planting of pasture seeds should be undertaken a few days before the onset of steady
rain that will last over a number of days. According to Bishop (2007), the best time window to
sow grass seed in the 1970s and 1980s were from October through to December to take
advantage of the early storms to enable pastures to establish early and allow it to better tolerate
wet and waterlogged periods in January and February. However, since the 1990s, the weather
has become drier and more variable, thus planting time has been further informed by weather
forecasts and information provided by the government (Bishop, 2007). This means that
landholders would need to rely on the combination of weather forecast and past experience.
With climate change, choosing the right timing has become increasingly difficult. Nevertheless,
weather forecasts provided by the Bureau of Meteorology can still be used in combination with
other tools such as AussieGRASS provided by the Queensland Government’s Long Paddock
(https://www.longpaddock.qld.gov.au/) to determine the timing of seed planting.
Pasture seed mixture is first applied evenly over the whole paddock using a suitable seed
distribution method (contractors for a larger paddock; combine seeders or air-seeders; fertiliser
spreaders; roller drum seeders; crocodile seeders; or bucket brigade for a smaller paddock)
following the recommended sowing rate and planting depth (Bishop, 2007). After sowing,
pasture establishment occurs in the following phases: (i) seed germination and seedling
emergence (1 to 4 weeks), (ii) plant establishment (1 to 4 months), and (iii) pasture
development, consolidation and sward thickening (1 to 3 years) (Bishop, 2007).
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Bray et al. (2015, Appendix 4 on p.57) report live weight gains by season i.e. 0.32, 0.43 and 0.6 kg/head/day during Autumn,
Winter and Spring, respectively, giving a mean of 0.45 kg/head/day.

253

The pasture can only support a low stocking rate such that sufficient ground cover can be
maintained. Stocking densities expressed in mid-term weight used in this analysis is at what is
deemed to be at the land’s sustainable carrying capacity to avoid overgrazing and to maintain
a weight gain of 0.42 kg/head/day over 240 days per year. Overgrazing can result in poor
pasture condition, soil erosion, poor water quality and weed incursions (Wegscheidl and
Layden 2011 p.10). To the best of the authors’ knowledge, there are no current, publicly
available data on stocking densities for cattle grazing on pastures with no fertiliser input in the
Mackay-Whitsunday region. Bishop (2007) report the results of a grazing trial in the 1970s
conducted on a Tedlands property in Koumala, in Mackay region. Results from this trial
suggest that stocking densities on Kazungula pastures without nitrogen input are about half of
that achievable with nitrogen input for cattle gaining around 180 kg/head/year i.e. 2 AE/ha for
Kazungula plus nitrogen pastures (Walker 1980 cited in Bishop (2007, p.94) and 1 AE/ha for
cattle grazing on Kazungula/siratro pastures (presumably) without nitrogen input. Based on
the suggestion provided by a senior beef extension officer from the Queensland Department
of Agriculture and Forestry, Waltham et al. (2017) applied a stocking density of 1 AE per 0.85
hectare (which is equivalent to 1.176 AE/ha) for grazing on pasture with no fertiliser input in
the Wet Tropics under 2016 conditions. In this study, a stocking density of 1 AE/ha is assumed
for grazing on pastures with no fertiliser input, gaining 0.42kg/head/day. A summary of the
grazing system on representative former high DIN risk, low-lying marginal cane land in the
Mackay-Whitsunday region, as modelled in this study, is shown in Table 79.
Table 79: Summary of the modelled grazing system in the Mackay-Whitsunday region, indicating the
relevant parameter values used in the cost-effectiveness analysis

Grazing system: Beef fattening
Sown pasture mixture: Tully humidicola and Setaria (Kazungula variety)
Parameter
Unit
Parameter value
Buy-in weight from breeding properties or
kg/head
450
saleyards
Sell-out weight to local abattoir
kg/head
550
Duration of fattening
days
240
Live weight gain
kg/head/day
0.42
Total weight gain
kg/head/year
100
Stocking density
AE/ha
1
Stocking density at mid-term weight
Heads/ha
0.719
Fertiliser application
kgN/ha/year
0
DIN loss
kgDIN/ha/year
0

Economic evaluation
Buy-in and sell-out prices
Revenues from the sale of fattened steers are the benefits obtained from a private landholder’s
perspective. The price of heavy steers with live weight between 500-600 kg from Meat &
Livestock Australia’s (MLA) national saleyard indicators was $3/kg on 7th April 2020, and
reached $3.85/kg a year later on 6 April 2021 (Meat & Livestock Australia, 2021). For cattle
traded at Charters Towers saleyard in Queensland (approximately 471km from the abattoir in
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Mackay), the average prices of 500-600 kg grown steers in 2018, 2019 and 2020 were $2.11,
$2.59 and $3.38 per kg live weight, respectively (Meat & Livestock Australia n.d.65).
Price of medium steers with live weight between 400-500 kg from Meat & Livestock Australia’s
national saleyard indicators was $2.93/kg on 7th April 2020, and most recently reached a high
of $4.00/kg on 6 April 2021 (Meat & Livestock Australia, 2021). The high price recorded in April
2021 is due to significant rainfall recorded in Australia’s eastern coast driving beef producers
to restock their previously drought-parched properties (Jasper, 2020). Similarly, for medium
cattle traded at Charters Towers saleyard, the average prices of 400-500 kg steers in 2018,
2019 and 2020 were $2.33, $2.53 and $3.24 per kg live weight, respectively (Meat & Livestock
Australia n.d.).
A time series of price data over 21 years for heavy steers and medium steers sold at saleyards
in Queensland from MLA (Meat & Livestock Australia n.d.66) as shown in Figure 48, indicates
that the buy-in price is usually slightly higher than the sell-out price, except for financial years
2005/06 and 2016/17. The mean (median) prices of heavy and medium steers are $2.47/kg
live weight ($2.45/kg live weight) and $2.38/kg live weight ($2.33/kg live weight), respectively.
Annual revenue
Given the fluctuations in the price of steers, the mean price of heavy steers is used to produce
indicative revenues from sale of fattened steers. Assuming a 10-ha paddock (Waltham et al.,
2017), and using parameter values from Table 79, the annual revenue generated from
grazing in Mackay-Whitsunday region at a livestock sale price of $2.47/kg live weight is
$9,76867 per 10 ha per year, or $976.8 per hectare per year.
Annual operating costs
The main components of annual costs comprise costs for livestock purchase, livestock
transport, veterinary costs and agents’ fees. Livestock-related costs are estimated per head
and then converted to per hectare costs using stocking densities (Table 79). When livestock
are sold at the end of the fattening period, agents typically charge 5% commission on the sale
value per head in live weight (Waltham et al., 2017). Annual operating costs are incurred for
the following:
• Purchase of yearling store steers ($/head, converted to $/ha using stocking densities
in Table 79
• Transport of livestock ($/head)
• Veterinary treatment ($/head)
• Agents’ fees ($/head, at 5% sale value per head, by live weight)
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Available at https://www.mla.com.au/prices-markets/market-reports-prices/ , date accessed 19 April 2021.
Available at http://statistics.mla.com.au/Report/List , date accessed 20 April 2021.
67
0.719 heads/ha x 10 ha x sell-out weight of 550kg/head x $2.47/kg live weight = $9,768/ha.
66
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Price in 2019 AUD per kg live weight

Saleyard cattle prices in Queensland
3.50
3.00
2.50
2.00
1.50
1.00
0.50
0.00

Financial year
Buy-in price (Medium steer)

Sell-out price (Heavy steer)

Figure 48: Buy-in price of medium steers with live weight between 400-500kg and sell-out price of heavy
steers with live weight between 500 – 600kg from Meat & Livestock’s saleyard indicators for Queensland
(Meat & Livestock Australia n.d., available at http://statistics.mla.com.au/Report/List , date accessed 20
April 2021). All prices are converted to 2019 AUD using Australian Bureau of Statistics Consumer Price
Index (catalogue number 6401.0) for Australia (Australian Bureau of Statistics, 2020b)

Similarly, given the fluctuations in the price of buy-in steers (Figure 48), a mean price of
$2.38/kg live weight is used to calculate steer purchase cost. Veterinary-related costs, agent’s
fees and transport costs are taken from Waltham et al. (2017), inflated to 2019AUD using the
Consumer Price Index for Australia (Australian Bureau of Statistics, 2020b).
Waltham et al (2017) report cattle transport costs of $40/head in 2016 AUD ($42/head in 2019
AUD) for freight in (e.g., from Mareeba) and cartage to a sale point (live export depot in Port
of Townsville) as provided by an extension officer from Queensland Department of Agriculture
and Fisheries (DAF). In Waltham et al’s 2017 study, for a representative farm located in the
Tully catchment in the Wet Tropics, the distance travelled for freight in from saleyard to beef
fattening land block was approximately 200km, and again cartage from the land block to a sale
point would cover a similar distance of ~200 km from Tully to the Port of Townsville. Thus, the
transport cost of $40/head in 2016 AUD reported in Waltham et al (2017) can also be
expressed as $0.10/head/km in 2016 AUD or $0.11/head/km in 2019 AUD. A recent study
commissioned by AgriFutures Australia on the impacts of freight costs on Australian producers
of beef, dairy, grains, chicken meat, fruit and vegetables, cotton, pigs, sugar, rice, and sheep
and goat meat, provides estimates of commodity-specific freight cost (Deloitte Access
Economics, 2019). For cattle and beef, Deloitte Access Economics (2019) report the following
freight costs across Australia and Queensland:
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•
•
•
•
•

Property to property (Australia): $24,74/head
Property to live export depot (Australia): $22.81/head
Property to abattoir (Australia): $45.30/head
Farm to processor (from Surat to Toowoomba, Queensland, 320km by road):
$26.06/head (or $0.08/head/km)
Processor to port (from Toowoomba to Port of Brisbane, Queensland, 156km by road):
$28.37/head (or $0.18/head/km)

These figures from Deloitte Access Economics (2019) indicate that average freight costs from
Surat to Toowoomba and then from Toowoomba to Port of Brisbane are $0.11/head/km which
matches the estimates from Waltham et al. (2017). Thus, a freight cost of $0.11/head/km is
used in this study, in conjunction with the distances travelled, to estimate cattle
transport costs.
A road network analysis was undertaken to determine the distance from each of 9362 polygons
of low-lying sugarcane land in the Mackay-Whitsunday region that were identified as suitable
for grazing to the nearest cattle saleyard and to the nearest local abattoir (Figure 50). Locations
of cattle sale yards and abattoirs were sourced from The Farm Transparency Project (formerly
Aussie Farms68).
Results from this road network analysis are summarised in Table 80 and presented in Figure
50. The mean distance travelled for cattle freight in (from Braeside Yards, see in Figure
50a), and cartage to a sale point (Borthwicks or Kuttabul Plants, see in Figure 50b) is
150km. This distance is used in this study to calculate cattle transport costs.
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Available at https://www.farmtransparency.org/facilities.php?pctg=food&ctg=saleyards&state=QLD, date accessed: 21 April
2021.
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Figure 49: Locations of cane-fields in Lower Burdekin and Mackay-Whitsunday as origin points, saleyard
and abattoirs
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Table 80: Descriptive statistics of the road network analysis to determine distances (in km) for
transporting cattle from the nearest saleyard to each polygon of low-lying sugarcane land, and from each
polygon of low-lying sugarcane land to the nearest abattoir in the Mackay-Whitsunday region

Saleyards to cane farm
Cane farm to abattoir
Saleyard to cane farm to abattoir

Mean
116
34
150

Median
103
22
119

Min
64
0
99

Max
220
115
335

Relevant prices and quantities pertaining to annual operating costs of cattle fattening in the
Mackay-Whitsunday are summarised as follows:
• Yearling store steers purchase price = $2.38/kg live weight
• Yearling store steers selling price = $2.47/kg live weight
• Yearling store steers weight at purchase: 450 kg/head
• Yearling store steers weight when sold: 550 kg/head
• Number of yearling store steers purchased: 0.719 heads/ha
• Veterinary-related costs = $33/head
• Transport costs for freight in and cartage to sale point = $0.11/head/km
• Mean distance for transporting cattle: 150 km
• Agents’ fees at 0.719 head/ha = $48.84/ha
• Paddock size = 10 ha
Annual operating costs are summarised in Table 81.
Table 81: Annual operating costs in 2019 AUD for a representative beef fattening enterprise without
fertiliser input in Mackay-Whitsunday region

Grazing system: Beef fattening
Sown pasture mixture: Tully humidicola and Setaria (Kazungula variety)
Cost item
Unit
Value
Cattle purchase cost
$/ha
770.05
Veterinary-related cost
$/ha
23.73
Transport cost
$/ha
11.86
Agents’ fees
$/ha
48.84
Total (Annual) costs
$/ha
854.48
Total (Annual) costs
$ per 10 ha
8545
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(c) Road distance to nearest saleyard

(d) Road distance to nearest abattoir

Figure 50: Road network analysis to determine distances travelled from each polygon (9362 polygons in total) of low-lying sugarcane land in Mackay-Whitsunday
to the (a) nearest saleyard, and (b) nearest abattoir
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Land conversion costs
Major upfront costs of transitioning from sugarcane production to beef fattening operations are
installation of off-stream watering, fencing, land preparation, planting and pasture
establishment. These costs are incurred once at the beginning of the land conversion activity.
An establishment cost of $14,451 ($15,256 in 2019 AUD) from Waltham et al (2017) for a 10ha paddock for beef fattening in the Wet Tropics is used in this study, with an additional cost
of $15,000 ($15,836 in 2019 AUD) for constructing stockyard and loading facilities being added
for land blocks which were not adjacent to existing grazing land. A detailed breakdown of the
upfront costs of conversion from sugarcane to grazing is given in Table 82.
Table 82: Upfront conversion costs for a 10-ha paddock to grazing (Waltham et al 2017). All costs are
inflated to 2019 AUD using the Consumer Price Index for Australia (Australian Bureau of Statistics, 2020b)

Cost item
Initial soil tests
Water infrastructure
Fencing
Weed clearing
Herbicide
Pasture preparation
Sowing pasture
Total cost [adjacent to existing grazing land]
Stock yard and loading facilities
Total cost [not adjacent to existing grazing land]

$ per 10 ha
169
5,938
3,374
475
391
1,425
3,484
15,256
15,836
31,092

Annuity GMs and reduction in annuity GMs from conversion of low-lying, high DIN risk
sugarcane land to grazing in Mackay-Whitsunday
Annuity gross margins are calculated for a 10 ha paddock by subtracting annual operating
costs (Table 81) from annual revenue to produce the following:
AGMGrazing = Annual revenue – sum of operating costs = $9,768 - $8,545 = $1223 / 10 ha
Reduction in annuity gross margin (relative to sugarcane production69) for beef fattening with
no fertiliser input and no irrigation water input is calculated as follows:

Reduction in AGM when transitioning from cane to grazing
= AGMsugarcane@5% – AGMGrazing = $455/ha - $122/ha = $333/ha
= AGMsugarcane@7% – AGMGrazing = $436/ha - $122 /ha = $314/ha

69

Annuity gross margins for sugarcane production in the Mackay region at real discount rates of 5% and 7% per annum are
$455/ha and $436/ha, respectively (Appendix 1; Table 20). These annuity gross margins include the cost of purchasing an
irrigation water allocation for cane, and the cost of using the full amount of that water allocation. They do not include the cost of
landholder’s labour, as labour requirements for cane production and cattle fattening are assumed to be broadly equivalent.
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Total present value cost and annualised present value cost of land conversion to grazing in
the Mackay-Whitsunday region
The total present value cost of land conversion calculation incorporates the reduction in annuity
gross margin together with the one-off costs of conversion calculated over 30 years and
discounted at 5% and 7% per annum. Total present value costs are then annualised using the
same discount rates. The total and annualised present value costs of land conversion from
sugarcane to grazing in the Mackay-Whitsunday region are summarised in Table 83.
Table 83: Total and annualised present value costs of land conversion to grazing calculated over a 30year evaluation period using real annual discount rates of 5% and 7% for Mackay-Whitsunday region

Mackay-Whitsunday
Adjacent to existing grazing land
Not adjacent to existing grazing
land

Total present value
costs ($/10ha)
r = 5%
66,403
82,239

r = 7%
54,185
70,021

Annualised total
present value costs
($/10ha/year)
r = 5%
r = 7%
4,320
4,367
5,350
5,643

Upfront
conversion
cost
($/10ha)
15,256
31,092

Cost-effectiveness of DIN reduction: Mackay-Whitsunday region
Cost-effectiveness is evaluated in terms of the annualised total PV cost of conversion per unit
annual reduction in DIN loss (relative to the DIN loss from sugarcane70). Cost-effectiveness is
evaluated from a private perspective over a 30-year time horizon at 5% and 7% discount rates,
as explained in the economics methodology section. The cost-effectiveness of DIN reduction
via conversion of low-lying marginal sugarcane land to beef fattening without fertiliser
application or irrigation to pasture is reported in Table 84.
These cost-effectiveness estimates are achievable under the assumptions previously stated.
These assumptions may be somewhat optimistic, particularly when pasture growth can vary
throughout the year in accordance with soil types and water availability. Pasture growth rate is
expected to fluctuate more widely when no fertiliser is applied. Productivity of the land may
also decline several years after the land conversion has taken place. Consequently, the costeffectiveness estimates provided in this study are indicative only, for conversion of
representative sugarcane land in the Mackay-Whitsunday region.

70

DIN loss (kg DIN/ha/year) from sugarcane production on a representative cane farm in the Mackay region, under fertiliser
application rates following ‘Six Easy Steps’ (Sugar Research Australia, 2013) based on District Yield Potential in line with
Minimum Standard (‘moderate risk’) practice as specified in the Sugarcane Water Quality Risk Framework 2017-2022 (The
Australian and Queensland Governments, n.d.) and the Prescribed Methodology for Sugarcane Cultivation (State of
Queensland, 2019b) under the 2019 Reef Regulations is predicted to be 35.2 kg DIN/ha/year, of which 2.0 kg DIN/ha/year is
predicted to be lost via runoff and the remaining 33.2 kg DIN/ha/year is predicted to be lost to drainage.
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Table 84: Cost-effectiveness of land conversion from sugarcane to no-fertiliser grazing calculated over a
30-year evaluation period using annual discount rates of 5% and 7% for grazing in the MackayWhitsunday region

Adjacent to existing grazing land
Not adjacent to existing grazing land

Cost-effectiveness
($/kgDIN)
r = 5%
r = 7%
12.3
12.4
15.2
16.0

DIN credit payments required to achieve 5-, 10- and 15-year paybacks, and return on
investment
The DIN credit payments ($/kg DIN reduced) required to achieve 5-, 10- and 15-year paybacks
following change of land use from cane to cattle fattening are shown in Table 85 below.
Table 85: DIN credit payments required to achieve 5-, 10- and 15-year cumulative discounted cash flow
payback periods, following land use change from cane to cattle fattening (evaluated at real discount rates
of 5% and 7% per annum) in Mackay-Whitsunday

DIN credit payments ($/kg DIN) required to achieve 5-, 10- & 15-year payback periods @ 5%
real discount rate
5-year payback
10-year payback
15-year payback
Adjacent to existing
19
15
14
grazing land
Not adjacent to
30
21
18
existing grazing land

DIN credit payments ($/kg DIN) required to achieve 5-, 10- & 15-year payback periods @ 7%
real discount rate
5-year payback
10-year payback
15-year payback
Adjacent to existing
19
15
14
grazing land
Not adjacent to
31
21
19
existing grazing land
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APPENDIX 12: CATTLE GRAZING IN THE LOWER
BURDEKIN
Grazing in Burdekin region
Grazing is typically not the preferred land use option in Lower Burdekin because of the high
profitability of growing sugarcane. Economic analysis of transitioning high DIN risk low-lying
cane land to cattle fattening enterprise, could nevertheless, still provide useful information in
the context of this study. In certain areas of Lower Burdekin, there exist some cattle properties
such as that owned by Don Heatley who runs a combined cattle breeding and finishing
business (Heatley, 2019). Don Heatley manages 8,000 head of cattle, split between two
properties, Rangemore and Byrne Valley, where the former is operated primarily as a cattle
breeding property and the latter focuses on cattle finishing (Heatley, 2019). The cattle fattening
property in Byrne Valley was developed from previously forested area which was then cleared
(Major, 2017), and then planted with Leucaena (Heatley, 2019). This Leucaena pasture is
irrigated with water drawn from the Burdekin River (Major, 2017) and the pasture is fertilised
every 4-5 years with 500 kg/ha of superphosphate (8% P, 11%S) (Heatley, 2019). The cattle
fattening business operated by Heatley involves bringing in weaner Brahman cross cattle to
feed on Leucaena pasture and sold after nine months when cattle weight reaches
approximately 500kg (Major, 2017).
Apart from studies by Heatley (2019) and Major (2017), there is no other grazing-related
information and data on Lower Burdekin that are publicly available. The information contained
in Heatley (2019), though very helpful in highlighting the details on beef fattening operations in
Byrne Valley, they are not directly applicable to be used in the cost-effectiveness analysis in
this study. Heatley’s beef fattening property was established on a previously forested land
whilst the focus of this study is on conversion of existing low-lying cane lands to beef fattening
properties. Due to limited publicly available information, this study thus uses the prices and
costs from previously described grazing in Mackay-Whitsunday, appropriately adjusted to suit
the Lower Burdekin context, as input data in the cost-effectiveness analysis of transiting from
cane production to beef production as a mechanism to reduce DIN loss and improve water
quality in the GBR. The beef production system considered for Burdekin is cattle finishing on
non-irrigated pasture without fertiliser input. Adjustments of figures from Mackay-Whitsunday
as contained in Table 79 and Table 80, to produce Lower Burdekin-specific figures involves
the following two items:
•
•

Stocking density at mid-tern weight to better reflect annual pasture growth
Cattle transport cost to the nearest saleyard and nearest abattoir

Description of grazing system in Lower Burdekin adopted for the cost-effectiveness
calculations
Economic performance and cost-effectiveness outcomes for grazing without fertiliser and
irrigation water input are calculated for standard cattle stores with a buy-in weight of 450 kg
per animal that are purchased in April, fattened for 240 days and then sold direct to an abattoir.
As Burdekin region is generally drier than Mackay-Whitsunday region, the same Brahman
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cattle (Bos indicus spp) breed is used in this analysis. Brahman cattle are fattened on a pasture
suitable for Burdekin climate, soil type and rainfall pattern.
Similar to grazing in Mackay-Whitsunday, a weight gain of 0.42kg/head/day is assumed and
AE equivalent table for Bos Indicus provided by McLean and Blakeley (2014, p.30) is used for
a similar grazing enterprise in Burdekin region:
•
•
•

a 450 kg growing steer gaining 0.4 kg/day = 1.29 AE
a 500 kg growing steer gaining 0.4 kg/day = 1.39 AE
a 550 kg growing steer gaining 0.4 kg/day = 1.48 AE

The rate of pasture growth in Burdekin with no fertiliser and irrigation water input is expected
to be different to the growth of broadly similar pasture grown in Mackay-Whitsunday due to
differences in rainfall. Stocking density for grazing in Lower Burdekin is determined by
adjusting the stocking densities at mid-term weight of 0.719 heads/ha used for grazing in
Mackay-Whitsunday (see Table 79). This adjustment is undertaken using a ratio of simulated
annual total pasture growth per hectare (measured as kg of dry matter (DM)) for Burdekin and
Mackay-Whitsunday regions.
Simulated annual total pasture growth per hectare for low-lying areas of the MackayWhitsundays, BRIA and Burdekin Delta over the period 1957 to 2020 was obtained from
Queensland
Government’s
AussieGRASS
via
the
Long
Paddock
(https://www.longpaddock.qld.gov.au/). Figure 52 shows annual pasture growth in kg DM per
hectare for Burdekin and Mackay Whitsunday as the mean across all low-lying sugarcane
lands in Lower Burdekin (annual mean across 5282 polygons) and Mackay-Whitsunday
(annual mean across 9362 polygons). Based on the data in Figure 52, the long-term mean and
median of pasture growth per hectare over 1957 – 2020 calculated from annual means across
5,282 and 9,362 polygons representing low-lying, high DIN risk sugarcane areas in Lower
Burdekin and Mackay-Whitsunday, respectively, are:
•
•
•
•

long-term mean for Lower Burdekin: 7,969 kg DM/year
long-term median for Lower Burdekin: 7,829 kg DM/year
long-term mean for Mackay-Whitsunday: 8,201 kg DM/year
long-term mean for Mackay-Whitsunday: 8,245 kg DM/year

Adjustment to stocking density for grazing in Lower Burdekin is undertaken using the difference
in long-term means of annual pasture growth, calculated as follows:
𝑆𝑡𝑜𝑐𝑘𝑖𝑛𝑔 𝑑𝑒𝑛𝑠𝑖𝑡𝑦𝐿𝑜𝑤𝑒𝑟_𝐵𝑢𝑟𝑑𝑒𝑘𝑖𝑛
𝐿𝑜𝑛𝑔 − 𝑡𝑒𝑟𝑚 𝑚𝑒𝑎𝑛 𝑜𝑓 𝑎𝑛𝑛𝑢𝑎𝑙 𝑏𝑖𝑜𝑚𝑎𝑠𝑠 𝑔𝑟𝑜𝑤𝑡ℎ𝐿𝑜𝑤𝑒𝑟 𝐵𝑢𝑟𝑑𝑒𝑘𝑖𝑛
=(
)
𝐿𝑜𝑛𝑔 − 𝑡𝑒𝑟𝑚 𝑚𝑒𝑎𝑛 𝑜𝑓 𝑎𝑛𝑛𝑢𝑎𝑙 𝑏𝑖𝑜𝑚𝑎𝑠𝑠 𝑔𝑟𝑜𝑤𝑡ℎ𝑀𝑎𝑐𝑘𝑎𝑦−𝑊ℎ𝑖𝑡𝑠𝑢𝑛𝑑𝑎𝑦
∗ 𝑆𝑡𝑜𝑐𝑘𝑖𝑛𝑔 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑀𝑎𝑐𝑘𝑎𝑦−𝑊ℎ𝑖𝑡𝑠𝑢𝑛𝑑𝑎𝑦
𝑆𝑡𝑜𝑐𝑘𝑖𝑛𝑔 𝑑𝑒𝑛𝑠𝑖𝑡𝑦𝐿𝑜𝑤𝑒𝑟_𝐵𝑢𝑟𝑑𝑒𝑘𝑖𝑛 = (

7,969 kg DM/year
) ∗ 0.719 heads/ha = 0.699 heads/ha
8,201 kg DM/year
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In this study, a stocking density of 0.699 head/ha is used for grazing on pastures with no
fertiliser and irrigation water input, gaining 0.42kg/head/day in the BRIA and Burdekin Delta. A
summary of grazing system on a representative high DIN risk, low-lying marginal cane land in
Lower Burdekin region modelled in this study is shown in Table 86.
Table 86: Summary of grazing system in Lower Burdekin region and their relevant parameter values used
in the cost-effectiveness analysis

Grazing system: Beef fattening on pasture
Parameter name
Unit
Buy-in weight from breeding properties or
kg/head
saleyards
Sell-out weight to local abattoir
kg/head
Duration of fattening
days
Live weight gain
kg/head/day
Total weight gain
kg/head/year
Stocking density at mid-term weight
Heads/ha
Fertiliser application
kgN/ha/year
Irrigation water applied
ML/ha/year
DIN loss
kgDIN/ha/year

Parameter value
450
550
240
0.42
100
0.699
0
0
0

Economic evaluation
Annual revenue
Using information outlined in Table 86 and the mean price of heavy steers at $2.47/kg live
weight, calculated from 21 years of available data from MLA (Meat & Livestock Australia n.d.71),
annual revenue generated from beef fattening on low-lying cane paddocks in Lower
Burdekin is $9,496 per 10 ha per year72, or, equivalently, $946.60 per hectare per year.
Annual operating costs
Annual operating costs are incurred for the following:
•
•
•
•

Purchase of yearling store steers ($/head, converted to $/ha using stocking densities
in Table 86
Transport of livestock ($/head)
Veterinary treatment ($/head)
Agents’ fees ($/head, at 5% sale value per head, by live weight)

A mean price of $2.38/kg live weight, calculated from MLA’s 21 years of time series prices for
medium steers (Figure 49), is used to calculate steers purchase cost. Veterinary-related costs
and transport costs of $33/head and $0.11/head/km, respectively, are assumed to also be
applicable to Lower Burdekin as they are to Mackay-Whitsunday. Agent’s fees are calculated
at 5% of cattle sale value.

71
72

Available at http://statistics.mla.com.au/Report/List , date accessed 20 April 2021.
0.699 heads/ha x 10 ha x sell-out weight of 550kg/head x $2.47/kg live weight = $9,495/10 ha.
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Biomass (kg DM/ha/year)

Annual total pasture growth: 1957 - 1988
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Figure 51: Simulated annual total pasture growth measured as total dry matter (DM) in kg per hectare per year over 63 years for high DIN risk, low-lying sugarcane
areas in the Lower Burdekin (BRIA and the Burdekin Delta) (annual mean across 5282 polygons) and Mackay-Whitsunday (annual mean across 9362 polygons).
Data source: Queensland Government’s AussieGRASS via the Long Paddock website available at https://www.longpaddock.qld.gov.au/
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A road network analysis has been undertaken to determine the distance from each of 5282
polygons of low-lying sugarcane areas in Lower Burdekin region that was identified as suitable
for grazing to the nearest cattle saleyard and to the nearest local abattoir (Figure 53). Locations
of cattle sale yards and abattoirs were sourced from The Farm Transparency Project (formerly
Aussie Farms73). Results from this road network analysis are summarised in Table 87. The
mean distances travelled for cattle freight in (from Dalrymple Saleyards), and cartage
to, a sale point (Full Circle Butchery or JBS Australia – Townsville Plants) at 170km is
used for this study.
Table 87: Descriptive statistics of the road network analysis to determine distances (in km) for
transporting cattle from each polygon of low-lying sugarcane areas to a nearest saleyard, and from lowlying sugarcane land to a nearest abattoir in Lower Burdekin region

Saleyard to Cane farm
Cane farm to abattoir
Saleyard to cane farm to abattoir

Mean
148
22
170

Median
151
18
169

Min
106
0
142

Max
244
99
342

Relevant prices and quantities pertaining to annual operating costs of cattle fattening in
Lower Burdekin are summarised as follows:
•
•
•
•
•
•
•
•
•
•

73

Yearling store steers purchase price = $2.38/kg live weight
Yearling store steers selling price = $2.47/kg live weight
Yearling store steers weight at purchase: 450 kg/head
Yearling store steers weight when sold: 550 kg/head
Number of yearling store steers purchased: 0.699 heads/ha
Veterinary-related costs = $33/head
Transport costs for freight in and cartage to sale point = $0.11/head/km
Mean distance for transporting cattle: 170 km
Agents’ fees at 0.699 head/ha = $47.48/ha
Paddock size = 10 ha

Available at https://www.farmtransparency.org/facilities.php?pctg=food&ctg=saleyards&state=QLD, date accessed: 21 April
2021.
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(a) Road distance to the nearest saleyards

(b) Road distance to the nearest abattoir
Figure 52: Road network analysis to determine distances travelled from each polygon (5282 polygons in
total) of low-lying sugarcane land in Lower Burdekin to the (a) nearest saleyard, and (b) nearest abattoir

Annual operating costs are summarised in Table 88.
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Table 88: Annual operating costs in 2019 AUD for a representative beef fattening enterprise without
fertiliser input and irrigation water input in the Lower Burdekin region

Grazing system: Beef fattening
Sown pasture mixture: Tully humidicola and Setaria (Kazungula variety)
Cost item
Unit
Value
Cattle purchase cost
$/ha
748.63
Veterinary-related cost
$/ha
23.07
Transport cost
$/ha
13.07
Agents’ fees
$/ha
47.48
Total (Annual) costs
$/ha
832.25
Total (Annual) costs
$ per 10 ha
8323

Conversion costs
Upfront costs that were used in the economic analysis for grazing in Mackay-Whitsunday
(Table 82) are also used for the economic analysis here for the Lower Burdekin.
Annuity GMs and reduction in annuity GMs from conversion to grazing in the Lower Burdekin
Annuity gross margins are calculated by subtracting annual operating costs (Table 88) from
annual revenue to produce the following:
AGMGrazing = Annual revenue – sum of operating costs
= $9,496/10ha - $8,323/10ha = $1,173/10ha
Reduction in annuity gross margin (relative to sugarcane production74) for beef fattening with
no fertiliser input and no irrigation water input is calculated separately for the Burdekin River
Irrigation Area (BRIA) and the Burdekin Delta as follows:
BRIA: Reduction in AGM when transitioning from cane to grazing
= AGMsugarcane@5% – AGMGrazing = $751/ha - $117/ha = $634/ha
= AGMsugarcane@7% – AGMGrazing = $753/ha - $117/ha = $636/ha
Burdekin Delta: Reduction in AGM when transitioning from cane to grazing
= AGMsugarcane@5% – AGMGrazing = $1,884/ha - $117/ha = $1,767/ha
= AGMsugarcane@7% – AGMGrazing = $1,827/ha - $117/ha = $1,710/ha

Total and annualised present value cost of land conversion to grazing in Lower Burdekin
Total present value cost of land conversion calculations incorporate reduction in annuity gross
margin together with the one-off conversion costs. Total present value cost of land conversion
to grazing, and its corresponding annualised values, are calculated over the 30-year evaluation
period using an annual discount rates of 5% and 7% per annum. Table 89 and Table 90 shows

74

Annuity gross margins for sugarcane production in the BRIA at real discount rates of 5% and 7% per annum are $751/ha and
$753/ha, respectively (Table 10). Annuity gross margins for sugarcane production in the Burdekin Delta at real discount rates of
5% and 7% per annum are $1,884/ha and $1,827/ha, respectively (Table 11).
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the results for total and annualised present value costs for land conversion to grazing in Lower
Burdekin.
Table 89: Total and annualised present value cost of land conversion to grazing calculated over the 30year evaluation period using annual discount rates of 5% and 7% for grazing in the BRIA

Total present value
costs ($/10ha)

BRIA
Adjacent to existing grazing land
Not adjacent to existing grazing
land

r = 5%
112,664
128,500

r = 7%
94,135
109,971

Annualised total
present value costs
($/10ha/year)
r = 5%
r = 7%
7,329
7,586
8,359
8,862

Upfront
conversion
cost
($/10ha)
15,256
31,092

Table 90: Total and annualised present value cost of land conversion to grazing calculated over the 30year evaluation period using annual discount rates of 5% and 7% for grazing in the Burdekin Delta

Burdekin Delta
Adjacent to existing grazing land
Not adjacent to existing grazing
land

Total present value
costs ($/10ha)
r = 5%
286,834
302,670

r = 7%
227,408
243,244

Annualised total
present value costs
($/10ha/year)
r = 5%
r = 7%
18,659
18,326
19,589
19,602

Upfront
conversion
cost
($/10ha
15,256
31,092

Cost-effectiveness of DIN reduction: Lower Burdekin
Cost-effectiveness is evaluated in terms of the total PV cost of conversion per unit annual
reduction in DIN loss (relative to the DIN loss from sugarcane75). Cost-effectiveness is
evaluated from a private perspective over a 30-year time horizon at 5% and 7% discount rates,
as explained in the economics methodology section. The cost-effectiveness of DIN reduction
via conversion of low-lying marginal sugarcane land in the BRIA and Burdekin Delta to beef
fattening without fertiliser application or irrigation to pasture are reported in Table 91 and Table
92, respectively.
Table 91: Cost-effectiveness of land conversion to grazing calculated over the 30-year evaluation period
using annual discount rates of 5% and 7% for grazing in the BRIA

Adjacent to existing grazing land
Not adjacent to existing grazing land

Cost-effectiveness
($/kgDIN)
r = 5%
r = 7%
63.7
66.0
72.7
77.1

75

DIN loss (kg DIN/ha/year) from sugarcane production on a representative cane farm in the BRIA and Burdekin Delta, under
fertiliser application rates following ‘Six Easy Steps’ (Sugar Research Australia, 2013) based on District Yield Potential in line
with Minimum Standard (‘moderate risk’) practice as specified in the Sugarcane Water Quality Risk Framework 2017-2022 (The
Australian and Queensland Governments, n.d.) and the Prescribed Methodology for Sugarcane Cultivation (State of
Queensland, 2019b) under the 2019 Reef Regulations are predicted to be 11.5 kg DIN/ha/year for the BRIA and 37.3 kg
DIN/ha/year for the Burdekin Delta. For the BRIA, 8.9 kg DIN/ha/year is predicted to be lost via runoff and the remaining 2.6 kg
DIN/ha/year is predicted to be lost to drainage. For the Burdekin Delta, 37.0 kg DIN/ha/year is predicted to be lost via runoff and
the remaining 0.3 kg DIN/ha/year is predicted to be lost to drainage.
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Table 92: Cost-effectiveness of land conversion to grazing calculated over the 30-year evaluation period
using annual discount rates of 5% and 7% for grazing in the Burdekin Delta

Adjacent to existing grazing land
Not adjacent to existing grazing land

Cost-effectiveness
($/kgDIN)
r = 5%
r = 7%
50.0
49.1
52.8
52.6

These cost-effectiveness estimates are achievable under the assumptions previously stated.
These assumptions may be unrealistic particularly when pasture growth can vary throughout
the year in accordance to soil types and water availability. This variability is expected to
fluctuate more widely when there is no fertiliser and water being applied. Productivity of the
land may decline several years after the land conversion has taken place. Nevertheless, costeffectiveness estimates provided in this study is only indicative for a representative marginal
sugarcane area in Lower Burdekin region.
DIN credit payments required to achieve 5-, 10- and 15-year paybacks, and return on
investment
The DIN credit payments ($/kg DIN reduced) required to achieve 5-, 10- and 15-year paybacks
following change of land use from cane to cattle fattening are shown in Table 93 below.
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Table 93: DIN credit payments required to achieve 5-, 10- and 15-year cumulative discounted cash flow
payback periods, following land use change from cane to cattle fattening (evaluated at real discount rates
of 5% and 7% per annum)

DIN credit payments ($/kg DIN) required to achieve 5-, 10- & 15-year payback periods @ 5%
real discount rate
5-year payback
10-year payback
15-year payback
BRIA
Adjacent to existing
86
72
68
grazing land
Not adjacent to
118
90
81
existing grazing land
Burdekin Delta
Adjacent to existing
57
53
51
grazing land
Not adjacent to
67
58
55
existing grazing land

DIN credit payments ($/kg DIN) required to achieve 5-, 10- & 15-year payback periods @ 7%
real discount rate
5-year payback
10-year payback
15-year payback
BRIA
Adjacent to existing
88
74
70
grazing land
Not adjacent to
121
94
85
existing grazing land
Burdekin Delta
Adjacent to existing
56
52
50
grazing land
Not adjacent to
66
58
55
existing grazing land
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APPENDIX 13: FARM FORESTRY IN THE MACKAYWHITSUNDAY AND LOWER BURDEKIN REGIONS
Background and context
Softwood and hardwood timber plantations have been identified as a possible land use option
for low-lying, high DIN risk, sugarcane land in the Burdekin and Mackay-Whitsunday NRM
regions. Strong demand for wood products provides promising prospects for profitable supply
to domestic and international markets. Demand for Queensland timber is positively correlated
with activity in the domestic housing and construction sector, with this sector being the biggest
consumer of timber products (State of Queensland, 2016a).
North Queensland is included as one of the 15 National Plantation Inventory (NPI) regions
(Figure 53). Region-specific information on the current state of Australia’s forests is regularly
reported by the Australian Bureau of Agricultural and Resource Economics and Sciences
(ABARES) in the Australian Government Department of Agriculture, Water and the
Environment (DAWE). This study considers establishment of new forestry plantations on lowlying, high DIN risk sugarcane land that within the North Queensland NPI region.
Figure 53: National Plantation Inventory Regions. Map downloaded from
https://www.agriculture.gov.au/sites/default/files/abares/forestsaustralia/documents/sofr_2018/maps%20a
nd%20other%20graphics/c2/SOFR_2018_Fig_2_28_Plantations_and_NPI_regions.png on 27 October
2020

Plantation estates in North Queensland are concentrated in the Mackay-Rockhampton and
Cairns-Townville sub-regions (State of Queensland 2016). Total plantation area in Queensland
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(Figure 66) is dominated by softwood plantations which indicate a generally increasing trend,
where total plantation area for hardwood reached a peak of approximately 64,000 ha in 2009
before declining thereafter. No new hardwood plantation area has been recorded since 2016,
and similarly, no additional new area for softwood plantation has been recorded since 2013
except for a small increase of just 100 ha in 2018. The decline in hardwood plantation area in
Queensland between 2014-2016 reflects (i) failures of plantations established under the
managed investment scheme, and (ii) the global financial crisis impacting businesses (State
of Queensland, 2016a); plantation area has not recovered since. The softwood plantation area
has remained fairly constant at around 195,000 ha since 2015.
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Figure 54: Total and new hardwood and softwood plantation area in Queensland, 1938 – 2019
Data source: Gavran (2020)

A similar decline in total plantation area at national level has also been recorded, particularly
between 2011-12 (2.02 million ha) and 2015-16 (1.97 million ha). Domestic demand for wood
products, however, is projected to increase into the future through to 2050 exceeding
availability of supply from existing plantations under current export scenarios (Whittle et al.,
2019). This situation has driven Whittle et al. (2019) to undertake research (jointly funded by
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Forest and Wood Products Australia and ABARES) on the economic potential of establishing
new forest plantations in Australia up to the year 2050 under current market conditions.
Whittle et al. (2019) used a dynamic mixed-integer linear programming Forest Resource Use
Model (FORUM) to simulate the optimal flow of wood products from plantations to wood
processing mills and final domestic and export markets such that the present value of returns
is maximised. The FORUM framework has also been extended to include establishment of
new softwood and hardwood timber plantations on cleared agricultural land within the NPI
regions (Whittle et al., 2019). The economic evaluation in Project 5.12 uses input data (upfront costs and on-going costs) from the FORUM framework for new plantation establishment,
together with other relevant data that are publicly available.
The supply chain for the forest industry in Queensland consists of three parts: (i) primary
production, (ii) primary or first processing, and (iii) secondary processing (Schirmer et al.,
2018). Primary production refers to the planting and growing of trees over a specified rotation
period, followed by harvesting of logs that are sold as roundwood to primary processors
(Schirmer et al., 2018). Primary processors process roundwood into initial products such as
sawn timber and woodchips before selling on these pre-processed products to secondary
wood processors (Schirmer et al., 2018). Almost all primary processors depend on
Queensland-grown logs for their input of raw materials (Schirmer et al., 2018). Initial wood
products from primary processors are then supplied to secondary processors for further
processing (Schirmer et al., 2018) and value adding to produce finished products. Besides
supplying to primary processors, plantation owners may alternatively choose to export their
harvested roundwood directly.
Proximity to existing wood processing mills or ports is one of the key factors affecting the
economic viability of this land use transition (Figure 56). In this study, all softwood and
hardwood logs harvested from new plantations in the Dry Tropics on previous sugarcane land
are modelled as being sold to the nearest first processors at mill door prices. Export potential
is not considered in this study because export data indicate that there has been no timber or
wood export from the ports of Mackay and Mourilyan since 2014-15 (Department of Transport
and Main Roads, 2019). In Queensland, the majority of timber for processing is supplied from
softwood plantations, although hardwood from native forests is also an important component
in the Queensland processing sector (State of Queensland, 2016a). The Queensland
Department of Agriculture and Fisheries estimates that there are close to 100 sawmills
operating in Queensland, of which 60 mills have the capacity to process more than 300 cubic
metres per annum (State of Queensland, 2016a). The majority of mid-sized and smaller mills
processing hardwood timber sourced from native forests are located in regional areas (State
of Queensland, 2016a).
The spatial distribution of major softwood and hardwood forests grown for commercial timber
production in Queensland is shown in Figure 57. In addition to revenues from the sale of
roundwood, potential income from the carbon sequestration service via sale of carbon credits
is also considered in this study. There is also potential for additional revenues from the sale of
plantation residues, however, this aspect is excluded from the Project 5.12 analysis because
of limited data. Consequently, residues from softwood and hardwood plantation sawlog
harvesting are assumed to be left on the field. As noted by State of Queensland (2018a),
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retaining residues in situ produces environmental benefits, consistent with the water quality
improvement goal of transitioning cane land to farm forestry.

Figure 55: Wood processing and port facilities in North Queensland. Source: ABARES Forest economics
and statistics. Map downloaded from https://www.agriculture.gov.au/abares/researchtopics/forests/forest-economics on 3 Nov 2020
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Figure 56: Spatial distribution of major softwood and hardwood forests grown commercially for timber in
Queensland. Source: (State of Queensland, 2016a)

Softwood plantations
Climate, growing conditions and plantation management
The tropical climate of north Queensland presents good growing conditions and an opportunity
for existing cane growers to transition into farm forestry. Softwood tree species grown in
Queensland are dominated by exotic pine (Southern pine) and native Araucaria (hoop pine),
with exotic pine covering more than 70% of softwood plantation area (State of Queensland,
2018). Southern pine species are Caribbean pine (Pinus caribaea var. hondurensis), slash
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pine (Pinus elliottii var. elliottii) and an advanced hybrid of both (Department of Agriculture
Fisheries and Forestry, 2013a). The species name for native hoop pine is Araucaria
cunninghamii, with other names include Queensland pine, colonial pine and aboriginal names
of cumburtu and coonam (Department of Agriculture Fisheries and Forestry, 2013b). Southern
pine and hoop pine are well-established commercial plantation trees in Queensland producing
premium grade softwood (Department of Agriculture Fisheries and Forestry, 2013a, 2013b).
Major areas of softwood plantations are South-east Queensland, central Queensland around
Rockhampton and Mackay, and further north near Ingham and Atherton. Within the Dry Tropics
NRM region, southern pines are found in estates located close to Yeppoon and Mackay, and
Araucaria forestry is established in areas near Monto and Mackay (Schirmer et al., 2018).
Careful selection of sites with suitable climate and soils that generally receive relatively high
rainfall in excess of 800mm in 7 out of 10 years and are located in close proximity to wood
processing facilities are critical requirements in the conversion of existing sugarcane land to
softwood plantation. Southern pine grows in locations with soil condition characterised by
combinations of clay, silt and loam on sedimentary, yellow, red and grey podzolics, granitic
and metamorphic soils (Department of Agriculture Fisheries and Forestry, 2013a), whereas
Araucaria grows best on deep, well-drained, alluvial and volcanic soils where the topsoil
contains high available nitrogen (Department of Agriculture Fisheries and Forestry, 2013b).
Both species are relatively tolerant to drought and saline (low to medium) conditions and
moderately prone to cyclonic winds (Department of Agriculture Fisheries and Forestry, 2013a,
2013b). Whilst southern pines can grow on poorly drained soils, Araucaria requires welldrained soils (Department of Agriculture Fisheries and Forestry, 2013a, 2013b).
A strong set of financial and plantation management skills, in addition to full commitment of
time and resources towards modern silviculture practices, land and fire risk management, are
also required for a successful commercial softwood plantation business. Commercial
plantations require high capital input at the start followed by a long rotation period lasting at
least 30 years and 40 years for southern pine and Araucaria, respectively (Department of
Agriculture Fisheries and Forestry, 2013a, 2013b).
Sawlog yield at clear-fell age ranges between 250 and 300 cubic metres per hectare on
suitable sites for southern pine (Department of Agriculture Fisheries and Forestry, 2013a), and
between 200 and 1100 cubic metres per hectare for Araucaria grown on the Atherton
Tablelands (Herbohn, 2006). Forest management practice and operations should be
undertaken to minimise impacts on the environment i.e., to ensure protection of soil, nutrients
and water. When matched to appropriate sites, coupled with good silviculture practices, a
commercial southern pine or Araucaria plantation has the potential to achieve good growth
rates and productivity that are relatively tolerant to pests and diseases (Department of
Agriculture Fisheries and Forestry, 2013a, 2013b).
Southern pine and Araucaria trees require periodical thinning and pruning to encourage faster
and uniform growth. Uniform stands at full rotation (30 years or more for southern pine and 40
years of longer for Araucaria) produce logs that are able to meet specified product
requirements and therefore command high prices.
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Southern pines can be susceptible to a range of pests and diseases. Pests such as sirex
woodwasp (Sirex noctilio) and five-spined bark beetle (lps grandicollis) can cause stem
damage and stain the wood (Department of Agriculture Fisheries and Forestry, 2013a).
Southern pine trees can also suffer from diseases caused by Cinnamon fungus (Phytophthera
cinnamomic), Diplodia shoot blight (Diplodia species) and Dothistroma needle blight
(Dothistroma septosporum) (Department of Agriculture Fisheries and Forestry, 2013a). Careful
pruning during winter is required for Araucaria to minimise attacks by pine bark weevil that
remain relatively inactive during colder months (Department of Agriculture Fisheries and
Forestry, 2013b). Besides pine bark weevil, Araucaria trees can be damaged by hoop pine
borer (Pachycotes australis) and stitch beetle (Hyleops glabtratus) (Department of Agriculture
Fisheries and Forestry, 2013b). It is therefore critical that pests are appropriately managed at
all stages of each rotation.

Hardwood plantations
Climate, growing conditions and plantation management
The tropical climate of north Queensland presents good growing conditions and an opportunity
for existing cane growers whose land is located on suitable soils and climate to transition into
growing hardwood trees such as spotted gum commercially. As shown in Figure 57, existing
hardwood plantations are concentrated in coastal areas and the south east corner of
Queensland. Approximately 56% of hardwood plantation estates in Queensland are managed
for sawlog production and many hardwood plantations are relatively new (State of Queensland,
2012). Areas of low-lying, high DIN loss cane land within the Dry Tropics and MackayWhitsunday regions have been identified as potential sites for establishing hardwood
plantations. Careful selection of sites with suitable climate and soils that are in close proximity
to primary wood processing facilities are critical requirements in the land conversion decision.
Queensland native forests consist of a large variety of hardwood species. According to Timber
Queensland76, the hardwood species that are commonly grown and are available commercially
include spotted gum, broad-leaved red ironbark, grey box, forest red gum, grey ironbark,
narrow-leaved red ironbark, white mahogany, blackbutt, Gympie messmate and Cypress.
Spotted gum is the most common native hardwood species comprising 70% of sawlog volume
with majority of the remainder consisting of ironbarks (Eucalyptus fibrosa and others) and
Blackbutt (Eucalyptus pilularis) (State of Queensland, 2018). Spotted gum species names
include Corymbia citriodora subsp. variegata (CCV), C. citriodora subsp. citriodora (CCC), and
Corymbia hybrids (i.e. hybrids between CCV or CCC and C.torelliana), with other names
include lemon-scented gum, irongum and spotty (Department of Agriculture Fisheries and
Forestry, 2013c). Given that spotted gum is the most common harvested hardwood timber in
Queensland (Lewis et al., 2010), this study focuses on economic evaluation of growing this
hardwood species in a commercial plantation business that supplies harvested logs to the
nearest mills.
Spotted gum yields higher productivity in locations with deeper, moist, well-drained and
moderately heavy soils achieved on red and yellow podzolics and some sodosols (Department

76

http://www.timberqueensland.com.au/Growing/Facts.aspx date accessed 6th November 2020
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of Agriculture Fisheries and Forestry, 2013c). A feature of spotted gum forests is a
considerable variation in canopy cover and tree height, which is driven by rainfall, soil type and
soil depth (State of Queensland, 2016a). The trees are highly tolerant to drought, pests and
diseases, but have low to medium tolerance to salinity, and are moderately resilient to cyclonic
winds and thus adaptable to a broad range of site types in Queensland (Department of
Agriculture Fisheries and Forestry, 2013c). Spotted gum is also one of the few native hardwood
species that have a high rating for bushfire resistance (State of Queensland, 2016a).
A strong set of financial and plantation management skills, in addition to full commitment of
time and resources towards silviculture, land and fire risk management, are also required for
a successful commercial hardwood plantations business. Commercial plantations require high
capital input at the start followed by long rotation periods of 25 - 30 years or longer. The
different ages of wood which follow from the different rotation lengths are produced to meet
the demand for different products. For example, timber from spotted gum plantation aged 15
years or older are potentially suitable for panels, veneers and engineered wood, whereas older
timber of 30 years or more may be used to produce general sawn wood for construction and
appearance products (Department of Agriculture Fisheries and Forestry, 2013c).
Forest management practice and operations should be undertaken to minimise impacts on the
environment i.e., to ensure protection of soil, nutrients and water. Selective harvesting followed
by good silviculture practice coupled with pest and disease management, is important to
ensure continued tree growth and maintenance of grass cover. A lack of follow up silviculture
practice can cause trees to cease growing because of overcrowding forest re-regrowth and
increased soil erosion during high intensity rainfall events because of a lack of understory and
ground cover (State of Queensland, 2012). When matched to appropriate sites, coupled with
good silviculture, pest, disease and land management practices, a commercial spotted gum
plantation has the potential to generate on-going incomes to landholders as long as the forest
remains in a productive state (State of Queensland, 2012).
Spotted gum trees require periodical thinning and pruning to encourage faster and uniform
growth. Uniform stands at full rotation (25 years or 30 years) produce logs that are able to meet
specific product requirements and current demand. Uniform stands also enable clear felling
that may be preferred over selective harvesting.
Though spotted gums are termite resistant, and are generally tolerant to pests and diseases,
they can still be susceptible to leaf pests. Leaf pests include erinose mite, leaf beetles,
Christmas beetles and swarming scarabs (Department of Agriculture Fisheries and Forestry,
2013c). Spotted gum susceptibility to stem pests is generally lower compared to other
plantation hardwood species where a relatively low incidence of attack by longicorn beetles
have been recorded (Department of Agriculture Fisheries and Forestry, 2013c). Incidence of
attacks by stem borers are found to vary across Corymbia hybrids varieties (Department of
Agriculture Fisheries and Forestry, 2013c). In terms of diseases, spotted gum’s susceptibility
to quambalaria shoot blight (which damages new shoots and leaf thus affecting tree growth
and from) are found to vary between varieties and provenances (Department of Agriculture
Fisheries and Forestry, 2013c). It is therefore critical that pests and diseases are appropriately
managed at all stages of each rotation.
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This study focuses on the Lower Burdekin and Mackay-Whitsunday regions as potential sites
for transitioning low-lying, high DIN loss cane production to hardwood (spotted gum) plantation.
The economic analysis in this section focuses on land transition to softwood and hardwood
plantation where the stand is managed to produce a uniform crop that is clear felled at the end
of the rotation period.
Markets for products
Softwood (southern pine)
Key products from softwood timber include sawlogs, ply and veneer logs, panel logs, pulp logs
and other minor log products such as roundwood, poles and posts (Gavran, 2020). Softwood
logs are supplied to meet local demand for:
•
•
•
•

sawn timber used in domestic housing and dwelling construction,
particleboard, medium density fibreboard and plywood that are manufactured in
accordance to specific product specifications, and
poles for use as pole frame construction and power poles
pulp and paper products to produce writing papers, tissues and packaging materials.

In Queensland, the processing industry for Southern pine wood products is well-established
and serves well established domestic markets (Department of Agriculture Fisheries and
Forestry, 2013a). Softwood sawlogs are also exported as roundwood and sawn wood, and
softwood pulp logs are exported as logs and woodchips for further processing into pulp and
paper products overseas.
Hardwood (spotted gum)
Queensland supplies the largest volume of spotted gum in Australia and its hardwood timbers
are considered some of the world’s strongest and most durable (State of Queensland, 2016a).
Owing to their strength and durability, timbers from spotted gum plantations are used in heavy
construction, weather-exposed applications (e.g. poles, piles, sleepers, girders and
commercial decking); and as appearance-grade timbers for quality flooring and decking (State
of Queensland, 2016a).
Estimates of DIN loss from plantation forests
There is no published information on measurement of DIN loss from softwood and hardwood
farm forestry in the Lower Burdekin and Mackay-Whitsunday regions. NRM region-specific
estimates of DIN loss from different land uses have been undertaken using the eWater Ltd
Source Catchments water quantity and quality modelling framework (McCloskey et al., 2017).
Under this framework, the Source model was used to estimate DIN export load and areal rate
by land use, based on the most recently available Queensland Land Use Mapping Program
(QLUMP) data in each NRM region (McCloskey et al., 2017). McCloskey et al.'s (2017)
estimate of DIN loss for forestry in the Burdekin and Mackay-Whitsunday regions are both <0.5
kgDIN/ha/year (McCloskey et al., 2017, Figure 26 p.98, Figure 32 p.108).
A few studies can be found that report DIN loss and nitrogen requirements of plantation forestry
in the Wet Tropics. Using the forestry crop growth model LUCTOR and the water pollutant
delivery model SedNet, (Roebeling et al., 2007) analysed the cost-effectiveness of changing
forest management practice from bare interrow ground cover (maintained via regular non282

persistent herbicide application) to grassed interrow (maintained via regular slashing) in a Teak
plantation (tropical hard timber species of Tectona Grandis) in the Tully-Murray catchment in
the Wet Tropics. Roebeling et al., (2007, Table 8, p.27) reported that DIN delivery to river
mouth of either bare or grassed interrow management practice is between 1.25 – 1.55 kg
DIN/ha depending on the soil types. These estimates of DIN loss from Roebeling et al. (2007)
are of similar magnitude to the modelled DIN loss of ~1.8 kgDIN/ha/year from forestry in the
Wet Tropics (McCloskey et al., 2017, Figure 18 p.82).
Compared to other land uses, softwood and hardwood plantation generally requires much
lower nitrogen (Waltham et al., 2017). In the Wet Tropics, annual nitrogen requirements of
softwood (southern pine) plantation and hardwood plantations are 3.4 kgN/ha and 9.7 kgN/ha,
respectively, compared to bamboo (318 kg N/ha), industrial hemp (150 kgN/ha), tree fruits (55
– 120 kgN/ha), and grain legumes (15 – 50 kgN/ha) (Waltham et al., 2017).
Given that softwood and hardwood forestry have very low annual nitrogen requirements and
consequently, low DIN losses, as estimated for the Wet Tropics, it likely that similar forestry
plantations in the drier regions of the Lower Burdekin and the Mackay-Whitsunday region
would yield even lower DIN delivery to the river given similar N requirements. Modelled DIN
loads from McCloskey et al. (2017) indicates that the areal DIN loss rate from the Burdekin
and Mackay-Whitsunday region is approximately a third of that from the Wet Tropics. Applying
this proportion to the upper limit of DIN loss reported by Roebeling et al. (2007), this study
uses a DIN loss of ~0.5 kg/ha/year for softwood and hardwood farm forestry in the Lower
Burdekin and Mackay-Whitsunday regions in its cost-effectiveness evaluation.

Reduction in DIN loss from conversion of sugarcane to farm forestry
Comparing DIN loss of 0.5 kg/ha/year from southern pine, hoop pine and spotted gum forestry
with the DIN loss from low-lying sugarcane production in the Lower Burdekin and MackayWhitsunday regions77Table 94, produces estimates of DIN reduction that could potentially be
achieved via conversion of cane land to forestry, shown in Table 94:
Table 94: DIN reduction from conversion of low-lying sugarcane land to softwood/hardwood forestry

Region
Lower Burdekin - BRIA
Lower Burdekin – Burdekin Delta
Mackay-Whitsunday

DIN reduction from land use conversion
(kgDIN/ha/year)
11.0
36.8
34.7

77

DIN loss (kg DIN/ha/year) from sugarcane production on a representative cane farm in the BRIA, Burdekin Delta and Mackay
region, under fertiliser application rates following ‘Six Easy Steps’ (Sugar Research Australia, 2013) based on District Yield
Potential in line with Minimum Standard (‘moderate risk’) practice as specified in the Sugarcane Water Quality Risk Framework
2017-2022 (The Australian and Queensland Governments, n.d.) and the Prescribed Methodology for Sugarcane Cultivation
(State of Queensland, 2019b) under the 2019 Reef Regulations are predicted to be 11.5 kg DIN/ha/year for the BRIA, 37.3 kg
DIN/ha/year for the Burdekin Delta, and 35.2 kg DIN/ha/year for the Mackay region.
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Economic evaluation
A discounted cash flow analysis is undertaken to evaluate the economic performance of land
conversion from sugarcane to single rotation softwood and hardwood plantations. The
plantations considered here are small-scale farm forestry that will be established on what was
previously cane land that has low salinity conditions and moderately waterlogged soils. The
discounted cash flow analysis will consist of two components: capital cash flows and operating
cash flows.
Capital cash flows are cash flows associated with the upfront capital cost of establishing the
forestry, which may include a site survey (on-ground and using GIS), site preparation (land
clearing, weed control, fertiliser application) and site cultivation (planting of seedlings at
specified density).
Operating cash flows are cash flows associated with the management of the plantation and
revenues from the sale of products and services supplied by the plantation. Management of
the plantation includes the following activities:
•
•
•

regular thinning and pruning during the rotation to ensure good growth and uniform
stands
fire risk management which includes pruning, weed control and surveillance
pest and disease control

The following products and services supplied by the plantation are considered in this study:
•
•

harvested timber at the end of rotation period,
annual carbon credits based on average mean annual increment (MAI) over the
rotation period

Despite revenue potential from the sale of carbon credits, the biggest inflows of revenue will
be from the sale of mature logs at the end of the rotation period. The long rotations of softwood
(30 years) and hardwood (25 years or 30 years), especially when compared to ready incomes
from sugarcane production, mean that transitioning to forestry is a high-risk investment
characterised by high levels of uncertainty because revenues from harvested timber will not
occur for several decades into the future. Additional risks include potential damage from
cyclones as low-lying sugarcane land is located in coastal areas that are prone to tropical
cyclones. If a cyclone damages the trees before they have reached maturity, it is possible that
residues from cyclone-damaged trees can be harvested and sold as wood chips to primary
processors. For example, residues from softwood trees damaged by cyclone Marcia in 2015
and cyclone Yasi in 2011 were turned into wood chips for export (State of Queensland, 2018).
Similarly, residues from cyclone-damaged hardwood trees can be harvested and sold as poles
and girders or use in fencing and landscaping.
Plantation establishment and maintenance costs
Data required for the discounted cash flow analysis were sourced from publicly available
reports, as summarised in Table 95. All the cost figures are expressed in 2019 Australian
dollars escalated from original studies using the Consumer Price Index published by the
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Australian Bureau of Statistics. As shown in Table 95, none of these studies produce data from
the Lower Burdekin or Mackay-Whitsunday regions. Ideally, economic analysis should be
based on locally relevant and recent data in intensive sugarcane production areas in the Lower
Burdekin and Mackay-Whitsunday regions; however, such data are not available to this
project.
Table 95: Summary of available information on capital cost, operating costs and rotation length for
establishment of new softwood and hardwood plantations

Economic potential for new plantation establishment in Australia: outlook to 2050
Research funded by Forest and Wood Products Australia (FWPA) and Australian Bureau of
Agricultural and Resource Economics (ABARES)
(Whittle et al., 2019)
Study area
National Plantation Inventory regions in Australia
Background information Establishment of new softwood and hardwood timber plantations on
cleared agricultural land, as part of the simulation study based on the
FORUM framework. All softwood plantations modelled are for sawlogs
production, with thinnings produce a combination of pulplogs and
sawlogs. Spotted gum plantations are for sawlog production.
Cost and rotation length
• Upfront costs of site preparation, seedling purchase and planting:
- southern pine
$1,500/ha
• First year: $640/ha
• On-going: $90/ha
• Rotation length: 30 years
Cost and rotation length
• Upfront costs of site preparation, seedling purchase and planting:
- spotted gum
$2,100/ha
• First year: $140/ha
• On-going: $180/ha
• Rotation length: 25 years
Review of policies and investment models to support continued plantation investment in
Australia
Research funded by Forest and Wood Products Australia and DAFF
(de Fegeley et al., 2011)
Study area
Australia
Background information Review potential policies for continued plantation investment and
investment models or mechanisms used to attract new investment in
Australia. Provide two example long rotation softwood and hardwood
plantation regimes to better understand drivers of plantation profitability
and their sensitivity to change.
Cost and rotation length
• Establishment and periodic costs: $2,800/ha ($3,247/ha in 2019
- softwood
AUD)
• Annual maintenance: $120/ha ($139/ha in 2019 AUD)
• Rotation length: 33 years
Cost and rotation length
• Establishment and periodic costs: $3,000/ha ($3,479/ha in 2019
- hardwood
AUD)
• Annual maintenance: $150/ha ($174/ha in 2019 AUD)
• Rotation length: 35 years
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Financial and economic performance of long-rotation hardwood plantation investments in
Queensland, Australia
Research funded by Hardwoods Queensland
(Venn, 2005)
Study area
10 Hardwood Regions covering Queensland and Northern New South
Wales
Background information Estimate financial and economic performance of hardwood plantation
investments in Queensland. Species recommended are Gympie
messmate, blackbutt, western white gum and spotted gum. The financial
analysis assumes current (largely unimproved) planting stock, adoption of
modern silviculture practices, region-specific mean annual increments
derived from expert’s opinion, establishment and post establishment
expenses and cash inflows from harvested timber, carbon sequestration
and other ecosystem services.
Establishment costs • Total establishment expenses (excluding cost of land): $1,900/ha
hardwood
($2,636/ha in 2019 AUD)
On-going costs – hoop
• Weed control in Year 2: $170/ha ($236/ha in 2019 AUD)
pine
• Fertilise in Year 2: $130/ha ($180/ha in 2019 AUD)
• Non-commercial thinning in Year 3: $280/ha ($388/ha in 2019
AUD)
• First prune in Year 3: $450/ha ($624/ha in 2019 AUD)
• Second prune in Year 5: $350/ha ($486/ha in 2019 AUD)
• Marking for thinning in Year 12: $50/ha ($69/ha in 2019 AUD)
• Contingency for commercial thinning costs incurred by landholder
in Year 12: $130/ha ($180/ha in 2019 AUD)
• Inventory and analysis prior to clearfall in Year 25 or Year 30:
$70/ha ($97/ha in 2019 AUD)
• Contingency for clearfalling expenses incurred by landholder in
Year 25 or Year 30: $130/ha ($180/ha in 2019 AUD)
• Annual management costs: $60/ha ($83/ha in 2019 AUD)
Rotation length
• Rotation length: 25 or 30 years
Potential financial return from hoop pine and an assessment of the likely impacts of various
support measures on landholder willingness to plant
Research funded by Forest and Wood Products Australia and ABARES
(Herbohn, 2006)
Study area
Atherton Tablelands, North Queensland
Background information Discounted cash flow analysis of establishing additional hoop pine
plantations in Atherton Tablelands. The financial analysis assumes an
adoption of standard hoop pine silviculture, establishment cost,
maintenance cost and a one-off cash inflow from final harvest and
stumpage.
Establishment costs • Final survey with GIS: $250/ha ($335/ha in 2019 AUD)
hoop pine
• Slash & spray: $600/ha ($804/ha in 2019 AUD)
• Site cultivation: $600/ha ($804/ha in 2019 AUD)
• Seedlings (500 stems/ha): $750/ha ($1,005/ha in 2019 AUD)
• Planting labour cost: $400/ha ($536/ha in 2019 AUD)
• Total establishment costs: $2,600/ha ($3,484/ha in 2019 AUD)
On-going costs – hoop
• Post plant spray (supply & apply) in year 1: $450/ha ($603/ha in
pine
2019 AUD)
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•
•
•
•

Rotation length

•
•
•

Prune – contract (3m lift) in Year 4: $650/ha ($871/ha in 2019
AUD)
Post plant spray (supply & apply) in year 1: $300/ha ($402/ha in
2019 AUD)
Post plant spray (supply & apply) in year 2: $150/ha ($201/ha in
2019 AUD)
Pre-commercial thin (400 stems/ha) in Year 3: $500/ha ($670/ha
in 2019 AUD)
Prune – contract in Year 6: $850/ha ($1,139/ha in 2019 AUD)
Annual expenses in Years 1-20: $40/ha ($54/ha in 2019 AUD)
Rotation length: 45 years

For this study, southern pine (softwood) and spotted gum (hardwood) plantation establishment
and maintenance costs from Whittle et al. (2019) are used in the economic evaluation as the
data provided are the most recent and species-specific. Araucaria is a slower growing
hardwood species with a typical rotation length of 45 to 50 years (Matysek and Fisher, 2016).
It is therefore expected that the financial viability of Araucaria will be heavily impacted by
discounting (Matysek and Fisher, 2016). It is also worth noting that the prices of the different
categories of harvested softwood and hardwood logs available for Queensland are not
species-specific (as described in the following sub-sections), making it harder to conduct a
more realistic discounted cash flow analysis for Araucaria grown in the Lower Burdekin and
Mackay-Whitsunday regions.
Economic evaluation is thus undertaken for new establishment of single rotation
southern pine (softwood) and spotted gum (hardwood) plantations on existing cane
land in the case study regions.

Mean annual increment, rotation length and volume harvested
A few studies have reported mean annual increment (MAI) for some species of softwood and
hardwood. This information is summarised in Table 96. In a series of factsheets, the
Queensland Department of Agriculture, Fisheries and Forestry (DAFF) provide MAI estimates
for the two species considered in this study. The MAI range estimates for southern pine
provided by DAFF includes the MAI range reported in Matysek and Fisher ( 2016). The average
MAI for spotted gum reported in Department of Agriculture Fisheries and Forestry (2013c) is
higher than the Queensland average reported in Matysek and Fisher ( 2016), but lower than
the Australian average (de Fegeley et al., 2011) and the Queensland Hardwood Region 3
(Mackay) average derived from expert opinion (Venn, 2005).
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Table 96: Mean annual increment in m3/ha/year from published reports. Text in blue indicates that the data
are used for the economic evaluation in this study

§

Description
Queensland Hardwood Region
3 (Mackay)
Queensland average MAI
(m3/ha/year)
Australian average (m3/ha/year)
Queensland Central Coast
average (m3/ha/year)

Softwood
-

Hardwood
15 - 25

Reference
Venn (2005)

12-18
(Southern pine)
21
-

8

Matysek and Fisher ( 2016, p36)
de Fegeley et al. (2011, p5)
Department
of
Agriculture
Fisheries and Forestry (2013c)

Queensland average
(m3/ha/year)§

10-20
(Southern
pine)

15
10,16 max
(Spotted
gum)
-

Department
of
Agriculture
Fisheries and Forestry (2013a)

Reported as potential productivity in m3 per hectare per year.

In line with Whittle et al 2019, the rotation length used in this study is 30 years for a
southern pine plantation. The same rotation length of 30 years is assumed for a spotted
gum plantation as in (Maraseni et al., 2011) and (Venn, 2005). This rotation length is used in
conjunction with the MAI figures from DAFF (Department of Agriculture Fisheries and Forestry,
2013c, 2013a) to produce a timber harvest volume of 300 m3/ha for both species.
Harvest cost
To the best of author’s knowledge, timber harvesting costs from plantations in the Lower
Burdekin and Mackay-Whitsunday regions are not readily available. Donaghy et al. (2010)
conducted a discounted cash flow analysis of transitioning from a conventional grazing system
to a combined grazing and hardwood (spotted gum) forestry in the semi-arid areas (annual
rainfall of 600 – 700 mm) of the Fitzroy River basin in Central Queensland. Donaghy et al.
(2010) quoted a harvest/snigging cost of $2,700/ha (~$3329/ha in 2019 AUD) for spotted gum
grown for pole production up to the age of 25 years.
In the absence of any other information on harvest cost for the Lower Burdekin and MackayWhitsunday regions, this project assumes a harvest/snigging cost of $3,329/ha for both
plantation types.
Timber price and log composition
The ABARES division of the Australian Government’s Department of Agriculture, Water and
the Environment publish Australian Forest and Wood Products Statistics which contain time
series data on forest and wood products resources, production, consumption, trade and
employment (Gavran, 2020). In this dataset, time series data on the volume of timber produced
(in gross roundwood equivalent (GRWE) measured in m3), unit cost or price of GRWE at the
mill door (in $/m3), and the value of the timber harvested (i.e. GRWE volume multiplied by the
mill door price) are available by state, forest type (native or plantation), log type (hardwood or
softwood) and by categories of forest products (e.g. sawlogs, pulplogs and panel logs).
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This study uses the Australian Forest and Wood Products Statistics (Gavran, 2020) for timber
price and log composition from the southern pine softwood plantation. Log composition for the
spotted gum hardwood plantation is taken from Venn (2005), which was also adopted in
Maraseni et al. (2011). Data on timber price and log composition used in this study are
summarised in Table 97 and Table 98. Logs from the softwood and hardwood plantations are
modelled as being sold in the domestic market only in accordance with parameters in Table
97 and Table 98. The most recent Trade Statistics for Queensland Ports78 indicates that there
have been no timber or wood exports from the ports of Mackay and Mourilyan since 2014-15
(Department of Transport and Main Roads, 2019). The report further states that the supply of
timber and woodchip for export came from the Caboolture and Maryborough regions, much
further south than our case study regions (Department of Transport and Main Roads, 2019).
Table 97: Timber price and log composition for softwood plantation (Gavran, 2020)

Log type

Log composition‡ (%)

Sawlogs
Ply and veneer logs
Panel logs for domestic particle
board production
Panel logs for domestic medium
density fibreboard
Other minor log products –
roundwood, poles and posts
Other minor log products – other
not elsewhere included

84.38
0.76
0

Log price at mill door in 201819
93.90
230.94
-

12.11

53.86

2.69

82.21

0.07

32.76

‡

Calculated as percentages of total domestic volume over five years from 2014-15 to 2018-19. Based on the most
recent data available for the respective log categories. # Based on the most recent data available for the respective
log categories.

78

https://www.tmr.qld.gov.au/business-industry/Transport-sectors/Ports/Port-governance/Trade-statistics-for-Queensland-ports ,
date accessed 2 Feb 2021
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Table 98: Timber price and log composition for hardwood plantation

#

Log type
(Maraseni et
al., 2011;
Venn, 2005)
Pole

Log composition
(%)
(Maraseni et al.,
2011; Venn, 2005)
20

Log price at mill
door#
(in 2019 AUD/m3)
(Gavran, 2020)
334

Sawlog

60

156

Low-value log

20

130

Log price description
(Gavran, 2020)

Based on poles and piles price
of $300.23 in 2013-14.
Based on domestic sawlogs
price of $145.48 in 2015-16.
Based on the average of fencing
price of $110.32 in 2016-17 and
other logs price of $126.61 in
2012-13.

Based on the most recent data available for the respective log categories.

Transport distance and cost
A GIS-based road network analysis has been undertaken to determine the distance from each
polygon (14,625 polygons in total) of low-lying cane land in the Lower Burdekin and MackayWhitsunday regions that was identified as suitable for timber production (softwood/hardwood)
to the nearest sawmill. Within the study area, a total of 14 sawmills were identified via
Queensland Spatial Catalogue (QSpatial) Web-based Agricultural Land Information (WALI)
2.0. Locations of sawmills within the Lower Burdekin and Mackay-Whitsunday regions are
shown in Figure 58. These sawmills were operating at the time of publication, and information
about the mills including their coordinate location is available in the public domain.
Once all distances from each polygon to each of the 14 mills had been calculated, the nearest
mill is selected for each polygon. Results from this analysis indicate that the maximum,
minimum, median and mean distances to nearest softwood sawmill are 137km, 44km, 106km
and 100km, respectively. The maximum, minimum, median and mean distances to nearest
hardwood sawmill are 131km, 0.4km, 32km and 37km, respectively. The mean distance from
potential sites of at least 1ha in size to the nearest softwood sawmill (100km) and the
nearest hardwood sawmill (37km) are used for calculating timber transport costs in this
study.
To determine the full cost of transporting logged timber from plantation site to the nearest mill,
the following information is also needed: (i) type and capacity of logging trucks, (ii) wood
density, and (iii) haulage cost. The Log Haulage Manual (ForestWorks ISC, 2014) provides
detailed information on mass limits, dimension limits and load constraints of different types of
heavy vehicles in accordance to Heavy Vehicle National Law that is applicable to all states
except Western Australia and the Northern Territory, and is administered by the National
Heavy Vehicle Regulator. From the list of heavy vehicles presented in the Log Haulage
Manual, a semi-trailer with maximum gross mass of 42.5 tonne (ForestWorks ISC, 2014) is
assumed in this project, to be representative of the kind of vehicle that would be required for
timber transportation in the case study regions. Wood air dry density figures of 625 kg/m3 and
1010 kg/m3 for southern pine and spotted gum, respectively, are obtained from DAFF
(Department of Agriculture Fisheries and Forestry, 2013c, 2013a). A haulage cost of $2.58/km
($2.70/km in 2019 AUD) is used for a semi-trailer travelling at 60km/hour on a sealed road
(Higgins et al., 2017). An additional idle cost of $119/hour ($123 in 2019 AUD) for a semi-trailer
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(Higgins et al., 2017) is also added to the transport cost to account for the loading and
unloading time which is assumed to be 2 hours per semi-trailer per load.

Figure 57: Locations of sawmills and areas identified as suitable for timber production. Location of
sawmills were obtained from Queensland Spatial Catalogue (QSpatial) Web-based Agricultural Land
Information (http://qldspatial.information.qld.gov.au/WALI/)

Carbon sequestration revenues
This study uses the estimates of carbon content from DAFF (Department of Agriculture
Fisheries and Forestry, 2013c, 2013a) and the carbon price published by the Australian
Government Clean Energy Regulator to calculate carbon sequestration revenues from the
southern pine (softwood) and spotted gum (hardwood) plantations. Estimates of carbon
content are:
•
•

420 kg/m3 for mature, native grown spotted gum (Department of Agriculture Fisheries
and Forestry, 2013c)
275 kg/m3 for full rotation (30 years or older), plantation grown southern pine
(Department of Agriculture Fisheries and Forestry, 2013a)
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These estimated carbon contents are then converted into CO2-e/m3/year using a conversion
factor 44/1279, to produce equivalent carbon content of 1.54 tonnes CO2-e/m3 for spotted gum
and 1.008 tonnes CO2-e/m3 for southern pine. Annual carbon abatement credits accruing to
landholders are calculated using the MAI of 10 m3/ha/year for both tree species. This means
that owners of hardwood spotted gum plantation and softwood southern pine plantation would
be able to earn carbon credits amounting to 15.4 tonnes CO2-e/ha/year and 10 tonnes CO2e/ha/year, respectively. The price of carbon, as published by the Clean Energy Regulator, is
expressed in Australian Carbon Credit Units (ACCU) where 1 AACU = 1 tonne of CO2-e, priced
at $14.17 per ACCU.
Annuity GMs
Gross margin from softwood or hardwood plantation is calculated using Equation 7:
𝐺𝑀𝑠𝑜𝑓𝑡𝑤𝑜𝑜𝑑 𝑜𝑟 ℎ𝑎𝑟𝑑𝑤𝑜𝑜𝑑
30

30

𝑡=1

𝑡=1

𝑅𝑒𝑣𝑒𝑛𝑢𝑒 𝑓𝑟𝑜𝑚 𝑠𝑎𝑙𝑒 𝑜𝑓 𝑐𝑎𝑟𝑏𝑜𝑛 𝑐𝑟𝑒𝑑𝑖𝑡𝑠
𝑂𝑛 − 𝑔𝑜𝑖𝑛𝑔 𝑝𝑙𝑎𝑛𝑡𝑎𝑡𝑖𝑜𝑛 𝑐𝑜𝑠𝑡𝑠
=∑
−∑
(1 + 𝑟)𝑡
(1 + 𝑟)𝑡
𝑅𝑒𝑣𝑒𝑛𝑢𝑒 𝑓𝑟𝑜𝑚 𝑡𝑖𝑚𝑏𝑒𝑟 𝑠𝑎𝑙𝑒 𝑇𝑖𝑚𝑏𝑒𝑟 ℎ𝑎𝑟𝑣𝑒𝑠𝑡 𝑐𝑜𝑠𝑡
+
−
(1 + 𝑟)30
(1 + 𝑟)30
𝑇𝑖𝑚𝑏𝑒𝑟 𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡 𝑐𝑜𝑠𝑡
−
(1 + 𝑟)30

(𝐸𝑞𝑛 7)

Annuity GM is obtained by dividing 𝑮𝑴𝒔𝒐𝒇𝒕𝒘𝒐𝒐𝒅 𝒐𝒓 𝒉𝒂𝒓𝒅𝒘𝒐𝒐𝒅 by the annuity factor as shown in
Eqn 2 (in Chapter 3). Reduction in Annuity GM following land use change from sugarcane to
softwood or hardwood timber plantation is calculated using Eqn 3, at real discount rates of 5%
and 7% per annum. Table 99 presents the results of 𝑨𝒏𝒏𝒖𝒊𝒕𝒚 𝑮𝑴𝒔𝒐𝒇𝒕𝒘𝒐𝒐𝒅 𝒐𝒓 𝒉𝒂𝒓𝒅𝒘𝒐𝒐𝒅 and
𝑹𝒆𝒅𝒖𝒄𝒕𝒊𝒐𝒏 𝑨𝒏𝒏𝒖𝒊𝒕𝒚 𝑮𝑴𝒔𝒐𝒇𝒕𝒘𝒐𝒐𝒅 𝒐𝒓 𝒉𝒂𝒓𝒅𝒘𝒐𝒐𝒅 calculations for conversion of low-lying, high DIN
loss cane land in the BRIA, Burdekin Delta and Mackay regions.

79

Using the conversion factor outlined by the US EPA for carbon storage in a managed forest, available online at
https://www.epa.gov/energy/greenhouse-gases-equivalencies-calculator-calculations-and-references, date accessed: 4th
February 2021.
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Table 99: Reductions in annuity GM for softwood and hardwood forestry

BRIA
Annuity GMcane = $638/ha/year (accounts for cost of irrigation water & labour)
Real discount rate = 5% per annum
Unit

Softwood

Hardwood

Annuity GM

$/ha/year

335

791

Reduction in annuity GM

$/ha/year

303

-153

BRIA
Annuity GMcane = $649/ha/year (accounts for cost of irrigation water & labour)
Real discount rate = 7% per annum
Unit

Softwood

Hardwood

Annuity GM

$/ha/year

234

569

Reduction in annuity GM

$/ha/year

415

80

Burdekin Delta
Annuity GMcane = $1,767/ha/year (accounts for cost of irrigation water & labour)
Real discount rate = 5% per annum
Unit

Softwood

Hardwood

Annuity GM

$/ha/year

335

791

Reduction in annuity GM

$/ha/year

1,432

976

Burdekin Delta
Annuity GMcane = $1,719/ha/year (accounts for cost of irrigation water & labour)
Real discount rate = 7% per annum
Unit

Softwood

Hardwood

Annuity GM

$/ha/year

234

569

Reduction in annuity GM

$/ha/year

1,485

1,150

Mackay
Annuity GMcane = $344/ha/year (accounts for cost of irrigation water & labour)
Real discount rate = 5% per annum
Unit

Softwood

Hardwood

Annuity GM

$/ha/year

335

791

Reduction in annuity GM

$/ha/year

9

-447

Mackay
Annuity GMcane = $328/ha/year (accounts for cost of irrigation water & labour)
Real discount rate = 7% per annum
Unit

Softwood

Hardwood

Annuity GM

$/ha/year

234

569

Reduction in annuity GM

$/ha/year

94

-241

The reduction in annuity GM is positive for softwood and hardwood in the Burdekin Delta (at
both discount rates), positive for softwood in the BRIA and Mackay (at both discount rates),
and positive for hardwood in the BRIA at a 7% discount rate. This indicates that, under the
specified discount rate(s), the annuity GM from sugarcane exceeds those from the relevant
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type of forestry in these regions. However, a negative reduction in annuity GM arises for
hardwood forestry in the BRIA (at a 5% real discount rate), and for hardwood forestry in
Mackay region (at both discount rates), indicating that the annuity GM from the relevant type
of forestry in these regions exceeds the annuity GM from cane.
Total present value cost of land conversion
Upfront establishment cost of $1,500/ha and $2,100/ha is incurred in year zero for softwood
and hardwood forestry, respectively. The reduction in annuity GM from forestry (Table 99) is
then discounted at 5% and 7% real discount rate per annum and summed over the evaluation
period of 30 years, before adding in the upfront establishment cost to obtain the total present
value (PV) cost of land conversion from sugarcane to forestry (see Eqn 4 in Chapter 3). Total
PV costs are then annualised using Eqn 5 (Chapter 3) to produce the annualised total present
value cost of land conversion from sugarcane to softwood or hardwood farm forestry,
evaluated at 5% and 7% real discount rates, as summarised in Table 100.
Table 100: Total present value cost of land conversion from sugarcane to softwood and hardwood
forestry in Lower Burdekin and Mackay-Whitsunday regions evaluated over 30 years

Total present value cost
of land conversion
($/ha)
r = 5%
r = 7%
BRIA
Softwood forestry
Hardwood forestry
Burdekin Delta
Softwood forestry
Hardwood forestry
Mackay
Softwood forestry
Hardwood forestry

Annualised total present
value cost of land
conversion ($/ha/year)
r = 5%
r = 7%

6,156
-246

6,651
3,097

400
-16

536
250

23,512
17,109

19,928
16,374

1,508
1,113

1,590
1,320

1,637
-4,766

2,667
-887

105
-310

213
-71.45

Cost-effectiveness of DIN reduction and required DIN credit payments for 5-, 10- and 15-year
paybacks and return on investment
The cost-effectiveness of DIN reduction for conversion from cane production to softwood or
hardwood forestry is summarised in Table 101. Note that these cost-effectiveness estimates
are achievable under the assumption that there is no significant damage to the trees during
the long rotation period. The DIN credit payments ($/kg DIN) required to achieve 5-, 10- and
15-year payback on cumulative discounted cashflow, evaluated at real discount rates of 5%
and 7% per annum, are shown in Table 106.
By construction, the annualised discounted net return on upfront investment under DIN credit
payments that deliver 5-, 10-, 15- and 30-year payback periods are 14.9%, 7.2%, 4.7% and
2.3% at the end of the 5th, 10th, 15th and 30th year, respectively. Annualised discounted net
returns will decline from these starting points as the duration of the DIN supply contract extends
(as shown in Chapter 3).
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Table 101: Cost-effectiveness of DIN reduction for conversion to softwood and hardwood forestry at 5%
and 7% discount rates evaluated over a 30-year period

Upfront cost of
land use
conversion
($/ha)
BRIA
Softwood forestry
Hardwood forestry
Burdekin Delta
Softwood forestry
Hardwood forestry
Mackay
Softwood forestry
Hardwood forestry

Total present value
cost of land conversion
($/ha)
r = 5%
r = 7%

Annualised total present
value cost of land
conversion ($/ha/year)
r = 5%
r = 7%

1,500
2,100

6,156
-246

6,651
3,097

400
-16

536
250

1,500
2,100

23,512
17,109

19,928
16,374

1,508
1,113

1,590
1,320

1,500
2,100

1,637
-4,766

2,667
-887

105
-310

213
-71.45

Table 102: DIN credit payments required to achieve 5-, 10- and 15-year discounted cash flow payback
periods, when evaluated at real discount rates of 5% and 7% per annum

DIN credit payments ($/kg DIN) required to achieve 5-, 10- & 15-year payback periods @ 5%
real discount rate
5-year payback
10-year payback
15-year payback
BRIA (required DIN credit payments $/kg DIN)
Softwood forestry
96
77
71
Hardwood forestry
98
79
73
Burdekin Delta (required DIN credit payments $/kg DIN)
Softwood forestry
60
54
52
Hardwood forestry
60
54
52
Mackay (required DIN credit payments $/kg DIN)
Softwood forestry
22
16
14
Hardwood forestry
23
17
15
DIN credit payments ($/kg DIN) required to achieve 5-, 10- & 15-year payback periods @ 7%
real discount rate
5-year payback
10-year payback
15-year payback
BRIA (required DIN credit payments $/kg DIN)
Softwood forestry
99
80
74
Hardwood forestry
101
82
76
Burdekin Delta (required DIN credit payments $/kg DIN)
Softwood forestry
59
53
52
Hardwood forestry
60
54
52
Mackay (required DIN credit payments $/kg DIN)
Softwood forestry
22
16
14
Hardwood forestry
23
17
15

Limitations and barriers to adoption
Due to the lengthy payoff periods and high risks surrounding forestry, investments in largescale forest plantations in Queensland have typically been undertaken by state government
on state-owned land, agribusinesses who participated in the Managed Investment Scheme
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(MIS),
superannuation
funds,
and
large
timber
industry
companies,
(http://www.timberqueensland.com.au/Growing/plantation-ownership-investment.aspx). This
is partly because plantation forests can be difficult to manage, especially when modern
silviculture practices are required to produce harvested timber that meets industry
specifications.
For all case study locations, at 5% or 7% discount rate, present value net revenues remain
negative through years 1 to 29 of the forestry cycle, and only become positive in year 30 when
the timber crop is harvested. This exposes the landholder to considerable risk through e.g.,
fluctuation in demand and price for the harvested timber and potential damage to the crop from
pest attack or cyclones. The latter risk is particularly problematic for the low-lying, high DIN
loss cane lands in coastal areas of the Lower Burdekin and Mackay-Whitsunday regions that
are exposed to tropical cyclones. A cyclone could potentially wipe out substantial prior
investment in the tree stock, particularly if it hits in the final years of the production cycle. This
risk alone may be sufficient to explain why, despite the ostensibly positive annualised total
present value from hardwood farm forestry in some locations, landholders have clearly been
unwilling to forego reliable, relatively low risk, regular income from sugarcane by switching land
use to timber production.
Conclusion
Simple deterministic analysis suggests that conversion of low-lying, high DIN risk, sugarcane
land to softwood or hardwood timber production may be able to deliver present value net
benefits to the landowner, as well as reducing DIN emissions. However, evidence on the
ground appears to indicate that the very lengthy periods of negative cash flow, and aversion
to the risks surrounding the potential impact of cyclones and fluctuating prices and costs on
plantation forestry has deterred landholders from switching away from sugarcane production
in low-lying, high DIN risk areas in the Lower Burdekin and Mackay-Whitsunday regions.
Emerging opportunities that recognise that land use conversion to forestry and woodland can
deliver stacked co-benefit streams from a public perspective, together with potential job
creation, may assist with farm scale reforestation initiatives. However, in order for this land use
change to be economically attractive from the perspective of a private landholder, payment
mechanisms must reward supply multiple co-benefits. The Queensland Government’s Land
Restoration Fund is promising in this regard because it can provide multi-year payments
streams in recognition of supply of carbon sequestration, improvements to Reef water quality,
biodiversity improvements and employment opportunities for rural and indigenous
communities (https://www.qld.gov.au/environment/climate/climate-change/land-restorationfund).
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