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Clarification of terms
Benefit cost ratio (BCR)

Fraction of present value costs to present value benefits. Values greater than
1 represent a positive return on investment. Values less than 1 represent a
negative return on investment.

Discount rate (r)

The rate of return used to discount future cash flows back to their present
value, associated with the time value of money. This is usually expressed
as a percentage per annum. Conventionally, the discount rate is assumed
to reflect human impatience; i.e. the extent to which people prefer to defer
costs and obtain benefits sooner, rather than later. It also reflects their
attitudes towards risk and their expectation from alternative investments.
From a societal perspective, the discount rate applied reflects whether
society prefers to obtain beneficial outcomes sooner rather than later,
society’s attitude towards the risk of investments failing to deliver the
expected return, and a reflection of the time value of money. The Australian
government recommends cost benefit analysis for domestic projects apply a
discount rate of 7%, with sensitivity analysis undertaken at 3% and 10%.

Internal rate of return (IRR)

The internal rate of return is a discount rate that makes the net present
value (NPV) of all cash flows from a particular project equal to zero. It thus
represents a flow of returns to the project.

Lower bound pricing

Achievement of full cost recovery from customers on investment made,
which do not demand a commercial rate of (additional) return.

Present value (PV)

Benefit cost analysis compares costs and benefits that arise at different
points in time. To compare these values from a present-day perspective,
these costs and benefits are converted into their ‘present value’ by applying
an annual discount rate – the rate at which the value erodes over time.
Present value benefits and costs are calculated using the standard formula:

PV=FV(1+r)t
where PV is present value (value in today’s money), FV is future value, r is
the discount rate and t is the time period.
Net present value (NPV)

The value of present value benefits minus the present value costs. A positive
NPV indicates, from an economic perspective, a project should proceed. A
negative NPV indicates the project does not return a value and should not
proceed.

Social costs

The social costs of a project are the sum of the private costs (often
expressed in financial terms) and any additional costs borne by people who
are not party to any financial transaction in relation to the project. Social
costs may be incurred financially, or exprienced as a loss of a non-monetary
benefit, such as environmental amenity or health impacts. The latter may
be quantified in monetary terms using appropriate economic valuation
techniques.

Notes:
All information and data is from existing publicly available sources and is fully referenced.
All economic analysis – unless otherwise stated – is considered at a 30-year timeframe and where discount rates
apply, a rate of 7%, the Australian government’s reference rate, is used.
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Executive summary
Australia is the driest inhabited continent. This climatic reality has strongly influenced the
nation’s development history – from the regions we inhabit to how we set the land to use. In
North and Central Queensland, deep droughts, often followed by flooding rains and intense
tropical cyclones regularly impact on agricultural production. Annual rainfall is rarely at the
long term ‘average’; instead falling in significant spikes, followed by long dries (BOM, 2018).
The Millennium Drought, and now the current drought in Eastern Australia, show that its not
just agriculture that suffers – even regional towns and cities aren’t immune from the impacts of
Australia’s dry and highly variable climate.
Since European settlement, building ever-more dams has been the preferred solution to this
problem. Storage of water in vast reservoirs provides the regular supply that underpins the
economic activity of both urban and rural areas. However, there are difficult questions now
arising about whether our national obsession with dam building can effectively and sustainably
address the country’s future water needs.
At the same time, irrigated agriculture in dryland regions, dependent on water storage from
dams and weirs is having a significant impact on Australia’s environmental assets and
ecological values. The Murray-Darling Basin remains a regretful example of what happens
when excess water diversions occur – there simply isn’t enough water for intensive human
uses and the environment. The fish kills and scenes of carted water in some towns (as the tap
water is undrinkable) are stark reminders of this.
Dams and weirs don’t guarantee supply if it doesn’t rain for long enough. And this pattern
simply repeats, putting agriculture, the environment, and even our towns and major cities at
risk of running out of water. Other solutions are needed to address security of supply, including
implementing sustainable extraction limits, demand management and water efficiency across
all sectors, before look at damming more rivers.
The key question is: when is a dam the best solution and when should other options be
pursued? The 2004 National Water Initiative, agreed to by the Commonwealth and State
Governments, states that “proposals for investment in new or refurbished water infrastructure
[should] be assessed as economically viable and ecologically sustainable, prior to the
investment occurring” (COAG, n.d., p. 15). A key part of agreement is that those who use the
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water should pay the full cost of the infrastructure to provide it. The taxpayer should not have to
subsidise water supply to unsustainable commercial businesses.
Such a rational approach needs to overcome the historical approaches to expanding
agriculture in Australia – just add water.
This paper assesses four proposed major dam and irrigation schemes for Queensland. These
proposed projects are currently heavily backed by governments in Canberra and Brisbane.
1.

Rookwood weir west of Rockhampton on the Fitzroy River;

2.

Hell’s Gate Dam on the Burdekin River, near Townsville;

3.

Nullinga Dam west of the Atherton Tablelands; and

4.

Lakeland Irrigation Scheme, west of Cooktown.

The Commonwealth and Queensland Governments are currently pursuing several projects and
feasibility studies (NWGA, 2019). The four aforementioned projects were selected for deeper
analysis on the basis of their regional significance, in terms of scale and cost, and on the basis
of their potential to expand the agricultural activities in Great Barrier Reef (GBR) catchments,
with the resultant flow-on effects of degrading water quality and damaging the reef, as a
outcome of agricultural emissions.

Enablers and drivers of irrigation policy
Australia’s water policy landscape has a complex history of overlapping State and
Commonwealth Government initiatives. These have not always been in total alignment, but
both have generally been geared towards expanding bulk water assets in greenfield sites to
expand agricultural production.
In 2016, the Commonwealth Government established the $1.3 billion National Water
Infrastructure Development Fund. So far, this fund has supported numerous feasibility studies
for new bulk water infrastructure, including for eight dams in Queensland. It also offers funds
to assist with dam construction, including the $2 bn National Water Infrastructure Loan Facility,
if the water infrastructure projects are assessed as viable. This represent significant public
investment in assisting the advancement of the agricultural sector and regional economic
development.
Other - constraining - policies and initiatives that guide investments in bulk water infrastructure
include:
•

Commonwealth and State level infrastructure investment frameworks set the conditions
under which new infrastructure should be funded; specifically, after more economically
efficient options have been considered.

•

Water quality policies associated with protection of the integrity of the GBR, which have
placed caps on emissions of sediment, nitrogen, and pesticides from agricultural activities
in reef catchments.

•

Cost-recovery policies that demand that new bulk water infrastructure capital and
maintenance costs should provide returns on investment and should not represent a
subsidy for expanded agriculture.

These constraints and enabling policies drive the pollitical landscape for new dams and
irrigation schemes in regional Queensland. Unfortunately, many of the constraining factors the policies design to improve infrastructure decision making - take a back seat when political
imperatives take over.

Assessment of key proposed infrastructure
When assessed against both the Commonwealth and Queensland Government’s own
infrastructure assessment criteria, the case for investments in the four proposed schemes is
not compelling. The published feasibility studies and business cases show that only under the
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most generous assumptions do any of the four proposed projects meet the investment criteria
set by government and the requirement for full cost recovery. And only one of the proposed
projects considers the water quality regulations, designed to protect the GBR, in its cost
benefit analysis.

1.

Rookwood Weir Detailed Business Case

The Detailed Business Case for Rookwood Weir recommends “while the project may be
required in the longer-term, there is insufficient evidence at present that the project is required
now” (Infrastructure Australia, 2018b). At the 7% standard discount rate, the benefit cost ratio
of this project is less than 1 in all development scenarios.

2.

Nullinga Dam Preliminary Business Case

The Preliminary Business case for Nullinga Dam recommends “Nullinga Dam is not
recommended to progress to a detailed business case at this time” (Building Queesland,
2017b, p. 4). Furthermore, the dam “is not needed for Cairns urban water supply for at least
another 30 years and [the] assessment has revealed limited certainty of information in relation
to Nullinga Dam for agricultural use” (Building Queesland, 2017b, p. 9). The benefit cost ratio
is greater than 1, but only in a scenario of high-value cropping and when the external cost of
agircultural run-off is ignored.

3.

Hell’s Gate Feasibility Study

The Hell’s Gate Feasibility Study’s benefit cost analysis assumptions reveal very significant
uncertainties in the value of the project - certainly too great to make any positive
recommendation. It also does not comply with the existing Burdekin Basin water plan. Altering
this plan would require a process of public consultation, which needs to be “considered along
with other competing interests and development options for water resources in the area, as
well as any impacts to existing users and the environment”. Furthermore, “costs of water [are]
likely to restrict the viable cropping opportunities, […] and the capacity of markets to absorb
significant additional horticultural production” (SMEC & Townsville Enterprise Limited, 2018, p.
iv).

4.

Lakeland Irrigation Scheme Strategic Business Case

Assessment of the Lakeland Irrigation Scheme is only at the very early stages, but expansion
of agriculture in catchments that are already a risk to the future of the GBR need to be carefully
considered. In addition, the Strategic Business Case concedes that there is significant
uncertainty around the level of water charges that can be successfully be passed-on to the
end user. It also concedes the operating model is likely only to be successful where the
scheme is “operated to maximise benefit to the agricultural area, rather than to provide a return
on capital investment” (SMEC, 2019, p. xi). Implementation of of ths scheme would be contrary
to current policy of cost recovery on new irrigation schemes.

Despite the adverse findings of the feasibility studies and business casess, all four of the
infrastructure projects commands a modicum of political support. However, the irrational
funding of uneconomic water infrastructure is not cost-free. The implicit subsidy impacts other
industries and pulls funds from alternative, potentially more lucrative investments, particularly
in sustainable agricultural practices, which has been shown to provide a significant return on
investment historically. In addition, if built, these dams would promote a significant expansion
of intensive agriculture in GBR catchments, leading to damaging agricultural run-off from
fertilizers, pesticides, and tree clearing.

Existing bulk water storage in Queensland
Significant quantities of stored water sits in Queensland’s dams, not used one year to the
next. More water leaks from the system. Further water could be unleashed with only limited
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additional investment. Until bulk water is more efficiently allocated and more likely to be fully
utilised, investments in new assets should be put on hold.
The Queensland Bulk Water Opportunities Statement (QBWOS) reports there is currently an
estimated 348,000 ML pa of ‘unused’ and ‘uncommitted’ (combined) allocations available for
contract. There are also significant operational losses, amounting to 438,497 ML pa (State
of Queensland, 2017). ‘Unallocated reserves’ (the amount of additional water that could be
yielded with only limited investment) amounts to 607,000 ML pa. In all, this represents a value
of around $23 million per year currently not utilised in Queensland bulk water system. This
water should be better managed and better utilised, before new schemes are considered.

Performance of existing dams
When considering the potential expansion of irrigated agriculture in northern Queensland, it
is worthwhile considering what are the lessons from the past that can inform future decisions.
For example, how have previous irrigation scheme developments performed against what was
estimated in the the business cases?
The Burdekin Falls Dam (BFD) and the Burdekin River Irrigation Area (BRIA) was established
in North Queensland in 1987. While the focus of the development was always been broadacre
irrigated crops, the dominant crop has always been sugar (WWF, 2018). The dominance of
lower-value crops has impacted the capacity of the project to provide returns.
An ex-poste benefit cost analysis of the BFD (WWF, 2018), taking account of the pattern of
land use and real costs associated with dam operation and maintenance (i.e. the external
costs of mitigation of DIN pollution and its impact on the GBR), found the scheme has a net
present value (NPV) of -$684,511,427, with a benefit cost ratio of 0.65. Despite, so far, proving
to be uneconomic, the Queensland government recently committed more funds ($16 m) to
a detailed business case enquiring into heightening the dam wall (Queensland Government,
2019b).
Paradise Dam was the last major irrigation infrastructure investment by the Queensland
government and was completed in 2005. Whilst the original benefit cost analysis from the
business case was positive (NECG, 2001), ex-post studies by Utting (2012) and Binney (WWF,
2018) tell a different story, with the project returning a NPV of -$441,204,729 and benefit cost
ratio of 0.4. Furthermore, the dam faces an uncertain future, with expensive modifications
to lower the dam wall to bring it up to safety standards to protect downstream settlements.
These modifications will also reduce yield, further eroding the facility’s value to the economy
(Queensland Government, 2019a).
Historically, business cases put-together in support of bulk water schemes, predominantly
for irrigated agriculture, have not lived-up to their initial promise. The hoped-for crop mixes
of high-value produce have tended to not come to fruition and the default crop of sugar cane
has continued to dominate. Therefore, many of the initial assumptions in the various business
cases assessed here should be considered with caution.

Risks, uncertainties and social & environmental costs of dams
Financial risks are not the only risks associated with the four projects assessed here. All these
projects risk significant social costs, or externalities, accruing. Social costs mainly derive from
the resultant expansion of agricultural activities in the catchments, particularly from increases
in nutrient and sediment pollution into the waterways that flow into GBR lagoon, but also from
habitat loss, impacts on biodiversity, and from GHGs from the construction and operation
of the dams. In addition, the projects attract significant risks, not considered in each of the
business cases
Many sectors, irrigated agriculture included, operate in market environments that are
competitive from supply side pressures, such as securing investment and driving down
operating costs to meet consumer expectations of price. At face value, Australia’s abundance
of land suggests a competitive advantage and, arguably, the high annual rainfall averages
suggest there is ample water. However, this rainfall is highly variable, soils are often poor and
vii
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the abundance of land is simply a reflection of significant distance to market. This ensures
large scale investments in ‘opening-up’ northern Queensland through investments in irrigation
dams is highly uncertain and most business cases concede the ideal of water charges from
irrigators covering costs of construction debt and operating costs of dams is unlikely.
1) Impacts on the GBR - Without significant improvements to the water quality flowing into the
GBR lagoon from human activity in reef catchments, the reef will continue to deteriorate.
2) Greenhouse gas emissions from dam construction and operation - Dams emit greenhouse
gases during construction (associated transport and concrete formation) and through the
entire operational life from emissions from rotting vegetation, following inundation.
3) Loss of cultural and amenity values – Construction of major dams leads to direct loss of
cultural and social values associated with the prior landscape.
4) Impacts on biodiversity – More than 50% of Australia’s floodplain habitat no longer floods,
representing loss of unique habitats (Kingsford, 2000). Dam construction disrupts wildlife
migration through the catchment, regardless of mitigating infrastructure (McAllister et al.,
2001).
5) Risk of climate change to future dam performance – Changes in rainfall patterns can have
significant impacts on the viability of new dam infrastructure, particularly when considered
the likely operation life of such infrastructure.
6) International trading conditions in agricultural produce – International trading conditions for
agricultural exports remains extremely competitive, particularly from developing economies
in South East Asia and from Brazil.

An alternative vision: Investments in sustainable agriculture
The willingness of the Commonwealth and Queensland State governments to commit up to
$2.35 bn towards agricultural development in regional Queensland is welcomed. However,
ensuring this investment is targeted towards projects that offer value for money to the taxpayer,
a pathway towards greater profitability for producers, and - most importantly - positive social
and environmental outcomes for the GBR is absolutely essential.
Improving the use of existing agricultural land through better use of water assets brings wider
business, social, and environmental benefits when compared to simply expanding supply of
land and water through government subsidy.
Diverting funds currently slated for new dam and weir projects in GBR catchments towards
policies and funding instruments that promote pathways towards sustainable agriculture offers
better outcomes on all three counts. The literature promotes a range of potential pathways that
broadly meet the criteria for ‘sustainable agriculture’. This report assesses land management
practice change – essentially the shifting of sugar cane producers and graziers towards
improved land management practices.
Over a billion dollars in public funds has been invested already to cut agricultural pollution.
This investment has achieved only very modest success; and only in recent years. Much more
action will be required to achieve 2025 pollution reduction targets. Doing more of the same will
not achieve the pollution reductions the scientists say are needed to save the reef. New dams
and agricultural development will either further impact the reef, or further increase the cost of
achieving pollution cuts. Subsidies to unviable dam and weir developments, which will impact
on the existing reef tourism industry – worth $6 billion per annum – is not a good use of public
funds.
The second, and related, economic loss is where government funds could be better spent: the
opportunity cost. These are options that bring greater benefit to agriculture, as well as assist
the Great Barrier Reef. To provide the water quality the reef needs to help restore it health
requires all farmers to adopt low-polluting practices. On-farm studies have shown that these
practices also improve business profitability: precision agricultural practices mean that less
farm chemicals can be used whilst maintaining crop yields. Less chemical use means lower
production costs, as well as less chemical run-off.
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Diverting funds currently earmarked for new dam and weir projects in GBR catchments
towards policies and funding instruments that promote pathways towards sustainable
agriculture offers better outcomes than each of the four proposals.

Carbon sequestration
Whilst there has been considerable uncertainty as to the direction of Australia’s carbon and
climate policy, it remains virtually certain that land managers will continue to be able to access
funds—from either government schemes, regulations or voluntary offsets—for revegetation and
reforestation and soil carbon management.
The current government’s Climate Solutions Fund (CSF) (previously the Emissions Reduction
Fund) provides funds through reverse auction for carbon emissions abatement and carbon
sequestration. Undertaking carbon management activities allowed through the CSF can
provide an additional income stream for agricultural operators. Between $11.5 m and $46 m
(depending on sequestration rates) could be earned at 13.5 $/t if just 5% of the current grazing
area is set aside for reforestation.

Innovation
The Australian agricultural sector has history of innovation. The links between industry
associations, government, and science and innovation, through institutions such as CSIRO,
state governments, ABARES, and the university sector are strong. Australia’s relatively open
markets in agricultural products has pushed this sector to remain globally competitive and a
key exporter.
The ethic of innovation towards greater productivity and efficiency in resource use needs to
be re-vitalised and re-aligned to the imperative that, above all, the agricultural sector needs to
adopt sustainable practices to support ecological sustainable principles and habitat functions,
as well as the industry’s own long term future.

Conclusions
Since European settlement more than 200 years ago, farming and grazing has indelibly
shaped the Australian landscape, its economy, and the common-wealth of Australians. As a
nation, we are said to have ‘rode on the sheep’s back’. The primary sector provided for one
the highest living standards in the world by the 1950s. But the myth of the ‘pioneer’ remains
pervasive - the solution to continued growth in agricultural production is always considered to
be clearing yet more land and demanding more water and artificial inputs. Then, once the land
and soils are depleted, arid, or subject to salinity, to abandon it and move on. The limits to this
approach are now evident.
Significant ecological damage in Murray-Darling Basin during the summer of 2018-19, due
to mismanagement of water allocations and extended drought and the continued and rapid
decline of the GBR, as a result of poor water quality and climate change, suggest we may
have reached thresholds, beyond which the ecological resilience of major ecosystems cannot
survive.
The agricultural sector retains an influential position in the Australian psyche. It feeds the nation
and pulls in significant export earnings.Post-colonisation, after a lengthy pioneering phase,
innovation has since played an important role in maintaining the competitiveness of this sector
(Henzell, 2007), yet this has not tempered the drive towards the sector’s continued expansion
into new areas.
This culture of innovation in agricultural productivity needs to be re-emphasised. Growth in the
sector needs to come from increased agricultural production from within the existing footprint,
through investments in sustaining productivity over the long-term, improving soil management,
moderating artificial inputs to meet science-based water quality targets, and retaining as
many unmodified catchments as possible. Historically, investment returns in R&D have ranged
from 15%-40%. If comparable returns could be achieved over the coming decades, this may
provide a better avenue to expand Australia’s agricultural output (ANZ, 2014, p. 39).
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Instead of investing $2.5 bn in risky new dams, which likely will not provide a return
on investment and put GBR water quality targets at risk, similar investments made to
improvements in agricultural practices would present a more beneficial option.
Investment in regional Queensland is welcomed, but it needs to be targeted to improve
economic, social and environmental outcomes. If the $2 billion National Water Infrastructure
Loan Facility, instead became a National Precision Agriculture Loan Facility, Australia could
fast-track the adoption of best farm practices, which can deliver more profitable agricultural
businesses and improved environmental outcomes that protect reef jobs, indefinitely into the
future. This would also allow Australian farmers to truly claim that their produce is truly ‘clean
and green’, providing them with access to growing sustainably-sourced consumer markets.

x
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1. Introduction
As part of its aspirations to increase agricultural development across Australia,
the Coalition Government established the $1.3 billion National Water
Infrastructure Development Fund (NWIDF) to accelerate the development of
feasibility studies, business cases, approval and construction of new dams,
weirs and other water supply infrastructure.
The State of Queensland was successful in
securing $24.8 million1 from the NWIDF to
undertake feasibility studies and business cases
for 14 proposed water infrastructure projects.
These include:

significance, in terms of scale and cost, and
on the basis of their potential to expand the
agricultural activities in Great Barrier Reef (GBR)
catchments, with the resultant flow-on effects of
degrading water quality and damaging the reef,
as a outcome of agricultural emissions.

• Rookwood Weir on the lower Fitzroy River;

The current Australian Government has made
little secret of its intention to pursue a strategy
of ‘just adding water’ as its preferred strategy to
combating drought and increasing agricultural
production in the regions. While governments
of all political persuasions have historically
supported building dams as the primary means
to underpin regional development, there is
increasing evidence that building new dams to
support agricultural development is unlikely to
be viable, due to a range of factors, including:

• Hell’s Gate Dam on the Burdekin River;
• Nullinga Dam on the Walsh River; and
• Lakeland Irrigation Scheme in the Normanby
catchment on Cape York.
The Commonwealth and Queensland
Governments are currently pursuing several
projects and feasibility studies (NWGA, 2019).
The four aforementioned projects were selected
for deeper analysis on the basis of their regional
1

• the high cost of construction and operations;

All monetary values are in Australian dollars.

1
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• irrigators decreased
willingness to pay for
water;
• decreased reliability of
supply from dams due to
reduced inflows caused
by prolonged drought
and climate change;
• an inability to effectively
mitigate adverse impacts
to environmental values;
and
• the requirement to reduce
agricultural pollution
in catchments that
discharge to the Great
Barrier Reef.
Commitments to investing
significant resources in rural
Australia and in agricultural
development are welcomed
and worthwhile. However,
instead of constructing new
dams, which risk being
economically unviable and
the cause of unacceptable
environmental impacts, a
far better way to increase
Figure 1 (below): Location of four proposed dam schemes assessed
agricultural production is
in this report.
to support existing farmers
of programs that support existing farmers,
adopt more sustainable
particularly in GBR catchments, to transition to
agricultural practices, which will reduce adverse
sustainable agricultural practices.
environmental impacts at the same time. This,
in turn, will likely increase both productivity and
Whilst all levels of government are committed
profits.
to supporting Queensland’s regional economy,
particularly the agricultural sector, the choice of
Utilising publicly available data, research
preferred investments—mainly in new dams—
and government policy criteria, this paper
is not cost effective, is premature under the
provides an analysis of the social costs and
government’s own investment preference rules
benefits derived from four of the proposed
and puts at risk Australia’s most popular natural
water infrastructure projects that have received
icon: the Great Barrier Reef.
funding from the NWIDF. It then compares these
to costs and benefits derived from estimations

2
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2. The investment environment:
Enablers and constraints
Despite clear and cross-party political support for construction of major rural
water infrastructure schemes, there are a range of enabling and constraining
policies and frameworks, set by government, that are designed to reduce
the risk of projects becoming stranded assets and a long-term burden on
the taxpayer and that mitigate environmental and social costs. Furthermore,
longer-term risk factors, such as the impact of climate change on water
security, need to be considered when evaluating the risk of project failure.
This section sets out the policy environment in
which decisions over funding the construction
of irrigation dams should be made, at both
the Federal and State level. It describes both
levels of governments’ framework for investment
decisions, the stated policy for cost recovery

2.1

from water users for new bulk storage assets,
and commitments made in the Reef 2050 Plan
for ‘no net worsening’ of pollutant run-off into
the GBR lagoon, particularly from agricultural
development.

National Water Initiative

The National Water Initiative (NWI) was agreed
to by the Council of Australian Governments
(COAG) in 2004. It sets the national ‘blueprint’ for
water reform and provides the platform to drive
increases in water-use efficiency, to provide
greater certainty for investment and productivity
for rural and urban communities, and to give
greater certainty for environmental outcomes.

Of particular note, the NWI committed
governments to expand trade in water rights to
encourage higher-value economic uses of water
(higher value cropping, for example) and to
move towards a water pricing schedule for water
storage and delivery, which encourages full
(market return) cost recovery from irrigators.

2.2 National Water Infrastructure Development Fund
The National Water Infrastructure Development
Fund (NWDIF) is the key federal government
policy driving investments in water infrastructure.
The fund aims to bring forward detailed planning
and construction of water infrastructure projects,
to deliver additional new water storage, to
enhance water security, and to drive regional
economic growth, particularly through increasing
the footprint of irrigated agriculture.

Originally worth $800 million (m), in November
2018, the Federal Government further expanded
the fund to now manage $1.3 bn of public
funds. This expansion includes a number of
commitments in Queensland:
• $2 m for a feasibility study to assess new
dams in the North and South Burnett regions,
including Rookwood Weir;
• $5 m for development of detailed business
case (DBC) for the long-proposed Nullinga
3
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irrigation scheme at Hell’s Gate in the Upper
Burdekin, west of Townsville; and

Dam in Mareeba-Dimbulah Water Supply
Scheme area, west of the Atherton
Tablelands;

• $20 m to advance a DBC for Lakeland
Irrigation Scheme, to the west of Cooktown.

• up to $182 m for the Hughenden Irrigation
Scheme, which includes $24m for a dam and

2.3 Government preferences for investments
Both the Federal and the Queensland State
governments have well-established decisionmaking frameworks for determining spending
priorities for public investments. These
frameworks are designed to ensure government
spending on key policy priorities delivers value
for the taxpayers, by ensuring decision-makers
consider whether the policy outcomes can be
achieved through regulatory or governance
reform, or more efficient use of existing
resources, before spending is agreed on new
infrastructure.

existing assets should be considered first (see
Figure 2). Again, the option of new infrastructure
capital works should only be considered once
other options are exhausted.

2.3.3 Benefit cost analysis
A key part of any government project
assessment process is the use of benefit cost
analysis. This type of assessment weighs-up the
costs and benefits of a project over the period of
the project’s life. Costs typically include capital
and operational expenditure, whilst benefits
might include sales of bulk water or bulk water
storage.

Assessing the four infrastructure projects
against either or both these frameworks—the
governments’ own assessment frameworks—can
ensure more appropriate recommendations on
alternative approaches towards investments in
Queensland’s regional areas.

Over the period of a project, the differential
between the total present value (PV) benefit and
present value costs is called the benefit-cost
ratio. If the benefit cost ratio is greater than 1,
then from an economic perspective, at least, the
project should be supported. If the benefit cost
ratio is less than 1, the project is not supported

2.3.1 Federal government decision support
frameworks
At a federal level, Infrastructure Australia
has published an ‘Assessment Framework’
(Infrastructure Australia, 2018a) for considering
priorities for investments. Initiatives identified
at the ‘Options Development stage’, must
first consider and exhaust regulatory and
governance reform, and better use of existing
assets and demand-side solutions before capital
expenditure solutions are considered (see Figure
1).

However, it is important to remember a benefit
cost analysis does not provide a definite ‘answer’
as to whether a project should proceed or
not; but merely provides the decision maker
with economic information on which to make a
decision - the scope of the line items that are
‘costs’ and ‘benefits’ are always contested. A
narrow benefit cost analysis might only include
only financial costs and benefits; but a broader
analysis might also include quantification of
social costs, such as environmental impact.

2.3.2 Queensland government investment
priorities
The Queensland government has a parallel—
and broadly consistent framework—based on
high-level multi-criteria assessment, of which
financial expenditure and returns on investment
are a key element. This hierarchy grades
preferences from 1-to-4 and states that options
for ‘reform’, ‘better use’ and ‘improving use’ of

The Queensland Government’s Guidelines for
Financial and Economic Evaluation of New Water
Infrastructure in Queensland (2000) sets out
model parameters for a benefit cost analysis.
This is summarised in Table 1.

4
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Figure 1 (below): The Federal Government’s options framework to address policy options for
development (Source: Infrastructure Australia)

Figure 2 (below): Queensland State infrastructure project priorities for infrastructure options (Building
Queensland, 2016).
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Table 1: Model costs and benefits when considering water infrastructure projects in
Queensland (Queensland Government, 2000).
Benefits

Costs

Avoided costs (if project doesn’t go ahead)

Capital cost of construction

On-farm net benefits (greater private
profitability)

On-farm costs associated with irrigation capital

External consumer and community benefits
(e.g. recreation)

Project operational and maintenance
Loss of income (compared to the ‘without
case’)
External environmental costs (monetarily
valued, where possible)

A key element of any BCA is the application
of a discount rate. The discount rate reflects
the perceived future value of money and
determines the rate at which future values erode
in terms of their present value. The choice of

which discount rate to use in a BCA can have
significant impacts on what recommendations an
assessment supports. More about discount rates
can be found in Appendix A.

2.4 Bulk water provision in Queensland
2.4.1 Economic policy in relation to bulk
water

water it will flow towards its highest value use
(tree crops and high value horticulture, for
example), which in turn generates economic
efficiency dividends and opportunities for
greater investment.

As a result of growing environmental and
sustainability concerns associated with continual
construction of major dams, Australia’s irrigated
water supply regime has undergone two major
economic and policy shifts.

Growers of low-margin agricultural products,
such as sugar cane, for example, will be outbid and thus face a choice of either becoming
more efficient themselves, or changing the mix of
products they grow to higher value produce.

Firstly, water resource management should be
‘integrated’ across various sectors and that
any reforms should preference economic tools,
such as allocating property rights to water and
use water pricing to allocate resources more
efficiently through the trading of allocations; and
secondly, provision of new infrastructure should
move towards full cost recovery from water
buyers (Bennett, 2005).

Therefore, water trading encourages:
1) a shifting water between agricultural sectors –
for example, between broadacre cropping to
fruit and vegetables;
2) trade within sectors – for example, between
efficient and less efficient producers of the
same product;

The first shift reflects the view irrigation water
is a factor input into agriculture, just like fuel,
labour or machinery. It should not be supplied
as a common pool resource, based on a predict
and provide model, bolstered by public subsidy.
With property rights extended to water (and
unbundled from land ownership), it enables
allocation to be apportioned and traded at
the farm enterprise level as an other scarce
economic resource. Economic theory purports
that by allowing pricing and trading to allocate

3) reductions in government failure and resultant
misallocation of water as a result of rent
seeking, and ‘picking winners’; and
4) a fostering of self-reliance and
entrepreneurship in the agricultural sector.
However, despite more efficient producers being
able to benefit from trading water allocations, a
long-term risk is industry consolidation, which
can reduce competition in the medium term
and, in-turn, lead to the rent-seeking behaviours
6
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the policy is designed to combat. It also raises
the prospect of more capital-intense producers
out-bidding ‘traditional family farms’ for water
allocations. Both these factors have become
evident in the Murray-Darling river system (The
Guardian, 2019).

of supporting an increase in supply exceeds the
marginal cost of providing the storage.
In 1994, the Council of Australian Governments
(COAG) agreed that full cost pricing for water
must be implemented if an efficient and
sustainable water industry was to be achieved
(Queensland Parliamentary Library, 2005).The
main features of the COAG agreement regarding
water pricing for rural water supply were to adopt
a pricing regime based on full cost recovery for
service and delivery wherever practicable, or
that prices at least cover the lower bound costs
of irrigation schemes (such as operations and
maintenance) by 2001.

2.4.1.2 Cost recovery on infrastructure
investments
The majority of Queensland dams (outside
SEQ) are owned by SunWater – a fully State
government-owned corporation. Oversight
of SunWater is provided by the Queensland
Department of Environment and Resource
Management, whose key task is ensuring
SunWater complies with the relevant water
resources plans, its operational licences and
strategic asset management plans.

Each dam scheme will have different supply
characteristics – in terms of reliability, industry
base, customer numbers, and infrastructure
types – which results in variations both in the
type and magnitude of tariffs that would need to
be applied for cost recovery (Parker & Speed,
2010). However, it has been long recognised
that governments were not charging enough in
rural areas to promote sustainability of irrigation
areas.

Currently, SunWater is subsidised by the
Queensland Government through community
service obligation (‘CSO’) payments. These
payments reflect the extent to which revenue
from water sales from individual dams is below
lower-bound pricing; that is, they do not yet
operate in a cost-neutral way. As with other
states, Queensland is committed to ‘lower bound
pricing’ for bulk water - i.e. water charges to
irrigators should cover construction, operation,
maintenance and refurbishment costs, but not
necessarily provide a commercial rate of return
on investment. Therefore, new water storages
should be built only when the marginal benefit

Therefore, the investment environment for
Rookwood Weir, Hells Gate Dam, Nullinga Dam
and the Lakeland Irrigation Scheme should be
based on (at least) ‘lower bound pricing’ – that
is the investment is required to fully-recover
construction and operational costs; i.e. the
benefit cost ratio should be at least 1.

2.5 Key financial risks associated with new dams
The complexity of the planning and financing
for new dams and the long lifespan of the asset
present significant risks to the proponents:

subject to both potential increase in demand
from South East Asia, but also significant
competition from countries with similar
climates, but lower costs, such as Brazil.
Commodity prices remain historically low
(ANZ, 2014) (see Section 6.6).

• Long term demand forecasting – determining
economic development and land-use over a
100-year time period is evidently subject to
significant uncertainty.

• Construction costs – dams are significant and
complex assets, which are subject to building
and maintenance cost uncertainties. This is
also dependent on future population growth
downstream of the dam, which may mean
dam upgrades are needed in the future and
future climatic risks (see Section 6.5).

• Short-term demand and supply forecasting –
short term demand and supply for irrigation
water is dependent on rainfall and willingness
of potential irrigators to pay.
• International trading environment for food
– Australia’s food production for export is
7
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2.6 Great Barrier Reef-related policies
2.6.2 Reef Regulatory Impact Statement

The recent bleaching events on the GBR (2016
and 2017) and the long term focus on improving
water quality, place significant constraints on
land use and agricultural development in GBR
catchments.

2.6.1

In 2017 the Queensland Government committed
to broaden and enhance reef protection
regulations and published a consultation
regulatory impact statement (Reef RIS)
(Queensland Government, 2017). These new
regulations place considerable responsibility on
the agriculture sector to reduce pollution from
run-off.

2050 Long-Term Sustainability Plan

The Reef 2050 Plan (and the associated
Reef 2050 Water Quality Improvement Plan
2017-2022) sets out near-term and long-term
targets for reductions in end-of-catchment
exports of dissolved inorganic (DIN) and
suspended sediment (SS) into the GBR lagoon,
to progressively reduce risks to the long-term
sustainability of the reef ecosystem. These
pollutants relate directly to agricultural activity,
such as the (over-)application of fertilizers, poor
riparian zone management and deforestation.
The targets are set on a catchment-bycatchment and are reported in Table 2.

The document sets out the costs and benefits of
improving agricultural practices for sugarcane
cropping and grazing, both of which are set to
expand in GBR catchments, by 1% and 0.1%
per year respectively (ABARES, 2017). For
sugarcane cropping, the Reef RIS quantifies the
benefits and costs of moving all cane production
to Best Management Practice (BMP) to category
B; for grazing, it is moving all properties to BMP
to category B. The number of properties and
areas of land involved, is shown in Tables 3 and
4. The task, particularly for transforming sugar
cane practice, remains considerable.

Two of the proposed dams will drive agricultural
expansion in catchments that drain directly into
the GBR lagoon (Hell’s Gate and Rookwood
Weir). The third and fourth, Nullinga Dam and
the Palmer River Dam, will provide irrigation to
agricultural expansion in the Barron River and
Normanby River catchments respectively, both
which drain into the GBR.

From the Reef RIS, mitigation costs for dissolved
inorganic nitrogen DIN and sediment can be
derived for each of the four catchments in
which agricultural expansion is supported by
the construction of the dams: the Wet Tropics,
Burdekin, Burnett and Cape York. These values,
which will be extensively used in Sections 3 and
7, are shown in Table 5.

Table 2: Catchment pollution load reduction for three selected catchments (Commonwealth of Australia
and Queensland Government, 2018)*
Catchment

Dissolved Inorganic
Nitrogen

Sediment

Tonnes

% reduction

Kilo-tonnes*

% reduction

52

60

MCL

MCL

Burdekin River (Hell’s Gate Dam)

100

60

840

30

Fitzroy River (Rookwood Weir) ***

MCL

MCL

390

30

Normanby River (Lakeland Irrigation Scheme) ***

MCL

MCL

23

5

Barron River (Nullinga Dam and Lakeland Irrigation
Scheme)

* Pollutant load reduction targets have also been made for particulate phosphorous, particulate nitrogen, and pesticides
** 1 kilo-tonne is 1,000 tonnes
*** MCL = maintain current loads (not net increase)
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Table 3: Proportion of current sugar cane growing area currently operating at classifications D to A (%)
Catchment

D (Superseded)

C (Minimum)

D+C

B (Best
practice)

A (Innovative)

Wet Tropics

3.4

91.0

94.4

3.2

2.4

10.0

82.0

92.0

5.0

3.0

3.7

85.8

89.5

10.5

0.0

-

-

-

-

-

1.6

96.8

98.4

1.5

0.1

Burdekin
Mackay-Whitsunday
Fitzroy *
Burnett-Mary

* No assessed sugar cane growing area in the Fitzroy Basin

Table 4: Proportion of current grazing area currently operating at classifications D to A (%)
Catchment

D (Superseded)

C (Minimum)

D+C

B (Best
practice)

A (Innovative)

Cape York *

-

-

-

-

-

Wet Tropics

0.0

77.7

77.7

14.3

8.0

Burdekin

11.8

59.1

70.9

28.7

0.4

Mackay-Whitsunday

29.2

24.0

53.2

41.2

5.6

Fitzroy

29.6

49.2

78.8

13.3

7.9

0.0

87.0

87.0

10.3

2.7

Burnett-Mary

* No assessed sugar cane growing area in the Fitzroy Basin

2.7

Reef-safe farming and the Paris climate change agreement
6.3% since 2005 1, it is expected to increase to
2030 to 78 Mt CO2-e, or 13.9% of the (increased)
total (The Climate Council, 2018a).

In 2016 in Paris, along with nearly all other
parties to the United Nations Framework
Convention on Climate Change (UNFCCC),
Australia agreed to work towards limiting global
warming to less than 2-degrees Celsius, with
an extended ambition to limited warming to
1.5 degrees. Australia’s nationally determined
contribution (NDC) towards the goal (set by the
then Abbott Coalition government) is to reduce
greenhouse gas (GHG) emissions by 26 to
28% below 2005 levels by 2030, across the
economy. Agriculture contributes 71 Mt CO2-e of
greenhouse gas (GHG) each year, representing
13.3% of the country’s total, mostly from enteric
fermentation from cattle, soils and burning of
savannas. Though this contribution has fallen by

Currently, agriculture is not expected to
contribute towards Australia’s GHG emissions
reductions challenge. It is considered to be
a relatively costly sector in which to reduce
emissions. Nonetheless, it is a major emitting
sector and for Australia to meet its Paris NDC,
the Climate Council argue the agricultural sector
will need to reduce emissions by 2.9% per year,
between 2021 and 2030 (The Climate Council,
2018a).
This demands ‘reef-safe’ farming - more than
reducing water-born pollution from agricultural
and other developments in reef catchments - but
1

9

The fall in agricultural emissions is directly linked to a fall in
agricultural production as a result of the millennium drought, not as a
result of policy change (The Climate Council, 2018a).
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Table 5: Projected nitrogen and sediment pollution mitigation costs for three Great Barrier Reef Catchments (Queensland
Government, 2017)
Catchment

DIN

Sediment

Projected Total mitigation Mitigation costs Mitigation costs
Projected Total mitigation Mitigation costs Mitigation costs
additional DIN
costs ($) (1st
($ per t)
($ per ha)
additional
costs ($) (1st
($ per t)
($ per ha)
(t) (1st year
year)
sediment (t) (1st
year)
year)

Sugar cane
Wet Tropics

8.59

1,996,171

232,383

1,468

1,799

721,211

401

530

Burdekin

3.03

705,131

232,717

850

830

48,056

400

58

-

-

-

-

-

-

-

-

Wet Tropics

-

-

-

-

117

46,868

401

67

Burdekin

-

-

-

-

1,844

739,483

401

60

Burnett-Mary

-

-

-

-

525

210,491

401

17

Burnett-Mary
Grazing

also about the sector contributing to reductions
in its GHG emissions.

projects, such as tree planting and soil carbon
projects.

Currently, the only policy setting that impacts
agriculture is the Climate Solutions Fund (CSF)
(formerly the Emissions Reduction Fund, or ERF),
which helps fund emissions reductions projects
through land-use and land management change

However, the efficacy of these projects,
however, is questioned (Clean Energy Regulator,
2018). Without significant new policy settings,
the expansion of agriculture in Australia will be
associated with continued increases in GHG
emissions.
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3. Assessment of proposed 				
infrastructure
This section assesses the economic
effectiveness of four proposed major water
infrastructure schemes:

3) Hell’s Gate Dam
4) Lakeland Irrigation Scheme.
Only published data from either detailed
business cases, preliminary business cases or
from feasibility studies are used.

1) Rookwood Weir
2) Nullinga Dam

3.1

Rookwood Weir

3.1.1

Overview

ML per annum to Livingstone Shire Council
for urban purposes (to relieve its reliance on
supplies from Rockhampton).

Rookwood Weir is a proposed new major weir
on the Fitzroy River, west of Rockhampton,
and forms part of the Lower Fitzroy River
Infrastructure Project. Rookwood Weir would be
an uncontrolled gravity ogee shute weir, capable
of storing 117,290 ML and yielding between
76,000 - 86,000 ML per annum. Full, it would
be 85km in length and have a design life of 100
years (Figure 4).

Rookwood Weir could also reduce future water
supply risk to the city of Rockhampton and the
Capricorn Coast - if there was a future failure of
water supply due to long term drought. However,
current demand in the region is only at 38% of
the current supply from the existing storage at
Fitzroy Barrage.

Construction of a new weir is currently the
preferred option to augment water supply for
the region to increase agricultural production
(through enabling irrigation) and to provide 4,000

Funds for the construction of Rookwood Weir
was a Commonwealth government election
commitment. It slated $130 m for construction,
subject to a detailed business case (DBC)
11
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Rookwood Weir: Key facts
Location / catchment Fitizroy Basin, at coordinates -23,.593, 149.899
Proposed storage
capacity

117,290 ML

Proposed annual
yield

76,000 - 86,000 ML

Estimated costs (30
years)

>$255.81 m (construction), $14.68 m (operating)

Proposed uses

Urban supply, industry and agriculture

Environmental risks

Increased agricultural activities associated with the additional supply of irrigated
water will increase nutrient flow in the GBR lagoon.

and planning approvals. In February 2017,
the Environmental Impact Statement (EIS)
was approved, subject to conditions under
Environmental Protection and Biodiversity
Conservation Act 1999. Building Queensland
entered into agreement with SunWater and
the Gladstone Area Water Board to complete
the DBC, which is now published by Building
Queensland (Building Queensland, 2017a).

3.1.2

Economic analysis

Demand for additional water for irrigation in the
Lower Fitzroy is highly uncertain. Between 2009
and 2014 only 38% of the available water was
used (Infrastructure Australia, 2018b). As part of
the DBC, demand forecasting studies suggested
a latent demand from agricultural producers of
just 13,400 ML per annum of high priority water
at between $2,800 to $3,200 per ML, with an
additional 12,000 ML per annum of mediumpriority water at an equivalent, lower price. These

However, it is now reported that the $130 m
contribution from the federal government, which
will enable the weir to be constructed, is “less
than half” the originally circulated
construction costs (The Morning
Figure 4: Location of the proposed Rookwood Weir. Source:
Bulletin, 2017).
Currently, in the Fitzroy basin, 74%
of agricultural land is rangeland
grazing, with the majority of the
remainder taken-up by irrigated
broadacre cropping, with a
relatively small area of high
value horticulture (fruits and
vegetables), aquaculture, and
forestry estates. There is currently
very little irrigated agriculture in
the Lower Fitzroy Basin. Currently
rights holders have 14,711 ML of
medium priority allocation, with
a medium-priority usage at only
around 5,000 ML per annum.
Rookwood Weir would vastly
expand supply.

Infrastructure Australia, 2018

12

JUST ADD WATER: OPTIONS TO ADVANCE SUSTAINABLE AGRICULTURE

Table 6: Net Present Value (NPV) and benefit cost ratio (BCR) of 1.5% growth in agricultural activity
(central scenario) for Rookwood Weir (Building Queensland, 2017a).
Discount rate

3%

7%

10%

NPV

-$7.72 m

-$96.50 m

-$136.58 m

BCR

1.0

0.6

0.5

NPV (with risk adjusted measures *)

$49.47 m

-$55.69 m

-$106.71 m

BCR (with risk adjusted measures *)

1.2

0.8

0.6

NPV (with risk adjusted measures and mitigation of water quality
impacts ^)

$35.57 m

-$68.30 m

-$117.90 m

BCR (with risk adjusted measures and mitigation of water quality
impacts ^)

1.1

0.8

0.5

# Risk-adjusted measures are the non-market avoided costs associated with the risk of loss of supply to Rockhampton, at 1% per year.
^ Mitigation of water quality impacts are the costs associated with meeting the no net increase in emissions of pollutants into the GBRWHA.

mitigating water quality impacts, nor the risk
costs associated with a loss of water supply to
Rockhampton during an extremely dry spell.

prices suggest broadacre cropping would be
uncompetitive.
Increased agricultural activity associated with
additional irrigation water supply in the Fitzroy
Basin will have an impact of on water quality
outcomes in the GBR lagoon. The EIS highlights
several controls to mitigate the potential
impact, however, implementation of these
controls remains uncertain and is contingent
on agricultural customers signing an industrial
code of practice to reduce sediment by through
monitoring and offsetting emissions to ensure no
net gain at the catchment head.

3.1.3

Taking both these additional factors into
account, at a 7% discount rate (the Australian
government’s preferred rate for project
assessment), the benefit cost ratio is less than
1 – the project does not provide a return on
investment.

3.1.4 Nitrogen and sediment mitigation
costs associated with expanded agricultural
production
In this instance, the analysis in the DBC does
account for costs associated with mitigation of
water quality impacts (see Table 6). This is one
of the few studies that explicitly tries to address
this.

Benefit cost analysis

The DBC uses a benefit cost analysis over a
30-year period, with a baseline discount rate of
7% for economic assessment. The DBC bases
its assessment on a ‘reference case’ demand
scenario from future agricultural development,
which provides a central estimate of expected
demand. It also provides a range of demand
and pricing scenarios for assessment. In the
reference scenario, agricultural production
increases at a rate of 1.5% per annum, which
is considerably greater than the estimate of
agricultural expansion modeled for the Reef RIS
(Queensland Government, 2017).

3.1.5

Summary analysis

Water availability in the management area has
been consistently higher than demand in the
recent past. Any increase in demand for water
is expected to be met by existing licences and
local supplies, maximising existing allocations,
efficiencies, and better trading of allocations.
The DBC states that unless additional demand
for irrigation water can be realised, the project
does not return a benefit cost ratio of more than
1. Additional government subsidy would be
required to supply irrigation water at marketable
prices.

The benefit costs analysis for the central
scenario (growth in agricultural activity of 1.5%
per annum) is shown in Table 6. The benefit
cost ratio is less than 1 for all modeled discount
rates, when not taking account of the costs of
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taxpayer of $96.5m over the lifetime of the
project. This cost is based on the minimum
construction costs, which are conceded to be
yet not fully understood.

The economical threshold is demand for
approximately 57,200 ML per annum of highpriority water equivalent, which equates
to a minimum of 23,200 ML of additional
demand from agricultural producers (Building
Queensland, 2017a, p. 19).

• Expansion of agriculture, as a result of the
subsidised irrigation water would have a
direct impact on the Reef 2050 targets for the
Fitzroy River.

• In all but the most generous of conditions (3%
discount rate and including risk costs of water
supply failure), the proposed Rookwood Weir
has a benefit cost ratio of less than 1.

As a result, Infrastructure Australia has not
included the scheme as a Priority Project and the
“business case shows the costs of the project
are likely to exceed the benefits” and “[w]hile
the project may be required in the longer-term
there is insufficient evidence at present to show
that the project is required now” (Infrastructure
Australia, 2018b).  

• The reference scenario has a benefit
cost ratio of 0.6. Under the State and
Commonwealth government’s own investment
framework, this project should not be funded.

• If the construction of the weir were to
proceed, it would represent a cost to the

3.2 Nullinga Dam
Nullinga Dam: Key facts
Location / catchment

Walsh / Barron Rivers, at coordinates -17.2379, 145.2939

Proposed storage capacity (large
proposal)

491,000 ML

Proposed annual yield (large
proposal)

65,000 - 90,000 ML per annum

Estimated costs (30 years)

$975 million

Proposed uses

Irrigated agriculture

Environmental risks

Increased agricultural activities associated with the additional
supply of irrigated water will increase nutrient flow in the GBR
lagoon.

3.2.1

Overview

dam could, indirectly, supply future urban
demand in the Cairns area.

The proposed Nullinga Dam is part of the
Mareeba & Dimbula Water Supply System
(MDWSS), a major irrigated area in the Atherton
Tablelands, to the west of Cairns. If constructed,
it would dam the Walsh River (a tributary of the
westwards-flowing Mitchell River) and enable
irrigation areas to be opened downstream.
However, it would also serve expanded
irrigation agriculture in the existing Barron River
catchment (currently served by Tinarro Falls
Dam), which flows out to the GBR. The proposed

Economically viable new irrigation development
in MDWSS requires a challenging combination
of low-cost irrigation infrastructure, high-value
farm produce, and effective management of a
wide range of environmental risks associated
with an expansion of agricultural activity in GBR
catchments.
It is unlikely that farm gate revenue from
irrigated broadacre agriculture alone, such as

14

JUST ADD WATER: OPTIONS TO ADVANCE SUSTAINABLE AGRICULTURE

the currently dominant sugarcane,
would be sufficient to fully cover
the development costs of the dam
construction and irrigation schemes.
It is estimated that irrigation capital
costs would be above $15,000/
ha, plus farm set-up costs of
around $7,000/ha (Stokes & Jarvis,
2018). Gross margins on produce
(excluding water supply costs)
would need to be above $3,000/
ha pa, before even accounting
for pollution mitigation costs to
comply with the Reef 2050 Plan.
This makes sugarcane (returning
around $3,000/ha pa in the region)
a non-viable land-use option, if cost
recovery policies are to be followed.
Irrigation water is currently fullyallocated in the region. Despite
this, irrigation demand is driven
by the variable seasonal rainfall.
Fulfillment from Tinaroo Falls Dam
has generally been between 6070%, but recent dry periods has led
to demand for 86% in 2015-16.

Figure 5: Location of the proposed Nullinga Dam (Source: The
North Queensland Register)

3.2.2 Urban opportunities

In 2015, the Commonwealth Government,
through the NWIDF, committed $5 m to the
development of a preliminary business case
(PBC) for irrigation water augmentation options
in the MDWSS, of which construction of the
Nullinga Dam was one. The PBC is published
by Building Queensland (Building Queensland,
2017b).

Further limitations on the feasibility of Nullinga
Dam arise as Cairns City Council (CC) cannot
be supplied directly by the proposal. Instead,
allocations must be swapped-out from Tinaroo
Falls Dam voluntarily. Cairns CC would receive
additional allocations from Tinarro Falls, whilst
irrigators must purchase the replacement
allocations from Nullinga Dam.

The PBC provides analysis for four options:

This strategy clearly comes with risks. Irrigators
would face increased costs of water allocations,
which under a ‘no disadvantage’ test would
need to be compensated the differential by
Cairns CC. Although the modeled reliability is
likely to be similar, irrigators would also factor-in
risks associated with a new enterprise, before
committing to the swap. Cairns CC would face
additional bulk water costs.

Option 1: Do minimum – business as usual, or
base case for the economic analysis.
Option 2: Improve MDWSS rules and operation
– increasing the amount of allocated water used
by improved trading conditions.
Option 3: Modernise MDWSS and convert
losses – realisation of an additional ~12,900 ML
pa of new water allocations through additional
investments in supply and distribution.

3.2.3 Barriers to agricultural expansion in the
MDWSS

Option 4: Nullinga Dam for agricultural use –
construction of the dam, supply of 55,398 ML pa
and expansion of irrigated agricultural land.

The PBC points to several factors that impact the
potential further agricultural development in the
MDWSS:
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• salinity affects around 3000 ha of the 25,000
ha of agricultural land (a small portion is
already out of production);

3.2.3 Nitrogen and sediment mitigation
costs associated with expanded agricultural
production

• electricity for pumping irrigation schemes is
often interrupted by extreme weather; and

The published analysis in PBC does not
include pollution mitigation costs associated
with meeting the abatement tasks for DIN and
sediment from expanded agriculture in GBR
catchments.

• climate is heavily impacted by climatic cycles
(ENSO, for example) and is also highly
variable across the region.

Table 9 shows mitigation cost associated with
the four options, based on the mitigation costs
for the Wet Tropics catchments from the Reef
RIS (Queensland Government, 2017). The table
assessed only Options 3 and 4 (‘modernisation’
and ‘build new dam’) that are associated with
an expansion of agricultural production. Further
assumptions are made on the mix of land use;
in this instance, the ‘medium benefit’ scenario is
used from the PBC: new production areas are
75% sugar cane and 25% grazing.

3.2.4 Economic analysis
An assessment of the options (at discount rate of
7%) is at Table 7. Assessments are presented for
three scenarios for farm profitability (a function
of inputs and revenues), depending on produce
margin, capital and operational costs, including
irrigated water costs.
Positive returns on investment are apparent for
all medium on-farm benefits and costs scenarios,
including the construction of the Nullinga Dam.
However, if only low on-farm costs and benefits
can be generated – and substantial risks have
been revealed – construction of the dam returns
a benefit cost ratio of 0.5, with a NPV of the
project of -$150 m.

By cross-referencing Table 9 (mitigation costs)
with the NPVs in Table 7, the benefit cost ratio
is flipped for three scenarios (at the preferred
discount rate of 7%). Firstly, the ‘Low on-farm
benefits and costs’ scenario for Option 3 is made
negative; and secondly, Option 4 (build new
dam) returns a benefit cost ration of less than 1
in all farm benefits scenario.

The sensitivity analysis in Table 8 shows the
benefit cost ratios for the three ‘do something’
options at additional discount rates of 4% (slow
erosion of future values) and 10% (faster erosion
of future values). In the low on-farm benefits
and costs scenario negative NPVs (benefit cost
ratio of less than 1) are revealed at low on-farm
benefits and costs for all discount rates for
Option 4 (construction of the dam).

3.2.4 Summary analysis
Most scenarios provide a return on investment
and hence meet the basic criteria for
infrastructure spending from Infrastructure
Australia and Building Queensland. If the goal
is to return a commercial rate of return, the
proponent would choose the option that has

Table 7: Net present value and benefit cost ratio (in parenthesis) of options for
augmentation of the MDWSS, where discount rate = 7% (Building Queensland, 2017b)
Option

Low on-farm benefits
Medium on-farm High on-farm benefits
and costs ($) / BCR benefits and costs ($) and costs ($) / BCR
/ BCR

Option 1

Base case

Option 2

6,796,232
(5.8)

30,867,641
(11.4)

48,662,921
(11.8)

Option 3

827,030
(1.0)

73,256,330
(2.8)

119,792,457
(3.6)

Option 4

-149,947,713
(0.5)

6,125,491
(1.0)

150,539,357
(1.5)
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Table 8: Sensitivity analysis (discount rates) for options for the MDWSS (Building
Queensland, 2017b).

Option 2

Option 3

Option 4

Discount
rate

Low on-farm
benefits and costs

Medium on-farm
benefits and costs

High on-farm
benefits and costs

4%

8.7

17.4

18.1

7%

5.8

11.4

11.8

10%

4.0

7.8

8.1

4%

1.4

3.9

5.1

7%

1.0

2.8

3.6

10%

0.8

2.1

2.7

4%

0.7

1.4

2.0

7%

0.5

1.0

1.5

10%

0.4

0.8

1.1

Table 9: Present value mitigation costs associated with expansion of agriculture
associated with the proposed Nullinga Dam ($) (discount rate=7%, over 30-time period).
Option

Annual expansion in production area (ha / year)

Option 1

Baseline case

Option 2

No expansion of production area expected

Option 3 (ha)
NPV costs of mitigation from sugar
cane and grazing ($)
Option 4 (ha)
NPV costs of mitigation from sugar
cane and grazing ($)

20

40

57.6 *

4,042,355

8,084,709

11,621,770

200

400

833 **

271,275,637

542,551,275

1,129,863,029

* At an increase of 57.6 ha/yr the most likely area of land under new production associated with Option 3 (1,290 ha) is fulfilled after
30 years.
** At an increase of 833 ha/yr the maximum area of irrigated production area associated with Option 4 (25,000 ha) is fulfilled after
30 years.

the highest benefit cost ratio (Option 2). As the
minimum goal of water policy is to provide for
lower-bound pricing, the construction of the dam
does appear to pass muster.

Furthermore, when taking account of the costs of
mitigating additional DIN and sediment pollution
associated with additional agricultural production
(Table 8), there is considerably greater risk to
the various project scenarios.

However, this is built on the premise that new
irrigation water would be in high demand
from medium- and high-value producers – not
sugarcane producers. Currently, the majority
crop in the area is sugarcane and the only vocal
supporter for purchases as so far has been cane
grower, MSF Sugar. As such, the capacity of the
scheme to attract high value growers remains
questionable and alternative Options 2 and 3
remain the lowest risk approach.

As a result, the PBC for Nullinga Dam states
“Nullinga Dam is not recommended to
progress to a detailed business case at
this time” (Building Queensland, 2017b, p. 4)
and furthermore, the dam “is not needed for
Cairns urban water supply for at least another
30 years and assessment has revealed
limited certainty of information in relation to
Nullinga Dam for agricultural use” (Building
Queensland, 2017b, p. 9).
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3.3 Hell’s Gate Dam
Hell’s Gate Dam: Key facts
Location / catchment Burdekin River, at coordinates -19.190, 145.553
Proposed cost

$425 m

Proposed storage
capacity

2,110,000 ML

Projected costs of
scheme

$1.3 bn (for the dam and irrigation infrastructure)

Proposed
agricultural activities

Staging of 50,000 ha of irrigated crop land potentially for tree crops (avocado,
citrus and table grapes) and premium soft vegetables, but predominantly,
sugarcane.

Further features

Potential for 1,200 MW pumped hydroelectric system

Environmental risks

Sediment and nutrient flow in to GBR catchment.

3.3.1

Overview

Investment in both the dam and irrigation
infrastructure is forecast to be commercially
viable only in scenarios of high prices for refined
sugar and/or ethanol for biofuels. Therefore, the
economics of producing sugar, using irrigated
water remains challenging and likely unfeasible,
if the full-cost recovery policy is to be adhered to
(GHD & Townsville Enterprise, 2015).

Hell’s Gate Dam is very significant storage
scheme proposed for the Burdekin River
catchment to the west of Townsville. The dam
is planned to hold 2,110 GL (larger than the
current Burdekin Falls Dam) and is planned to
potentially provide irrigation water for 50,000 ha
of agricultural land. The political justification for
the Hell’s Gate Dam has centred around turning
the upper Burdekin into a major agricultural
supply area to compete with the Murray-Darling
Basin region and supply overseas and domestic
markets. So far, the federal government has
committed $24m to undertake a Detailed
Business Case (DBC). So far, the project is at
Feasibility Study stage.

It’s similarities to the Murray-Darling Basin are
also limited. The region is relatively remote from
domestic markets of sufficient scale. There
is no current rail link, even to local markets.
Therefore, it may be more reliant on exports,
forcing producers to operate in considerable
more competitive markets. Production costs
would also need to factor in the use of very high
volumes of fertiliser, as most of the soils in the
upper Burdekin area have heavily leached and
have very low productivity. The dam will also
likely have high rates of evaporation - at least
3m per year (North Queensland Conservation
Council, 2016).

Similar to Nullinga Dam and Rookwood Weir,
the financial viability of Hell’s Gate Dam is highly
dependent on the marginal value and extent of
agriculture that is established in newly irrigated
areas. High value crops (trees, nuts, fruits)
would enable full cost recovery. Lower-value
sugarcane, the dominant crop currently grown in
the Lower Burdekin area, would unlikely yield a
financial benefit to any proponent.

3.3.2 Benefit cost analysis
Analysis provided in the Feasibility Study
provides only limited information about project’s
present values and benefit cost ratios (SMEC
& Townsville Enterprise Limited, 2018). At 7%
discount rate, under a mixed cropping scenario,
based on low-value produce (sugarcane, for
example) the dam is forecast to provide a

Furthermore, expansion of sugarcane will risk
significant DIN and sediment mitigation costs,
which have not been included in the published
economic analysis.
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NPV of -$1.5 bn (note negative)
and benefit cost ratio of 0.7.
Alternatively, under a perennial
cropping scenario, the NPV of the
project is $1.5 bn, with a benefit
cost ratio of 1.33.
Currently, these values are far too
opaque and uncertain to make a
solid economic argument on the
viability of the project, but it is
clear there are significant financial
risks in the proposal.

3.3.3 Nitrogen and sediment
mitigation costs associated with
expanded sugar cane production
The published analysis does
not include pollution mitigation
costs associated with meeting
the abatement tasks for DIN
Figure 6: Location of proposed Hell’s Gate dam (NQCC, 2016)
from expanded agriculture.
The scenarios in Table 9 are
agricultural values remain highly uncertain
based on the mitigation costs
– somewhere between a NPV benefit of $1.5
for the Burdekin catchment from the Reef RIS
bn and NPV cost of $1.5 bn. In this context,
(Queensland Government, 2017) and show the
the mitigation costs of DIN and sediment
costs of pollution run-off associated with the
from additional sugar cane production
proposal. These costs range from $6.6 m in PV
seem inconsequential, but will be need to
cost to $190 m, if the maximum amount of land
be addressed if the proposal is to advance.
is under production. Any future benefit cost
However, as the business case is given more
analysis in a Detailed Business Case would
detail, particularly on the likely crop mix and
need to consider these mitigation costs.
extent that a new dam might catalyse, the
3.3.4 Summary analysis
mitigation costs detailed in Table 8 become
more important.
The Feasibility Study is the first major stage in
the development of a full assessment of the
The benefit cost analysis assumptions in the
feasibility of a dam at Hell’s Gate. Scenarios for
Hell’s Gate’s Feasibility Study reveal massive
land-use and cropping regimes and resultant
uncertainties. Furthermore, the project does
Table 10: Present value abatement costs for DIN and sediment from expanded sugar
cane agriculture associated with the proposed Hell’s Gate Dam (discount rate = 7%, 30year time period)
Additional area of sugar can cultivated area (ha / year)
50

200

830 *

1721 **

1,500

6,000

24,900

50,000

6,618,862

23,095,224

56,047,949

190,165,539

Area under cultivation after 30
years (ha)
PV costs of mitigation of DIN
and sediment ($)

* 830 ha/yr represents a 1% growth rate of sugar cane production that is projected by ABARES (ABARES, 2017) for the entire
Burdekin catchment.
** 1721 ha/yr represents a growth rate that would achieve the full 50,000 ha available for irrigated agriculture after 30 years.
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not comply with the existing Burdekin Water
Plan. Altering this plan would require public
consultation and need to be “considered along
with other competing interests and development
options for water resources in the area, as
well as any impacts to existing users and the

environment”. Furthermore, “costs of water [are]
likely to restrict the viable cropping opportunities,
[…] and the capacity of markets to absorb
significant additional horticultural production”
(SMEC & Townsville Enterprise Limited, 2018, p.
iv).

3.4 Lakeland Irrigation Scheme
Lakeland Irrigation Scheme: Key facts
Location / catchment Four scenarios under consideration – three in Normanby River, one in Palmer
River (to be pumped into the Normanby River catchment). The preferred option
is a dam on the Palmer River at -16.003845, 144.696831
Proposed cost

Four options, between $65.5 m and $498.9 m (preferred option is $498.9 m)

Proposed storage
capacity

Between 72 ML and 395,000 ML (preferred option is 195,000 ML)

Projected yields

Between 17,956 ML/year and 69,770 ML/yr (preferred option is 69,770 ML/yr)

Proposed
agricultural activities

Cropped areas between 2,100 ha and 8,000 ha; existing crops are
predominantly banana and water melon

Further features

Potential for surplus hydroelectricity

Environmental risks

Sediment and nutrient flow in to GBR catchment.

3.4.1

Overview

Option 3: 350,400 ML dam on West Normanby
River (‘upstream option’), yielding an extra
33,580 ML/yr and servicing an additional 3,110
ha of cropped area.

The Lakeland Irrigation Scheme (LIS) is major
irrigation scheme proposed for the Cape York
region, to the west of Cooktown in the upper
Normanby River catchment. It is currently
at Strategic Business Case (SBC) stage
(pre-Preliminary Business Case). The SBC
considers four options for the scheme (Regional
Development Australia Far North Queensland
and Torres Strait Inc., 2019).

Option 4: 195,000 ML dam on the Palmer River,
yielding an extra 61,800 ML/yr and servicing an
extra 6,710 ha of cropped land.
Currently the region has a small (1,300 ha) and
isolated cropped area, around 250 km by road
from Cairns. It comprising mainly of banana
and water melon. The region lacks a sugar mill,
therefore opportunities for growing sugar cane
are not available. Water is currently sourced
from a range of small-scale, uncoordinated,
privately-owned irrigation dams, rivers and
groundwater. The total allocated water resource
is 6,190 ML pa from surface water and 4,638 ML
pa of groundwater. Groundwater is likely to be at
maximum sustainable yield.

The four options for development:
Existing: Existing small-scale dams, stream
flow and groundwater, yields 7,970 ML/yr and
services a cropped area of 1,290 ha.
Option 1: Augment existing small-scale dams,
yielding an extra 9,986 ML/yr and servicing an
additional 810 ha of cropped area.
Option 2: 395,050 ML dam on West Normanby
River (‘downstream option’), yielding and extra
39,240 ML/yr and servicing an additional 3,710
ha of cropped area.

Lack of secure irrigation water is considered
to be the largest barrier to further agricultural
development in this region. Many landowners
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with already-cleared land have
now switched from dryland
cropping to grazing.

Figure 7: Location of proposed Lakeland Irrigation Scheme

The proposal is in a monsoonal
area, with high levels of variability
of rainfall both through the year
and from year-to-year. In addition,
evaporation rates from surface
water is greater than rainfall rates
in 9 out of 12 months (Regional
Development Australia Far North
Queensland and Torres Strait Inc.,
2019).
The SBC assessed the scheme
using a narrowly-defined benefit
cost analysis (see below). It
determined that all four options
have a benefit cost ratio of greater
than 1, suggesting the scheme
should go forward to a more
detailed PBC, on the preferred option (Option
4). In this report, only this option is subject to
detailed assessment.

The benefit cost analysis is based on expected
water charges of between $374 - $446 /ML for
medium priority water and $789 - $976 /ML for
high priority water. As yet there has been no
study to assess potential irrigators willingness-topay for water at this price. This is a remote area,
and factor input costs are likely to be relatively
high.

The preferred option (Option 4) is a dam on the
Palmer River. The Palmer River drains westwards
towards the Gulf of Carpentaria, via the Mitchell
River, however, the scheme will pump water up
and into the Normanby River catchment. The
Normanby River drains north into the GBR at
Princess Charlotte Sound. The Normanby River
is already considered to be a major source of
sediment pollution into the reef lagoon, where
the reef is particularly vulnerable to catchmentborn pollutants, as it is relatively close to the
shoreline.

Based on a 7% discount rate the SBC states
a NPV of the preferred option of $382.3 m at
a benefit cost ration of 1.61. At 10% discount
rate, the NPV of the project is $103.6 m. At the
social discount rate (4%), the NPV is $889.5
m. The SBC therefore recommends the project
assessment be advanced to a DBC.

3.4.3 Nitrogen and sediment mitigation costs

3.4.2 Benefit cost analysis

The published analysis does not include
pollution mitigation costs associated with
meeting the abatement tasks for sediment
from expanded agriculture. (There is no target
reduction proposed for DIN in the Cape York
region.) Catchments draining the eastern
portion of Cape York have a high potential
for serious impacts to the GBR, as its fringing
reefs are relatively close to the coast line. The
Laura–Normanby River drains into Princess
Charlotte Bay, which is identified as the third
largest contributor of sediment to the GBR and,
accordingly, is a priority for erosion mitigation

The benefit cost analysis provided by the
proponents in the SBC is a narrow assessment,
which does not consider the broader social and
environmental impacts of implementation of the
scheme. It considers the following costs and
benefits only.
Costs: - water storage capital costs
- operational costs
- agricultural production costs
Benefits- sale of water
- agricultural production revenues
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Table 11: Present value abatement costs for sediment and DIN from expanded agriculture
associated with the proposed Lakeland Irrigation Scheme (discount rate = 7%, 30-year
time period)
Additional area of cropped area (ha/yr)
Area under production after 30 years (ha)
PV costs of mitigation of DIN and
sediment ($)

50

100

223 *

1,500

3,000

6,710

13,324,748

26,649,497

59,605,864

* 223 ha / year of new cropped area achieves the maximum irrigatable new cropped area associated with the scheme of 6,710 ha at
30-years.

the NPV of the preferred options is considerably
less, though still positive. However, the
Normanby catchment is already considered a
high-risk catchment for sediment pollution, due
to the area of land under grazing and the poor
land management practices associated with
gully erosion.

measures (McKergow et al., 2005; Olley, Brooks,
Spencer, Pietsch, & Borombovits, 2013).
The Reef RIS (Queensland Government, 2017)
does not present estimates for DIN or sediment
abatement costs for the Cape York region. In
this proposal there is no planned additional
agricultural area, merely a change of land-use
from already-cleared grazing land to irrigationsupported agriculture. At this stage it is not
known what impact that will have on changes
to sediment loads, but It is likely the expansion
of agriculture will start to discharge DIN into the
Normanby catchment and into the GBR lagoon,
creating new problems for this area of the reef.

Further risks associated with this scheme are
associated with a lack of understanding of what
potential irrigation customers would be willingto-pay for bulk water and the need to undertake
a comprehensive consultation process with
stakeholders in the Mitchell River catchment
(from which water will be taken in the preferred
option).

Table 11 shows the estimated pollution mitigation
costs from the Wet Tropics region as proxy (form
the Reef RIS (Queensland Government, 2017))
for three different scenarios for expansion of
agriculture in the scheme. At present values,
over 30 years, these costs range from $13
m to $59 m, depending on how much land is
converted to irrigated agriculture.

Assessment of Lakeland Irrigation Scheme is
only at the very early stages, but expansion of
agriculture in catchments that are already a risk
to the future of the GBR need to be carefully
considered. In addition, the SBC concedes
there is significant uncertainty around the level
of water charges that are to be passed to the
end user. The operating model in the SBC is one
whereby the scheme is “operated to maximise
benefit to the agricultural area, rather than
to provide a return on capital investment”
(SMEC, 2019, p. xi), thus potentially infringing
the current policy of cost recovery from new
irrigation schemes.

3.4.3 Summary analysis
The SBC is a preliminary stage in the
development of a full assessment of the
feasibility of a dam on the Palmer River for the
Lakeland Irrigation Scheme. Taking account of
pollution mitigation costs for sediment and DIN
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4. Improving use of existing assets:
Bulk water storage in Queensland
Significant quantities of stored water sits in Queensland’s dams, not used
one year to the next. More water leaks from the system. Further water could
be unleashed with only limited additional investment. Until bulk water is more
efficiently allocated and more likely to be fully utilised, investments in new
assets should be put on hold.

4.1

Surplus water

for more than 10 years, even in dry years when
demand was high (State of Queensland, 2017).

The Queensland bulk water opportunities
statement (QBWOS) (State of Queensland,
2017) states that there is currently an estimated
270,000 ML pa of uncommitted allocation
(available, but not sold or leased under
contact) and supplemented allocation (water
that is supplemented by run-of-river flows. In
addition, there is an estimated 300,000 ML pa of
committed water, which has been under-utilised

This under-utilisation is a result of both general
low demand for irrigation water at project cost
recovery prices and distributional issues (water
currently stored where it is surplus and not
where it is demanded).
To put this in perspective, this total represents
twice the annual allocations from Wivenhoe Dam
in SEQ.

4.2 Potential yields from non-allocated water resources
Bulk water supply is classified by definitions and
relationship defined in Figure 8. Total available
water is comprised of ‘unallocated reserves’
and ‘allocated water’.  Unallocated reserves

are those that have potential to be unlocked
with additional, but limited, investments in
infrastructure, from existing supplies. Allocated
water suffers ‘operational losses’ and the
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Figure 8: Water supply system relationships (State of Queensland, 2017)

remainder is allocated to entitlements, available
to customers. Of these entitlements, there is a
portion of ‘committed’ water (under contract)
and that water that is yet sold. Of the committed
water, there is a portion of ‘used’ and ‘un-used’
water. These water portions are assessed for
the three regions that are subject to the new
infrastructure proposals in this report.

4.2.1 Potential water yield from Far North
region
Figure 9 shows Queensland bulk water supply
potential for further exploitation in the Far North
Region - the location of proposed Nullinga Dam.
Considerable quantities remain available, before
new infrastructure should be considered.

Figure 9: Potential new yield from utilising unallocated reserves, reducing operation
loses, selling uncommitted water and better allocating committed water for the Far North
region. (All values in ML per annum)
# Used / unused in 2015-16.
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Figure 10: Potential new yield from utilising unallocated reserves, reducing operation
loses, selling uncommitted water and better allocating committed water for the North
region. (All values in ML per annum).
# Used / unused in 2015-16.

Figure 11: Potential new yield from utilising unallocated reserves, reducing operation
loses, selling uncommitted water and better allocating committed water for the Central
region. (All values in ML per annum).
# Used / unused in 2015-16.
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4.2.2 Potential of water yield from North
region

4.2.3 Potential water yield from Central
region

Figure 10 shows what the Queensland bulk
water supply statement (State of Queensland,
2017) states is potentially available for further
exploitation in the North Region (the location of
proposed Hell’s Gate Dam and the Lakeland
Irrigation Scheme).

Figure 11 shows what the Queensland bulk
water supply statement (State of Queensland,
2017) states is potentially available for further
exploitation in the Central Region (the location of
proposed Rookwood Weir).

4.3 Potential of under-utilised water
There is a considerable quantity of underutilised bulk water in Queensland in each of the
three regions where the proposed new dams
are located. This water is either ‘uncommitted
water’ (currently available, but with no buyer) or
‘unallocated reserves’, which is available with
modest additional investment. Furthermore,
‘operational losses’ are not insignificant.

Table 12 shows the quantities of bulk water
currently available in the three water supply
planning regions in which the proposed Nullinga
Dam, Hell’s Gate Dam, Rookwood Weir and
Lakeland Irrigation Scheme are situated.
• Columns for operational losses, uncommitted
water, under-utilised allocated water and
unallocated reserves all represent potential
for use before new dams should be consider.
Operational losses can be reduced through
investments in loss of leakage in the
distribution system.

These quantities are summarised in Table 13
below. This water represents a first best option
for additional irrigation water and can be better
utilised through improved efficiencies in use
(lower operational losses) and better allocation
through improved use of water rights trading.

• Uncommitted water and unused committed
water can be more completely utilised
through reforms to regional water markets;
moving water to high-value uses.

Furthermore, this water is of considerable value.
Operational losses, uncommitted water, and
unused water (based on 2015-16) amount to a
forgone value of $13.4 m per year to SunWater,
in these three regions alone.

• Through additional targeted investments,
unallocated reserves can be made available.

Table 12: Assessment of Queensland bulk water supply. (Values in ML per annum, unless indicated).
Region
(proposed dam)

Far North
(Nullinga Dam
and Lakeland
Irrigation
Scheme)
North (Hell’s
Gate Dam)
Central
(Rookwood Weir)

Total water
storage
capacity

Allocated
water

Operational Committed Uncommitted
losses (% to customers
(ML; % of
of allocated
allocated
water)
water)

478,710

251,110

45,000
(18%)

206,110
(82%)

2,908,593

1,356,079

197,568
(15%)

542,981

542,981

43,361
(8%)

26

2015-16
reported
use (ML; %
of allocated
water)

Unallocated
reserves (ML;
% of allocated
water)

-

184,955
(74%)

184,955
(74%)

1,054,992
(78%)

103,519
(8%)

814,529
(60%)

300,600

485,620
(89%)

14,000
(3%)

376,922
(69%)

257,400
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Table 13: Volumes and value of un-used, uncommitted, unallocated reserves and
operational losses in the Far North, North and Central regions of Queensland (ML/yr)
Class of water

Volume in class (ML/yr)

Value of water ($/yr) *

Un-used in 2015-16

231,642

3,928,648

Uncommitted

117,519

1,993,122

Operational losses

438,497

7,436,909

Sub-total

787,658

13,358,679

Unallocated reserves

607,000

10,294,720

1,394,658

23,653,399

Total

* Prices based on fees and charges for Tinaroo River water extraction 2019-2020 (SunWater, 2019)
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5. Performance of existing dams
When considering the potential expansion of irrigated agriculture in northern
Queensland, it is worthwhile considering what are the lessons from the
past that can inform future decisions. How have previous irrigation scheme
developments performed against what was estimated in the business cases?

5.1

Burdekin Falls Dam

The Burdekin Falls Dam (BFD) and the Burdekin
River Irrigation Area (BRIA) was the last of
the major irrigation developments established
by the Queensland government in northern
Queensland. While the focus of the development
was to be high-value broadacre irrigated
crops, the dominant crop has transpired to be
sugarcane (WWF, 2018).

associated with dam operation and maintenance
and also – importantly – assessing the external
costs of mitigation of DIN pollution and its impact
on the GBR. Under this revised scenario, BFD
and the associated irrigation scheme had a
NPV of -$684,511,427 at a BCR of 0.65. With
the benefit of hindsight, from an economic
perspective, the scheme has been a failure.

Currently water pricing for irrigators covers
operations, maintenance and asset renewal
costs (together: lower bound pricing). However,
these prices are only marginally above this
threshold and do not provide any meaningful
return on the capital investment for the scheme.
Pollution abatement costs are not considered.
Binney (WWF, 2018) undertook an ex-post
benefit cost analysis for the BFD, taking account
of the actual pattern of land use and real costs

Despite this revised, adverse NPV, in September
2019, the Queensland Government committed
a further $16m to a detailed business case
enquiring into “the most viable height by which
to raise the dam” (Queensland Government,
2019b). It is hoped the raising the height would
support an additional 10,000 ha of irrigated
agriculture in GBR catchments and increase
water security for Townsville.
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5.2 Paradise Dam
the dam’s available water had been sold since
2005, it was finally decided in 2019 to lower
the dam wall, reducing the dam’s capaicty and
yeild at a cost of between $50m and $150m. In
lieu of this, in September 2019 Sunwater began
releasing 80,000 ML of water (available for
free to downstream irrigators), potentially to be
stored and distributed to two downstream weirs
(Queensland Government, 2019a).

Paradise Dam is the most recent major irrigation
infrastructure investment in Queensland and
was completed in 2005. The dam was planned
for use by a number of stakeholders, but
predominantly for irrigated agriculture.
Whilst the original benefit cost analysis in the
business case was positive (NECG, 2001), expost studies by Utting (Utting, 2012) and Binney
(WWF, 2018) tell a different story in retrospect.

The recent lowering of the bulk water price
from $950/ML to $550/ML has generated some
further interest in the water, but such a subsidy is
contrary to the cost recovery policies of both the
Queensland and Australian governments (Trask,
2018).

Despite the original business case suggesting
higher value produce would drive financial
viability, the predominant crop has,
unsurprisingly, been sugarcane. Reflecting this,
and taking account of the external costs of DIN
mitigation, Binney’s assessment (WWF, 2018)
determines a NPV of the project over 30 years
of -$441,204,729 and BCR of 0.4. Again, with
the benefit of hindsight, the project has been a
failure from an economic perspective.

Paradise Dam has also had an impact on
biodiversity. The dam interrupts upstream and
downstream migration of fish -  the vulnerable
lungfish, in particular. Although subject of
unsuccessful court action during construction,
the fish ladders installed have been largely
unsuccessful. Subsequent monitoring by Wide
Bay Burnett Environment Council (WBBEC) (the
original complainants) has revealed that only a
single individual lungfish has been know to have
used the bypass, though the overall success is
contested by SunWater (New Mail, 2018).

In addition, Paradise Dam faces an uncertain
future. Following floods in 2013, part of the
dam was damaged. Increased development
and populations downstream, now mean
that modifications are required to enable it to
withstand a 1-in-15,000 year flood event.
A number of options were considered (including
strengthening the dam wall), but as only 11% of

5.3 Summary assessment
Historically, business cases put together in
support of irrigations schemes in Queensland
and Australia, have not lived-up to their initial
promises. Projected crop mixes of high value
produce have not come to fruition and the
default crop of sugarcane has dominated,
with revenues from water sales barely meeting
lower bound pricing arrangements. In addition,
sugarcane has added DIN and sediment
pollution levels impacting the GBR. Put together,
the social cost of these schemes has been in the
billions of dollars.

Irrigation Scheme need to be considered as
significant project risks.
More broadly, at face value, northern Australia
has had significant potential for agriculture.
Annual rainfall is generous and space is plentiful
- agriculture does not have to compete with
many other land-use types. For these reasons,
pioneers have looked to northern Australia
as a potential frontier for further agricultural
development. The reality has been very different.
Difficult soil conditions and extreme weather
events have rendered the regions to be high risk
(ANZ, 2014) and returns to the taxpayer have not
transpired.

Therefore, many of the assumptions in the
various business cases for Nullinga Dam, Hell’s
Gate Dam, Rookwood Weir, and the Lakeland
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6. Risks, uncertainty, and social and 		
environmental costs of dam 			
construction
This assessment has so far focused on relatively narrow economic
considerations: the internal financial costs and projected benefits of each
project. A fuller assessment of the proposals needs to consider the full range
of project risks, uncertainties and social and environmental costs.
This section examines a number of key risks,
uncertainties and social and environmental costs
associated with building new dams, including:

Financial risks are not the only risks associated
with the four projects assessed here. All
these projects risk significant social costs, or
externalities, accruing. Social costs mainly derive
from the resultant expansion of agricultural
activities in the catchments, particularly from
increases in nutrient and sediment pollution into
the waterways that flow into GBR lagoon, but
also from habitat loss, impacts on biodiversity,
and from GHGs from the construction and
operation of the dams. In addition, the projects
attract significant risks, not considered in each of
the business cases.

1) Impacts on the Great Barrier Reef
2) Greenhouse gas emissions from dam
construction and operation
3) Loss of cultural and amenity values
4) Impacts on biodiversity
5) Risk of climate change to future dam
performance
6) International trading conditions in agricultural
produce
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6.1

Impacts on the Great Barrier Reef
6.1.1

Without significant improvements to the water
quality flowing into the GBR lagoon from human
activity in reef catchments, the reef will continue
to deteriorate and lose its ecological values.
Coupled with the impacts of climate change,
including coral bleaching, the outlook for the
reef is highly uncertain (Hughes, Day, & Brodie,
2015).

Nitrogen run-off

Nitrogen is considered one the primary
pollutants of concern that flows into the GBR
(Commonwealth of Australia and Queensland
Government & Commonwealth of Australia,
2015). The scientific consensus view is the
main source of nitrogen is diffuse pollution
from agriculture, mainly sugarcane, into
eastwards-flowing catchments (Waterhouse et
al., 2017). The nitrogen is of dissolved forms,
both ‘inorganic’ (derived solely from excess
agricultural feritilizer use) and ‘organic’ (in
the form of organic remnant mass, such as
rotting biomass and organic matter attached to
sediments).

The 2017 Scientific Consensus Statement on
land use impacts on GBR water quality and
ecosystem condition states, unequivocally:
“Key Great Barrier Reef ecosystems continue
to be in poor condition. This is largely due to
the collective impact of land run-off associated
with past and ongoing catchment development,
coastal development activities, extreme weather
events and climate change impacts such as the
2016 and 2017 coral bleaching events.”

Since the introduction of western agriculture in
GBR catchments nitrogen levels has significantly
increased (Brodie & Mitchell, 2005). Cropped
areas (predominantly sugar cane and bananas)
have increased inorganic nitrogen loads
massively. Anthropogenic sources of nitrogen
make up 87% of total N exports to the reef
lagoon (Kroon et al., 2012).

(Waterhouse et al., 2017, p. 6)

grow, compared to macro-algae can ‘tip’ it towards
conditions where the coral is gone and algae
dominate. As coral reefs are slow to recover (1015 years), they remain vulnerable to the impacts of
nitrogen for considerable periods of time.

Impact of sediment and nutrients on coral
health

Nutrients from excess fertilizer use is highly
‘bio-available’ and is quickly consumed by fastgrowing plant planktons, which are then consumed
by grazing planktons. These, in turn, are all
consumed by Crown of Thorns (COTS) larvae,
increasing survival rates and leading to blooms
of coral-eating adult COTS (Fabricius, Okaji, &
De’ath, 2010). COTS blooms are estimated to
be responsible for 42% of coral loss since 1985
(De’ath, Fabricius, Sweatman, & Puotinen, 2012).
High sediment and nutrient loads also have
a significant impact on sea-grass beds, often
smothering them, or block the light. Seagrass beds
in the GBR coastal areas are important habitats,
acting as a buffer between catchment inputs
(including pollutant and particulate retention) and
reef communities. In addition, they play a role in
wave energy dissipation and are critical habitats
for fish nurseries and a food source for charismatic
species, such as dugong and green turtle
(Waycott, Longstaff, & Mellors, 2005).

Crown of thorns starfish
Nutrients in the warm and well-lit GBR lagoon drive
eutrophic conditions, which increase turbidity in
the water column, affecting the algae hosted in the
coral organism. It is also linked to coral bleaching,
particularly on inshore reefs (Wooldridge, 2009).
High nutrient levels alter competition conditions on
the reef, making it harder for corals to recruit and
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present a major threat to meeting the reducing
targets in the 2050 Plan.

Fertilizers are applied annually to boost naturallyoccurring or legume-sourced soil nitrogen,
which can be quickly depleted by vigorous
sugar cane grown under intensive monoculture
plantations, especially in the generally poor soils
of Australia. Fertilizers are highly soluble in water
and therefore highly bioavailable for bio-uptake.
For the purposes of this document, this source
is referred to as dissolved inorganic nitrogen, or
DIN.

6.1.2

Sediments run-off

Another pollutant of concern is sediment runoff, particularly finer, mud-sized fraction which
influence the long-term turbidity of coastal and
inshore areas, nutrients and pesticides. A variety
of evidence clearly indicates that export of these
pollutants has increased substantially in line with
catchment development (Brodie et al., 2007).

Nitrogen exports into catchments is transported
efficiently and quickly into the (generally) warm,
well-lit lagoon, where – particularly the highly
bioavailable inorganic dissolved nitrogen (DIN)
is quickly processed by autotrophs (algae),
creating turbidity in the water column (eutrophic
conditions from algal blooms), blocking sunlight
to corals (Bell, 1991, 1992). These conditions
also support pathways to conditions where
Crown of Thorns Starfish (a known coral
predator) larvae thrive, leading to population
explosions (see box, left).

Benthic communities can be smothered by
sediment. High sedimentation rates can kill
exposed coral tissue within a period of a few
days (Riegl & Branch, 1995). At lower levels,
sedimentation reduces photosynthetic yields in
corals (Philipp & Fabricius, 2003).
In coral colonies, sedimentation stress
increases in line with the duration and amount
of sedimentation (Philipp & Fabricius, 2003).
The extent of coral damage depends on the
sediment type. Tissue damage depends on
organic content, bacterial activity and grain size
(Weber, Fabricius, Lott, & DeBeer, 2004).

Increased agricultural activity in the catchments,
without additional activities to reduce DIN runoff to compensate for the increase in activity,

6.2 Greenhouse gas emissions from water storages
Dams emit greenhouse gases during
construction (associated transport and concrete
formation) and through the entire operational
life from emissions from rotting vegetation,
following inundation. Once an area begins
flooding, organic matter is trapped and begins
to rot. Furthermore, organic matter continues to
flow in to the reservoir over its life. In anaerobic
conditions, methane is produced – a potent

GHG, more than 20 times the warming impact
of CO2 over a hundred year period (Giles,
2006). In addition, nitrous oxide (another GHG)
is also produced, which diffuses out of the
water column (Sturm, Yuan, Gibbes, Werner, &
Grinham, 2014). If the Hell’s Gate proposal was
to include a pumped hydro system, this further
increases the GHG emissions, as methane is degassed in the turbines (Ometto et al., 2013).

6.3 Impact on cultural values of new dams
Cultural values The Millennium Ecosystem
Assessment (Millennium Ecosystem Assessment,
2005) defines cultural values as the “nonmaterial benefits people obtain from ecosystems
through spiritual enrichment, cognitive
development, reflection, recreation and aesthetic
experience, including knowledge systems, social
relations and aesthetic values” (MEA, 2005 p.1).

Whilst all Australians ascribe cultural values
and connections to aspects of the GBR, for
Aboriginal and Torres Strait Islanders, who have
maintained this connection for over 60,000 years
(or more), these spiritual values are woven into
the very fabric of their culture.
While the focus of this report has been the
economic trade-offs inherent in different
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investment options, assessed through a
benefit-cost analysis, assessment of cultural
values presents challenges to purely using an
economic lens. Environmental economists can
quantify some aspects of cultural services.
Recreational services, for example, can be
measured either directly through measuring
tourist expenditure, or indirectly through a
range of evolving techniques (Deloitte Access
Economics, 2017; Hanley, Wright, & Adamowicz,
1998). However, many other aspects of cultural

services are evidently considerably more difficult
to economically value.
Whether the GBR can be effectively
economically valued or not from a cultural
perspective, the contribution of the GBR to our
cultural and spiritual well-being is not really
disputed. Degradation of the GBR ecosystems,
or even complete loss of the reef as we know
it, would represent an irreversible and tragic
consequence of unabated pollution and poor
land use decisions in GBR catchments.

6.4 Biodiversity impacts of dams
Globally, around 60% of river flows are regulated
by dams and weirs. Australia has at least 446
large dams, many of which that divert upstream
flow aways from floodplain wetlands. More
than 50% of floodplain wetlands on Australia’s
developed rivers no longer flood (Kingsford,
2000).

• changing natural levels of turbidity to
which species are adapted for feeding and
breeding habits;
• trapping sediment and woody debris can
deprive downstream deltas and estuaries of
habitats, nutrients and sediment deposition
that helps make them productive ecosystems;

“Dams are a principal threat to freshwater
diversity and that threat is largely mediated
through loss of habitat frequently involving
modifications to the natural flow regime and to
blockage of migrations.”

• altering normal, seasonal flow regimes can
undermine breeding habitats and natural
distribution species;
• increasing habitats for exotic, pest species
that replaces native species; and

(McAllister, Craig, Davidson, Delany, & Seddon,
2001)

• providing new habitats for some species
(waterfowl, for example) in arid regions, which
may increase their populations and disrupt
migration habits, depriving other parts of the
world of these species.

The widespread damming of watercourses
impacts biodiversity by:
• blocking movement of migratory species up
and down rivers, which risks local extirpation
or extinction of species;

(McAllister et al., 2001)

6.5 Risks of climate change to dam operations
Climate change has the potential to change
the timing, frequency, magnitude and duration
of stream-flows as well as reduce groundwater
levels. Potential impacts include an increase
in frequency and severity of droughts, which
affects demand for water, and increases
evaporation from the surface, which contributes
to operational losses (Building Queensland,
2017b; Queensland Government, 2016). More
broadly, climate change impacts on agriculture
include more severe storms, changes in the

distribution of pests and diseases and increased
heat stress on livestock.

“At a strategic level global
climate change threatens
the viability of irrigated
agriculture”
(Khan, 2008, p. 265)
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There are increasing temperatures recorded
across the region since 1910 and this trend is
projected to continue. By 2030 it is anticipated
that temperatures will be ~1°C warmer than
in the 1990s, the average number of days
experience extreme heat will double and there
will be longer dry periods interrupted by more
intense rainfall events. Under high-emissions
scenarios, the changes are considerably more
troubling, with increases of ~2.9°C in average
temperatures across Central and Northern
Queensland (Queensland Government, 2016).

from global warming (especially in dry scenario)
can pose a substantial medium and long term
threat to agricultural production across Australia”
(Qureshi, Hanjra, & Ward, 2013, p. 136).
These risks impact choices irrigators, in
particular, make on an annual basis. It is only
after the growing season is well underway that
irrigators have a reasonable understanding
of how much water will be available. And the
models to which growers defer are not based on
the novel climate conditions that climate change
promulgates. Therefore, these is significant risk
associated with irrigation planting regimes under
climate change (Khan, 2008).

Rainfall changes, at a regional level, are less
certain. Nevertheless the “modeled changes in
rainfall patterns and water allocations resulting

6.6 International trading conditions in agricultural produce
Grains/oilseeds and meat are key Australian
exports, being over-shadowed only by mineral
resources and fossil fuel exports. Australia’s
agricultural industry is seen as a sector that
could benefit from the expanding middle classes
of south east Asia.

“Based on our outlooks for
grains and soybeans we see
little potential for Northern
Australia to become the new
frontier for supplying Asian
animal feed markets […] on a
five year horizon.”

However, according to a 2014 research report
from ANZ “Molehill to Mountain: Agriculture in
Northern Australia” (ANZ, 2014), the trading
conditions facing grains/oilseeds is uncertain,
whilst the conditions for meat exports show
greater promise.

(ANZ, 2014, p. 5)
Business cases for large-scale irrigation dams
often claim the acceptable rates of return
on investments flow from the production of
higher-value produce, such as soft fruits and
vegetables. ANZ forecast as the south East
Asian market expands, much of this new
demand will be met by domestic expansion
of this sector, rather than through imports,
therefore, the projections of high value crops
being the mainstay of the new irrigation schemes
is optimistic.

While commodity prices for grains/oilseed
remains low, the investment environment
remains constrained. With rainfall variability high,
irrigation water remains essential to all broadacre
cropping in the region, but this adds significantly
to production costs. ANZ state that “global corn
and soybean prices would need to return to
the US drought-induced peak of 2012 and
stay there to interest potential investors [in
Australia]” (ANZ, 2014, p. 4).

The same report paints a more positive picture
for beef exports, noting that greater utilisation
of ‘mosaic irrigation’ (i.e. water supplied on a
small scale on the property, not from large-scale
dams) would lead to better returns.
However, the most important aspect of ANZ’s
report is the conclusion that public investment
in Australian agriculture has been and likely will
continue to be better spent investing in research
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and development—on improving returns from
existing operations—than on investments in
large scale dams.

“Returns on agricultural
Research and Development
(R&D) in Australia have
historically yielded returns
of 15% - 40%. The Australian
taxpayer and agriculture
industry maybe better off
spending on R&D than on a
new, large scale irrigation
scheme.”
(ANZ, 2014, p. 5)

6.7

Summary of risks, uncertainties and social and environmental costs

Many economic sectors in Australia, irrigated
agriculture included, operate in highly
competitive international markets, with
challenging supply side pressures from high
operating costs and significant distances to
market.

of significant distance to market. This ensures
large scale investments in ‘opening-up’ northern
Queensland through investments in irrigation
dams is highly uncertain and most business
cases concede the ideal of water charges from
irrigators covering costs of construction debt
and operating costs of dams is unlikely.

Australia’s abundance of land suggests there
should be a competitive advantage and,
arguably, the high annual rainfall averages
suggest there is ample water. However, this
rainfall is highly variable, soils are often poor
and the abundance of land is simply a reflection

Furthermore, agricultural expansion and
construction of new dams carries considerable
risk to the future of the GBR and local
biodiversity and cultural values.
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7. AN ALTERNATIVE VISION: 			
INVESTMENT IN SUSTAINABLE
AGRICULTURE
The willingness of the Commonwealth and Queensland State governments
to commit funds towards agricultural development in regional Queensland
is welcomed, if the method is misplaced. However, ensuring this investment
is targeted towards programs that offer value for money to the taxpayer, a
pathway towards greater profitability for producers, and - most importantly
- positive social and environmental outcomes for the GBR is absolutely
essential.

7.1 Social and environmental benefits of investing in sustainable
agriculture
Improving the use of existing agricultural land
through better use of water assets brings wider
business, social, and environmental benefits
when compared to simply expanding supply of
land and water through government subsidy.

• increased economic activity associated with
supply and installation of capital equipment,
which also drives greater distribution of the
benefits
• greater profitability and business
sustainability in mulitple sectors beyond
agriculture (Queensland Government, 2017);

Business and social benefits include:
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• maintenance of the agricultural sector’s social
licence to operate (CSIRO, 2011).

• improved soil management for improved
returns into the future and less reliance of
artificial fertilizers;

Environmental benefits include:

• reduced GHG associated with carbon loss
from soil;

• reduced loss of habitat from the expansion
of land devoted to agriculture. Globally,
agriculture is the single largest driver of
habitat loss and the biggest risk to species
loss (Maxwell, Fuller, Brooks, & Watson,
2016). This relationship is true for Australia
(Wintle & Bekessy, 2017);

• reduced reliance on ground- and surfacewater sources and reduced reliance on water
as a factor input;
• potential for improving biodiversity on
agriculture-dominated landscapes;
• reduced risks of salinity issues associated
with intense deforestation.

7.2

Improved land management practice in GBR catchments

Diverting funds, currently slated for new dam
and weir construction in GBR catchments,
towards programs that promote pathways
towards sustainable agriculture offers better
outcomes economically, socially and from an
ecological perspective.

• base discount rate of 7% over a 30-year
timeframe;

The scientific literature promotes a range
of potential pathways that broadly meet the
criteria for ‘sustainable agriculture’. This report
assesses the benefits of land management
practice change – essentially the shifting of
sugarcane producers and graziers towards
improved land management practices. The Reef
Regulation Impact Statement (RIS) (Queensland
Government, 2017), sets out the benefits and
costs associated with this transition.

• on-going compliance and transition costs
of $14,250,515 for sugarcane growers and
$32,510,563 for graziers;

• 10-year implementation period for the upfront
capital costs for sugarcane ($142,505,145)
and grazing ($148,505,655);

• on-going additional aggregate profitability
of the sugar cane sector of $63,095,650 per
annum.
The annual profits associated with cane farmers
operating at BMP practice B is based on
aggregated estimates across all catchments. It
doesn’t not account for variations in individual
property operations.

The Queensland Government has recently
passed legislation that tightens standards for
farmers and graziers in GBR catchments, to
help meet the water quality targets set out in the
Reef 2050 Plan. The laws push the agricultural
and grazing sectors to operate at improved best
management practice (BMP) standards; namely,
level B (as set out in the Paddock to Reef
classification system).

The benefit and cost profile of each sector is
quite different. Whilst the Reef RIS projections
increase the aggregate profitability of the
sugar cane sector, once BMP category B is
established, for the grazing sector, operating at
BMP category B incurs ongoing costs.
That the sugarcane industry can increase its
aggregate profitability by operating at a higher
standard BMP suggests there are non-market
barriers to this transition without policy. These
non-market barriers are most likely:

Based on estimates from the Reef RIS
(Queensland Government, 2017), Table
13 shows the NPV of shifting all sugarcane
producers and graziers from BMP levels D and
C to BMP level B. This calculation is based on
the following assumptions:
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Table 13: Net present value (NPV) and benefit cost ratio (BCR) for investments in shifting all sugar cane
producers and graziers to best management practices B (AUD$)
Sector

Discount rate
7%

Sugar cane
Grazing *
Sugar cane and
grazing

4%

10%

NPV

BCR

NPV

BCR

NPV

BCR

505,079,774

3.4

727,948,038

3.4

372,062,928

3.5

-716,088,937

-

-997,871,919

-

-543,999,255

-

-49,369,534

1.0

-141,363,185

0.9

5,381,926

1.0

* No benefit cost ratio for the grazing transition can be provided as no annual benefit can be established (only costs)

outcome suggests that investments in helping
both sectors make the transition could be fruitful,
given government’s commitment for subsidising
bulk water storage in Queensland. The capital
investment required to transition both sectors to
BMP level B totals $767 m over ten years.

• the availability of sufficient capital to make the
transition (it involves significant up-front costs
(Queensland Government, 2017);
• a general risk-aversion to reducing nitrogen
loads in a competitive market where there is
no penalty for over-application;

Determining the best mechanism for delivering
this investment to the sugarcane and grazing
industry is beyond the scope of this report,
however, it should be noted that it would need
to be achieved while taking account of equity
between sectors and to not discriminate against
operators who have already made the transition
to BMP level B.

• the limited reach of extension programs to
promote the commercial and environmental
benefits of changing practice;
• lack of physical and human capital;
• lack of a sufficient “stewardship” ethic among
farmers, farming subcultures and social
pressures.

For these operators, this transition will have
represented a considerable capital investment
and significant business risk, therefore providing
financial support to laggard operators can
generate perverse incentives for further action.

(Pannell, 2003).
Accounting for the two sectors together
generates a benefit cost ratio that is
approximately neutral at all discount rates. This

7.3

Accounting for the value of the Great Barrier Reef
7.3.1

The analysis in Table 13, above, accounts for the
benefits and costs to government and producers
only and does not account for socialised losses
associated to continuing damage to the GBR
caused by poor water quality, as a result of
human activities in GBR catchments. The loss
of the GBR, both as a tourism icon and as a
provider of ecosystem services, such as coastal
protection and food, would be of considerable
economic consequence.

How much is the GBR ‘worth’?

Deloitte Access Economics provide a robust
economic valuation of the reef in their report
At what price? The economic, social and icon
value of the Great Barrier Reef (Deloitte Access
Economics, 2017). Through a range of marketbased and non-market valuation methods
Deloitte Access Economics value the GBR at a
present value (or ‘asset value’) of $56 bn. It also
contributes $6.4 bn in value added and provides
for over 64,000 jobs.
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However, to not consider the annual value
of the GBR in the broader decision-making
process, on whether to invest in new dams
and weirs (and risk water quality targets) or to
invest similar amounts of capital in improving
land management practices would be similarly
wrong-headed.

The $56 bn figure comprises a ‘consumer
surplus’ value, established through a range of
methods that value its total economic value,
which includes a range of use and non-use
values, including direct uses, such as its value
to fisheries, tourism and recreation and nonuse ‘icon’ and existence values. The report
establishes an aggregate annual value of $2.54
bn.

7.3.2 The broader pollution abatement
challenge

(It should be noted that the Deloitte study did not
attempt to value regulating ecosystem services,
such as carbon sequestration and coastal
protection.)

It should be noted that shifting agricultural
land management practices in the grazing and
sugarcane sectors from levels D and C to B
is only the first step towards the full pollution
abatement challenge for the GBR.

Transferring Deloitte’s values into our benefit
cost analysis is not straightforward. There
is, as yet, no robust figures for the marginal
social cost (i.e. damage to the GBR) for each
tonne of additional tonne of DIN or sediment
discharged into the reef lagoon. It is also wrong
to equate meeting the regulatory targets in the
Reef RIS (Queensland Government, 2017) with
maintaining the full annual value of the GBR
($2.54 bn).

Alluvium (2016) quantifies the wider challenge
of meeting the targets set out in the Reef 2050
Long Term Sustainability Plan. The costs of this
challenge are reported in Table 14. It represents
an investment that is orders of magnitude larger
than that currently allocated towards dam
construction in GBR catchments.

Table 14: Costs of meeting the 2025 targets as set out in the Reef 2050 Long Term
Sustainability Plan (PV $)
Wet Tropics
Burdekin

Sediment

DIN

Total

242,000,000

56,100,000

298,000,000

1,090,000,000

304,000,000

1,390,000,000

8,290,000

28,800,000

37,100,000

6,460,000,000

-

6,460,000,000

11,600,000

1,730,000

13,300,000

7,820,000,000

391,000,000

8,120,000,000

Mackay-Whitsunday
Fitzroy
Burnett-Mary
Total

* For the Wet Tropics, the full suite of policy interventions achieves only 75% of DIN load
reduction.

7.5

Opportunities in carbon sequestration

Whilst there has been considerable uncertainty
as to the direction of Australia’s carbon and
climate policy, it remains virtually certain that
land managers will continue to be able to access
funds—from either government schemes,
regulations or voluntary offsets—for revegetation
and reforestation and soil carbon management.

The current government’s Climate Solutions
Fund (CSF) (previously the Emissions Reduction
Fund) provides funds through reverse auction
for carbon emissions abatement and carbon
sequestration. Undertaking carbon management
activities allowed through the CSF can provide
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depending on factors such as rainfall, biome
type and management choices. Projects funded
through the CSF have paid out on sequestering
of between 4 tonnes and 20 tonnes per hectare
over the contract period (generally 30 years),
though optimal afforestation projects can
sequester considerably more.

an additional income stream for agricultural
operators.
Many of the allowed activities, such as
afforestation projects, will also improve water
quality and make a contribution to meeting the
targets in the Reef 2050 Plan. All of the allowed
activities, in some way, benefit the GBR. Soil
carbon projects can improve soil and soil
drainage, whilst also increasing the productivity
of the land for agriculture. The co-benefits
from biodiversity from soil carbon projects are
obviously less apparent when compared to land
use conversion away from agriculture.

Table 16 reports indicative NPVs of carbon
sequestration projects from reforestation over
a 30 year period at a social discount rate
of 3% on 5% of grazing area in a range of
GBR catchments. Whilst carbon projects do
not yet provide the returns that the highervalue agricultural activities provide, it is likely
opportunities in ‘carbon management’ will
expand and land managers are well-advised to
start understanding the dynamics in this sector,
particularly for more marginal land.

The eight auctions so far have paid out
between $13 and $14 tonne of CO2-e abated/
captured. The quantity of CO2-e abated
through reforestation projects is highly variable,

Table 16: Potential value of reforestation projects through the Climate Solutions Fund at sequestration
rates of 5 tonnes C / yr and 20 tonnes C / yr.
Grazing area (ha)

Cape York
Wet tropics
Burdekin
Mackay-Whitsunday
Fitzroy
Burnett-Mary
Total

7.6

5% of grazing
NPV of sequestered carbon over 30 year
area (ha) contract period with carbon price of $13.5 / t)
5 tonnes C / ha

20 tonnes C / ha

2,160,000

108,000

809,691

3,238,763

698,000

34,900

261,650

1,046,600

12,400,000

620,000

4,648,225

18,592,901

304,000

15,200

113,956

455,826

12,700,000

635,000

4,760,682

10,042,729

2,660,000

133,000

97,119

3,988,477

30,922,000

1,546,100

11,591,324

46,365,297

New opportunities in sustainable land management

The Australian agricultural sector has history
of innovation. The links between industry
associations, government, and science and
innovation, through institutions such as CSIRO,
state governments, ABARES, and the university
sector are strong. Australia’s relatively open
markets in agricultural products has pushed this
sector to remain globally competitive and a key
exporter.

to drive further growth in this sector—remains
persuasive. The ethic of innovation towards
greater productivity and efficiency in resource
use needs to be re-vitalised and re-aligned to
the imperative that, above all, the agricultural
sector needs to adopt sustainable practices to
support ecological sustainable principles and
habitat functions, as well as the industry’s own
long term future.

However, the pioneering discourse—that more
land, more water and more inputs are needed

The recent, severe bleaching of the GBR and
the mass fish deaths in the Murray-Darling Basin
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New opportunities in sequestering carbon can
also provide new areas for earnings. They also
support livelihoods in regional Australia by
providing jobs in the sustainable agriculture
supply chain, continued tourism on the GBR,
and knowledge-based jobs in innovation,
science and engineering.

suggest Australia’s environment and habitats
are at risk of passing ecological thresholds, or
tipping-points, beyond which recovery is difficult.
A number of drivers and the benefits of adoption
sustainable practices have been presented here.
They can provide both private and social returns
on investments, keeping the sector strong and
reducing the impact of the sector on other
aspects of Australia’s economy.
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8. CONCLUSIONS
Since European settlement more than 200 years ago, farming and grazing
has indelibly shaped the Australian landscape, its economy, and the commonwealth of Australians. As a nation, we are said to have ‘rode on the sheep’s
back’. The primary sector provided for one the highest living standards in
the world by the 1950s. But the myth of the ‘pioneer’ remains pervasive - the
solution to continued growth in agricultural production is always considered
to be clearing yet more land and demanding more water and artificial inputs.
Then, once the land and soils are depleted, arid, or subject to salinity, to
abandon it and move on. The limits to this approach are now evident.
Significant ecological damage in MurrayDarling Basin during the summer of 2018-19,
due to mismanagement of water allocations
and extended drought and the continued and
rapid decline of the GBR, as a result of poor
water quality and climate change, suggest we
may have reached thresholds, beyond which
the ecological resilience of major ecosystems
cannot survive.

Post-colonisation, after a lengthy pioneering
phase, innovation has since played an important
role in maintaining the competitiveness of this
sector (Henzell, 2007), yet this has not tempered
the drive towards the sector’s continued
expansion into new areas.
This culture of innovation in agricultural
productivity needs to be re-emphasised. Growth
in the sector needs to come from increased
agricultural production from within the existing
footprint, through investments in sustaining
productivity over the long-term, improving soil
management, moderating artificial inputs to
meet science-based water quality targets, and
retaining as many unmodified catchments as
possible.

The consecutive mass coral bleaching events
on the GBR, in 2016 and 2017 (Hughes et al.,
2019) demonstrated the vulnerability of this
global icon to the impacts of climate change
and anthropogenic stressors. If climate change
continues unabated, the GBR is at risk of
complete loss (Pachauri & Reisinger, 2007).
However, whilst the ultimate future of the GBR
depends on global action to limit climate
change, in the medium term, it also lays in the
hands of Australians and their governments. By
protecting the GBR from the impacts of poor
water quality, it can be given the best possible
chance of remaining resilient to stresses and
be able to adapt to the new conditions and,
potentially, survive for future generations. It is
within our gift to make this happen. Investment
choices we make now are key to providing
this resilience and averting environmental
catastrophe.

This shift demands investments in activities that
support these goals, rather than investments
in the continued expansion of the footprint and
its input demands. Such investments provide
both positive private financial returns to the
sector and social returns to the wider society by
providing space for biodiversity to flourish and
for ecological functions to operate.
Instead, successive governments have backed
expansion of bulk water assets to drive irrigation
schemes in marginal agricultural areas – to
open-up the vast, ‘empty’ and ‘non-productive’
areas of northern Australia. This, despite the
agronomic and economic risks being well-

The agricultural sector retains an influential
position in the Australian psyche. It feeds the
nation and pulls in significant export earnings.
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documented as early as the 1960s (Davidson,
1965, 1969).

“Historical financial returns for
R&D in Australian agriculture
over the past five decades
have ranged from 15% - 40%.
If comparable returns could
be achieved over the coming
decades, this may provide
a better avenue to expand
Australia’s agricultural output
and for the Australian taxpayer
to invest in, rather than (as
some would suggest) repeat the
mistakes of the past and invest
in irrigation infrastructure with
marginal returns”

Investment in irrigated agriculture is a risky
financial investment given the combination of
physical risks (e.g. climate, extreme weather and
floods), market risks (prices, exchange rates,
access to allocated water), the relatively high
cost of production in Australia, and the costs
associated with distribution to markets from
such remote areas. This has limited international
competitiveness and growth of irrigated
agriculture in Northern Australia.
Investing in large scale dams in Australia today
is likely to have a long lead time to the resultant
first crop being harvested. Investing in R&D has
a similar long lead time. Yet investing in existing
world-class R&D institutions may provide a better
long-term bet by government in expanding
Australian food production” (ANZ, 2014, p. 39).

(ANZ, 2014, p. 39)

In addition, there is weak demand for additional
irrigation water. There is currently an oversupply at a state level, sitting idle in current
water storages, where it evaporates and is
lost, rather than providing for environmental
flows. And significant further volumes could
be accessed with alternative investments that
reduce losses from the system, improved water
trading markets, and through alternative, smaller
investments that could increase the capacity of
existing systems.

The report has demonstrated that, instead of
investing $2.5 bn in risky new dams, which
likely will not provide a return on investment
and put GBR water quality targets at risk,
similar investments made to improvements in
agricultural practices would present a more
beneficial option. Furthermore, if we were
to consider the risk to the GBR, the valueproposition of investing in sustainable agriculture
becomes absolutely compelling.
Investment in regional Queensland is welcomed,
but it needs to be targeted to improve economic,
social and environmental outcomes. If the $2
billion National Water Infrastructure Loan Facility,
instead became a National Precision Agriculture
Loan Facility, Australia could fast-track the
adoption of best farm practices, which can
deliver more profitable agricultural businesses
and improved environmental outcomes that
protect reef jobs, indefinitely into the future.
This would also allow Australian farmers to
truly claim that their produce is truly ‘clean and
green’, providing them with access to growing
sustainably-sourced consumer markets.
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Appendix: Discounting in benefit-cost
analysis
A key part of a project assessment process is the use of benefit cost analysis (BCA). This type
of assessment weighs-up the costs and benefits of a project over the period of the project’s
life. Costs include capital and operational expenditure, whilst benefits include sales of bulk
water or bulk water storage. Over the period of a project, the differential between the total
present value benefit and present value costs is called the benefit-cost ratio (BCR). If the BCR
is greater than 1, from an economic perspective the project, should be supported, at least
from an economic perspective. If this is less than 1, the project is not supported. An additional
perspective is provided by the internal rate of return (IRR). However, it is important to
remember a BCA does not provide a definite ‘answer’ as to whether a project should proceed
or not; but merely provides the decision maker with economic information on which to make
a decision. The scope of the line items that are ‘costs’ and ‘benefits’ is contested. A narrow
BCA might only include actual financial costs and benefits, a broader BCA might also include
quantification of social costs, such as environmental impact.
A key element of a BCA is the application of a discount rate. The discount rate reflects the
perceived future value of money and determines the rate at which future values erode in terms
of their present value. The choice of which discount rate to use in a BCA can have significant
impacts on what recommendations an assessment supports.
As the discount rate is lowered, the present value of future costs and benefits are more slowly
eroded; that is, they have a higher relatively higher value in today’s terms. The opposite is also
true. At higher discount rates, future benefits and costs are eroded more quickly.
As a result, the point in time at which benefits and costs accrue is important in determining a
project’s economic viability. For example, if most of the costs are up-front (the capital costs of
construction of a new dam, for example), and smaller annual benefits are experienced each
year over a long period time (sale of irrigation water, for example), then a higher discount
rate would more likely return an adverse BCR, when compared to a lower rate. Conversely,
if a lower discount rate is applied, future flows of benefits are not eroded at such a high rate,
therefore would more likely return a positive BCR.
This appears to work against supporting development of capital-intense infrastructure projects
that have high up-front costs and smaller, but consistent, benefits that flow into the future.
However, it is important to remember the role of discount rates is to also illustrate the value
of alternative projects by reflecting how the capital costs of one project (building a new dam)
might stack-up against alternative uses of that capital, such as investments in using existing
water sources more efficiently – the differential being the ‘opportunity cost’. As such, the
discount rate reflects a long-term general rate of return on investment in the economy as
a whole. In this instance, investment in more efficient use of water for agriculture will have
generally lower capital costs, but these costs are more evenly spread through the project
lifetime, which will erode in present value at the same rate as the flow of benefits. The value of
investments in sustainable agriculture, therefore, represent the alternative general return on
investment in alternative enterprises.
The Australian government, recommends analysts use a discount rate of 7% (Parliament of
Australia, 2018). Analysts also use lower discount rates, also known as ‘social discount rates’
(between 0% and 3%), to reflect that public policy decision making requires a longer timeline
of consideration or that social and environmental costs are often irreversible (such as the
degradation of the GBR).
An additional perspective is provided by the internal rate of return (IRR). The IRR is a discount
rate that makes the net present value (NPV) of all cash flows from a particular project equal to
zero. It thus represents a flow of annual returns to the project, which can be easily compared
across projects and even sectors.
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