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Director’s foreword
Sustainable regional development is a priority for the Australian, Western Australian, Northern
Territory and Queensland governments. In 2015 the Australian Government released the ‘Our
North, Our Future: White Paper on Developing Northern Australia’ and the Agricultural
Competitiveness White Paper, both of which highlighted the opportunity for northern Australia’s
land and water resources to enable regional development.
Sustainable regional development requires knowledge of the scale, nature, location and
distribution of the likely environmental, social and economic opportunities and risks of any
proposed development. Especially where resource use is contested, this knowledge informs the
consultation and planning that underpins the resource security required to unlock investment.
The Australian Government commissioned CSIRO to complete the Northern Australia Water
Resource Assessment (the Assessment). In collaboration with the governments of Western
Australia, Northern Territory and Queensland, they respectively identified three priority areas for
investigation: the Fitzroy, Darwin and Mitchell catchments.
In response, CSIRO accessed expertise from across Australia to provide data and insight to support
consideration of the use of land and water resources for development in each of these regions.
While the Assessment focuses mainly on the potential for agriculture and aquaculture, the
detailed information provided on land and water resources, their potential uses and the impacts
of those uses are relevant to a wider range of development and other interests.

Chris Chilcott
Project Director
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SHORT FORM

FULL FORM

ABARES

Australian Bureau of Agricultural and Resource Economics and Sciences

ABS

Australian Bureau of Statistics
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Australian carbon credit unit

AFMA

Australian Fisheries Management Authority

AIC

Akaike’s Information Criterion

ARIA

Accessibility/Remoteness Index of Australia (published by ABS)

AWRC

Australian Water Resources Council

CBD

Central business district

CCS

Commercial cane sugar (percentage of extractable raw sugar in harvested cane)
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Computable General Equilibrium
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Channel Island Power Station

CM

Cobourg-Melville

CNG

Compressed natural gas

CO2CRC

a Cooperative Research Centre (CRC) investigating carbon capture and storage technologies

CSIRO

Commonwealth Scientific and Industrial Research Organisation

Cth

Commonwealth (the Commonwealth of the Government of Australia)

DAFWA

Department of Agriculture and Food is a Western Australian

DIDO

Drive-in drive-out (applied to type of workforce)

DKIS

Darwin-Katherine Interconnected System (electricity distribution)
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Environmental impact assessment

EIAA

Environmental impact assessment and approval
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Environmental impact statement
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Environmental Protection Authority

EPBC Act

Environment Protection and Biodiversity Conservation Act 1999 (Cth)

EPRI

Electric Power Research Institute
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Energy Queensland Limited

FB

Fog Bay
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Fly-in fly-out (applied to type of workforce)

FNQ

Far North Queensland

GAB

Great Artesian Basin

GDP

Gross domestic product

GFA

Gross floor area

GM

Gross margin

GVAP

Gross value of agricultural production
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NG

North Groote

NGO

Non-government organisation

NHVR

National Heavy Vehicle Regulator

NPF

Northern Prawn Fishery
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(standard shipping container)

y

year
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Preface
The Northern Australia Water Resource Assessment (the Assessment) provides a comprehensive
and integrated evaluation of the feasibility, economic viability and sustainability of water and
agricultural development in three priority regions shown in Preface Figure 1:
• Fitzroy catchment in Western Australia
• Darwin catchments (Adelaide, Finniss, Mary and Wildman) in the Northern Territory
• Mitchell catchment in Queensland.
For each of the three regions, the Assessment:
• evaluates the soil and water resources
• identifies and evaluates water capture and storage options
• identifies and tests the commercial viability of irrigated agricultural and aquaculture
opportunities
• assesses potential environmental, social and economic impacts and risks of water resource and
irrigation development.

Preface Figure 1 Map of Australia showing the three study areas comprising the Assessment area
Northern Australia defined as that part of Australia north of the Tropic of Capricorn. Murray–Darling Basin and major
irrigation areas and large dams (>500 GL capacity) in Australia shown for context.
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While agricultural and aquacultural developments are the primary focus of the Assessment, it also
considers opportunities for and intersections between other types of water-dependent
development. For example, the Assessment explores the nature, scale, location and impacts of
developments relating to industrial and urban development and aquaculture, in relevant locations.
The Assessment was designed to inform consideration of development, not to enable any
particular development to occur. As such, the Assessment informs – but does not seek to replace –
existing planning, regulatory or approval processes. Importantly, the Assessment did not assume a
given policy or regulatory environment. As policy and regulations can change, this enables the
results to be applied to the widest range of uses for the longest possible time frame.
It was not the intention – and nor was it possible – for the Assessment to generate new
information on all topics related to water and irrigation development in northern Australia. Topics
not directly examined in the Assessment (e.g. impacts of irrigation development on terrestrial
ecology) are discussed with reference to and in the context of the existing literature.
Assessment reporting structure
Development opportunities and their impacts are frequently highly interdependent and,
consequently, so is the research undertaken through this Assessment. While each report may be
read as a stand-alone document, the suite of reports most reliably informs discussion and decision
concerning regional development when read as a whole.
The Assessment has produced a series of cascading reports and information products:
• Technical reports, which present scientific work at a level of detail sufficient for technical and
scientific experts to reproduce the work. Each of the ten activities (outlined below) has one or
more corresponding technical reports.
• Catchment reports for each catchment that synthesise key material from the technical reports,
providing well-informed (but not necessarily scientifically trained) readers with the information
required to make decisions about the opportunities, costs and benefits associated with irrigated
agriculture and other development options.
• Summary reports for each catchment that provide a summary and narrative for a general public
audience in plain English.
• Factsheets for each catchment that provide key findings for a general public audience in the
shortest possible format.
The Assessment has also developed online information products to enable the reader to better
access information that is not readily available in a static form. All of these reports, information
tools and data products are available online at http://www.csiro.au/NAWRA. The website provides
readers with a communications suite including factsheets, multimedia content, FAQs, reports and
links to other related sites, particularly about other research in northern Australia.
Functionally, the Assessment adopted an activities-based approach (reflected in the content and
structure of the outputs and products), comprising ten activity groups; each contributes its part to
create a cohesive picture of regional development opportunities, costs and benefits. Preface
Figure 2 illustrates the high-level links between the ten activities and the general flow of
information in the Assessment.
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Preface Figure 2 Schematic diagram illustrating high-level linkages between the ten activities (blue boxes)
Activity boxes that contain multiple compartments indicate key sub-activities. This report is a technical report. The red
oval indicates the primary activity (or activities) that contributed to this report.
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Executive summary
In recent decades there has been a shift towards greater scrutiny of the commerciality of potential
new water infrastructure projects, particularly where public investment is involved. This report
contains information to assist in planning and evaluating the viability of investments in new largescale irrigated development, quantifying the costs, benefits and risks involved. Three study areas
across northern Australia were considered: the Fitzroy catchment (WA), a set of catchments
around Darwin (NT) and the Mitchell catchment (QLD).
The primary focus of this Assessment, as documented in the companion reports, is an analysis of
water and soil resources to help identify opportunities and constraints for new irrigated
agriculture in the Assessment area. This report complements the overall Assessment by identifying
the social, institutional and economic conditions that would be required for those potential
opportunities to be most likely to succeed.
Part I of the report begins by setting the context for irrigated development in the study areas,
providing background information on the communities, economies and existing infrastructure
from which potential new developments would build. Part II of the report considers social and
institutional aspects of new irrigated development to help identify those opportunities that are
most attractive to investors and stakeholders, and that meet legal, regulatory and policy
requirements. Part III then provides information on the costs and benefits of developing new
irrigated agriculture, to identify what would be required for different types of development to be
financially and economically viable.
The broad conclusion of this report is that it would be challenging to find opportunities for new
irrigated agriculture in the Assessment area that met regulatory requirements and gained
stakeholder support while also providing a financial rate of return to investors commensurate with
the level of risk involved. Revenue at the farm gate from broadacre cropping alone would be
unlikely to fully cover the costs of new irrigated development. It is more likely that any case to
justify new developments would rely on additional benefits beyond the farm gate such as value
adding from local processing, generation of renewable electricity (hydro-electric power or
bioenergy), co-benefits to other industries such as grazing or tourism, and/or other indirect
benefits to local communities. The possible benefits of integrated schemes would need to be
carefully balanced against the extra complexity and elevated risks from having additional sources
of vulnerability that could lead to financial failure.
Successful investments would likely have to combine meeting the above criteria with the cheapest
sources of water, lowest risks (including water reliability, agronomic, climatic and regulatory risks)
and most productive mixes of land and farming options.
The main findings from this report are summarised below by the four main topics of analysis.
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Stakeholders and investors
• The work in this chapter of the report was a brief scoping of stakeholders and their values, as
well as current or potential investors, as they relate to agricultural development in northern
Australia.
• Northern Australia is highly valued in general, but different stakeholder groups value northern
Australia differently. Proponents of irrigated development will require an understanding of
these values, their specific proposal, their relationship with stakeholders, and of the ways in
which these intersect with interests and influences at local, regional and national scales.
• The diverse, and sometimes conflicting, interests and values of stakeholders have implications
for the ability of developers to gain and maintain social licence to operate through the
development process.
• Likely stakeholders in each study area were identified and grouped into similar types to help
inform how engagement with local communities could proceed.
• Investors are likely to vary widely in their ability to take up development opportunities because
of differences in the type and scale of development they are interested in, and differences in
their access to financial, natural and human capital.
• High levels of institutional uncertainty and complexity were viewed as a constraint to
investment by some investor groups. Investors suggested some enablers of development could
be greater institutional certainty, coordinated scheme-level development, or one-stop investor
platforms.
Legal and institutional context
• The legal, regulatory and policy chapter provided an overview of the institutions (formal laws,
regulations and policies) relevant to water-related development. The analysis was structured
around three themes: interests in land, interests in water, and government approvals.
• Interests in land: Proponents of water-related developments will require an entitlement to
access and use the subject land. This will usually consist of a formal legal interest in the land
(legal title) or a personal entitlement to access it (a licence). Most of the relevant land in the
Assessment area is government owned land (Crown land) held under a lease (Crown lease) by a
private party. However, there is a range of other tenure types, including standard freehold,
Aboriginal freehold, unallocated Crown land and Crown lands reserved for particular purposes.
Proponents interested in water-related development will need to obtain an entitlement to
access the land from the relevant landowner. If the land is Crown land, proponents will also
need to comply with the requirements under applicable Crown land statutes. In addition to the
need for legal title in the land or a licence to access it, any water-related development must be
consistent with the relevant native title arrangements. A significant proportion of the land in the
Assessment area is subject to native title and native title claims. Where native title, or a native
title claim, exists over an area of land, proponents will be required to engage with relevant
traditional owners and the federal native title process.
• Interests in water: To undertake developments involving the extraction and use of water,
proponents will require entitlements under state and territory water statutes. Some small-scale
activities involving the extraction and use of water can be undertaken without specific waterrelated approvals. However, most water-related development will require licences to take water
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and approvals for works related to water infrastructure. The specifics of what entitlements and
authorisations are needed to facilitate water-related development will depend on the location
and nature of the development.
• Government approvals: Government regulations manage the externalities (spill-over effects)
associated with the use and development of land and water resources. The most relevant
government regulations are those imposed under planning, environment and heritage statutes.
Compliance with these regulatory requirements will often require approvals to be obtained from
relevant state/territory agencies, including local councils, and the Australian Government.
Scheme commerciality
• A discounted cash flow framework was described and applied generically to derive broad
principles about what would be required for new irrigation schemes to be financially viable.
• Viable investments require challenging combinations of low cost infrastructure, high
productivity farms, managing a wide range of risks, and/or off-farm value adding.
• The capital cost of development is the dominant factor affecting scheme viability. It is unlikely
that farm gate revenue from irrigated broadacre agriculture alone would be sufficient to fully
cover the development costs of irrigation schemes with capital costs above $20,000/ha.
However, it would be easier to find options that could cover the ongoing operating and
management of water infrastructure (while making a partial contribution to capital development
costs).
• Adding a processor to a scheme could provide increases in revenues (from processed vs
unprocessed goods) that are proportionally larger than the additional capital cost of the
processing facility, particularly for a high value-add processor like a sugar mill. This was found to
greatly assist in improving the commercial viability of a scheme.
• To be viable, processors, particularly in remote locations, rely on secure supplies of farm
commodities at scale, which requires up front commitments of water, land and farmers to
match. All keystone investors’ needs and responsibilities would need to be met for a scheme to
function effectively.
• Farm performance can be affected by a range of risks including water reliability, climate
variability, price fluctuations, and learning to adapt farming practices to new locations. Setbacks
that occur early on after a scheme is established have the largest effect on scheme viability,
particularly at higher discount rates (or target investment returns). There is a strong incentive to
start any new irrigation development with well-proven crops and technologies, and to be
thoroughly prepared for the anticipatable agronomic risks of establishing new farmland. Staging
development can reduce some of the early learning risks. Risks that cannot be avoided need to
be managed, mitigated where possible, and accounted for in determining the realistic returns
that may be expected from a scheme, and the capital buffers that would be required.
• Learning risks can be partly mitigated by staging development to allow learning at a smaller
scale before proceeding to full development. Delaying full development for longer periods than
the learning time had only a slight negative effect on IRRs, whereas proceeding to full
development before learning was complete had a much larger impact. This implies that it would
be prudent to err on the side of delaying full development (particularly given, in practice, it
would only be possible to know when full performance was achieved in retrospect, not in
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advance). An added benefit of staging would be limiting losses where small-scale testing proves
initial assumptions of costs and benefits to be overoptimistic and that full-scale development
could never be profitable, even after trying to overcome unanticipated challenges.
Regional economics
• The potential regional economic benefits, risks and mitigation strategies for new irrigated
agriculture development were quantified using regional input-output (I-O) analyses.
• During the initial construction phase of a new irrigation development, I-O multipliers indicated
that there could be an additional $0.90 to $1.20 of indirect regional benefits for each dollar of
increased construction activity, depending on location.
• During the ongoing production phase of a new irrigation development, I-O multipliers indicated
that there could be an additional $0.50 to $1.80 of indirect regional benefits for each dollar of
increased agricultural activity, depending on the type of agricultural industry and location.
• Indirect regional benefits would be reduced if there was leakage of some of the extra
expenditure generated by a new development to other regions. While such leakage would
reduce local benefits, it could also buffer the negative effects of sudden changes in local demand
and supply of goods and services.
• Increases in employment were estimated based on estimated increases in household incomes
and median household incomes for the I-O region. These indicated that each $25 million
increase in agricultural activity could create about 110 to 270 jobs, depending on the agricultural
industry and location.
Reference information on demographics, industries and infrastructure costs
In addition to the above analyses, the report provides detailed descriptions of the current social
and economic characteristics of each of the three study areas, including demographics,
employment, economies, land use and infrastructure. This identifies the base conditions from
which any new potential development would build. Further information is provided on the types
of new infrastructure that would be required to support large-scale irrigated development,
together with indicative costs and options for building that infrastructure. The information on
costs of new infrastructure:
• provides a reference source on component infrastructure costs that attempts to be as unbiased
as possible, given the tendency for proponents of infrastructure developments to strongly bias
cost estimate downwards;
• highlights that the costs of infrastructure beyond the farm gate required to support a new
irrigation scheme are substantial, and can exceed the cost of developing the scheme itself;
• highlights the range of public and private investors required, beyond just those directly investing
in any new irrigation scheme, and supply chain considerations for new produce;
• highlights the scales of production needed for irrigation schemes to be viable where the
schemes are dependent on the construction of new local processing facilities.
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Part I Background
information
The primary focus of this Assessment, as documented in the companion reports, is an analysis of
water and soil resources to identify opportunities and constraints for new irrigated agriculture in
the Assessment area. This report complements the overall Assessment by identifying the social,
institutional and economic conditions that would be required for those potential opportunities to
be most likely to succeed. There are three main parts to this report:
Part I provides background information and context for the more analytical content that follows.
Chapter 1 provides the rationale for this report, a brief description of the three study areas, and
outlines the structure of the report.
Chapter 2 provides detailed descriptions of the current social and economic characteristics of each
of the three study areas, including demographics, employment, industries, land use and
infrastructure. This identifies the base conditions from which any new potential development
would build. In particular, the description of the current infrastructure in this chapter links to the
discussion of requirements and options for new infrastructure covered in Chapter 5 (at the start of
Part III).
Part II considers social and policy dimensions of new irrigated development to help identify those
opportunities that are most attractive to investors and affected communities, and that meet legal,
regulatory and policy requirements.
Part III then provides information on the costs and benefits of developing new irrigated agriculture
in the Assessment area, to help identify what would be required for new opportunities to be
financially and economically viable.
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1

Introduction

1.1

Rationale for this report

Large infrastructure projects, such as new irrigation developments, are complex and costly
investments. The difficulty in accurately estimating costs and the chance of incurring
unanticipated expenses during construction, or not meeting revenue projections when completed,
means that there are risks to the viability of developments if they are not thoroughly planned. For
example, in a global review of dam-based megaprojects, Ansar et al. (2014) found forecast costs
were systematically biased downwards with three-quarters of projects running over budget and
the mean of actual costs was 96% higher than initial estimates. In recent decades there has been
growing emphasis in Australia on greater accountability and transparency in how water resources
are managed and priced (e.g. the work of the National Water Commission (2004 to 2015)), and
part of this shift has involved greater scrutiny of the commerciality of potential new dams.
Other companion reports in The Northern Australia Water Resource Assessment (referred to as
‘the Assessment’ from here on) analyse water and soil resources to help identify the most
promising opportunities for new irrigated agriculture in the Assessment area, including their scale,
locations, risks and constraints. Sustainable development also requires an understanding of how
social, legal and institutional factors affect risks and opportunities. Particularly where resource use
is contested, planning and consultation on new irrigation development would be necessary both
to meet formal legal and policy requirements and to obtain a social license to operate. Part of this
report therefore deals with social and institutional aspects of irrigated development to help
identify opportunities that are acceptable to communities and meet legal, regulatory and policy
requirements.
Ultimately, however, economic factors are likely to be one of the most important criteria in
deciding between potential development opportunities. Ash et al. (2014), in an assessment of 13
agricultural developments in northern Australia found that, while the natural environments are
challenging for agriculture, the most important factors determining the viability of developments
were management, planning and finances. Even at a pre-feasibility stage, those options that can
be clearly identified as being economically non-viable could likely be deprioritised, instead
focusing expensive, more detailed site-specific agronomic, ecological, social and regulatory
assessments on more promising locations. Part of this report therefore considers which types of
opportunities for development are more likely to be financially and economically viable.
This report aims to provide information that would assist in planning and evaluating the viability of
investments in large-scale irrigated development, quantifying the costs, benefits and risks
involved. The intention is to provide a generic information resource that is broadly applicable to a
range of irrigated agriculture development options, rather than examining any specific options in
detail.
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1.2

Study areas

The Assessment covered three ‘study areas’ across northern Australia, one in each of Western
Australia, the Northern Territory and Queensland (Figure 1-1). Each of these is briefly described
below (followed by more detailed socioeconomic profiles in Chapter 2). Note that spatial sources
of social and economic data seldom match these study area boundaries exactly so the values given
throughout this report, were reconstructed from original sources using area-weighted
contributions for overlapping polygons (boundaries of areas from which data was collected) (see ,
and for Australian Bureau of Statistics SA2 boundaries).

1.2.1

FITZROY CATCHMENT

The Fitzroy catchment has an area of 93,830 km2 and extends from Halls Creek and the King
Leopold Ranges in the east to Derby and King Sound in the west. There are two main population
centres in the study area, Derby and Fitzroy Crossing, and 57 smaller Indigenous communities for a
total study area population of about 7500 people. The Fitzroy River has the largest discharge of
any river in Western Australia and has the eighth largest discharge of any river in Australia north of
the Tropic of Capricorn (Petheram et al., 2014). The main land use is pastoralism (95%), with
nature conservation and Indigenous Protected Areas covering the remaining area. The study area
is characterised by a highly distinctive wet and dry season associated with southern limit of the
Australian summer monsoon. The mean annual rainfall, over the 125-year historical period (1890
to 2015) over the Fitzroy catchment, was 552 mm, 93% of which fell during the wet season (1
November to 30 April) (Charles et al., 2016). Rainfall is highest in the north of the study area
(Charles et al., 2016).

1.2.2

DARWIN CATCHMENTS

The Darwin catchments are comprised of four northerly-draining catchments defined by their
Australian Water Resources Council (AWRC) river basin boundaries: the Finniss (9490 km2),
Adelaide (7460 km2), Mary (8075 km2) and Wildman (4820 km2). The major population centre is
Darwin, located within the Finniss catchment and the capital of the Northern Territory (NT). The
population of the Darwin catchments is about 140,000, of whom 98% live within the Greater
Darwin area. The main land uses are conservation (53%) and grazing (37%, including modified
pastures). The Darwin catchments are characterised by a distinctive wet and dry season due to
their location in the Australian summer monsoon. The mean annual rainfall, over the 125-year
historical period (1890 to 2015) over the Darwin catchments, was 1423 mm, with about 90% of
rain falling during the wet season (1 November to 30 April) (Charles et al., 2016). Of this, a
considerable proportion is due to tropical cyclones or tropical lows, which cross the study area
every couple of years.

1.2.3

MITCHELL CATCHMENT

The Mitchell catchment is defined by the Mitchell AWRC basin. It encompasses an area of 71,530
km2 and contains part of the Mareeba Dimbulah Water Supply Scheme, which extends into the
upper headwaters of the Walsh River. The population in the study area is sparse (about 6500), and
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there are no major urban population centres. The largest settlements are the towns of Dimbulah,
Kowanyama, and Chillagoe, all with populations below 1500 people. The main land use is
pastoralism (95%) on large grazing leases where cattle graze native pastures and shrubs. There is
little clearing of trees to support sown and improved pastures or crops. Conservation reserves are
the second largest land use, but only cover 3% of the study area. The land types and climate
generally support breeding operations with limited capacity to fatten cattle. The Mitchell
catchment is characterised by a distinctive wet and dry season due to its location in the Australian
summer monsoon. The mean annual rainfall, over the 125-year historical period (1890 to 2015)
over the Mitchell catchment, was 996 mm, with about 90% of rain falling during the wet season (1
November to 30 April) (Charles et al., 2016). Of this, a considerable proportion is due to tropical
cyclones or tropical lows, which cross the study area every couple of years.

1.3

Structure of this report

This report complements the overall Assessment of potential opportunities and constraints for
new irrigated agriculture by identifying the social and economic conditions that would be required
for potential new developments to be most likely to succeed. The chapters of this report are
structured into three main parts as follows:
Part I: Background information

Chapter 1 is this introduction.
Chapter 2 describes the social and economic characteristics of the study areas, as background
context for the chapters that follow.
Part II: People and policy

Chapter 3 assesses the social conditions that contribute to the success of new irrigated
development. This covers the perspectives of both investors and stakeholders, and the
relationships between them.
Chapter 4 provides an overview of the legal, regulatory and policy requirements that new
developments would have to meet. This information is a summary of a separate, more
comprehensive companion report on the topic (Macintosh et al., 2018).
Part III: Economics

Chapter 5 describes the types of infrastructure that may be required to support large-scale
irrigated development, together with indicative costs and options for building that infrastructure.
Chapter 6 presents the financial analytical framework used to evaluate the commerciality of
irrigation schemes in this Assessment. The framework is applied generically in this report,
considering the key determinants of irrigation scheme financial performance that an investor
would need to balance in order for a project to be viable.
Chapter 7 quantifies the regional costs and benefits of irrigated development using regional inputoutput analysis. It also includes examples of both positive and negative economic impacts of
irrigated agriculture on other industries.
Part IV concludes the report by summarising key messages emerging from the analyses.
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Figure 1-1 Map of the Assessment area showing the three component study areas
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2

Study area profiles

This chapter describes the current social and economic characteristics of each study area in the
Assessment in terms of the demographics of local communities (Section 2.1), the current
industries and land use (Section 2.2), and the existing infrastructure (transport, supply chains,
utilities and community infrastructure) on which any new development would build (Section 2.3).

2.1

Demographics

2.1.1

FITZROY CATCHMENT

The Fitzroy catchment is located mainly within the Shire of Derby-West Kimberley, while parts of
the study area are also located within the shires of Halls Creek, Wyndham-East Kimberley and
Broome. At state level the study area falls entirely within the Kimberley electoral division, while at
federal level the study area falls entirely within the boundaries of the division of Durack.
The major towns within the study area are Derby and Fitzroy Crossing with respective populations
of 3511 and 1297 as at the 2016 census.
The demographic profile of the study area, based on data from the 2016 and 2011 censuses, is
shown in Table 2-1. The study area is sparsely populated, and has a population that predominantly
earns a lower income and is younger, with a much larger proportion of Indigenous people than is
typical within the state and within the country as a whole. Furthermore, the trends show that the
proportion of Indigenous people within the study area is increasing over time. However, the total
population of the study area is growing at a slower rate than that of the state and country overall.
The median household income in 2016 was $1272, below the average for the state and only 88%
of the average for Australia.
Socio-Economic Indexes for Areas (SEIFA) scores, based on Australian Bureau of Statistics (ABS)
Census 2011 data, rank all areas of Australia by four metrics of socio-economic advantage and
disadvantage (ABS, 2013). An indicative SEIFA score and estimated decile was calculated
(Table 2-2) for the study area from weighted average scores for each SA1 region falling wholly or
partly within the study area boundaries.
For the Fitzroy catchment, the SEIFA scores indicate that the study area is relatively very
disadvantaged compared to the rest of the country. The study area falls within the lowest 10% for
three of the SEIFA measures. The index of ‘Education and Occupation’, is slightly higher, but still
indicates that the study area has a high proportion of people without qualifications, without jobs,
and/or with low skilled jobs.
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Table 2-1 Major demographic indicators for the Fitzroy catchment
INDICATOR

UNIT

FITZROY
CATCHMENT

WESTERN
AUSTRALIA

AUSTRALIA

Total population, 2016†

Number

7,533

2,474,410

23,401,892

Total population, 2011‡

Number

7,200

2,239,171

21,507,719

% change in population

%

4.6

10.5

8.8

Indigenous population, 2016, as % of total§

%

65.1

3.1

2.8

Indigenous population, 2011, as % of total∗

%

58.7

3.1

2.5

Male population, 2016, as % of total†

%

49.8

50.0

49.3

Male population, 2011, as % of total‡

%

51.5

50.3

49.4

Population density, 2016†

People/km2

0.1

1.0

3.0

Median age, 2016†

Years

30

36

38

Change in median age, from 2011 to 2016‡,†

Years

1

0

1

Median weekly gross household income, 2016††

$

$1,272

$1,595

$1,438

Change in median household income, from 2011 to 2016‡‡,††

%

9.0

12.7

16.5

Average people per household, 2016†

Number

5.1

2.6

2.6

Change in average people per household, from 2011 to 2016‡,†

Number

-0.5

No change

No change

Sources: †ABS (2016c), ‡ABS (2011c), § ABS (2016a), ∗ABS (2011a), ††ABS (2016b), ‡‡ ABS (2011b)

Table 2-2 SEIFA scores of relative socio-economic advantage for the Fitzroy catchment
Scores are relativised to a national mean of 1000, with higher scores (smaller deciles) indicating greater advantage.
INDICATOR

FITZROY CATCHMENT

Score

(Decile)

WESTERN AUSTRALIA

Score

(Decile)

Index of Relative Socio-economic Advantage and Disadvantage1

729

(1)

1,022

(6)

Index of Relative Socio-economic Disadvantage2

672

(1)

1,019

(5)

Index of Economic Resources

705

(1)

1,030

(6)

Index of Education and Occupation

881

(2)

1,002

(6)

Source: ABS (2011e)
1 based on both the incidence of advantage and disadvantage; 2 based purely on indicators of disadvantage

2.1.2

DARWIN CATCHMENTS

The Darwin catchments encompass all or part of a number of different local government areas,
including the municipalities of Darwin, Darwin Waterfront Precinct, Palmerston and Litchfield, the
shires of Wagait, Belyuen and Coomalie, and the most western edge of West Arnhem Regional
Council. The study area also encompasses unincorporated areas, which do not form part of any
local council. At state level the study area includes part or all of a number of electoral divisions,
including all of Causarina, Wanguri, Nightcliff, Johnston, Sanderson, Karama, Fannie Bay, Fong Lim,
Port Darwin, Spillett, Drysdale, Brennan, Blain, Nelson and Goyder, and part of Daly and Arnhem.
At federal level the study area encompasses all of the electoral division of Solomon (the region
around Darwin) plus a part of the division of Lingiari (which encompasses the remainder of the
Territory).
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The population of this study area is concentrated in the Greater Darwin area (ABS ‘Darwin’ SA4
area, population 136,828), comprising Darwin City (population 6464), Howard Springs (population
5132), several smaller population centres (Palmerston, Howard Springs, and McMinns Lagoon),
and surrounding suburbs and rural areas. Population centres outside Greater Darwin, such as
Belyuen, Batchelor and Adelaide River, all have populations of less than 1000 according to the
2016 census.
The demographic profile of the study area, based on data from the 2016 and 2011 censuses, is
shown in Table 2-3. The study area contains two very different areas: the ‘urban areas’ including
Darwin and the surrounding suburbs, and the remaining ‘rural areas’. The population of the urban
areas is predominantly younger, with a larger proportion of Indigenous people than is typical
compared to the country as a whole. However, the trends suggest these characteristics are moving
towards the national average. The population of the rural areas is older and the proportions of
males and of Indigenous people are significantly above the national average. Furthermore, the
trend over time demonstrates these characteristics of the rural areas are strengthening.
The median weekly gross household income for both the urban ($2160) and rural ($1965) areas
was above the average for Australia in 2016.
Table 2-3 Major demographic indicators for the Darwin catchments
The study area is separated into ‘urban’ and ‘rural’ areas because the demographics of the two are so different.
The overall Darwin catchments’ demographics are given in the ‘combined’ column.
INDICATOR

UNIT

URBAN
AREAS

RURAL
AREAS

COMBINED
(URBAN +
RURAL)

NORTHERN
TERRITORY

AUSTRALIA

Total population, 2016†

Number

112,134

26,918

139,052

228,833 23,401,892

Total population, 2011‡

Number

101,136

21,598

122,734

211,943 21,507,719

% change in population

%

10.9

24.6

13.3

8.0

8.8

Indigenous population, 2016, as % of total§

%

8.5

11.1

9.0

25.5

2.8

Indigenous population, 2011, as % of total∗

%

9.6

9.3

9.6

26.8

2.5

Male population, 2016, as % of total†

%

51.0

59.0

52.5

51.8

49.3

Male population, 2011, as % of total‡

%

51.7

54.4

52.2

51.7

49.4

Population density, 2016†

People/km2

497.2

0.9

4.5

0.2

3.0

Median age, 2016†

Years

33

38

34

32

38

Change in median age, from 2011 to 2016‡,†

Years

2

2

1

1

1

Median weekly gross household income, 2016††

$

$2,160

$1,965

$2,130

$1,983

$1,438

Change in median household income, from 2011
to 2016‡‡,††

%

20.6

37.3

23.0

18.5

16.5

Average people per household, 2016†

Number

2.5

3.2

2.6

2.9

2.6

Change in average people per household, from
2011 to 2016‡,†

Number

0.1

0.2

0.1

No change

No change

Sources: †ABS (2016c), ‡ABS (2011c), § ABS (2016a), ∗ABS (2011a), ††ABS (2016b), ‡‡ ABS (2011b)

8 | Irrigation costs, benefits and risks

Table 2-4 SEIFA scores of relative socio-economic advantage for the Darwin catchments
Scores are relativised to a national mean of 1000, with higher scores (smaller deciles) indicating greater advantage.
The study area is separated into ‘urban’ and ‘rural’ areas because the demographics of the two are so different.
The overall Darwin catchments’ demographics are given in the ‘combined’ column.
INDICATOR

URBAN AREAS

Score

(Decile)

RURAL AREAS

Score

(Decile)

COMBINED
(URBAN + RURAL)

Score

NORTHERN
TERRITORY

(Decile)

Score

(Decile)

Index of Relative Socio-economic
Advantage and Disadvantage1

1,028

(6)

977

(4)

1,019

(6)

922

(3)

Index of Relative Socio-economic
Disadvantage2

1,021

(6)

973

(4)

1,011

(5)

899

(2)

999

(5)

1,004

(5)

1,000

(5)

896

(2)

1,025

(7)

965

(4)

1,013

(6)

976

(5)

Index of Economic Resources
Index of Education and Occupation

Source: ABS (2011e)
1 based on both the incidence of advantage and disadvantage; 2 based purely on indicators of disadvantage

The overall Darwin catchments study area (combined urban and rural areas) falls within the 5th or
6th decile for each of the SEIFA measures (Table 2-4), indicating the study area is around the
middle or a little higher than the rest of the country. However, the urban areas are generally
ranked above the midpoint for the country, while the rural areas generally fall within the lower
deciles.

2.1.3

MITCHELL CATCHMENT

The Mitchell catchment encompasses a number of different local government areas, including
most of the regions served by Kowanyama Aboriginal Shire Council and Mareeba Shire Council, in
addition to the southernmost region of Cook Shire and the northernmost region of the Shire of
Carpentaria. The study area is almost entirely contained within the Queensland state electorate of
Cook. However, at a federal level the northern part of the Mitchell catchment falls within the
Leichhardt electorate while the southern part of the study area falls within the Kennedy
electorate. The major settlements within the study area are Kowanyama, Chillagoe, Dimbulah,
Mount Carbine and Mount Molloy. With the exception of Dimbulah (population 1050), all
settlements had populations of less than 1000 as at the 2016 census.
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Table 2-5 Major demographic indicators for the Mitchell catchment
INDICATOR

UNIT

MITCHELL
CATCHMENT

QUEENSLAND

AUSTRALIA

Total population, 2016†

Number

6,365

4,703,193

23,401,892

Total population, 2011‡

Number

6,045

4,332,735

21,507,719

% change in population

%

5.3

8.6

8.8

Indigenous population, 2016, as % of total§

%

25.8

4.0

2.8

Indigenous population, 2011, as % of total∗

%

25.6

3.6

2.5

Male population, 2016, as % of total†

%

57.6

49.4

49.3

Male population, 2011, as % of total‡

%

56.0

49.6

49.4

Population density, 2016†

People/km2

0.1

2.7

3.0

Median age, 2016†

Years

42

37

38

Change in median age, from 2011 to 2016‡,†

Years

2

1

1

Median weekly gross household income, 2016††

$

$986

$1,402

$1,438

Change in median household income, from 2011 to
2016‡‡,††

%

18.2

13.5

16.5

Average people per household, 2016†

Number

2.7

2.6

2.6

Change in average people per household, from 2011 to
2016‡,†

Number

-0.3

No change

No change

Sources: †ABS (2016c), ‡ABS (2011c), § ABS (2016a), ∗ABS (2011a), ††ABS (2016b), ‡‡ ABS (2011b)

The demographic profile of the Mitchell catchment, based on data from 2016 and 2011 censuses,
is shown in Table 2-5. The study area is sparsely populated, and has a population that
predominantly earns lower incomes and is older, with a larger proportion of males and larger
proportion of Indigenous people than is typical within the state and within the country as a whole.
Trends suggest these characteristics are strengthening. The total population of the study area is
growing at a slower rate than that of the state and country overall. The median weekly gross
household income in 2016 was $986, below the average for the state and only 69% of the average
for Australia, although trends indicate this gap may be narrowing.
SEIFA scores (Table 2-6) indicate that the study area is relatively disadvantaged compared to the
rest of the country. The study area falls within the lowest 30% for three of the SEIFA measures.
Table 2-6 SEIFA scores of relative socio-economic advantage for Mitchell catchment
Scores are relativised to a national mean of 1000, with higher scores (smaller deciles) indicating greater advantage.
INDICATOR

MITCHELL CATCHMENT

Score

(Decile)

QUEENSLAND

Score

(Decile)

Index of Relative Socio-economic Advantage and Disadvantage1

928

(3)

996

(5)

Index of Relative Socio-economic Disadvantage2

938

(3)

1,000

(5)

Index of Economic Resources

951

(3)

1,002

(5)

Index of Education and Occupation

944

(4)

980

(5)

Source: ABS (2011e)
1
based on both the incidence of advantage and disadvantage; 2 based purely on indicators of disadvantage
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2.2

Current industries and land use

2.2.1

FITZROY CATCHMENT

Employment
The overall unemployment rate for the Fitzroy catchment is substantially above that seen in the
state and the country as a whole, and is also substantially above the rate as at the previous census
date of 2011. There are also noticeable differences in the industries providing the most jobs within
the study area (Table 2-7). While ‘Education and training’, ‘Healthcare and social assistance’, and
‘Retail trade’, are important employers in the study area and nationally, ‘Construction and
professional, scientific and technical services’ features within the top five industries by
employment across the nation on average, but are less significant within the Fitzroy catchment.
‘Public services and safety’, and ‘Other services’ are relatively more important sources of
employment within this study area. ‘Agriculture, forestry and fishing’ no longer features within the
top five industries within the Fitzroy catchment, a change from the previous census results. These
differences have a significant impact on the regional economic benefits that can result from
development projects initiated within the study area, as is discussed in more detail within Chapter
7 of this report.
Table 2-7 Key employment data for the Fitzroy catchment in relation to state and national means
Employment within ‘Agriculture, forestry and fishing’ was 4.9% in the catchment.
EMPLOYMENT STATISTIC

Unemployment rate,

UNIT

FITZROY CATCHMENT

WESTERN AUSTRALIA

AUSTRALIA

20161

%

14.7

7.8

6.9

Unemployment rate, 20112

%

5.0

4.7

5.6

Major industries of employment – top five industries % of employment (for each location)1
Education and training

%

21.4

9.1

9.1

Health care and social assistance

%

19.2

12.3

13.2

Public administration and safety

%

11.9

Other services

%

9.7

Retail trade

%

6.9

10.0

10.3

Construction

%

10.3

8.9

Accommodation and food services

%

6.8

Professional, scientific and technical services

%

7.6

Sources: 1 ABS (2016b), 2 ABS (2011b)

Land use
Grazing is the overwhelmingly dominant land use in the study area (95.0% by area) (Figure 2-1),
characterised by large leases, which are operated by a mixture of family enterprises and larger
pastoral companies. There are 44 pastoral stations in the Fitzroy catchment, and 16 of these are
under Aboriginal management (Department of Water, 2009). In Western Australia, the Pastoral
Lands Board administers pastoral leases under the Land Administration Act 1997 (WA). Lease
conditions require that the land is used for grazing and maintained in good condition. In addition
to lease inspections, the WA government has in place a state-wide rangeland monitoring program.
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Most of the remaining 5.0% of the study area is used for conservation or minimal use natural
environments. Of that area, 368 km2 is in national parks, 98 km2 is used for traditional Indigenous
purposes, and 1095 km2 forms part of stock routes (Figure 2-1). Only 0.7 km2 of land in the study
area is classified as intensive agricultural use.

Figure 2-1 Land use classification for the Fitzroy catchment
Source: ABARES (2016) Australian Land Use Classification, simplified following Apx Table A-1.

Agriculture and fisheries
The total gross value of agricultural production (GVAP) in the Fitzroy catchment was
approximately $77 million according to 2015–16 census data (ABS, 2017). Beef production is the
most significant agricultural activity with a GVAP from livestock of approximately $74 million (ABS,
2017). Australian Bureau of Statistics (ABS) data from the 2015–16 census indicated only $2.4
million in GVAP from crop production (ABS, 2017) (Note that that confidentiality deletions affect
subtotals in this GVAP data, so industry values are lower-bound estimates. This is particularly likely
to be the case where there are only a few businesses in a category, such as crop production.).
Agriculture only accounts for about 5% of employment (Table 2-7).
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Grazing industry in the Fitzroy catchment

Approximately 90% of the study area is under leasehold tenure, with 16 of the 44 stations in the
Fitzroy catchment under Indigenous management or ownership. There are approximately 220,000
head of cattle in the study area.
The dominant beef production system that is employed across most of the Fitzroy catchment is
centred on cow-calf breeding operations, with several variations in the post-weaning management
and marketing of male animals produced by the breeding herds. The selection of operation type
for any holding is largely determined through the interplay of land resource endowments, local
climate, market opportunities and the requirements of other enterprises operated under common
ownership and management. In a number of cases, variants of the cow-calf breeding system are
conducted across geographically segregated holdings that are integrated under common
ownership and management.
The highly seasonal rainfall and high inter-annual variability coupled with low fertility soils means
that carrying capacity is relatively low compared to other parts of northern Australia, ranging from
eight adult equivalent (AE) per km2 (e.g. frontage grass pastures) to 2.5 AE/km2 in very poor
pastures, such as hard spinifex hill pastures. Most of the sandier soils in the western half of the
study area can support 2.5 to 4 AE/km2 (Payne and Schoknecht, 2011). Pasture production occurs
mostly in the December to April period, where plant growth rates can be high. Almost no pasture
production occurs over the remainder of the year.
The low individual animal production rate means that annual turn-off rates are around 25% of the
total herd size. It is challenging to fatten animals, so the emphasis is on breeding operations,
which typically turn-off yearling animals (250 to 350 kg) that are exported live to Asia, with some
being sent to south-west WA for fattening on improved pasture or in feedlots.
To cope with low productivity per animal, holdings range from 100,000 ha to over 400,000 ha.
Even with significant scale it can be difficult to generate a profit, with net earnings before interest
and tax either slightly negative or modestly positive. At the time of the Stockdale et al. (2012) and
McLean et al. (2014) reports, prices for beef were very low at $1.40/kg to $1.75/kg liveweight.
Beef prices have more than doubled and returns have been much higher since 2015. However,
land values have also been rising rapidly in the last few years on the back of renewed local and
overseas interest in beef operations, which means that returns on capital remain modest.
Greater diversity of markets would assist the industry, and this would be facilitated by the
continued supply of higher quality beef for the domestic market (Gleeson et al., 2012). As
examined in Section 4.4, irrigated pastures and forages may assist in meeting this goal.
For more information on the existing grazing industry in the Fitzroy catchment and use of higher
input, higher productivity irrigated pastures to improve beef outputs and turn-off, see the
companion technical report on agriculture viability in the Fitzroy catchment (Ash et al., 2018a).
Past and existing irrigation in the Fitzroy catchment

Over the decades there has been strong interest in irrigated agriculture in the Fitzroy catchment,
with water being sourced from both rivers and groundwater. There have been historical initiatives
to establish large-scale irrigated agriculture, the most notable of which was the Camballin
irrigation project, which commenced in the Fitzroy River floodplain in the 1950s. It was initiated by
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private enterprise and did not receive the same attention as the Ord River irrigation
developments, also in the Kimberley region.
Northern Developments Pty Ltd tested small-scale rice production from approximately 1952 to
1969. Based on promising production, the Western Australian Government agreed to support
irrigation development activities through the construction of a modest dam and the erection of a
barrage across the Fitzroy River. In return, Northern Developments agreed to crop 8000 ha of land
to rice.
However, cropping operations were severely affected by floods and the cultivated land was then
used for forage production for cattle. In 1969 the Australian Land and Cattle Company (ALCCO)
took over the former Northern Developments holdings with plans for considerable expansion,
including a 17 km levee bank to prevent flooding of the expanded cropping area. This was a large
cropping and grazing production enterprise, with 100,000 cattle in the grazing operation and
capacity to feed 30,000 head in yards. A combination of factors contributed to the demise of the
ALCCO venture, including challenges in acquiring approvals for foreign investment, land tenure
issues, and flooding which breached the levee in 1983.
There was a proposal by Western Agricultural Industries (WAI) in 1997 for another large initiative
based on irrigated cotton to cover an area of between 20,000 and 200,000 ha in the La Grange
region. WAI promoted the economic benefits and predicted that the annual value of production at
full development would be $805 to $900 million, with employment surpassing 2000 people. WAI
proposed two dams on the Fitzroy River and large-scale groundwater extraction in La Grange. By
2003 the incoming government made the decision not to renew the memorandum of
understanding.
In 2004, the Western Australian Government proposed a new project, New Opportunities in
Tropical and Pastoral Agriculture (NOTPA), to focus on alternative opportunities that the
community and landholders could support. NOTPA sought to identify innovative new
opportunities, pilot a number of projects and assist in the establishment of these opportunities,
including pastoral diversification, particularly high-quality hay and fodder; horticultural expansion,
or new areas to be converted from existing tenure; indigenous plants with economic potential and
wild harvest; and, act as a catalyst and information source to support proponents to develop new
projects (Ham, 2009).
At least three pastoral stations in the catchment are currently growing crops and/or forages under
irrigation, with plans for further developments on these stations and on others.
Aquaculture in the Fitzroy catchment

Australia’s largest barramundi farm is located in Cone Bay, in marine waters adjacent to the
Fitzroy catchment, where fish are cultured offshore in large sea cages. The farm has a lease of
1340 ha in sheltered waters and a licence to produce up to 15,000 t/year. A report on inland
aquaculture in WA reviewed eight candidate species for land-based aquaculture (Government of
Western Australia, 2013). However, with the exception of barramundi, the majority of the species
were considered better suited to culture in the cooler southern inland regions.
The Australian agri-food company, Seafarms Group, is planning a multi-million dollar farming
enterprise (Project SeaDragon) with major pond grow-out production based in the Victoria River
District of the NT, 106 km west of Kununurra, WA. The proposal is to develop the world’s largest
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integrated aquaculture development, which at full scale is estimated to have the capacity to
produce over 100,000 tonnes of black tiger prawns per year (InvestNT, 2017; Government of
Western Australia, 2017).
Tourism
Tourism contributed $52.9 billion (3.2% of GDP) to the Australian economy in 2015–16 (ABS
Tourism satellite accounts 2015–16). International visitors account for 29% of this total
contribution to GDP, with the largest number of international visitors coming from New Zealand,
China, UK and USA.
Of the 76 regions for which Tourism Research Australia collects data, the ‘Australia’s North West’
tourism region is most relevant to the Fitzroy catchment. For some of this data, regions can be
further broken down into smaller ABS SA2 regions; the relevant regions for this study area are
‘Derby/West Kimberley’, ‘Halls Creek’ and ‘Kununurra’. The boundaries of the study area, tourism
region and smaller ABS regions are mapped in Figure 2-2.

Figure 2-2 Tourism Research Australia and ABS statistical regions relevant to the Fitzroy catchment
The smaller ABS regions fall within the Australia’s North-West tourism region.

Some key statistics for this tourism region are presented in Table 2-8. The tourism region currently
receives almost 2 million international and domestic visitors. The average length of stay for those
visitors who stay overnight is longer than the state and national means, resulting in a higher mean
spend per visitor, at $821. International visitors make up a relatively small proportion of the
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visitors to the region, with the main countries of origin for those from overseas being New
Zealand, UK and USA.
There appears to be substantial capacity for additional visitors within the region as there are fairly
low room occupancy rates. Even during the peak tourism period (July to September) there is
surplus accommodation capacity in this tourism region.
Surveys of visitors indicate that bush walking and visiting national or state parks are among the
most popular non-work related activities (Apx Table B-1). The tourism attractions of the Fitzroy
catchment include a number of protected areas such as the Geikie Gorge National Park, the King
Leopold Ranges, Devonian Reef, Geikie Gorge and Brooking Gorge Conservation Parks, and the
Wilinggin and Karajarri Indigenous Protected Areas.
Table 2-8 Key 2015 tourism data relevant to the Fitzroy catchment
TOURISM STATISTIC7

Visitors (thousands)1,2

AUSTRALIA’S NORTH
WEST

WESTERN AUSTRALIA

AUSTRALIA

1,878

27,145

266,874

International visitors (% visitors)1,2

4%

3%

3%

Domestic day visitors (% visitors)1,2

27%

67%

66%

13,439

67,987

560,116

13%

42%

43%

10

8

6

$1,541

$10,824

$99,086

$821

$399

$371

5%

21%

23%

48.5%

61.6%

66.0%

Visitor nights (thousands)1,2
International visitor (% visitor nights)1,2
Average stay per overnight visitor
(number of nights)1,2
Spend ($ million)1,2
Average spend per visitor ($)1,2
International visitors (% spend)1,2
Room occupancy rate 2015–16 for hotels, resorts,
motels, guest houses and serviced apartments3,6
Top three/four countries of origin for
international visitors1,4
Number of tourism businesses in region1,5

New Zealand, UK,
USA
776

Not available
26,166

New Zealand,
China, UK, USA
273,512

Tourism region data sourced from Tourism Region Profiles Demand 2015
<https://www.tra.gov.au/tra/2016/Tourism_Region_Profiles/Region_profiles/index.html#>
2 State, territory and national data sourced from International Visitor Survey Results to Sept 2015 < https://www.tra.gov.au/Research/Internationalvisitors-to-Australia/international-visitor-survey-results and from National Visitor Survey Results to Sept 2015
https://www.tra.gov.au/Research/Domestic-tourism-by-Australians/National-Visitor-Survey-results>
3
Region, state and territory data sourced from ABS Tourist Accommodation, Australia, 2015–16
<http://www.abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/8635.02015-16?OpenDocument>
4 National data sourced from International Visitor Survey Results to Sept 2015 < https://www.tra.gov.au/Research/International-visitors-toAustralia/international-visitor-survey-results>
5 State, territory and national data sourced for June 2015 from <https://www.tra.gov.au/Research/View-all-publications/All-Publications/Economicreports/tourism-businesses-in-australia-june-2011-to-june-2015>
6 National data sourced from <http://www.abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/8635.02015-16?OpenDocument>
7‘Domestic ‘visitors’ represent the annual number of trips recorded in the National Visitor Survey1,2 where trip types include (domestic) overnight
trips, (domestic) day trips and outbound (international) trips. Some routine trips, such as same-day journeys to work, are excluded. International
'visitors' represents the number of short term travellers to Australia from overseas1,2,4
1

Mining
Mining has until recently been a greater contributor to the local economy than agriculture with
mineral resources producing over $500 million in the Shire of Derby-West Kimberley and $190
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million in the Halls Creek Shire in 2013–14. However, there has been a significant downturn in
mining in the last few years, with a number of mine closures (Ash et al., 2017a).
While Western Australia contributes the largest proportion of the Australian mining industry jobs
and revenues, the contribution to the state total made by the Fitzroy catchment is small (0.5%).
Within the Fitzroy catchment the mining industry, based on 2011 census data, was the fifth most
important industry in the study area (out of 19 industries). There had been a considerable increase
in the proportion of workers employed in the sector compared to the 2006 census, as a
consequence of the mining boom (Table 2-9).
Table 2-9 Key statistics relating to the mining industry in the Fitzroy catchment
EMPLOYMENT STATISTIC

Numbers employed in mining, Census

FITZROY CATCHMENT

WESTERN AUSTRALIA

AUSTRALIA

20161

32

72,542

177,640

Numbers employed in mining, Census 20112

266

67,942

176,560

Sales and service income of mining sector, 2014–
20153,4

n/a

$117,186m

$195,519m

Census 20161

1.5%

6.6%

1.7%

Census 20112

8.7%

6.3%

1.8%

% Employment within mining sector:

Sources: 1 ABS (2016); 2 ABS (2011); 3 ABS (2015);
4 Mining sector defined as coal mining, oil and gas extraction, metal ore mining, non-metallic mineral mining and quarrying; does not include
exploration and other mining support services

The Fitzroy catchment has promise for a wide range of commodities and hosts a range of
economically exploitable resources. In the far west of the catchment is the operational Ungani
oilfield around which there are several exploration tenements also targeting oil resources
(Figure 2-3). Several tight gas plays occur just to the north of the Fitzroy catchment (e.g., Lloyd,
Blina) and exploration tenements in the north-west of the catchment are targeted at discovery of
gas in the Laurel Formation at depth.
In the central part of the Fitzroy catchment lies the Paradise Coal project, a bituminous thermal
coal resource, from which it has been proposed that 2.5 million tonnes of coal could be exported
per year. This appears to be the only location in the catchment where coal exploration is currently
being undertaken.
Further west and south of Fitzroy Crossing several tenements along the Lennard Shelf are
targeting base metal deposits. The recently purchased Kapok West base metal deposit on the
Lennard Shelf is the only discovery that has been made to date.
In the east of the catchment lies the Kimberley Block, an ancient, complexly deformed craton
comprised of many different geological domains. It is prospective for a range of economically
significant resources including diamonds, precious metal (e.g. gold, silver, platinum group
elements (PGE)) and base metals (e.g. lead, zinc, copper and nickel) and rare earth elements.
There are a number of exploration tenements targeting diamond resources sitting in a north-south
corridor 25 km east of Paradise Coal project. However, there have been no significant discoveries
to date. The well-known Argyle Diamond Mine, a major diamond resource, lies to the east of the
Fitzroy catchment.
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In the far east of the Fitzroy catchment lies the Lamboo Belt, considered promising for a vast array
of resources and within which substantial gold-silver-base metal and nickel-PGE mineralisation
occur. The Lamboo Belt is the location of two major operational resource projects, the San Diego
deposit (gold-silver) and Nicolson’s Find (zinc-copper-lead-gold- silver) and is considered a
potential site for future exploration.
In the north of the Fitzroy catchment several tenements are being explored by Celsius Resources
for cobalt. Cobalt and other resources used in battery manufacturing are considered lucrative and
therefore this area could also become a hot spot for future exploration.

Figure 2-3 Mining leases and licenses in the Fitzroy catchment
Exploration tenements are parcels of land on which a company has rights to explore for specific resources
(e.g. minerals, coal or petroleum (oil and/or gas)).
Source: Department of Mines, Industry and Safety (WA), viewed 5 December 2017
https://dasc.dmp.wa.gov.au/dasc/.
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2.2.2

DARWIN CATCHMENTS

Employment
Within both the urban and rural areas of the Darwin catchments the overall unemployment rate is
less than 5%, close to full employment and noticeably less than that seen across the Northern
Territory and the country as a whole (Table 2-10). The low level of unemployment suggests that
industries within the study area may struggle to find enough workers to meet their growth needs,
which could place upward pressures on wage rates in the study area.
There are noticeable differences in the industries providing the most jobs, both across the Darwin
catchments and compared to Australia as a whole. ‘Public administration and safety’ is by far the
most important employer in the urban part of the study area and the Northern Territory, providing
around one in five jobs, but does not feature as one of the top five employers in the country as a
whole. Within the rural part of the study area, ‘Construction’ is by far the larger employer. These
important differences have a significant impact on the regional economic benefits that can result
from development projects initiated within the study area, as is discussed in more detail within
Chapter 7 of this report.
Table 2-10 Key employment data in the Darwin catchments in relation to state and national means
The study area is separated into ‘urban’ and ‘rural’ areas because the demographics of the two are so different.
Employment within ‘Agriculture, forestry and fishing’ was 0.5% in urban areas, 4.6% in rural areas and 1.2% in the
combined Darwin catchments study area.
EMPLOYMENT STATISTIC

UNIT

Unemployment rate, 20161

%

Unemployment rate, 20112

%

URBAN AREAS

RURAL AREAS

COMBINED
(RURAL +
URBAN)

NORTHERN
TERRITORY

AUSTRALIA

4.8

4.6

4.7

7.0

6.9

3.7

3.8

3.7

5.3

5.6

Major industries of employment – top five industries % of employment (for each location)1
Public administration and safety

%

19.9

17.1

19.4

19.0

Construction

%

11.1

19.3

12.5

10.6

8.9

Health care and social assistance

%

10.8

9.9

11.6

13.2

Education and training

%

8.7

8.2

8.6

9.7

9.1

Retail trade

%

8.0

6.3

7.7

7.6

10.3

Professional, scientific and technical services

%

7.0

7.6

Sources: 1 ABS (2016b), 2 ABS (2011b)

Land use
The Darwin catchments are dominated by conservation and protected land (53.0%) which includes
7280 km2 of national parks and 1163 km2 under traditional Indigenous uses (Figure 2-4). A further
7.2% is classified as water and wetlands, most of which is in several large areas on the western and
northern boundaries of the study area. Most of the remaining area (36.5%) is used for grazing and
livestock production. There are about 15,000 ha of intensive agriculture and 16,000 ha of dryland
cropping. Urban areas (2.0%) make up most of the remainder of the study area, and mining has a
concentrated footprint (0.3%).
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Figure 2-4 Land use classification for the Darwin catchments
Source: ABARES (2016) Australian Land Use Classification, simplified following Apx Table A-1.

Agriculture and fisheries
Agriculture is a significant contributor to the economy of the Darwin region, with the gross value
of agricultural production (GVAP) in the Darwin catchments approximately $136 million (ABS,
2017; NT Farmers Association, 2016). Cropping accounts for about 90% of the GVAP ($123 million),
mostly from fruit, vegetables and hay (NT Farmers Association, 2016). Beef cattle contribute
around $13 million to GVAP (ABS, 2017). This is mostly from smallholder beef production as there
are very few pastoral stations of any significant size in the Darwin catchments. Agriculture is not a
major source of employment in the Darwin catchments (Table 2-10).
Grazing industry in the Darwin catchments

The pastoral industry developed mostly in the regions to the south of Darwin, where larger areas
of grassy savanna are well-suited to pastoral production. As the live export trade has developed,
the Darwin region has become extremely important as an export hub via Darwin Port. Associated
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with that, in the Darwin region there are properties for holding cattle prior to export and areas of
forage production.
Past and existing irrigation in the Darwin catchments

Early agricultural interest in the Darwin catchments was in plantation agriculture. During the
1870s and 1880s around 60,000 ha of land was granted to a number of companies for sugarcane
production (Hillock, 2005). A modest sugar mill was established at Delissaville (now known as
Belyuen). However, much of this early investment in plantation agriculture was speculative and by
1890 all plantations had been abandoned. There were also efforts by Chinese farmers from 1884
onwards to grow rice on the sub-coastal plains of the Adelaide River (Forster, 1961). However, rice
as an industry didn’t receive significant investment until after World War II. Territory Rice Limited
was established in 1954 and 300,000 ha was to be made available on the sub-coastal plains.
However, only a small area of rice (around 1000 ha) was grown before the operation folded in the
early 1960s.
These early attempts at large-scale agriculture in the Darwin region relied on rainfall, exploiting
the reliable wet seasons. However, the rainy season is short and it proved difficult to grow grain
crops, such as rice. Vegetables and fruit were grown locally from an early stage of development,
with early production focusing on providing fresh fruit and vegetables to local residents. Pests and
diseases during the wet season proved a challenge for larger scale commercial production, as well
as the ability to transport products to markets outside of the NT. Over more recent decades
transport links and the ability to control pests have improved and the horticultural industry has
developed, with a focus on supplying mangoes and Asian vegetables to the Australian market.
There is about 4,400 ha of irrigated land in the Darwin catchments.
Northern Prawn Fishery

The Northern Prawn Fishery (NPF) spans the northern Australian coast between Cape Londonderry
in WA to Cape York in Queensland (Figure 1-1). It is one of the most valuable fisheries in the
country and is managed by the Australian Government (via the Australian Fisheries Management
Authority) through input controls such as gear restrictions (number of boats and nets, length of
nets) and restricted entry. The Darwin catchments flow into the three western NPF regions: the
Joseph-Bonaparte Gulf, Fog Bay and Cobourg-Melville (Figure 1-1). Together, these three NPF
regions account for about one-fifth of the total annual NPF prawn catch. Like many tropical
fisheries, the target species exhibit an inshore-offshore larval life cycle and are dependent on
inshore habitats, including estuaries, during the postlarval and juvenile phase (Vance et al., 1998).
Monsoon-driven freshwater flood flows cue juvenile prawns to emigrate from estuaries to the
fishing grounds and flood magnitude explains 30% to 70% of annual catch variation, depending on
catchment region (Buckworth et al., 2014; Vance et al., 2003).
Initially comprising over 200 vessels in the late 1960s, the number of vessels in the NPF has
reduced to just 52 trawlers and 19 licensed operators after management initiatives including effort
reductions and vessel buy-back programs (Dichmont et al., 2008). Fishing activity for banana and
tiger prawns, which constitute 80% of the catch, is also limited to two seasons: a shorter banana
prawn season from April to June, and a longer tiger prawn season from August to November. The
specific dates of each season are adjusted depending on catch rates. Banana prawns generally
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form the majority of the annual prawn catch by volume. Key target and by-product species are
detailed by Woodhams et al. (2011).
The catch is often frozen on-board and sold in domestic and export markets. The catch from the
NPF was valued at $106.8 million in 2015 by the Australian Fisheries Management Authority
(AFMA, http://www.afma.gov.au/fisheries/northern-prawn-fishery). Given recent efforts to
alleviate fishing pressure in the NPF, there is little opportunity for further expansion of the
industry.
Land-based aquaculture in the Darwin catchments

There is minimal land-based aquaculture in the Darwin catchments (see companion technical
report on aquaculture (Irvin et al., 2018)). A farm near Humpty Doo produces more than 1000
tonnes of barramundi per year. The fish are farmed in ponds, with marine water pumped from the
Adelaide River. The Aquaculture Research Centre in Darwin is conducting research on marine
species (black-lipped oysters, giant clams and sea cucumbers) with the engagement of Indigenous
communities as a key component. Barramundi and tiger prawns were identified as established
species suitable for culture in the Darwin catchments.
Tourism
Tourism contributed $52.9 billion (3.2% of GDP) to the Australian economy in 2015–16 (ABS
Tourism satellite accounts 2015–16). International visitors account for 29% of this total
contribution to GDP, the balance resulting from domestic day and overnight stay visitors. The
countries providing the largest numbers of international visitors are New Zealand, China, UK and
USA.
Of the 76 regions for which Tourism Research Australia collects data, the ‘Darwin’ and ‘Kakadu
Arnhem’ tourism regions are most relevant to the Darwin catchments. Some of the data regions
can be further broken down into smaller ABS SA2 regions; the relevant region for this study area is
‘Alligator’, which lies within the larger Kakadu Arnhem tourism region. The boundaries of the
study area, tourism regions, and the smaller region of Alligator, are mapped in Figure 2-5.
More than 1.1 million people (both international and domestic) visit the Darwin tourism region
annually, and over 0.7 million visit the Kakadu Arnhem tourism region (Table 2-11). However,
adding the data together risks double counting because the two regions likely receive many of the
same visitors. A larger proportion of international visitors (mostly from the UK and Germany)
travel to Darwin compared to the national average, but a smaller proportion visit Kakadu Arnhem.
For Darwin, day visitors are less frequent than the national average, probably due to the tourism
region’s considerable distance from the major population centres. Accordingly, the average length
of stay is longer than that for the whole country, and the average spend per visitor is also higher.
In contrast, day visitors are more common in the Kakadu Arnhem tourism region than in the rest
of Australia, and overnight visitors stay fewer nights and visitors spend less overall.
Low room occupancy rates (even during the peak tourism season from July to September) suggest
that there is capacity to accommodate additional visitors to the tourism regions, particularly
within Kakadu Arnhem. Visitors are drawn to these tourism regions to pursue both city- and
nature-based activities (Apx Table B-2). In particular, visitors are drawn to the many protected
areas close to the Darwin catchments including the Charles Darwin River, Djukbinj, Litchfield, Mary
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River, Nitmiluk (Katherine Gorge) and Kakadu National Park, which was listed as a World Heritage
Site in 1981 for its outstanding cultural and natural values.

Figure 2-5 Tourism Research Australia and ABS statistical regions relevant to the Darwin catchments
The smaller ABS Alligator region lies within the Kakadu Arnhem tourism region.
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Table 2-11 Key 2015 tourism data relevant to the Darwin catchments
TOURISM STATISTIC7

DARWIN

Visitors (thousands)1,2

KAKADU ARNHEM

NORTHERN
TERRITORY

AUSTRALIA

1,147

743

2,480

266,874

International visitors (% visitors)1,2

11%

4%

11%

3%

Domestic day visitors (% visitors)1,2

39%

58%

40%

66%

6,378

1,358

12,400

560,116

40%

11%

35%

43%

9

4

8

6

$972

$231

$2,032

$99,086

$847

$311

$820

$371

16%

9%

21%

23%

61.6%

42.6%

60.6%

66.0%

UK, Germany,
USA

UK, Germany,
France

Not available

New Zealand,
China, UK,
USA

1,288

95

2,066

273,512

Visitor nights (thousands)1,2
International visitor (% visitor nights)1,2
Average stay per overnight visitor
(number of nights)1,2
Spend ($ million) 1,2
Average spend per visitor

($)1,2

International visitors (% spend)1,2
Room occupancy rate 2015–16 for hotels, resorts,
motels, guest houses and serviced apartments3,6
Top three/four countries of origin for
international visitors1,4
Number of tourism businesses in region1,5

Tourism region data sourced from Tourism Region Profiles Demand 2015
https://www.tra.gov.au/tra/2016/Tourism_Region_Profiles/Region_profiles/index.html#
2 State, territory and national data sourced from International Visitor Survey Results to Sept 2015 https://www.tra.gov.au/Research/Internationalvisitors-to-Australia/international-visitor-survey-results and from National Visitor Survey Results to Sept 2015
https://www.tra.gov.au/Research/Domestic-tourism-by-Australians/National-Visitor-Survey-results
3 Region, state and territory data sourced from ABS Tourist Accommodation, Australia, 2015–16
http://www.abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/8635.02015-16?OpenDocument
4 National data sourced from International Visitor Survey Results to Sept 2015 https://www.tra.gov.au/Research/International-visitors-toAustralia/international-visitor-survey-results
5
State, territory and national data sourced for June 2015 from https://www.tra.gov.au/Research/View-all-publications/All-Publications/Economicreports/tourism-businesses-in-australia-june-2011-to-june-2015
6 National data sourced from http://www.abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/8635.02015-16?OpenDocument
7‘Domestic ‘visitors’ represent the annual number of trips recorded in the National Visitor Survey1,2 where trip types include (domestic) overnight
trips, (domestic) day trips and outbound (international) trips. Some routine trips, such as same-day journeys to work, are excluded. International
'visitors' represents the number of short term travellers to Australia from overseas1,2,4
1

Mining
The Northern Territory contributes a small proportion of the Australian mining industry jobs and
revenues, but within the NT, the contribution to the total made by the Darwin catchments is
significant. Based on employment by industrial sector in 2011 census data, the Darwin catchments
supplied more than 60% of the workers of the NT in the mining sector (Table 2-12).
Within the study area the mining industry, based on 2011 census data, was the thirteenth most
important industry in the study area (out of 19 industries).
The mining industry currently has a footprint covering less than 3.5% of the land within the study
area. However, there are a number of mining exploration licenses in place, covering just over
43.4% of the land area, indicating the significant potential for further mining operations in the
future (Figure 2-6).
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Table 2-12 Key statistics relating to the mining industry in the Darwin catchments
EMPLOYMENT STATISTIC

URBAN AREAS

RURAL AREAS

COMBINED
(URBAN + RURAL)

NORTHERN
TERRITORY

AUSTRALIA

Numbers employed in mining,
Census 20161

1,081

422

1,503

2,522

177,640

Numbers employed in mining,
Census 20112

1,076

563

1,639

2,694

176,560

n/a

n/a

n/a

$4,395

$195,519

Census 20161

1.9%

3.5%

2.2%

2.6%

1.7%

Census 20112

2.0%

5.1%

2.6%

2.8%

1.8%

Sales and service income of
mining sector, 2014–2015 ($
million)3,4
% Employment within mining sector:

ABS (2016); 2 ABS (2011); 3 ABS (2015);
Mining sector defined as coal mining, oil and gas extraction, metal ore mining, non-metallic mineral mining and quarrying; does not include
exploration and other mining support services

1
4

Exploration and mining tenements in the Darwin catchments are closely correlated with the Pine
Creek Orogen, a Paleoproterozoic geological formation which underlies much of the study area.
The Pine Creek Orogen hosts over a thousand mineral occurrences and is among the most
prospective geological regions of Australia. It contains approximately 20% of the world’s total
uranium resource and approximately nine million mega ounces of gold have been identified.
Considerable resources of other commodities exist, including copper, nickel, cobalt, lead, zinc,
silver, platinum, palladium, tin, tantalum, tungsten, iron, magnesite and phosphate (Ahmad and
Hollis, 2013).
The most economically important gold is hosted in quartz-reef near Pine Creek (the Spring Hill and
Mount Porter gold mines). Alluvial gold was originally discovered at Pine Creek in 1871 by workers
digging holes for the telegraph line, triggering a gold rush at the time. However, in recent years
the main exploration focus has been on hard rock gold, which uses far less water than that
required for processing alluvial gold. Gold mineralisation similar to that at Pine Creek also occurs
at Tom’s Gully 115 km to the north-north-west, and exploration for areas of similar mineralisation
is taking place regionally.
Alluvial tin was mostly mined in the late 1800s with the majority of historic workings located
within a north to south corridor extending south of Darwin and in a broad zone north of Pine
Creek. Although there are currently no major tin projects operating in the Darwin catchments,
recent exploration has refocussed on the potential for sourcing lithium for battery production
from Tin-Tantalum-rich pegmatites in the Finniss area south of Darwin.
Large quantities of uranium (including the Jabiluka and Ranger Mines) occur to the east of the
Darwin catchments in west Arnhem Land (Lambert et al., 2005). Significant uranium deposits also
halo an Archean–aged granite dome (McCready et al., 2004), sitting at the boundary between the
Finniss and Adelaide catchments in the vicinity of the Rum Jungle Uranium mine. While Rum
Jungle is no longer operational, the nearby Browns base metal project is a major resource. Base
metals and uranium should be considered largely restricted to a halo around the Archean
embayment.
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Onshore and offshore basins to the north and west of the Darwin catchments have been covered
by oil and gas tenements in the past and are currently under application for exploration rights.
However, the prime areas of interest lie predominantly outside of the study area.

Figure 2-6 Mining leases, licences and tenements in the Darwin catchments
Exploration tenements are parcels of land on which a company has rights to explore for specific resources
(e.g. minerals, coal or petroleum (oil and/or gas)).
Source: Department of Primary Industry and Resources (NT), viewed 5 December 2017.
https://dpir.nt.gov.au/mining-and-energy/STRIKE/accessing-nt-datasets/nt-wide-titles-datasets.
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2.2.3

MITCHELL CATCHMENT

Employment
The overall unemployment rate in the Mitchell catchment is significantly above that seen in the
state, which itself is higher than the rate for the country as a whole (Table 2-13), reinforcing the
view that this study area is a region of relative economic disadvantage. There are noticeable
differences in the industries providing the most jobs within the study area compared to both
Queensland and Australia as a whole. While ‘Education and training’, ‘Healthcare and social
assistance’, and ‘Construction’, are important employers in the study area and nationally, ‘Retail
trade’ and ‘Professional, scientific and technical services’ both feature within the top five
industries by employment across the nation on average, but are less significant within the Mitchell
catchment. Instead, ‘Agriculture, forestry and fishing’ and ‘Accommodation and food services’ are
far more important sources of employment, employing almost one-third of the workforce in the
Mitchell catchment. These important differences have a significant impact on the regional
economic benefits that can result from development projects initiated within the study area, as is
discussed in more detail within Chapter 7 of this report.
Table 2-13 Key employment data in the Mitchell catchment in relation to state and national means
EMPLOYMENT STATISTIC

Unemployment rate,

UNIT

20161

%

Unemployment rate, 20112

%

MITCHELL CATCHMENT

QUEENSLAND

AUSTRALIA

11.2

7.6

6.9

6.3

6.1

5.6

9.4

9.1

Major industries of employment – top five industries % of employment (for each location)1
Agriculture, forestry and fishing

%

31.8

Education and training

%

9.3

Public administration and safety

%

8.6

Health care and social assistance

%

8.3

13.5

13.2

Construction

%

7.5

9.4

8.9

Retail trade

%

10.4

10.3

Accommodation and food services

%

7.7

Professional, scientific and technical services

%

7.6

Sources: 1 ABS (2016b), 2 ABS (2011b)

Land use
Grazing is the overwhelming dominant land use (95.1%) in the Mitchell catchment (Figure 2-7).
The remainder of the study area is mainly classified as under conservation (2.9%, with 1052 km2 in
national parks) and wetlands (1.6%), located in the delta at the bottom of the catchment. There
are some small areas of dryland (6000 ha) and intensive agriculture (19,000 ha) on the eastern
margins of the Mitchell catchment, where it overlaps with the edge of the Mareeba Dimbulah
Water Supply Scheme.
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Figure 2-7 Land use classification for the Mitchell catchment
Source: ABARES (2016) Australian Land Use Classification, simplified following Apx Table A-1.

Agriculture and fisheries
Agriculture is the largest contributor to the economy of the Mitchell catchment, where the total
gross value of agricultural production (GVAP) in 2015–16 was approximately $225 million (ABS,
2017). Livestock commodities ($130 million) account for just over half of the total GVAP,
dominated by the beef industry ($117 million), which has been aided by recent large increases in
cattle prices. Poultry contributed a further $13 million in 2015–16. Cropping accounted for $95
million, with the largest contributors being mangoes ($29 million), sugarcane ($17 million) and
avocados ($14 million) (Note that confidentiality deletions affect subtotals in this GVAP data, so
industry values are lower-bound estimates. This is particularly likely to be the case where there
are only a few businesses in a category.). Across the Mitchell catchment, agriculture accounts for
approximately 32% of employment (Table 2-13).
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Grazing industry in the Mitchell catchment

The Mitchell catchment supports a variety of agricultural enterprises but agricultural production is
dominated by extensive grazing of beef cattle on leasehold land. Beef production systems are
based on dryland native and naturalised pastures that are constrained in quality and quantity by
the region’s climate and soils. Rainfall is highly seasonal, there is great variation between years in
the amount of rain received and the soils are typically of low fertility. These factors dictate that
overall cattle carrying capacity is low (one animal per 10 to 20 ha) and they strongly influence the
kinds of beef enterprises that can be conducted within the Mitchell catchment. The relatively
remote nature of much of the Mitchell catchment also limits the kinds of markets that can be
accessed by the region’s beef enterprises. In spite of these constraints, the catchment carries
approximately 185,000 head of cattle.
Low productivity per hectare and per animal means that properties need to be reasonably large,
ranging from around 10,000 ha in the east of the catchment to over 500,000 ha in the west.
Productivity levels and market access dictate that most beef enterprises are centred on cow-calf
breeding operations rather than fattening of animals. They typically turn off weaners (120 to
160 kg) or yearling animals (250 to 350 kg) that are sold to operations in more fertile areas further
south in Queensland. Yearling animals are also exported live to Asia. While recent cattle prices for
livestock have led to optimism in the beef sector, the decade up to 2015 showed cattle properties
in the Gulf region of Queensland making regular losses with declining equity (see the companion
technical report on agriculture viability in the Mitchell catchment (Ash et al., 2018c)).
Pasture production occurs mostly in the December to April period, where plant growth rates can
be very high. Almost no pasture production occurs over the remainder of the year. A future
irrigation development in the Mitchell catchment could strengthen the northern Australia beef
industry by complementing the production of beef cattle, predominantly from extensive dryland
grazing, with locally grown irrigated forages. Greater diversity of markets would assist the
industry, and this would be facilitated by the continued supply of higher quality beef for the
domestic market (Gleeson et al., 2012).
Existing irrigation in the Mitchell catchment and the Mareeba–Dimbulah Water Supply Scheme

Irrigated agriculture in the Mitchell catchment is at present largely confined to the very east of the
catchment in the Upper Walsh River (MDWSS) and in the upper Mitchell catchment, north of
Mareeba in the Julatten area. In the late 1800s and early 1900s farming in the Mareeba–Dimbulah
area was based on vegetables, maize, fruit and cattle, with tobacco becoming a successful crop
some years later in 1928 (SunWater, 2018). Due to the challenges of growing dryland tobacco in
the area, the Queensland Irrigation and Water Supply Commission built eight weirs on local rivers
in the late 1940s and early 1950s, which permitted limited irrigation development (Griggs, 2002).
However, it soon became clear that expansion of the industry would require considerably more
water for irrigation. In 1953 construction of Tinaroo Falls Dam commenced and was completed in
1958. The primary purpose of the dam was to supply water to the MDWSS, originally known as the
Mareeba–Dimbulah Irrigation Area (MDIA), largely to support an expansion of the tobacco
industry. With the demise of the tobacco industry, irrigated agriculture in the MDWSS is now
dominated by mangoes, bananas, avocados, sugarcane and a range of other tree, field and
horticultural crops. The MDWSS currently irrigates an area of about 22,690 ha, around two-thirds
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of which lies within the Mitchell catchment. This represents about 0.2% of the total area of the
Mitchell catchment.
Northern Prawn Fishery

The Northern Prawn Fishery (NPF) spans the northern Australian coast between Cape Londonderry
in WA to Cape York in Queensland (Figure 1-1). It is one of the most valuable fisheries in the
country and is managed by the Australian Government (via the Australian Fisheries Management
Authority) through input controls such as gear restrictions (i.e. number of boats and nets, length
of nets) and restricted entry. The two most productive NPF regions – the Mitchell and Karumba
NPF regions (Figure 1-1)– are located near the mouth of the Mitchell River and together account
for about half of the total annual NPF prawn catch. Like many tropical fisheries, the target species
exhibit an inshore/offshore larval life cycle and are dependent on inshore habitats, including
estuaries, during the postlarval and juvenile phase (Vance et al., 1998). Monsoon-driven
freshwater flood flows cue juvenile prawns to emigrate from estuaries to the fishing grounds and
flood magnitude explains 30% to 70% of annual catch variation, depending on catchment region
(Buckworth et al., 2014; Vance et al., 2003).
Initially consisting of over 200 vessels in the late 1960s, the number of vessels in the NPF has
reduced to just 52 trawlers and 19 licensed operators after management initiatives, including
effort reductions and vessel buy-back programs (Dichmont et al., 2008). Fishing activity for banana
and tiger prawns, which constitute 80% of the catch, is also limited to two seasons: a shorter
banana prawn season between April to June, and a longer tiger prawn season from August to
November. The specific dates of each season are adjusted depending on catch rates. Banana
prawns generally form the majority of the annual prawn catch by volume. Key target and byproduct species are detailed by Woodhams et al. (2011).
The catch is often frozen on-board and sold in domestic and export markets. The catch from the
NPF was valued at $106.8 million in 2015 by the Australian Fisheries Management Authority
(AFMA, http://www.afma.gov.au/fisheries/northern-prawn-fishery). Given recent efforts to
alleviate fishing pressure in the NPF, there is little opportunity for further expansion of the
industry.
Land-based aquaculture in the Mitchell catchment

Land-based aquaculture in the Mitchell catchment is limited (Irvin et al., 2018). Two small red claw
(freshwater crayfish) farms are located near Mareeba in the eastern part of the Mitchell
catchment. A recent national-scale assessment (Preston et al., 2015) identified 594,000 ha of
coastal land that could potentially be suitable for tropical land-based aquaculture in Queensland.
Barramundi and tiger prawns were identified as established species suitable for aquaculture in this
study area.
Tourism
Tourism contributed $52.9 billion (3.2% of GDP) to the Australian economy in 2015–16 (ABS
Tourism satellite accounts 2015–16). International visitors account for 29% of this total
contribution to GDP, the balance resulting from domestic day and overnight stay visitors. The
countries providing the largest numbers of international visitors are New Zealand, China, UK and
USA.
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Of the 76 tourism regions for which Tourism Research Australia collects data, the ‘Tropical North
Queensland’ tourism region is most relevant to the Mitchell catchment. For some of the data,
tourism regions can be further broken down into smaller ABS SA2 regions; the relevant ABS region
for this study area is ‘Tablelands’ which covers around half of the Mitchell catchment. Much of the
remainder of the Mitchell catchment falls within the ‘Kowanyama-Pormpuraaw’ SA2 ABS region;
however, visitors to that region were not surveyed so no such data are available. The boundaries
of the Mitchell catchment, tourism region, and smaller Tablelands SA2 region are mapped in
Figure 2-8.

Figure 2-8 Tourism Research Australia and ABS statistical regions relevant to the Mitchell catchment
The smaller ABS Tablelands region falls within the Tropical North Queensland tourism region.

Recognised as one of the key natural tourism regions within the country, over 5 million people
visit Tropical North Queensland per year (Table 2-14). However, the prime tourist attractions
within this tourism region, such as the Greater Barrier Reef and rainforests, mainly fall outside the
Mitchell catchment. A substantial proportion of the visitors are international, reflecting the major
international airport at Cairns with direct flights to a number of countries, including a number of
different regions of China. This affects the top three countries of residence of visitors to the
region, with China providing the most, followed by USA and UK. The tourism region also receives
many day visitors drawn from elsewhere within Queensland, and the average length of stay for
those visitors who stay overnight is around the average for the state and for the country as a
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whole. However, the average spend per visitor, at $688, is larger than the average for the state or
country.
There appears to be substantial capacity for additional visitors within the tourism region as there
are fairly low room occupancy rates. Even during the peak tourism period (July to September)
there remains surplus accommodation capacity in the region.
Table 2-14 Key 2015 tourism data relevant to the Mitchell catchment
TOURISM STATISTIC7

Visitors (thousands)1,2

TROPICAL NORTH
QUEENSLAND

QUEENSLAND

AUSTRALIA

5,281

58,691

266,874

International visitors (% visitors)1,2

15%

4%

3%

Domestic day visitors (% visitors)1,2

45%

62%

66%

16,930

131,214

560,116

40%

39%

43%

6

6

6

$3,632

$22,977

$99,086

Average spend per visitor ($)1,2

$688

$392

$371

International visitors (% spend)1,2

28%

20%

23%

64.6%

62.7%

66.0%

Visitor nights (thousands)1,2
International visitor (% visitor nights)1,2
Average stay per overnight visitor
(number of nights)1,2
Spend ($ million) 1,2

Room occupancy rate 2015–16 for hotels, resorts,
motels, guest houses and serviced apartments3,6
Top three/four countries of origin for
international visitors1,4
Number of tourism businesses in region1,5

China, USA, UK
3,658

Not available
51,276

New Zealand,
China, UK, USA
273,512

Tourism region data sourced from Tourism Region Profiles Demand 2015
https://www.tra.gov.au/tra/2016/Tourism_Region_Profiles/Region_profiles/index.html#
2
State, territory and national data sourced from International Visitor Survey Results to Sept 2015 https://www.tra.gov.au/Research/Internationalvisitors-to-Australia/international-visitor-survey-results and from National Visitor Survey Results to Sept 2015
https://www.tra.gov.au/Research/Domestic-tourism-by-Australians/National-Visitor-Survey-results
3 Region, state and territory data sourced from ABS Tourist Accommodation, Australia, 2015–16
http://www.abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/8635.02015-16?OpenDocument
4 National data sourced from International Visitor Survey Results to Sept 2015 https://www.tra.gov.au/Research/International-visitors-toAustralia/international-visitor-survey-results
5 State, territory and national data sourced for June 2015 from https://www.tra.gov.au/Research/View-all-publications/All-Publications/Economicreports/tourism-businesses-in-australia-june-2011-to-june-2015
6 National data sourced from http://www.abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/8635.02015-16?OpenDocument
7‘Domestic ‘visitors’ represent the annual number of trips recorded in the National Visitor Survey1,2 where trip types include (domestic) overnight
trips, (domestic) day trips and outbound (international) trips. Some routine trips, such as same-day journeys to work, are excluded. International
'visitors' represents the number of short term travellers to Australia from overseas1,2,4
1

As a rural and fairly remote area, much of the appeal of the Tropical North Queensland tourism
region to visitors lies in the natural beauty of the environment and in the associated Indigenous
cultural values of the land; the tourism region includes a wide range of protected areas including
nature reserves, conservation areas, and both State-managed and Indigenous co-managed
national parks. Surveys of visitors indicate that bush walking and visiting national or state parks
are among the most popular tourist activities (Apx Table B-3). The key attractions of this tourism
region are the Great Barrier Reef and the Wet Tropics World Heritage Areas, listed in 1981 and
1988 respectively. Within the Mitchell catchment there are a number of protected areas that
attract tourists, including all or part of the Daintree, Chillagoe-Mungana Caves, Forty Mile Scrub,
Hann Tableland, Undara Volcanic, Bulleringa, Mowbray, Kuranda, Mount Windsor, Mount
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Spurgeon and Mount Lewis National Parks, Kowanyama Indigenous land, and the Errk Oykangand
Aboriginal National Park. Eco-cultural tourism based on a combination of natural and cultural
values is an important basis for development aspirations for local and regional development
agencies.
Mining
Following Western Australia, Queensland is the second largest contributor to Australian mining
industry jobs and revenues. However, within Queensland, the contribution to the total made by
the Mitchell catchment is negligible. Based on employment by industrial sector in 2011 census
data, the Mitchell catchment supplied less than 0.5% of the workers of Queensland in the mining
sector (Table 2-15). Within the study area the mining industry, based on 2011 census data, was the
eighth most important industry in the study area (out of 19 industries).
The mining industry currently has a footprint covering less than 0.5% of the land within the study
area; however, there are a number of mining exploration licenses in place, covering just over
20.0% of the land area, indicating the potential for further mining operations in the future
(Figure 2-9).
Table 2-15 Key statistics relating to the mining industry in the Mitchell catchment
EMPLOYMENT STATISTIC

Numbers employed in mining, Census

MITCHELL CATCHMENT

QUEENSLAND

AUSTRALIA

20161

66

49,997

177,640

Numbers employed in mining, Census 20112

205

52,952

176,560

Sales and service income of mining sector, 2014–
20153,4

n/a

$37,413 m

$195,519 m

Census 20161

3.2%

2.4%

1.7%

Census 20112

4.3%

2.7%

1.8%

% Employment within mining sector:

ABS (2016); 2 ABS (2011); 3 ABS (2015);
Mining sector defined as coal mining, oil and gas extraction, metal ore mining, non-metallic mineral mining and quarrying; does not include
exploration and other mining support services

1
4

The eastern-most third of the Mitchell catchment (around the towns of Chillagoe and Mount
Garnet) holds promise for a number of commodities, hosting considerable economically
exploitable mineral resources, predominantly tin, gold and copper.
Substantial alluvial tin was mined from the late 1800s to the late 1900s around Mount Garnet,
however, current exploration is more focused on locating granite-hosted (‘hard rock’) tin
resources. There are still numerous medium-scale tin mining operations in the Mitchell catchment,
mainly near Mount Garnet but also south of Chillagoe and near Mount Carbine to the north.
Copper and other base metals (e.g. zinc, lead) are mainly found around Chillagoe. Although the
area is past its prime, there are still several mines in operation (e.g. Mungana and Red Dome,
north-west of Chillagoe) and exploration is still active. Based on current mining activity it is
considered likely that relatively modest discoveries of base metals will be made in the future.
Figure 2-9 shows a considerable number of gold ‘occurrences’ between Mareeba and the Palmer
River. However, the majority of these occurrences are classified as ‘very small’ and are mostly
alluvial deposits. No gold mines are operating at present in the Mitchell catchment and it is likely
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that the alluvial gold resources have largely been excavated and are currently economically
unviable to source (the Palmer River was the site of a gold rush in the late 19th century).

Figure 2-9 Mining leases in the Mitchell catchment
Source: Queensland Government spatial catalogue (QSpatial), viewed on 5 December 2017
http://qldspatial.information.qld.gov.au/catalogue/custom/index.page.

The western two-thirds of the Mitchell catchment has negligible economic potential for mining.
There are no active hydrocarbon exploration leases in the Mitchell catchment. This is mainly due
to the fact that the geological Carpentaria Basin is relatively juvenile and there are no suitable
source rocks deposited in the basin (e.g. organic-rich shales) within which hydrocarbons could
form over geological time frames. There is one coal exploration lease, which straddles the edge of
the north of the catchment, but in general the study area is not prospective for coal. Furthermore,
there are no geothermal leases, mostly likely due to a lack of deep crustal radiogenic rock at
depth, coupled with the remoteness of the majority of the catchment.
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2.3

Current infrastructure

2.3.1

FITZROY CATCHMENT

Transport
The Fitzroy catchment is characterised by a sparse road network (Figure 2-10) with the Great
Northern Highway being the main access from the north to Derby and then on to southern
Western Australia. The only other major sealed road is the Derby-Gibb River Road. In Figure 2-10,
Rank 1 roads refer to well-maintained highways or other major roads and are usually sealed. Rank
2 refers to secondary ‘state’ roads and are a mixture of sealed and unsealed. Rank 3 refers to
minor routes, usually unsealed local roads. Outside of the two major roads, there are a large
number of unsealed minor roads connecting communities and cattle properties to the Great
Northern Highway. These roads involve several creek crossings with limited or no causeway or
bridge infrastructure, and are often inaccessible during the wet season.

Figure 2-10 Road rankings and conditions for the Fitzroy catchment
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Figure 2-11 shows the heavy vehicle access restrictions for roads within the study area, as per the
National Heavy Vehicle Regulator. The entire study area except urban roads in Derby and other
towns permits Type 2 road trains, which are vehicles up to 53 m in length, typically a prime mover
pulling three 40-foot trailers (e.g. cattle transport). Wyndham and Broome ports (nearest ports
outside the Fitzroy catchment) are accessible by these road trains. Despite the poorer road
conditions of many of the local roads, these large road trains are permitted due to minimal safety
issues from low traffic volumes and minimal road infrastructure restrictions (e.g. bridge limits and
intersection turning safety).

Figure 2-11 Vehicle access restrictions for the Fitzroy catchment
Truck classes listed from shortest to longest in legend, as shown in Figure 2-14.
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Figure 2-12 shows the speed limits for the road network within the Fitzroy catchment. These
speed limits are usually higher than the average speed achieved for freight vehicles, particularly on
unsealed Rank 2 and 3 roads. Heavy vehicles using such unsealed roads would usually achieve
average speeds of no more than 60 km/h, often as low as 40 km/h when transporting livestock.
There is no rail transport within the study area.
Access to road closure data for Western Australia has been limited to 2009/2010 and 2011/2012
for the Pilbara and Kimberley regions. The data did not reveal any road closures for the Great
Northern Highway in those regions.

Figure 2-12 Road speed restrictions for the Fitzroy catchment
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Supply chains and processing
Agricultural production is currently dominated by beef, particularly live export of beef. The road
network has moderate volumes of annual truck movements along the Great Northern Highway,
mostly to Broome port (97,299 head of cattle in 2016) via the cattle export depots. Of the 44 cattle
properties in the Fitzroy catchment most movements of cattle only come from a small number of
enterprises, some of which span multiple properties (Figure 2-13). ‘Beef enterprises’ in
Figure 2-13, do not show all individual properties but rather the centroid at which most cattle
transported from enterprises meets a major road. In Table 2-16 the vast majority of cattle in the
study area is transported to live export, mostly through Broome. The ‘mixed’ inbound commodity
represents general grocery freight (milk, meat, fruit and vegetables) to retail outlets in the Fitzroy
catchment.

Figure 2-13 Agricultural enterprises in the Fitzroy catchment
‘Beef enterprises’ do not show all individual properties but the centroids of cattle movement data from where
properties meet major roads, with some spatial anonymisation of data for privacy reasons.
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Figure 2-14 Typical vehicle combinations used for agriculture transport in Australia

Table 2-16 Overview of agricultural commodities transported into and out of the Fitzroy catchment
COMMODITY

DESTINATION

Beef (head)

Live export

INBOUND

OUTBOUND

INDICATIVE PRICES ($/kg)

60,960

Abattoirs
Property

$2.68
16,600

Feedlots
Mixed (t) 1
1

$3.00

25,680

$2.15

720

$2.60

4,951

Mixed commodities (milk, meat, fruit and vegetables) transported to supermarkets

Energy
Energy supply in the Fitzroy catchment consists of local stand-alone power stations dependent on
road transport of fuels (EPRI, 2015). Power stations are located in the small townships of Derby,
Looma and Fitzroy Crossing, and just outside the study area boundary, Halls Creek (Table 2-17). All
are dual fuel hybrid gas/diesel power, using LNG (liquefied natural gas) or CNG (compressed
natural gas) and diesel, supplied by road from Karratha’s 200 t/day LNG production facility (ECM
2017), and operated by the Western Australian Government-owned Horizon Power. There is no
grid interconnection between the towns. Combined generation capacity is 26 MW and annual
electricity production approximately 67,000 MW⋅h (Figure 2-15).
There are also upwards of 16 discrete Indigenous communities located along the Fitzroy River
between the Willare Bridge and Halls Creek, all with populations of fewer than 300 people. These
communities have small isolated diesel power stations operated and maintained by KRSP
(Kimberley Regional Service Providers) under subcontract to the WA Department of Housing
(Western Australian Auditor-General, 2015). Data was not obtained on the capacities of these
small community power stations. Given the low populations (Western Australian Department of
Planning, 2017; Western Australian Auditor-General, 2015) these facilities are likely to be well
below 1 MW each.
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Figure 2-15 Locations of power stations in the Fitzroy catchment
Table 2-17 Power station capacities in the Fitzroy River region/West Kimberley
POWER STATION FACILITY NAME

Derby Power Station

CAPACITY
(MW)

ANNUAL ELECTRICITY
PRODUCTION (MW⋅h)

GRID

PRIMARY FUEL

14

37,454

Off-grid

Gas/Diesel

Fitzroy Crossing Power Station

6

14,802

Off-grid

Gas/Diesel

Halls Creek Power Station*

5

11,968

Off-grid

Gas/Diesel

Looma Power Station

1

2,908

Off-grid

Gas/Diesel

Small Indigenous communities

<1

NA

Off-grid

Diesel

Total

26

67,132

Sources: Clean Energy Regulator (2016), Electrical Construction and Maintenance Australia (ECM) (2017)
NA = no available data
*denotes power station outside of Fitzroy catchment boundary
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Costs for connecting to the Horizon Power systems are based on demand as a percentage of
existing peak load, and as such an understanding of peak loads for any potential developments will
be required to determine appropriate pricing and ability to connect. Service provider charges
include both one-off and ongoing (volumetric) charges. Generation and network augmentation (if
applicable) and connection costs will apply if additional infrastructure is required to deliver the
power to new sites.
Water
Water supplies in the communities of the Fitzroy catchment are largely stand-alone groundwater
supplies with minimal treatment, managed under the Remote Area Essential Services Program
(RAESP) in the case of isolated Indigenous communities, and by local government, the Shire of
Derby-West Kimberley, in the case of the townships of Derby and Fitzroy Crossing.
Community infrastructure
The availability of community services and facilities in remote areas can play an important role in
attracting or deterring people from living in those areas. The Fitzroy catchment is served by 19
schools and total student numbers have stayed at about 2000 between 2012 and 2016 (Apx
Table C-1).
There are two hospitals in the study area, in Derby and Fitzroy Crossing, and one just outside the
eastern border of the study area in Halls Creek (Table 2-18).
Table 2-18 Hospitals in or near (with distance in km from boundary) the Fitzroy catchment
HOSPITAL NAME

URBAN CENTRE

BEDS

PUBLIC/ PRIVATE

EMERGENCY

OTHER
SERVICES

PEER GROUP
CLASSIFICATION1

Derby Hospital

Derby

31

Public

Yes

Yes

Public acute group C

Fitzroy Crossing Hospital

Fitzroy Crossing

12

Public

Yes

Yes

Public acute group C

Halls Creek Hospital (7 km)

Halls Creek

8

Public

Yes

Yes

Public acute group C

Source: AIHW (2017b) MyHospitals website
1 AIHW (2016)

Recent census data showed that approximately 17% of private dwellings were unoccupied, a
larger proportion than the state and national average (Table 2-19). This suggests that the current
pool of housing may be able to absorb some increase in population.
Table 2-19 Number and percentage of unoccupied dwellings and population for the Fitzroy catchment
INDICATOR

UNIT

FITZROY CATCHMENT

WESTERN AUSTRALIA

AUSTRALIA

Total population, 20161

Number

7,533

2,474,410

23,401,892

Total unoccupied private dwellings,
20162

Number

588

132,874

1,039,874

% private dwellings that are unoccupied2

%

17.2%

13.3%

11.2%

Sources: 1 ABS (2016a), 2 ABS (2016c)
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2.3.2

DARWIN CATCHMENTS

Transport
Outside the Darwin urban footprint, the Darwin catchments study area is characterised by a
sparse network of major roads (Figure 2-16) with the Stuart Highway being the main access to
Darwin from the south. Other major sealed roads include the Cox Peninsula Road and the 230 km
Arnhem Highway that links parts of Kakadu National Park with the Stuart Highway. Despite the
proximity to Darwin, there are a large number of unsealed minor roads connecting communities
and cattle properties in the Darwin catchments. These roads involve several creek crossings with
limited or no causeway or bridge infrastructure, and are often inaccessible during the wet season.
Figure 2-17 shows the heavy vehicle access restrictions for roads within the study area, as per the
National Heavy Vehicle Regulator. The entire study area except urban roads in Darwin and other
towns permits Type 2 road trains, which are vehicles up to 53 m in length, typically a prime mover
pulling three 40-foot trailers. Darwin Port is also accessible by these road trains. Despite the
poorer road conditions of many of the local roads, these large road trains are permitted due to
minimal safety issues from low traffic volumes and minimal road infrastructure restrictions (e.g.,
bridge limits, intersection turning safety). Drivers would regularly use smaller vehicle
configurations on the minor roads due to the difficult terrain, single lane access and during wet
conditions.
Figure 2-18 shows the speed limits for the road network within the Darwin catchment. These
speed limits are usually higher than the average speed achieved for freight vehicles, particularly on
unsealed Rank 2 and 3 roads. Heavy vehicles using such unsealed roads would usually achieve
average speeds of no more than 60 km/h, often as low as 20 km/h when transporting livestock.
The Darwin catchments study area has a good quality standard gauge rail line, providing freight
access to the port. From 2000 to 2004 the line was extended from Alice Springs to Darwin Port
(East Arm), providing rail access to the southern states. The rail line is primarily used for bulk
commodity transport (mostly minerals) to Darwin Port. There are no branch lines in the Darwin
catchments, and use of the railway within or near the study area requires road transport to
loading points (e.g. Adelaide River).
The Stuart Highway is the main route to Darwin Port and to markets in the south. From 2002 to
2013 the highway has been closed a total of 41 days from impassable flooding and high-clearance
only restrictions (NT Road closure data). For access to Darwin, road closures are minimal.
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Figure 2-16 Road rankings and conditions for the Darwin catchments
Rank 1 = well-maintained highways or other major roads, usually sealed; Rank 2 = secondary ‘state’ roads; Rank 3 =
minor routes, usually unsealed local roads.
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Figure 2-17 Vehicle access restrictions for the Darwin catchments
Truck classes listed from shortest to longest in legend, as shown in Figure 2-14.
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Figure 2-18 Road speed restrictions for the Darwin catchments

Supply chains and processing
Agricultural production is currently dominated by beef and horticulture, particularly live cattle
export. The road network has high volumes of annual truck movements along the Stuart Highway,
mostly to Darwin Port (487,000 head of cattle in 2015) via the cattle export depots. There are also
up to 400 head per day transported to the AACo (Australian Agricultural Company) abattoir at
Livingstone. A large proportion of cattle stations in the Darwin catchments (Figure 2-19) can only
be accessed via unsealed Rank 3 local roads.
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Figure 2-19 Agricultural enterprises in the Darwin catchments

Table 2-20 provides volumes of agricultural commodities transported into and out of the Darwin
catchments. Live export of cattle is by far the biggest industry in terms of volume (2014 values).
Some export depots are located outside of Darwin catchments, which is why there is significant
live export temporarily transported outside the study area en route to the port. Horticulture,
particularly, mango, melons and Asian vegetables, also has a significance presence in the Darwin
catchments. Inbound horticulture and mixed agriculture represents food transported to
supermarkets in Darwin.
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Table 2-20 Overview of agriculture commodities transported into and out of the Darwin catchments
COMMODITY

DESTINATION

Beef (head)

Live export

INBOUND

OUTBOUND

INDICATIVE PRICES ($/kg)

305,280

215,760

$3.00

Abattoirs

90,240

16,560

$2.68

Property

43,440

23,530

$2.15

Feedlots

0

2,400

$2.60

Other

0

5,040

Boxed beef (t)

630

29,884

Box chicken (t)

330

Mixed (t) 1

19,723

All horticulture (t)

21,573

$5.48

381

Bananas (t)

3,206

$1.92

Mango (t)

16,455

$3.14

Melons (t)

7,776

$1.07

559

$0.75

5

$0.45

Pumpkins (t)
Onions (t)
Asian vegetables (t) 2
1

Mixed – mixture of horticulture and cold meat, usually from DCs

2

Source NT Farmers (2015)

8,800

Energy
Generation

Electricity in the Darwin catchments is supplied by four main power stations and delivered via the
Darwin-Katherine Interconnected System (DKIS), the largest energy grid system in the Northern
Territory. The DKIS is isolated from other Australian grids such as the east coast National Electricity
Market (NEW) grid (EPRI, 2015). Combined generation capacity is 511.3 MW and annual electricity
production is of the order of 1547 GW⋅h (Territory Generation, 2017; Power and Water
Corporation, 2015a) (Table 2-21). Generation and network infrastructure in the vicinity of Darwin
are centrally managed by the Northern Territory Government-owned entities Territory Generation
and Power and Water Corporation respectively. The largest generation facility is the 310 MW
Channel Island Power Station (CIPS), located on the island of the same name across the Darwin
harbour to the south of the CBD (central business district) and connected by road to the mainland.
CIPS is the main source of electricity for the Darwin-Katherine grid, and is powered by natural gas
with diesel fuel back-up capability. Two smaller power stations are located at Pine Creek
(26.6 MW, privately owned by a mining company) and Katherine (34.7 MW, also Territory
Generation) and provide supplementary energy to the grid and run on gas with diesel fuel back-up
capability. Power and Water Corporation are also investigating the use of an estimated 30 MW of
standby generation from commercial customers in the DKIS, additional generation that may be
made available under constrained network conditions (Power and Water Corporation 2015a).
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Table 2-21: Energy generation facilities in the Darwin catchments
POWER STATION FACILITY
NAME

CAPACITY
(MW)

ANNUAL ELECTRICITY PRODUCTION
(MW⋅h)

GRID

PRIMARY FUEL

Channel Island Power
Station

310

1,068,439

DKIS

Natural gas (Diesel
backup)

Weddell Power Station

129

430,558

DKIS

Natural gas

Pine Creek Power Station

26.6

191,081

DKIS

Natural gas

Katherine Power Station

34.7

11,247

DKIS

Natural gas (Diesel
backup)

Berrimah Power Station

10

Backup/Standby

DKIS

Natural gas

Shoal Bay Landfill Gas
Facility

1.0

7,688

DKIS

Landfill methane gas

511.3

1,709,013

Total

Sources: Clean Energy Regulator (2017), Territory Generation (2017), Territory Generation (2016)

While there is significant potential for renewable energy generation, there currently exists only
one renewable energy power station in the study area. The 1 MW Shoal Bay Landfill Gas facility is
a methane generation plant owned by Darwin City Council. Electricity generated is sold back into
the grid through a power purchase agreement with Territory Generation (Territory Generation,
2016). There is also an increasing array of large-scale rooftop solar installations such as Darwin
Airport and Casuarina Shopping Centre. The Northern Territory Government has signalled its
intent to increase the Northern Territory’s renewable energy generation to 50% by 2030, and as
such the renewable generation component is anticipated to increase (NT Government, 2016).
Networks

The DKIS services Darwin city, Palmerston, suburbs and surrounding rural areas of Darwin,
terminating some 300 km south at the township of Katherine and its surrounding rural areas
(Figure 2-20). The network operations for the DKIS is managed by Northern Territory Governmentowned Power and Water Corporation and regulated by the Utilities Commission of the NT. The
Utilities Commission regulates the licence and applies a Guaranteed Service Level Scheme to
customers consuming below 160 MW⋅h (Power and Water Corporation, 2015). The DKIS electrical
network operates at transmission voltages of 132 and 66 kV and distribution reticulation at 22 kV
and 11 kV.
The Darwin-Katherine Transmission Line (132kV) extends from Channel Island Power Station to a
132/22 kV substation adjacent to the Katherine Power Station, with a 132/22 kV substation at
Manton Dam and a 132/66 kV substation at Pine Creek. South of Darwin, a single 66 kV 15 MVA
overhead line extends south-eastward from the Stuart Highway near Humpty Doo and along the
Arnhem Highway to the Mary River (Power and Water Corporation, 2015a). This small rural system
is not cyclone coded and is being upgraded to provide an alternative supply from the Humpty Doo
Zone Substation (Power and Water Corporation, 2015a).
Retail

The Northern Territory Government-owned Jacana Energy is the dominant electricity retailer for
the majority of residential and light commercial customers in the DKIS. There is competition in the
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market for major commercial and industrial customers and these customers have a number of
retailers (Utilities Commission, 2016).

Figure 2-20 Extent of the electricity network serving the Darwin catchments, illustrating transmission and
distribution networks and generation facilities
Source: Power and Water Corporation (2017b).

Capacity for growth

For new developments requiring energy connection, Power and Water develops a connection
agreement with the developer, which includes any required capital contributions. Power and
Water then advises Territory Generation of anticipated increased loads. Customer agreements are
then developed through the energy retailer based on demand. Incremental increases in demand
by new developments can be accommodated within existing generation. Generation capacity is
modular and can expand to accommodate incremental development. Future large developments
of greater than 50 MW demand size would need a few years’ notice and detailed planning
(Chorvat, February 2017, pers. comm.). For network infrastructure, similarly incremental
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developments can be accommodated; however, major developments would require negotiation
and potentially co-investment to extend the generation and network capacity.
Water
Darwin River Dam currently supplies 85% of the urban water demand and the McMinns and
Howard East Borefields in the Darwin rural area currently supply on average 15% of urban demand
(Power and Water Corporation, 2015a). Storage capacity of the Darwin River Dam is approximately
265,000 ML, and the borefields can supply a maximum capacity of approximately 23 ML/day
under best operating conditions (Power and Water Corporation, 2015a). The utilisation rate for
the source water asset is between 71% (based on water licences) and 100% (based on available
extraction) and heavily dependent on seasonal yields (Power and Water Corporation, 2015a).
There is no conventional water treatment plant for the Darwin water supply; the water is simply
disinfected and fluoridated before provision to customers (Power and Water Corporation, 2015a).
The Darwin area requires a new water source to be identified and developed to meet the needs of
the projected demand over the next five years (Power and Water Corporation, 2015a). Possible
future water supply sites have been short-listed by Power and Water for future consideration;
Adelaide River OffStream Storage, Upper Adelaide River Dam, Mount Bennett Dam and the
Marrakai Dam (DLPE, 2015).
The extent of reticulated water supply in the Greater Darwin area extends from the Darwin CBD in
the north, to some 75 km south along the Stuart Highway to the intersection of Manton Dam
(Figure 2-21). The easternmost point of the reticulated network extends about 13 km east from
the Stuart Highway at Coolalinga to Herbert.
Beyond Manton Dam in the south-west, bulk supply pipeline infrastructure connects the Darwin
River Dam (DLPE, 2015). Manton Dam is not currently in service, and will require major
infrastructure investment (about $100 million) to return to service (Power and Water Corporation,
2015a).
Outside of the urban water network, private water supplies rely on groundwater as the dominant
form of water supply in the Darwin rural area. Some isolated settlements are also provided with
off-grid reticulated water within small residential zones. The satellite residential area of
Mandorah, across the Darwin harbour from the Darwin CBD, has a local borefield and 12 km of
water reticulation network for the area’s approximately 200 lots (Power and Water Corporation,
2016; 2017).
A second isolated water network at Murrumujuk, to the north-northeast of the Darwin water grid,
consists of 16 km of water reticulation, and is 20 km from the nearest link to the Darwin water grid
(Power and Water Corporation, 2017; DLPE, 2015). Two Indigenous communities, Belyuen and
Acacia-Larrakia (both with populations under 200) are supplied with isolated public (ground) water
and sewerage services with local reticulation by Power and Water Corporation under a community
service obligation to the Northern Territory Government (IES, 2016).

50 | Irrigation costs, benefits and risks

Figure 2-21 Overview of Darwin catchments water supply network
Source: Power and Water (2017a).

Community infrastructure
The availability of community services and facilities in remote areas can play an important role in
attracting or deterring people from living in those areas. The rural parts of the Darwin catchments
are served by 16 schools and total student numbers have risen slightly from 2991 in 2012 to 3308
in 2016 (Apx Table C-2). A further 59 schools service the urban parts of the study area.
Within the Darwin catchments there is one public and one private hospital, both located in Darwin
(Table 2-22). A new public hospital in Palmerston is scheduled to come into service in 2018.
Recent census data showed that approximately 10% of private dwellings were unoccupied;
however, this is a smaller proportion than the Territory and national average (Table 2-23). This
suggests that the current pool of housing may have limited capacity to absorb any future increases
in population.
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Table 2-22 Hospitals servicing the Darwin catchments
HOSPITAL NAME

URBAN CENTRE

BEDS

Darwin Private Hospital

Darwin

100 to
199

Royal Darwin Hospital

Darwin

Palmerston Regional Hospital

Palmerston

PUBLIC/
PRIVATE

EMERGENCY

OTHER
SERVICES

PEER GROUP
CLASSIFICATION1

Private

No

Yes

Private acute group C
hospitals

360

Public

Yes

Yes

Principal referral
hospitals

116

Public

Yes

Yes

(scheduled May 2018)

Source: AIHW (2017b) MyHospitals website
1
AIHW (2016)

Table 2-23 Number and percentage of unoccupied dwellings and population for the Darwin catchments
INDICATOR

UNIT

URBAN
AREAS

Total population, 20161

Number

112,134

Total unoccupied private dwellings, 20162

Number

% private dwellings that are unoccupied2

%

RURAL
AREAS

COMBINED
(URBAN + RURAL)

NORTHERN
TERRITORY

AUSTRALIA

26,918

139,052

228,833

23,401,892

4,811

1,073

5,885

10,717

1,039,874

10.4%

10.1%

10.3%

14.1%

11.2%

Sources: 1 ABS (2016a), 2 ABS (2016c)

2.3.3

MITCHELL CATCHMENT

Transport
The Mitchell catchment is characterised by a sparse road network (Figure 2-22) with the Burke
Development Road being the main access to Mareeba and Cairns in the east and to Normanton
and Cloncurry in the south. Burke Development Road is unsealed west of Chillagoe, with the
sealed section linking with the Kennedy Highway to the east. All of the roads connecting the north
and east of the Mitchell catchment are minor roads. These roads involve several creek crossings
with limited or no causeway or bridge infrastructure. As a result, access to Kowanyama is often
not possible during the wet season. The travel distances from Kowanyama to the nearest ports are
607 km to Cairns, to the east, and 372 km to the Port of Karumba, to the south.
Figure 2-23 shows the heavy vehicle access restrictions for roads within the study area, as per the
National Heavy Vehicle Regulator. All of the western part of the study area permits Type 2 road
trains, which are vehicles up to 53 m in length, typically a prime mover pulling three 40-foot
trailers. Despite the poorer road conditions in the north and west of the Mitchell catchment, these
large road trains are permitted due to minimal safety issues from low traffic volumes and minimal
road infrastructure restrictions (e.g. bridge limits, intersection turning safety). The sealed roads to
the east and near Mareeba are limited to Type 1 road trains (36 m length restriction) and Bdoubles (26 m). Transport to Cairns is limited to semitrailer access through the Atherton
Tablelands with a detour B-double access via the Palmerston Highway. The Port of Karumba and
towns along the Flinders Highway to the south are accessible using Type 2 road trains. Figure 2-24
shows the speed limits for the road network within the Mitchell catchment. These speed limits are
usually higher than the average speed achieved for freight vehicles, particularly on unsealed Rank
2 and 3 roads. Heavy vehicles using such unsealed roads would usually achieve average speeds of
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no more than 60 km/h, often as low as 30 km/h when transporting livestock. The travel time from
Kowanyama to Cairns is about 11 hours. Kowanyama is often inaccessible from Mareeba between
December and February due to the wet season, when the key route, ‘Kowanyama to Dunbar
Road’, closes due to flooding. While road closure data was not available, discussions with the
Carpentaria Shire Council indicated the road is usually blocked during the wet season from
December onwards, but can be cut from November and inaccessible for up to three months.

Figure 2-22 Road rankings and conditions for the Mitchell catchment
Rank 1 = well-maintained highways or other major roads, usually sealed; Rank 2 = secondary ‘state’ roads; Rank 3 =
minor routes, usually unsealed local roads.
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Figure 2-23 Vehicle access restrictions for the Mitchell catchment
Truck classes listed from shortest to longest in legend, as shown in Figure 2-14.

There is no rail infrastructure in the Mitchell catchment that can be used for freight transport, with
the Queensland Rail network on the Atherton Tablelands being progressively closed from 1958 to
2013, with the latest closure between Mareeba and Atherton. The nearest rail links are along the
Townsville to Mount Isa rail line, to the south, or the north coast rail line, to the east. These lines
have high axel load limits and large crossing loops for efficient rail transport. A tourist train
operates from Cairns to Atherton, but is currently unsuitable for heavy or regular freight
movements. An alternative is air freight out of Kowanyama (via Skytrans or Hinterland Aviation
chartered flights), which may provide backloading capacity to cater for high value
agriculture/aquaculture transport to Cairns. However, this capacity is limited to a few tonnes per
week given the low frequency of service and use of small planes. It would also require additional
cold or dry storage near the airport as well as loading/unloading, which would be low cost given
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the volumes transported. Airfreight would be an alternative when access from Kowanyama to the
Burke Development Road is cut during the wet season.

Figure 2-24 Road speed restrictions for the Mitchell catchment

Supply chains and processing
Outside of the Atherton Tablelands, agricultural production is currently limited to low intensity
cattle grazing (Figure 2-25). The road network shows low volumes of annual truck movements in
these areas. Beef cattle in the Mitchell catchment are primarily transported to live export,
abattoirs, with some transported to feedlots or saleyards in Mareeba. The closest port, the Port of
Kurumba, exports fewer than 20,000 head per year, while Townsville exported around 200,000
head in 2015. JBS Swift Australia Meat Works at Stuart is the nearest major meat processing
facility, around 400 km from Mareeba. There has been some feedlotting on the tableland, though
cattle are usually transported south to feedlots closer to the major abattoirs. There is no cotton
production in the study area and the nearest gin (Emerald) is 995 km from Mareeba. On the
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eastern border of the study area on the Atherton Tablelands, annual agricultural produce includes
372,000 chickens (Table 2-24), about 20,000 t of grain, and 800,000 t of sugar transported to
Tableland Mill per year. Many of the supply chains are split across the eastern boundary of the
Mitchell catchment. For example, the chicken broiler farms are east of the study area while the
processing plant is marginally inside. There is also a diversity of horticultural production on the
eastern border of the study area. Cairns is the nearest airport with export air freight capacity, and
opportunities for horticulture air freight from these major regional airports is currently being
evaluated in a separate project (Hort Innovation AM16012: Study of airfreight capacity for
Australian horticulture exports to Asia and the Middle East).

Figure 2-25 Agricultural enterprises in the Mitchell catchment
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Table 2-24 Overview of agricultural commodities transported into and out of the Mitchell catchment
COMMODITY

DESTINATION

Beef (head)

Live export

INBOUND

$2.68

13,400

21,600

$2.15

Feedlots

1,680

240

$2.60

10,320

9,360

805,000

169,000

Mill
Export

Chicken (head)

2400

Property

Other

Grains (t)

INDICATIVE PRICES ($/kg)

$2.70

Abattoirs

Sugar (t)

OUTBOUND

125,995
20,831
372,986

Bananas (t)

14,986

$1.92

Mango (t)

2,962

$3.14

Oranges (t)

88

Mandarins (t)

61

Pumpkins (t)
Potatoes (t)

2,454
295

Onions (t)

10

Lettuce (t)

43

Pineapples (t)

$0.75

$0.45

3,592

Energy
The Mitchell catchment is served by the ‘Tablelands regional distribution network’ (sometimes
abbreviated to the ‘Tablelands network/grid’) in the ‘Far North: Tablelands’ Ergon planning area
(Figure 2-26) (QDNRM, 2017; EQL, 2016). This distribution network is centred on the major rural
towns of Atherton and Mareeba and includes the smaller rural communities of Malanda, Millaa
Millaa, Ravenshoe, Mount Molloy, Dimbulah and Chillagoe. The coastal communities of Mossman,
Port Douglas and Cooktown are also supplied from the Tablelands network. The network is served
from the one 132/66 kV connection point to the National Electricity Market (NEM: the wholesale
market on the major national transmission network covering the east of Australia), the T55
Turkinje substation located about 8 km south of Mareeba. The Tablelands system consists of a
66 kV sub-transmission network, a dual circuit 132 kV transmission line from Turkinje to the
Craiglie 132/22 kV zone substation near Port Douglas, and a single circuit 132 kV line to the
Lakeland 132/66/22 kV substation that supplies the Cooktown area (Ergon Energy, 2017). Energy
Queensland Limited (EQL, formerly Ergon Energy and Energex), the state-owned energy utility
company, manages this regional electricity distribution network, as well as most of the energy grid
for Queensland (EQL, 2016).
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Figure 2-26 Tablelands regional transmission and distribution network and connected energy generation facilities
Source: QDNRM (2017).

A number of commercial-scale energy generation facilities lie within the Mitchell catchment or just
beyond its eastern boundary, and supply energy directly to the NEM grid (Figure 2-26 and
Table 2-25). This includes two bagasse (sugarcane fibre) combustion facilities, the 11 MW
Mossman Mill just outside the study area, and the 7 MW Tableland Mill within it, and two hydroelectric power facilities to the east of the study area, the 60 MW Barron Gorge and the 1.6 MW
Tinnaroo Hydro schemes (QDNRM, 2017). Currently under construction is the $380 million
180 MW Mount Emerald Wind farm, near Mount Emerald between Atherton and Mareeba
(QDNRM, 2017; RAC, 2016). The facility is anticipated to be commissioned in late 2018, and will
connect to the northernmost point of the 275 kW NEM Powerlink Transmission line that runs
north-south along the Mulligan Highway (RAC, 2016). Energy generation in the western portion of
the Mitchell catchment, where it exists, is off-grid, small (<1 MW), isolated diesel power systems
at the townships of Kowanyama and Pompuraaw, and are also managed by EQL (EQL, 2016). Ergon
owns and manages 33 such isolated power systems in remote Indigenous communities across
Queensland (EQL, 2016).
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Table 2-25 Energy generation facilities in or near the Mitchell catchment
POWER STATION FACILITY NAME

CAPACITY (MW)

Mount Emerald Wind Farm*

ANNUAL ELECTRICITY PRODUCTION (MW⋅h)

GRID

PRIMARY FUEL

180

Proposed 500,000 to 600,000

NEM

Wind

Barron Gorge Hydro*

60

106,884

NEM

Hydro

Mossman Mill*

11

NA

NEM

Bagasse

Tableland Mill*

7

NA

NEM

Bagasse

Tinaroo Hydro*

1.6

NA

NEM

Hydro

Kowanyama

<1

NA

Off-grid Diesel

Pompuraaw

<1

NA

Off-grid Diesel

Total

259.6

Source: Clean Energy Regulator (2017)
NA = no available data.
* denotes power station just outside the Mitchell catchment boundary

Water
Water provision to the towns in the study area is primarily by local government or a designated
service provider under authority from the Queensland Department of Energy and Water Supply
(QDEWS). Mareeba Shire Council provides water sourced from Lake Tinaroo to Chillagoe,
Dimbulah, Mount Carbine, Kuranda and Mount Molloy, and maintains water infrastructure
including restrictions and billing across the local government area (MSC, 2017). Kowanyama
Aboriginal Shire Council provides water supplies to Kowanyama’s 260 connections.
Community infrastructure
The availability of community services and facilities in remote areas can play an important role in
attracting or deterring people from living in those areas. The Mitchell catchment is served by 24
schools and total student numbers have risen between 2012 and 2016 from 7010 to 7367 (Apx
Table C-3).
There are no hospitals in the study area but there are primary health care centres in Chillagoe and
Konwanyama, and an outpatient clinic at Dimbulah. There are three hospitals just outside the
eastern border of the study area (Table 2-26).
Recent census data showed that approximately 12% of private dwellings were unoccupied, a
larger proportion than the state and national average (Table 2-27). This suggests that the current
pool of housing may be able to absorb some increase in population.
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Table 2-26 Healthcare centres and hospitals in or near (distance in km from boundary) the Mitchell catchment
HOSPITAL NAME

URBAN CENTRE

BEDS

PUBLIC/
PRIVATE

EMERGENCY

OTHER
SERVICES

PEER GROUP
CLASSIFICATION1

Chillagoe Primary Health Centre

Chillagoe

<50

Public

Yes

Yes

Outpatient
hospitals

Kowanyama Primary Health Care
Centre

Kowanyama

<50

Public

Yes

Yes

Very small
hospitals

Dimbulah Outpatients Clinic

Dimbulah

<50

Public

Yes

Yes

Unpeered and
other hospitals

Mareeba Hospital (3 km)

Mareeba

52

Public

Yes

Yes

Public acute
group C

Atherton Hospital (6 km)

Atherton

<50

Public

Yes

Yes

Public acute
group C

Herberton Hospital (2 km)

Herberton

38

Public

Yes

No

Mixed subacute
and non-acute

Sources: AIHW (2017b) MyHospitals website; Queensland Health (2017)
1 AIHW (2016)

Table 2-27 Number and percentage of unoccupied dwellings and population for the Mitchell catchment
INDICATOR

UNIT

MITCHELL CATCHMENT

Total population, 20161

Number

6,365

4,703,193

23,401,892

Total unoccupied private dwellings, 20162

Number

336

195,570

1,039,874

% private dwellings that are unoccupied2

%

12.3%

10.6%

11.2%

Sources: 1 ABS (2016a), 2 (ABS 2016c)
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QUEENSLAND

AUSTRALIA

Part II People and policy
Other companion reports in this Assessment have analysed water and soil resources to help
identify the most promising opportunities for new irrigated agriculture in the Assessment area,
including their scale, locations, risks and constraints. Sustainable development also requires an
understanding of how social, legal and institutional factors affect risks and opportunities.
Particularly where resource use is contested, planning and consultation on new irrigation
development would be necessary both to meet formal legal and policy requirements and to obtain
a social license to operate.
Part II of this report considers the social and policy dimensions of irrigated development to help
identify opportunities that are acceptable to affected communities and meet legal, regulatory and
policy requirements.
Chapter 3 assesses the social conditions that contribute to the success of new irrigated
development. This covers the perspectives of both investors and affected stakeholders, and the
engagement between them.
Chapter 4 provides an overview of the legal, regulatory and policy requirements that new
developments would have to meet. This information is a summary of a separate, more
comprehensive companion report on the topic (Macintosh et al., 2018).
A separate set of companion reports cover Indigenous values, rights and objectives (Barber, 2018;
Barber and Woodward; 2018; Lyons and Barber, 2018). Chapter 3 fills a gap in covering nonIndigenous stakeholders. Chapter 4 should be read in conjunction with the legal and policy
components of Barber (2018), Barber and Woodward (2018), and Lyons and Barber (2018), and
the more detailed report by Macintosh et al. (2018).
Part III of this report then provides information on the costs and benefits of developing new
irrigated agriculture in the Assessment area, to assist in identifying which opportunities are most
likely to be financially and economically viable.
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3

Stakeholders and investors

3.1

Introduction

The Assessment primarily focuses on natural and biophysical constraints and opportunities
relating to water resource and agricultural development. Additional components of the work
include key economic considerations (Part III) and a set of companion reports covering Indigenous
values, rights and objectives (Barber, 2018; Barber and Woodward; 2018; Lyons and Barber, 2018).
An equivalent examination of wider social values and/or stakeholder and investor interests in
water resource development was not part of the scope of the Assessment. However, past
experiences with greenfield developments has indicated that this information is useful for
evaluating whether future development options are viable, and whether they are likely to be
successfully implemented. Three scoping studies are therefore provided in this chapter to address
this gap: a review of social values, beliefs, attitudes and norms relevant to irrigated agriculture in
northern Australia (Section 3.2.3); preliminary analysis of potential stakeholders (Section 3.2.4);
and an initial investigation of current or potential investors (Section 3.3). The three studies aimed
to highlight some of the most important social issues that investors in potential new
developments would need to consider.

3.2

Stakeholders, their values and potential engagement strategies

3.2.1

ANALYSIS

Conceptual framework
A stakeholder is an individual or group likely to affect or be affected by a proposed action, or an
individual or group with an interest or concern in a proposed action (Freeman, 1984). Stakeholder
analysis recognises the importance of involving and creating ownership among stakeholders in the
decision-making processes that affect them (Reed et al., 2009). The method can be used to help
identify those who have a right to participate in the management of natural resources (Elster,
1998) and to whom decision-makers and proponents are responsible in a legal and institutional
context (Boatright, 1994; Hendry, 2001; Friedman and Miles, 2006). More instrumentally, the
potential that stakeholders may exert control over the existence or performance of a proponent’s
activities means that proponents can also use stakeholder analysis to identify stakeholder
interests and influence, and to better understand the level of social support for these activities
(Brugha and Varvasovsky, 2000).
Understanding stakeholder values, attitudes, beliefs and norms as they relate to irrigated
agriculture in northern Australia is important for any potential development. In particular,
identifying values, attitudes, beliefs and norms can help identify potential social impacts
associated with development, the enabling conditions under which social licence to operate may
be granted and maintained, which stakeholders will win or lose with the change of land use, and
whether such a change may be socially optimal. Values are beliefs linked to actions or potential
actions, desirable goals that motivate action, general standards or criteria, or worldviews that
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transcend specific actions and situations (Schwartz, 2012). Important values may include selfenhancement (achievement and power), openness to change (hedonism, stimulation and selfdirection), conservation (security, conformity and tradition) and self-transcendence (universalism,
benevolence). While these overarching values are universal, trade-offs between them reflect that
there are differences in importance to individuals or groups. They can also be highly dynamic
through time. Attitudes are evaluations of objects as positive or negative, beliefs are ideas about
how true it is that things are related in particular ways, and norms are standards or rules that
indicate to members of a group how they should behave (Schwartz, 2012). The trade-offs between
values, combined with attitudes, beliefs and norms, guide action including the likely support,
contingent support or lack of support directed towards irrigated agriculture in northern Australia.
Methods
Relevant stakeholders must be identified before their values can be explored. Best practice
stakeholder analysis uses bottom-up reconstructive methods to allow potential stakeholders to
self-identify (Reed, 2008). Top-down categorisation methods, without the involvement of
potential stakeholders, may also be used in particular contexts. For the initial identification of
stakeholders relevant to the hypothetical development of irrigated agriculture in greenfield sites
across northern Australia, top-down methods are an appropriate step towards better
understanding the broad ‘stakeholder landscape’. For this Assessment, a top-down analytical
categorisation approach combining stakeholder analysis and a systematic literature review was
thus used.
A pre-identified ‘stakeholder expert’ in the development of irrigated agriculture in greenfield sites
in northern Australia was identified. Snowball sampling (‘referral’) was then used to: i) identify
relevant stakeholders at the national, northern Australian and catchment scale; and ii) categorise
these stakeholders according to interest (high, moderate, low), influence (high, moderate, low)
and the degree to which they may support irrigated agriculture in greenfield sites (supportive,
contingent support, not supportive). Where there was disagreement between respondents, the
modal response was used. Saturation point was not met following this approach, with the process
instead ending when no more ‘new’ experts returned stakeholder data. Seventeen participants
were invited to contribute to the stakeholder analysis, with six providing responses. Given the
relatively small sample size of stakeholder ‘experts’, stakeholders were also identified by a
systematic review of the peer-reviewed literature and a targeted review of the grey literature (see
the following paragraph). This resulted in a total of 187 stakeholder identifications. Individuals and
group stakeholders were combined into thematic groups with similar levels of identified interest,
influence or support for the purposes of clarity. Obvious asymmetries between case study regions
or anomalies were retrospectively amended by reclassification (e.g. state governments classified
as a local stakeholder in one jurisdiction but as regional in another) or deletion (e.g. ‘university
sector’ was classed as ‘not supportive’ but was removed as technically universities should not be
able to hold such a position). In addition, traditional owners were initially mapped to the ‘consult’
section by the stakeholder experts, but were subsequently moved to the ‘partner’ section as a
result of both the literature review and data collection undertaken by other parts of the
Asssessment (see Barber, 2018; Barber and Woodward; 2018, Lyons and Barber, 2018). Interest
and influence matrices and a rainbow diagram of support for greenfield irrigation were then
constructed for each of the study areas.
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A systematic literature review of published literature (from 2000 to present) using Web of Science
elicited published studies on values, attitudes, beliefs and norms (hereafter ‘values’) related to the
development of northern Australia in general, and to the development of greenfield irrigation sites
in particular. Search terms spanned spatial scales, including northern Australia, regions (e.g.
Kimberley) and river catchments. Reviewing the title and abstract of articles (n = 5777) for
relevance identified 275 articles. These were then classified into two groups: i) primarily and
specifically relating to Indigenous values (n = 177); and ii) where the cultural or ethnic identity of
values was not explicitly stated (n = 158). To avoid duplication and ensure effective crossreferencing and adequacy of coverage, the former group was provided to the Indigenous Activity
of the Assessment, and further analysis of this material is found in those reports (Barber, 2018;
Barber and Woodward, 2018; Lyons and Barber, 2018). The remaining literature was then
analysed and is presented here.
In recognition of the relatively small pool of peer-reviewed literature on relevant values in
northern Australia, grey literature was also sourced to supplement the systematic review. A
structured internet search identified relevant online documents from the websites of key
organisations or known databases. These included the websites of local shires, Tropical Rivers and
Coastal Knowledge, industry representatives (such as AgForce and the Pastoralist and Graziers
Association), natural resource management groups (such as Rangelands NRM) and known
environmental non-government organisations. Specifically, each site was searched for documents
containing the same key word combinations from the systematic literature review. This identified
a total of 67 new relevant policies, newsletters, strategic plans, media releases or discussion
papers associated with key stakeholder groups, excluding Indigenous groups. All published
literature and relevant grey literature were then reviewed through thematic analysis to create
Table 3-1 to Table 3-4, and Figure 3-1. The values of many stakeholder groups, including
government and mining interests, were not identified in the literature, and the values of
Indigenous northern Australians are more fully explored elsewhere in this Assessment. As such,
only stakeholder groups and their values identified in the literature review as described from
Section 3.2.2 onwards.

3.2.2

POTENTIAL SUPPORT FOR DEVELOPMENT

Northern Australia in general is highly valued, with the extent and nature of these values shifting
through time and between stakeholder groups. Demographers and commentators note a shift
from productivist values and goals (see Irving, 2014) towards consumptive (for amenity) and
protectionist values in northern Australia (Holmes, 2012). Simultaneously, different stakeholder
groups have grown or subsided in relation to their interest and influence over natural resource use
in northern Australia. Some have noted that stakeholders have become more fixed and less
flexible in their framings of northern Australia and its development, which has made traditional
planning approaches more difficult (see Holmes, 2011; Skilton et al., 2014; Potts et al., 2015 for a
Cape York example). The rainbow diagrams in Figure 3-1 illustrate the diversity of local and
regional/national stakeholders in the three study areas of the Fitzroy, Darwin and Mitchell
catchments, and their likely support of greenfield development of irrigated agriculture in their
study areas.
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Figure 3-1 Rainbow diagrams classifying stakeholders according to their likely support of irrigated agriculture in a
greenfield site in their study area
Study areas are Fitzroy catchment (top), Darwin catchments (middle) and Mitchell catchment (bottom). Inner arc
shows local stakeholders, outer arc shows regional and national stakeholders. NT = Northern Territory, Qld =
Queensland, NRM = natural resource management.
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3.2.3

UNDERPINNING VALUES, BELIEFS, ATTITUDES AND NORMS

Underpinning the likely support, or lack thereof, of stakeholder or interest groups for the potential
development of greenfield irrigated agricultural development in northern Australia are a set of
social values, beliefs, attitudes and norms that are specific to that group (see Table 3-1 and the
references therein that inform the following description). In general, northern Australia is strongly
valued as a cultural landscape by non-northern Australians, including both international visitors
and southern Australians. The cultural landscape is seen as a function of the biophysical landscape
(e.g. presence of waterfalls, wildlife, intact vegetation communities) and related human geography
(e.g. sparse populations, inaccessibility, and dominance of Indigenous land uses). The value placed
on this landscape is often expressed through the concept of ‘wilderness’, with a greater emphasis
on high levels of spiritual, recreational and intrinsic value than monetary value. Many nonnorthern Australian stakeholders acknowledge the strong connection that Indigenous northern
Australians have to this cultural landscape, both in terms of their moral rights to practice their
chosen land use as well as their more instrumental role in educating and value adding to the
experience of non-Indigenous visitors. In general, these stakeholder groups would prefer a focus
on environmental and cultural economies in northern Australia, rather than those based on
significant levels of irrigated agriculture.
Environmental non-government organisations and conservationists, both within and outside of
northern Australia, privilege environmental values, and a specific subset of social values. These
stakeholder groups tend to prefer developments that contribute to diversity, sustainability, equity
and prosperity, for example. Small-scale developments that involve and benefit Indigenous
northern Australians and have minimal impact on the environment are a preferred pathway to this
end. This cohort tends to be critical of all other development proposals, including that of intensive
agricultural practices, which are frequently framed as being unwanted imports from southern
Australia.
Northern Australian residents, other than primary producers (horticulturalists, pastoralists and
irrigated foresters) and Indigenous groups, sometimes value northern Australia differently to nonnorthern Australians. Recreation and amenity-orientated values appear to be higher among this
cohort. There are often high levels of place attachment, especially in relation to local rivers.
Northern Australians place significant value on environmental condition, but this value is likely a
function of the value placed on recreation and amenity; a high level of value is placed on rivers
and waterholes in a suitable condition for recreational fishing, for example. Non-Indigenous
northern Australians appear to place less value on the provision of cultural services by Indigenous
Australians and value irrigated agriculture somewhat more than those who are not northern
Australian. Some value the ease of life in northern Australia and the lifestyle that accompanies its
particular social-ecological characteristics, rather than its environment per se.
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Table 3-1 A summary of published stakeholder and interest group values relevant to the development of greenfield irrigated agriculture in northern Australia
Ordered least likely to support development through to most likely to support development, as per Figure 3-1.
STAKEHOLDER

VALUES, ATTITUDES, BELIEFS AND NORMS

EXAMPLES OF RELEVANT REFERENCES

(Inter)national
environmental
organisations

Want natural environment protected, Indigenous culture valued, sustainability maintained

Palmer (2004); Northern Australia Environment
Alliance (2006); Environs Kimberley (2006); Hillman
(2007); Lane and Waitt (2007); Collins (2008); Larson
and Herr (2008); Pickerill (2008); Toussaint (2008);
Environs Kimberley (2008); Muerke and Wergin (2014);
Brennan (2015); Environs Kimberley (2016)

Four wheel drivers, retired
domestic tourists,
international tourists,
bushwalkers, safari hunters
Southern Australians

The ‘real Australia’, utopia, setting for psychological challenges, a ‘proving ground’
Current human geography valued (e.g. few people, poor roads/lack of 2WD access)
Valued for nature-based activities, large fish populations, scenic areas and secluded locations
Concern about land clearing, threats to Indigenous values, river diversion, irrigated agriculture, amenity
Water as a public asset, rivers not dammed, no inter-basin transfer of water or groundwater extraction
High value placed upon condition of floodplains, quality of recreational fishing, condition of waterholes
High willingness to pay for rivers to be managed for recreation, cultural and environmental services

Zander et al. (2010); Zander (2013); Zander et al.
(2013)

Small proportion consider irrigated agriculture important, or wish it to increase significantly
Residents

Passion for rivers, camping, fishing, strong place attachment to rivers and related recreation

Amateur fishers and their
representatives

Strongly value perceived easy lifestyle (current human geography)
Environment and recreation more important than new commercial/retail business and primary industries
Low value placed on income from irrigation agriculture, high value on environmental and cultural assets
Less willing to pay for management of cultural services than southern Australians

Lane (2004); Toussaint (2008); Nolan (2009); Carson et
al. (2010); Zander et al. (2010); Stratton (2011); Taylor
et al. (2011); Tan et al. (2012); Shepherd (2013); Larson
et al. (2013); Zander et al. (2013); Elofsen (2014);
Nikolakis and Grafton (2014); Ennis et al. (2015)

Believe some level of income from irrigated agriculture is important, but not pressing for more
Lack of trust in government driven planning
Local shires
Regional economic
development
representatives

Vision: highly productive, innovative, resilience and commercially exciting economy, culturally diverse,
dynamic and inclusive communities, and a relaxed and friendly lifestyle
Value developments that leverage and consider social, economic and environmental assets, impacts
Interest in carbon trading, arts and culture sector, nature- and culture-based tourism

Top End Regional Organisation of Councils (2004);
Regional Organisation of Councils (2005); Cook Shire
Council (2010); Top End Department of State
Development (2014)

Infrastructure, institutions and social capital cited as higher concerns to development than lack of water
Pastoralists

Occupation as a lifestyle choice and for identity

Want institutions and infrastructure (largely road networks, but also soft infrastructure) for development

Greiner and Gregg (2011); Marshall and Smeagl (2013);
Marshall et al. (2014); Marshall and Stokes (2014);
Agforce (2015); McKellar et al. (2015); Marshall (2015);
Holmes (2015); NT Cattle News (2015a); NT Cattle
News (2015b); Greiner (2016); Stoeckl et al. (2016); NT
Cattle News (2016); Adams et al. (2016)

Self-identify as innovators, high adaptive capacity, strong motivations towards profitability

Lane (2004); Yeates et al. (2013); Jakku et al. (2016)

Agricultural representatives Environmental stewardship goals and lifestyle goals more important than economic goals
Low ability to adapt to change
Free trade, open markets, property rights and private enterprise
Horticulturalists

Express concern about the environment (including water quality) but not the rhetoric of wilderness
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Local government and regional planners/developers (including local shire and regional economic
development stakeholder groups) tended to express holistic values in relation to northern
Australian development. They tended to frame potential development in terms of its need to meet
social, environmental and economic goals, such as creating vibrant communities that maintain or
increase in population, and are relaxed and friendly. There appears to be a general openness to
the way in which these goals may be achieved but with a recognition that while economic
development is important it should not be conducted in a way that threatens pre-existing social
and environmental values. Plans for intensified agriculture do not tend to dominate in planning
documents, with Indigenous-based enterprises and tourism often being centred as desirable
pathways towards economic development.
Primary producers and their representatives within northern Australia tend to value northern
Australia, and irrigated agriculture within it, differently again. Some pastoralists framed
themselves as ‘pioneers’ in developing northern Australia although others warn against the
potential risks of ‘grand schemes’ associated with such a framing. While this cohort tends to see
more potential for their industries in northern Australia than other stakeholder groups, most tend
to prefer institutional and infrastructure changes to assist their current practices or increase their
development options, rather than greenfield irrigated agriculture per se. This, in part, reflects the
high level of non-monetary values many pastoralists placed on their occupation: many value their
occupation for lifestyle and identity reasons rather than its ability to generate income, for
example. In terms of desired development options, improved road infrastructure is considered
particularly important. Many others want the option to diversify if need be, and where
appropriate. Place attachment is also high with this cohort. In contrast, horticulturalists appear to
be more production and profitability orientated.
A number of other stakeholder groups were identified through the systematic literature review,
although literature pertaining to their values was relatively scant (thus not shown in Table 3-1).
These included the creative industry, employers, migrants, and young unemployed or
underemployed men. The creative industry of northern Australia acknowledged that particular
geographical characteristics, such as isolation and access to un-urbanised landscapes, contributed
to the creativity underpinning its industry. However, the industry also stated that these same
factors bounded their industry into place-based art, and that isolation brought a lack of access to
brokers and markets despite their perception that their industry had export potential into Asia
(Daniel, 2016; Gibson et al., 2010; Brennan-Horely, 2010). Employers found it difficult to recruit
either domestic workers or economic migrants who appeared not to value northern Australia as a
potential place of employment and residence, although this was not the case with humanitarian
migrants (Golebiowska 2016). Young unemployed or underemployed men, often transitory
southern Australians, were identified as it is this stakeholder group that is seen to most benefit
from natural resource exploitation, in the form of jobs. The literature focused on the interactions
between this stakeholder group and the resource-related communities in which they resided, with
this cohort largely seen as having a negative impact on receiving communities (Elofsen, 2014;
Ennis et al., 2015). However, the values of this group as they pertain to irrigated agriculture in
northern Australia was not directly explored in the identified literature.
Baldwin et al. (2009) concluded that there were few cases in Australia of rigorous analysis of social
impacts associated with an irrigation proposal. This aligns with the results of this review, with the
exception of some reference to social impacts associated with the Ord Irrigation Scheme, namely:
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high levels of social division; exclusion of disadvantaged groups (largely, traditional owners);
population turnover, but also an improvement in landscape-based aesthetics as perceived by the
advantaged groups (Lane 2004). Despite a general gap in the literature, the review identified a
subset of literature that highlighted potential social impacts of more general large-scale
developments on northern Australian communities (not shown in Table 3-1). Carson et al. (2010)
and Shepherd (2013) highlighted impacts on service and infrastructure provision, with resource
generated boom economies often experiencing a lack of housing, transport and service pressure,
the removal of good staff from other sectors, and an increase in the price of living. Elofsen (2014)
also noted that the unequal gender ratio and sparse populations of such economies tend to lead
to masculinised drinking cultures with commensurate higher rates of violent crime and substance
abuse. Increased social exclusion and the accrual of benefits to temporary residents and outsiders
were also potential negative social impacts associated with resource-based boom economies
(Taylor et al., 2011; Shepherd, 2013; Elofsen, 2014).

3.2.4

A TYPOLOGY OF ENGAGEMENT

Social impact research and analysis related to the development of irrigated agriculture in northern
Australia has been relatively sparse to date. An initial step towards such research and analysis, and
the potential subsequent scoping of specific development projects, requires the engagement of
identified stakeholder groups. Stakeholder groups, with their different sets of underpinning
values, are differentiated in terms of their level of interest in an action or change. To a proponent
of such an action or change, the influence that particular stakeholder group may have on the type
and scope of such an action or change may also be important. Interest/influence matrices are a
tool commonly used to help understand these factors and the subsequent appropriateness of
different stakeholder engagement strategies (e.g. Bourne and Walker, 2006; Reed et al., 2009;
Maguire et al., 2012). The interest/influence matrices generated by this Assessment’s stakeholder
analysis and literature review mapped stakeholders into four broad types of appropriate
engagement (following e.g. Schmeer 2000; Golder and Gawler, 2005). These were partner,
involve/engage, consult and inform (Table 3-2 to Table 3-4).
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Table 3-2 Stakeholder engagement typology for the Fitzroy catchment, as determined via influence/interest matrices related to the development of irrigated agriculture in a
greenfield site
Partner = high interest, high influence. Involve/engage = low or moderate interest, high influence. Consult = high interest, low or moderate influence. Inform = low interest, low
influence.
SCALE

PARTNER

INVOLVE/

CONSULT

INFORM

Horticulturalists

Amateur fishers

ENGAGE

Local

Traditional owners

-

Pastoralists
Residents
Traditional owner corporations
Regional Australian Government
- primary industries

Office of Northern Australia Environmental organisations (international and national)

Agricultural representatives (national)

Southern Australians

Indigenous business representatives

Bushwalkers

- water

Indigenous land councils

Creative industry

Government of Western Australia

Indigenous natural resource management organisations

Four wheel drivers

- primary industries

Regional economic development representatives (regional and national) Mining interests

- water

Retired domestic tourists
Safari hunters
Tourism industry
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Table 3-3 Stakeholder engagement typology for the Darwin catchment, as determined via influence/interest matrices related to the development of irrigated agriculture in a
greenfield site
Partner = high interest, high influence. Involve/engage = low or moderate interest, high influence. Inform = low interest, low influence. Consult = high interest, low or moderate
influence.
SCALE

PARTNER

INVOLVE/

CONSULT

INFORM

Horticulturalists

Australian Government

Irrigated foresters

- environment

Mining interests

- defence

ENGAGE

Local

Traditional owners

Amateur fishers

Natural resource management organisations
Pastoralists
Residents
Traditional owner corporations
Regional Australian Government
- primary industries
- water

Office of Northern
Australia

Agricultural representatives (Territory)

Agricultural representatives (national)

Southern Australians

Environmental organisations (international and national)

Bushwalkers

Indigenous business representatives

Creative industry

Northern Australia Development Office

Indigenous heritage protection agencies

Australian Government

Northern Territory Government

Indigenous land councils

- environment

- environment

Indigenous natural resource management organisations

Four wheel drivers

- infrastructure, planning, logistics

Regional economic development representatives (regional
and national)

Mining interests

- primary industries
Utilities provider(s)

Natural resource management
organisations
Retired domestic tourists
Safari hunters
Tourism industry
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Table 3-4 Stakeholder engagement typology for the Mitchell catchment, as determined via influence/interest matrices related to the development of irrigated agriculture in a
greenfield site
Partner = high interest, high influence. Involve/engage = low or moderate interest, high influence. Inform = low interest, low influence. Consult = high interest, low or moderate
influence.
SCALE

PARTNER

INVOLVE/

CONSULT

INFORM

Commercial fishers

-

ENGAGE

Local

Traditional owners

-

Horticulturalists
Pastoralists
Residents
Traditional owner corporations
Regional Australian Government
- primary industries

Office of Northern Australia

Commercial fishing representatives

Southern Australians

Environmental organisations (international and national)

- water

Indigenous business representatives

Queensland Government

Indigenous land councils

- natural resources

Indigenous natural resource management organisations

- primary industries

Queensland government

- water

- state development

- natural resources and mines

- science and innovation
Regional economic development representatives (regional and
national)
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Agricultural representatives –
national level
Bushwalkers
Creative industry
Four wheel drivers
Mining interests
Retired domestic tourists
Safari hunters
Tourism industry

Stakeholder analysis guidelines (e.g. Golder and Gawler, 2005; Schmeer, 2000) suggest that
stakeholders in the ‘partner’ section of Table 3-2 to Table 3-4 may have a high degree of influence
over the activity in question (in this case potential greenfield irrigation projects in the study area)
and are important enablers or constrainers of actions or changes. The ‘partner’ stakeholders
identified in this Assessment were largely federal and state/territory governments, especially
those with legal responsibilities for natural resources (see Chapter 4). Stakeholders in the ‘partner’
section were also most likely to support, or provide contingent support, for the development of
greenfield irrigated agriculture (Figure 3-1). To a potential proponent, good working relationships
with these ‘key’ stakeholders, including project co-development via early and frequent
communication, is generally considered critical.
Strong relationships with stakeholders in the ‘involve/engage’ section of Table 3-2 to Table 3-4 are
also critical. These stakeholders may influence ‘partner’ stakeholders, and be influenced by the
‘consult’ stakeholders. Only the Office of Northern Australia, southern Australians and amateur
fishers were mapped into this section, and only in some study areas. The Office of Northern
Australia, as a government body, was mapped as having a high level of interest and moderate level
of influence over development. It was also mapped into the ‘supportive’ end of the rainbow
diagram. Southern Australians were mapped to ‘involve/engage’ due to their moderate level of
interest and high level of influence, the latter of which is likely due their political power. This
group fell somewhere between the ‘unsupportive’ and ‘contingent support’ of Figure 3-1, likely
because they valued northern Australia for the cultural and ecosystem services it currently
provides (Table 3-1). The somewhat unexpected inclusion of amateur fishers in the Darwin study
area reflects their moderate level of interest and high level of influence at the local scale. This
group was also mapped to the ‘unlikely to support’ section of the rainbow diagram (Figure 3-1),
suggesting that they are a group whose preferences for the maintenance of waterholes in good
condition (Table 3-1) may intersect strongly with water development in that study area. The
literature suggests that engagement with this group for the purposes of development may need to
be early and frequent, and may also require demonstration that their concerns are being heard
and responded to.
Stakeholders, like those in the ‘consult’ section of Table 3-2 to Table 3-4 may also withdraw social
licence to operate if their concerns and interests are not appropriately considered. Stakeholders
mapped into this section include traditional owners and their representatives, other natural
resource users, national and international environmental organisations, and economic
development groups. Most of these stakeholders were mapped to have a high level of interest,
and moderate level of influence, over greenfield irrigation in their study areas. While the level of
direct influence for ‘consult’ stakeholders may be moderate, it is also worth noting that these
stakeholder groups may also have a high level of indirect influence. For example, while some of
these stakeholders may have limited legal recourse to ensure their interests and concerns are met,
they may be able to exert institutional authority via their influence over stakeholders in the
‘partner’ section. Stakeholder groups in the ‘consult’ section appear to be less supportive of
irrigated agriculture than those in the ‘partner’ section (Figure 3-1). For environmental groups, this
likely reflects their framing of northern Australia as ‘wilderness’ and as a place of ‘spiritual
reflection’ (Table 3-1). Strong and early engagement with these stakeholder groups, and a
commitment to hearing and responding to their concerns and interests, is therefore considered
important.
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While not strong, stakeholders in the ‘inform’ section of Table 3-2 to Table 3-4 still have a
potential interest in either greenfield irrigation in the study area, or the ecosystem services that
may be promoted or constrained by such an activity. Many of these stakeholders also fell into the
‘unlikely to be supportive’ end of the rainbow spectrum (Figure 3-1), likely due to their potential
for shared values with environmental groups, although some fell into the ‘contingent support’
section. As such, stakeholders in this section may require low levels of monitoring and
communication around proposed activities, and some consideration of their concerns.

3.2.5

LIMITATIONS

This Assessment provides a broad overview of stakeholders, their potential values as they relate to
irrigated agriculture, and potential strategies for beginning engagement with stakeholders based
upon hypothetical development. However stakeholder perspectives towards irrigated agriculture
in greenfield sites (Figure 3-1) may depend upon which values (see Table 3-1) they perceive to be
under threat by the development. The ways in which the value-based concerns of stakeholders
can be approached is thus dependent upon the types of values in question. Amateur fishers may
be more likely to support irrigated agriculture if it were designed in such a way that the condition
of waterholes for fishing was either not affected or improved, for example. Other stakeholder
values, such as those related to autonomy, equity or distribution of benefits, may be more
strongly affected by factors such as the nature of the proponent’s relationship with the
stakeholder group, or whether stakeholders perceive benefits to themselves or another group of
concern. For example, traditional owner groups in the Fitzroy Valley have signed the ‘Fitzroy
Declaration’ (Kimberley Land Council, 2016), which in part reflects concerns about instream
damming of the Fitzroy River. For this action they are ‘unlikely to be supportive’. However, a
number of Indigenous groups and corporations in the area are considering smaller scale water
harvesting from the river’s tributaries to enable existing and future Indigenous enterprises,
meaning that further trials and controlled usage of such technology may be supported (Barber and
Woodward, 2018).
While top-down approaches to identifying stakeholders can be a low resource method for
identifying potential stakeholders in a generic assessment, such approaches have important
weaknesses. Top-down approaches risk marginalising certain groups, identifying ‘the usual
suspects’ and reflecting the interests and biases of the ‘experts’ elicited opinions rather than
capturing the perspectives of groups with less power (see Reed et al., 2009). In the method used
here, there was a high level of homogeneity among the sampled stakeholder experts, a high
likelihood that sampling had occurred among a clique (Mokken, 1979), and a relatively small
sample size. While the process was supplemented through the systematic literature review, there
is still possible bias in the stakeholders identified. A more robust approach, if a specific
development were to be proposed, would be to use a more targeted, context specific analysis of
stakeholders and their likely relationship with that particular development proposal (e.g. the more
bottom-up approach used by Nolan (2009) for the Howard East Aquifer in the Northern Territory).
Such an approach may be particularly useful for activities perceived to most threaten pre-existing
social values related to the area of land, natural resource or utilisation method in question, as well
as the intended beneficiaries of potential resource use.
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While not a design feature, an implicit assumption revealed during data collection was that the
stakeholders themselves were not viewed as possible proponents. However, some stakeholder
and interest groups, such as traditional owner corporations, may have cultural obligations or
development aspirations that mean that in a bottom-up process they would map themselves to
the ‘partner’ section rather than the ‘consult’ section of the stakeholder engagement typology
(Barber, 2018; Barber and Woodward, 2018; Lyons and Barber, 2018). Similarly, the analysis
sections will not be appropriate in all contexts where greenfield irrigation is proposed. For
example, for small-scale projects, such as a pre-existing landholder seeking to incorporate a single
centre pivot into their operation, consultation with international environmental organisations may
not be necessary.

3.3

Potential investors in irrigated agriculture

While there is some understanding of the key stakeholders involved in irrigated agriculture in
northern Australia (see Section 3.2), very little is known about pre-existing or potential investors.
An important exception is Ash’s (2014) analysis of 13 case studies of irrigated development in
northern Australia. This study found that by 2014 only five case studies continued to successfully
operate at a regionally relevant scale and that four of these had received significant and prolonged
government investment. Some private investment had been leveraged from government funds
supporting the construction of dams, channel infrastructure and townships, but Ash (2014) notes
that with the exception of Katherine and Lakeland Downs, no other truly private agricultural
development schemes had proved viable. Ash (2014) identified a range of constraints on historical
investment success, including inexperience with biophysical factors, centralised decision making,
short investment horizons, poor infrastructure, poor market planning, and sparse social capital.
Whether these constraints hold true today remains largely unknown.
To help address this gap, an initial exploration of the investment values of Indigenous and
traditional owner groups is included in the Assessment’s Indigenous Activity (Barber, 2018; Barber
and Woodward, 2018; Lyons and Barber, 2018). This analysis highlights the strong desire of such
groups to be understood as key investors and partners in development, with a range of financial
and non-financial assets to contribute. An initial exploration of other potential investors in
irrigated agriculture in northern Australia now follows.

3.3.1

POTENTIAL INVESTORS: WHO ARE THEY, AND WHAT IS THEIR POTENTIAL
DEVELOPMENT CAPACITY?

A small subset of the Assessment team drafted an initial typology of potential investors across
northern Australia. The aim of this exercise was to: i) draw upon the experience of the Assessment
team to produce an initial map of known investor types, with the recognition that in-depth
analysis of all potential investor types was outside the scope of this Assessment; ii) explore
potential capacities to develop among different investor types; and iii) help inform an
understanding of how representative targeted interview data may be. Access to natural resources
is the minimum requirement for investment in irrigated agriculture in northern Australia (see
Chapter 4). Ash (2014) and others (e.g. Marshall and Stokes, 2014; Jakku et al., 2016) also
concluded that human capital related constraints (such as ability to manage and plan, level of
contextual knowledge and access to contextually appropriate information and support services)
Chapter 3 Stakeholders and investors | 75

are a similarly important mediator of investment efficacy and adaptability to practice change in
northern Australia. For this reason, investor types were ‘mapped’ as a function of these two key
‘capitals’ (Table 3-5). These were: i) natural capital (access to environmental resources such as
water and land, facilitated by formal or informal institutional access rights to these resources); and
ii) combined human/financial/social capital (which includes financial resourcing, knowledge and
skills, as well as networks such as to markets and information). This mapping does not account for
variability between investors and does not have substantial research to inform it. As such, it
should be viewed as a ‘strawman’ guide that highlights the potential of different investor cohorts
to realise development, rather than accurately reflecting the experience of any individual investor
or potential investor.
Table 3-5 Probable or potential investor types in irrigated agriculture in northern Australia, and their likely relative
access to the assets needed to realise irrigated development
Natural capital = likely access to environmental resources such as water and land. Human/financial/social capital =
assets related to capability to establish and maintain an irrigated agriculture operation. Interviewed? = at least one
representative from this investor group was formally interviewed by the Assessment team. ILUA = Indigenous land use
agreement. The table is ordered from likely high levels of natural capital to likely low levels of natural capital.
INVESTOR/POTENTIAL INVESTOR

NATURAL CAPITAL

HUMAN/
FINANCIAL/
SOCIAL CAPITAL

INTERVIEWED?

Indigenous landholding/lease holding
corporations

High

Low

Yes – see Barber, 2018; Barber and
Woodward, 2018; Lyons and Barber, 2018

Native title holders

Moderate

Low

Yes – see Barber 2018, Barber and
Woodward 2018, Lyons and Barber 2018

Traditional owners with external
commercial corporations

Moderate

High

No

Traditional owners with
philanthropic/social enterprise investors

Moderate

High

No

Large companies with agricultural interests Moderate

High

Yes – see Section 3.3.2

Domestic beef industry companies

Moderate

High

No

Small-scale, owner-operator graziers

Low to moderate

Low to
moderate

No – but see Table 3-1 for related values
affecting interest

Small-scale, owner-operator
horticulturalists

Low to moderate

Moderate

Yes – see Section 3.3.2

Ethical investors and superannuation
funds

Low

High

No

International agribusiness

Low

High

Yes – see Section 3.3.2

Family trusts

Low

High

No

Indigenous enterprises

Low

Medium

No

Indigenous community representative
agencies

Low

Medium

No

ILUA groups

Low

Low

Yes – see Barber, 2018; Barber and
Woodward, 2018; Lyons and Barber, 2018
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Table 3-6 Overview of interviewed investors or potential investors in irrigated agriculture in northern Australia
ATTRIBUTE

VALUE

Location of investor irrigation interests*

Western Australia (within the study area)

3 (1)

Northern Territory (within the study area)

5 (3)

Queensland (within the study area)

2 (1)

Operation size – hectares

FREQUENCY

<1

1

1 to 500

2

501 to 1,000

-

1,001 to 1,000,000

2

1,000,001 to 5,000,000

Operation size – current or expected
annual turnover ($)***

Produce*

Respondent demographics

1**

More than 5,000,000

1

<$100,000

1

$100,001 to $3,000,000

3

$3,000,001 to $20,000,000

3

$20,000,001 to $300,000,000

2

Fruit/veg. (melons, pumpkins, bananas, rambutan, bananas, mangoes)

6

Forage (grain, hay, maize, sorghum)

7

Pules (mungbeans, soy)

3

Fibre (cotton)

1

Meat (cattle)

2

Male

6

Age in years (modal nearest decade)

50

Number with completed tertiary education

4

Indigenous

0

*Each investor may have more than one investment interest or type. One investor had previously grown bananas until a Panama disease incursion;
their experiences for that crop were still included
** Of which 10% is intended for irrigated agriculture
*** One investor was in the scoping stage to convert their pastoral operation into an irrigated operation, while another was in the development
stage and so provided their estimated turnover rather than current turnover

Select investor or potential investor types were then interviewed to further understand perceived
constraints and opportunities across the natural and human/financial/social capitals (CSIRO
Human ethics permit 034/16). Currently, only a small number of primary producers across
northern Australia utilise water for irrigation. This meant that random sampling of primary
producers across northern Australia was not a resource-realistic method of identifying current or
potential investors in irrigation. For this reason, analyses used a purposive sampling technique
that targeted investors known to the Assessment team, in or immediately adjacent to the study
areas. The perspectives of Indigenous investors were captured more rigorously through a separate
process (Barber, 2018; Barber and Woodward, 2018; Lyons and Barber, 2018). Twenty-four
investors or potential investors were identified, excluding potential or existing Indigenous
investors. Of these, 1 went bankrupt prior to interview, 2 declined the interview, 14 were unable
to be contacted despite repeated attempts and 7 agreed to be interviewed, constituting a
response rate of 29%. The interview cohort was drawn from three investor types: small-scale
Chapter 3 Stakeholders and investors | 77

owner-operator horticulturalists, international agribusiness and large companies with agricultural
interests. The in-depth nature of the semi-structured interviews, likely demographic
representativeness within the sampled investor types (Table 3-6) and high level of consistency
between investors despite differences in jurisdictions, operation type and size, suggests that some
generalities from within these investor types may be able to be drawn from the results.

3.3.2

PERCEIVED ENABLERS AND CONSTRAINTS TO FUTURE INVESTMENT

Aspirations
While no investor expressed a view paralleling that of the aspirational ‘great Asian food bowl’,
investors did tend to emphasise that there was both a potential and an imperative to expand
irrigated agriculture in northern Australia, specifically in areas where water was not already fully
allocated. Some saw that this potential lay in value adding to existing irrigated enterprises:
‘We got together and decided a processing plant was needed to add value. For drying, freezing
mango cheeks etc. for export… We have bought a… building and drying plant that we hope will be
operational this year. It will add value. We will buy from others as well eventually. Horticulture
employs three jobs for every one direct job.’ (Northern Territory)
Others felt that there was the potential and imperative for an expansion of greenfield irrigation:
‘We want to farm basically the size of the Burdekin on our property, with all the jobs and
population that that would create… Our Shire is dying. The majority of our Shire’s income is from
government. Government is a major employer. Our project will reverse that. ’ (Queensland)
There was variability in aspirations for the use of water for irrigation across the respondents. Some
had already concluded that the constraints on investment (see next section) were too significant,
thus rendering aspirations futile. The aspirations of others were driven by personal considerations,
for example:
‘We asked for more water than we need so that in future it can be used for bananas by others, and
so it will increase the saleability of our block as we’re in our 70s now.’ (Northern Territory)
Those who had expansion aspirations were more likely to be larger investors in terms of turnover,
although a smaller and younger investor also expressed expansion aspirations. One investor
(Queensland) has a clear export plan through the Port of Townsville. Another (Western Australia)
is seeking a licence for cotton, and is planning to establish a cotton gin. Another (Western
Australia, Northern Territory) has four properties that they may potentially be able to irrigate, and
is:
‘…open-minded about what we grow. We’re looking at irrigated development as part of good
business- diversification and integration [rather than just for feed production for our pastoral
operation].’
A final investor (Northern Territory) is seeking to move their operation away from an area of water
allocation, with no business development plans in an area where water availability has become a
perceived constraint.
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Perceived constraints
There was a high level of consistency between investors as to perceived constraints to the
expansion of either their current irrigated operation, or their entrance into new irrigated
operations in northern Australia. The two most significant perceived constraints were institutional
uncertainty and complexity, irrespective of investor crop type, jurisdiction or size of operation
(Table 3-7). These constraints were perceived to apply to a large number of institutions related to
irrigated agriculture, including but not necessarily exclusive to those that affected natural capital
(water allocations, vegetation clearing and environmental approvals) and human/financial/social
capital (the backpacker tax, export protocols).
Table 3-7 Top five perceived constraints to investment in irrigated agriculture in northern Australia
TOP FIVE PERCEIVED CONSTRAINTS TO INVESTMENT

1.

Institutional uncertainty

2.

Institutional complexity

3.

Economy of scale issues

4.

Poor infrastructure

5.

Training and retaining a skilled workforce

Institutional uncertainty

All interviewed investors or potential investors felt that the risk posed by shifting institutional
requirements was too high given the long investment time needed to establish and start receiving
net returns on investment for irrigated agriculture. Institutional uncertainty, created through a
high number of changes in institutions relevant to irrigated agriculture over any given period, was
seen to have significant flow-on impacts in a number of areas, including the ability to attract
financial capital, economies of scale, the size of potential investors in an area, and the ability to
attract good staff:
‘Turnover needs to be 3.4 to 4 grand per hectare to cover capital and input costs. Without
certainty, it is too risky to invest. So the government permit system and lack of certainty with that
is a major constraint on investment.’ (Western Australia)
‘We’ve been looking at different mango varieties, but while you’re deciding on this you have no
water licence. You can plant the new trees, but when you need to irrigate in when they’re 10 to 12
years old then you may or may not have the water allowance. As the trees get bigger, you take the
risk of government changing its mind and perhaps tightening water permits further. What do you
do?’ (Northern Territory)
Although consistently highlighted, the specifics of institutional uncertainty manifested somewhat
differently across the three different jurisdictions. Respondents in Queensland emphasised that
the political nature of vegetation clearing legislation at both the state and federal levels, combined
with a general lack of institutional ‘grandfathering’, meant that investment risks could be realised
every time there was an election at either the state or federal level. Respondents generally
perceived the lack of institutional certainty to be a more significant investment risk than the
institutions themselves:
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‘There is no grandfathering of laws at the moment. For projects of significant size, there should be
a permanent agreement between government and the operator around approvals. Banks want to
fund over a 15 year period but between State and Federal government lifespans there is a change
in government every 2 years. Big projects are long term investments, 2 to 3 generations. So there is
a major business change every 2 years. We need to know that once an approval is in, it cannot be
changed.’ (Queensland)
In the Northern Territory, irrigators who had been involved in government facilitated irrigation
schemes had experienced the realisation of this investment risk. Respondents there spoke of
irrigators who had made investments in tropical fruit growing in zoned horticultural areas for
which the Northern Territory Government had legislated and provided infrastructure, only to have
the water allocation they needed to realise their investment later rescinded:
‘The Department of Water gave permission for us to drill bores – indeed, they actually
compensated us if we didn’t find water. In this area, the properties were sold specifically for
horticultural use, they were set aside properties, sold by government for specific crops. However,
since Howard Springs dried up the government has been very concerned about water use, and no
new water is able to be used for a horticultural land-use. Some people have bought properties for
the development of mangos in the future, but the government has now said no new irrigation in
the Berry Springs area.’ (Northern Territory)
In the Northern Territory, over allocations of water were the identified reason for revoked water
licences. In contrast, under allocation, where allocated licences are less than what is needed in
years where rainfed agriculture is sufficient, was one identified issue in Western Australia. Like the
Northern Territory, the likelihood of revoked water licences after wet periods under a ‘use it or
lose it’ system in Western Australia created concern to irrigators:
‘Now, in the Ord, the Department of Water wants to revoke the Ord licence as not enough licenced
water is being used due to a few good wet seasons… Revoking the licence will affect my ability to
irrigate pasture and hay. This will make me non-viable so I’m thinking of selling.’ (Western
Australia)
In line with concerns over institutional uncertainty, specific institutions perceived to be constraints
to development were generally those that amplified uncertainty:
‘The use it or lose it rule is not great at the development phase of irrigation as it provides no
investment certainty in the future. There needs to be some sort of interim or grey allocation. In
other States there is water trading which gets around that, which we don’t have here.’ (Western
Australia)
Institutional complexity/lack of whole of government response

In addition to a perceived shifting legislative context, institutional complexity was also a perceived
constraint on investment. This perceived complexity related to ‘red tape’, the myriad of legislative
requirements associated with natural resource management, a lack of integration between
government departments with carriage of natural resource management, a lack of transparency of
process, and/or slow bureaucratic processes:
‘I had a vegetation clearing permit for 1150 ha in the Ord area. I cleared 1090 ha and then wanted
to clear a little more elsewhere so went back to the government to get approval. They have 90
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days to respond, so on day 85 they contacted me to say that I needed to modify [my clearing
submission] slightly. I did this and resubmitted the application. After 110 days, they denied it. I
then went away and had a holiday. When I got back, I tried to appeal the ruling, but they told me I
was unable to appeal because I was outside the 21 day appeal period.’ (Western Australia)
‘There are no export protocols for quinoa and chia between China and Australia. We wanted to
export a quantity of chia to China. We were referred to the Federal Department of Agriculture and
told that they were the ones to do this, but we needed to provide them with information like
volumes etc. We were told it would take 5 to 10 years to develop the protocol!’ (Western Australia)
At times, investors felt that the high level of institutional complexity encouraged them to exploit
such complexity, loopholes or inadequate process to minimise investment risk. For example,
investors bought offshore companies to manage a lack of export protocol, or entered into verbal
agreements with government where more formal processes did not exist. In general, however,
this was not seen as ideal as it increased the cost of doing business, did not adequately manage
risk, or led to opportunity costs in terms of domestic revenue or jobs. The risks created by the
institutional context also appeared to have created adverse impacts other than preventing
investment or increasing the cost of investment. One investor provided an example of where
poorly designed water allocation institutions had led to inefficient resource use:
‘Many producers pump water and let it sit on the ground during the wet [season] to prove use, and
reduce the risk of the [water] licence being revoked.’ (Western Australia)
Perceived enablers
Institutional certainty, simplicity and bureaucratic speed were the key perceived potential
enablers of investment in irrigated agriculture. There was less consistency between investors
regarding other enablers of irrigated development. Regardless, government support was the most
consistently cited enabler of further investment.
Government support

Investors saw a role for government support in irrigated agriculture across northern Australia,
particularly in relation to government support of scheme-level irrigation. Perceived benefits
associated with such a system included the provision of institutional certainty (and thus a
conducive investment environment), the opportunity to build upon the generation of locally
relevant information, easy access to a skilled labour force, and an improvement in economy of
scale. In general, investors saw benefits in government facilitated scheme-level systems:
‘In the [Scheme]… when we wanted to do further development in 2005, we needed to do a plan.
Everything was clear-cut and easy because the… co-op held the licence. They wanted to make
money, had producers on the Board and wanted to expand so they were good to deal with. They
were a one stop shop, and were the easiest of the three locations [where we have investment
interests] to get licences for.’ (Western Australia)
In contrast, one larger investor (Queensland) had a different perspective, suggesting that systems
run by cooperatives had excessive transaction costs.
Investors also saw a role for government in relation to information provision around institutions,
such as the process of accessing water allocations or bidding at auction for water:
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‘The applications [for water allocations] had three options to help growers work out how much
water to apply for… [including that] they could sit down with government people who would help
them work it out. Information nights were held where advice to growers was given by government.
NT Farmers were funded by government to hold 5 to 6 sessions, and they were targeted so that
English as a second language speakers (Cambodian and Vietnamese) growers were included. They
were well attended. Application forms were given out on the night, and assistance was given to fill
out the forms. The information sessions [for the water allocation process] were very helpful, and
allowed growers direct access to government – this was particularly useful for English as a second
language speakers. The Department of Environment and Natural Resources’ NR Maps were really
helpful for this, they were an excellent resource.’ (Northern Territory)
Off-farm inputs: infrastructure, information and labour

A number of investors provided examples of their key infrastructure needs, the fulfilment of which
they felt would facilitate greater investment. For the more remote investors, improved
infrastructure was seen as an important enabler for the transportation of product:
‘We are dealing with eight Queensland departments such as Main Roads, because we have gravel
roads that won’t support the road trains we’d need to export out of the Townsville Port.’
(Queensland)
‘Moving product with current freight costs is a problem.’ (Western Australia)
Infrastructure was also cited as a key investment enabler due to its close relationship with labour
availability:
‘No one wants to live here. We also have electricity issues, and poor internet. We can only employ
single men, because if they have kids with them then they have to home school and the internet
isn’t good enough for remote schooling. The mines have had problems getting people as well, but
when they’re paying $100k per year and they have 14 days off a month, whereas we pay $50k and
it’s seven days a week, we have trouble getting Australians to work here.’ (Queensland)
Like institutional complexity, scheme-level irrigation was seen as a potential mechanism that could
help address issues associated with labour, infrastructure and information constraints. It was also
a perceived way of increasing economy of scale, and thus increasing economic viability. In preexisting schemes, schemes appeared to already provide appropriate labour, information and some
infrastructure benefits:
‘We’re effectively designing and building farms – we’re drawing upon the skills and expertise of
people all the time. It’s all available locally.’ (Western Australia)
‘[Cotton] also produces cotton seed, which produces protein for cattle. There’s a local market for
cotton seed. We’ve crunched the numbers.’ (Western Australia)
Other investors believed that the establishment of similar schemes in their area could also help
address these constraints:
‘We need a cotton gin in this area as we can’t afford to take our cotton to the Emerald gin – the
transport costs are too high. So our operation needs to be large to get that economy of scale. The
Townsville Port has poor infrastructure and is expensive because there is no volume through it at
the moment. Their charges change all the time and are based on volume – so more irrigated
agriculture in this region more generally would bring the price down for us.’ (Queensland)
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3.4

Conclusion

This preliminary analysis suggests that there is a diverse set of stakeholders with varied and
sometimes conflicting interests and values relating to the use of water resources and irrigated
agricultural development across northern Australia. If greenfield developments were to proceed,
the diversity of stakeholder perspectives has implications for the ability of developers to gain and
maintain social licence to operate through the development process. The results of this analysis
suggest that careful thought is needed as to the purpose of development, which ecosystem
services may change through the development and to whom benefits are intended, as key
stakeholder values relate to all of these factors. Development planning and implementation
therefore would benefit from a systematic and robust social impact analysis, including an
investigation of, and ongoing engagement with, stakeholders and their interests.
The scoping of potential investors highlights the high diversity of potential of investor types in
northern Australia. It also highlights possible combinations of investor types, such as traditional
owners combined with commercial corporations, which may help individual investor types
overcome potential capital constraints. Of the three investor types interviewed for this
Assessment, high levels of institutional uncertainty and complexity are viewed as a constraint to
investment. Suggested enablers of development were institutional certainty, scheme-level
irrigation or one-stop investor platforms. The data represents a preliminary sample that acts as a
marker of the information required to secure investor potential. This is particularly so for small to
medium scale investors (including local landowners and leaseholders) whose views may not be so
effectively represented at higher levels of decision making.
The work in this chapter complements an examination of legal and policy instruments that
generate the rules and requirements within which such development occurs, which is covered
next.
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4

Summary of current legal and institutional
context

4.1

Introduction

This chapter provides an overview of the institutions relevant to water-related development in the
Fitzroy, Darwin and Mitchell catchments (referred to from here on as ‘study areas’ individually,
and ‘Assessment area’ combined). In the social sciences, the term ‘institutions’ is typically defined
as the formal and informal rules and norms that structure human behaviour and social
interactions (Hodgson, 2006). In the current context, it is used to refer to the rules and norms that
govern water-related development in the study areas, which stem from international law,
common law, statute law, delegated legislation, and government policies. By analysing these
institutions, this section sheds light on the nature of the rights and interests that are necessary to
undertake, and could be affected by, water-related development, and the institutional risks faced
by prospective investors and other affected parties. 1
After providing some initial background information about the legal and policy context
surrounding water-related development in northern Australia (Section 4.2), three themes are used
to structure the institutional analysis: the interests in land necessary to undertake, and that could
be affected by, water-related development (Section 4.3); the interests in water necessary to
support, and that could be affected by, water-related development (Section 4.4); and the
government approvals necessary to undertake water-related development and that manage the
associated positive and negative externalities (spill-over effects) (Section 4.5).
This section of the report should be read in conjunction with the institutional components of the
companion reports covering Indigenous issues (Barber, 2018; Barber and Woodward, 2018; Lyons
and Barber, 2018) and the more detailed companion technical report on the legal, regulatory and
policy environment (LRP) (Macintosh et al., 2018). The companion Indigenous reports provide
details of the formal legal and policy institutions related to Indigenous Australians that are
relevant to water-related development in the study areas. The companion LRP report (Macintosh
et al., 2018) provides more comprehensive coverage of the institutional matters discussed here
and in the Indigenous reports, and is directed at readers who want more detailed information on
relevant laws and policies.
The institutional overview provided here is not intended to be comprehensive. The institutional
requirements relevant to specific water-related developments will depend on the characteristics
and location of the developments, and their likely impacts on the environment. Proponents and

1 The phrase ‘water-related development’ is used as shorthand to refer to a range of development that is dependent on, or related to, water
resources. It covers large-scale water infrastructure like large dams and pipelines, onshore aquaculture developments, through to small-scale
irrigated agriculture projects involving the use of bore water. It is also intended to capture projects that are ancillary to water-related developments
like the provision of energy and transport infrastructure.
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other stakeholders interested in specific projects will need to obtain tailored advice and assistance
in relation to each of the four themes identified above.

4.2

Legal and policy context

This section provides an overview of the macro legal and policy context surrounding water-related
development in northern Australia. It looks at relevant international, national and state and
territory institutions that provide the overarching context for development in the Fitzroy, Darwin
and Mitchell catchments. The following issues are covered:
• foundational issues on the nature of the Australian federation, including the division of powers
and responsibilities between federal, state, territory and local government
• relevant international law that may influence the domestic institutions governing water-related
development in the three study areas
• security of property interests and compensation for the acquisition of property and regulatory
takings.

4.2.1

OVERVIEW OF AUSTRALIAN LAND AND WATER GOVERNANCE

Division of powers in the federation
Australia is a federal constitutional monarchy, consisting of a federal government (Australian
Government), six state governments (the governments of New South Wales, Queensland, South
Australia, Tasmania, Victoria and Western Australia) and two self-governing territories
(governments of the Australian Capital Territory and Northern Territory). The states and the
Northern Territory also have local governments, which are formally agencies of the states and
territory.
The Commonwealth of Australia was established by, and is governed under, the Australian
Constitution, which forms part of the Commonwealth of Australia Constitution Act 1900; an Act of
the British Parliament. Under the Australian Constitution, government powers and responsibilities
are shared between the federal, state and territory governments. Local government has no status
under the Constitution.
Historically, the Australian Government’s involvement in land and water management was
relatively marginal, being confined largely to fisheries management in Commonwealth waters,
land management on Commonwealth lands, and the regulation of international trade in wildlife
and wildlife products. Since the 1970s, three factors have contributed to the Australian
Government playing a more prominent role: (i) more expansive judicial interpretations of the
Australian Government’s constitutional powers; (ii) the increasing number and breadth of
Australia’s obligations under international environmental treaties; and (iii) societal pressure
associated with specific environmental issues.
While the Australian Government’s role in land and water management has increased over the
past 40 years, the states and territories still dominate the field. This can be illustrated by looking at
the source of the main institutions that govern relevant interests in land and water, and
government approvals in the study areas.
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Interests in land: Proponents of water-related developments will require an entitlement to access
and use the subject land. This will usually consist of a formal legal interest in the land (legal title)
or a personal entitlement to access it (a licence). A substantial proportion of the land in the study
areas is ‘Crown land’, or land owned by the federal, state or territory government (the ‘Crown’
refers to the government in all its capacities in the relevant jurisdiction). Most of this is state and
territory Crown land. Federal Crown land (Commonwealth land) in relevant parts of the study
areas is limited and confined largely to the Darwin catchments. Typically, the Crown land in the
study areas is leased to private landholders for pastoral purposes under a Crown lease or managed
for public purposes as either a Crown reserve or unallocated Crown land. This means proponents
of water-related development will often need to obtain relevant interests in land from the state or
territory government, or acquire Crown leases from private landholders. Where the land is not
Crown land (i.e. it is freehold land held privately), relevant interests will need to be acquired or
otherwise obtained from the private landholder. However, in these circumstances, state and
territory institutions will still be relevant because the state and territory governments are the
ultimate owners of most land in their jurisdictions and are responsible for the relevant systems of
land title. There are two main exceptions to the general rule that the state and territory
governments dominate land issues: native title and Commonwealth land. Native title is an interest
in land but it is largely a federal responsibility managed under the Native Title Act 1993 (Cth).
Where native title (or a native title claim) exists over an area of land, proponents will be required
to engage with relevant traditional owners and the federal native title process. Similarly,
proponents wanting to undertake a development on Commonwealth land – areas owned or
leased by the Commonwealth or a Commonwealth agency, including for defence purposes – need
to obtain relevant interests in the land from the Australian Government.
Interests in water: The Western Australia, Northern Territory and Queensland governments are
responsible for water planning and regulating access to, and the use of, surface and groundwater.
Proponents undertaking water-related development in the Assessment area will usually be
required to obtain licences to take water, and approvals to undertake works related to water
infrastructure, under the relevant state or territory water legislation. The Australian Government’s
role in water governance in the Assessment area is limited. There is federal water legislation, the
Water Act 2007 (Cth), but its scope is confined to waters in the Murray–Darling Basin.
Government approvals: Responsibility for managing the potential positive and negative economic,
social and environmental externalities associated with water-related development in the
Assessment area is split between the federal, state and territory governments. The Western
Australia, Northern Territory and Queensland governments have regulatory processes concerning
planning, environment and heritage issues that proponents are required to comply with in relation
to the use and development of land and water resources. These processes are overlain with
Australian Government approval processes, including in relation to environmental and heritage
impacts.
Local government
There are over 500 local councils in Australia. These local councils are state/territory agencies
created and regulated under state/territory legislation. However, unlike most other government
agencies, local councils are elected bodies and have a significant degree of autonomy in the
conduct of their affairs.
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Local councils perform a range of different functions. Most relevant for current purposes are the
responsibilities they have in relation to land use planning. In Western Australia and Queensland,
the state governments play a central role in land use planning but many planning functions are
devolved to local councils. In particular, local councils are responsible for preparing and
administering local planning schemes, which guide and regulate land use and development within
their municipalities. Depending on the nature and scale of the development, local councils can be
responsible for assessing and approving development applications under local planning schemes.
In the Mitchell catchment in Queensland, there are four relevant councils that perform these
functions: Kowanyama Aboriginal Shire Council, Carpentaria Shire Council, Mareeba Shire Council
and Cook Shire Council. In the Fitzroy catchment in Western Australia, there are two: Derby-West
Kimberley Shire Council and Hall’s Creek Shire Council.
In the Northern Territory, the role of local councils is more limited. The Territory planning
legislation is administered exclusively by the Northern Territory Government, through the
Department of Infrastructure, Planning and Logistics, Northern Territory Planning Commission and
Development Consent Authority. Local councils play only a minor advisory role.

4.2.2

INTERNATIONAL LAW

Under Australian law, international legal obligations have no direct effect on domestic law,
whether at the federal, state or local government level. Hence, Australia’s ratification of an
international treaty, and the entry into force of the treaty, does not lead to the automatic
incorporation of the treaty obligations into the law of Australia. For international legal obligations
to become part of Australian municipal law, there must be an act of parliament. For those
interested in water-related developments in the Assessment area, this means the influence of
international law on their rights, duties, powers and immunities is indirect, in the sense that it
shapes domestic institutions.
The primary means by which international law influences domestic institutions is via federal law.
The states, territories and local governments have no standing under international law. The
Australian Government represents Australia in international fora and is solely responsible for
ensuring Australia meets its international obligations. To match this responsibility, the Australian
Constitution gives the Australian Government the power to make laws to give effect to Australia’s
obligations under international law. While the states and territories are not international actors,
and their laws rarely directly incorporate international environmental obligations, they play an
important role in the implementation of Australia’s international obligations in collaboration with
the Australian Government.
For current purposes, the most relevant international obligations are those associated with the UN
Declaration on the Rights of Indigenous Peoples of 2007 and those imposed under international
environmental law. Information on the UN Declaration on the Rights of Indigenous Peoples of 2007
is included in the companion Indigenous and LRP technical reports (Barber, 2018; Barber and
Woodward, 2018; Lyons and Barber, 2018; Macintosh et al., 2018). Details of the most relevant
international environmental agreements are summarised in Table 4-1 below.
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Table 4-1 Main international environmental treaties to which Australia is a party
TREATY

COMMENT

Convention for the
Protection of the World
Cultural and Natural
Heritage of 1972 (World
Heritage Convention)*

The World Heritage Convention provides for the creation of the World Heritage List.
Parties to the Convention have an obligation to do all that they can to ensure the
‘identification, protection, conservation, presentation and transmission to future
generations of the cultural and natural heritage’ located within their jurisdiction that is of
outstanding universal value. There is one World Heritage area in the study areas, Kakadu
National Park World Heritage Area.

Convention on Biological
Diversity of 1992 (CBD)

The CBD has three overarching objectives: the conservation of biodiversity, the
sustainable use of biodiversity, and the fair and equitable sharing of the benefits arising
from the utilisation of genetic resources. These objectives are intended to be realised
through a cooperative governance structure framed around obligations to, amongst other
things, establish a system of protected areas for the conservation of biodiversity and to
maintain legislation for the protection of threatened species and populations.

Convention on the
Conservation of Migratory
Species of Wild Animals of
1979 (Bonn Convention)

The Bonn Convention includes broad commitments concerning all migratory species but
imposes specific obligations concerning those threatened with extinction. Two lists are
maintained under the Agreement: Appendix I, which lists endangered migratory species;
and Appendix II, which lists migratory species with an ‘unfavourable conservation status’.
Parties that are range states of Appendix I species must protect them. Parties that are
range states of Appendix II species are required to ‘endeavour to conclude agreements
where these should benefit the species and should give priority to those species in an
unfavourable conservation status’.

JAMBA, CAMBA and
ROKAMBA**

These three agreements are intended to conserve birds that migrate between Australia
and Asia (the so-called ‘East Asian – Australasian Flyway’). All three include an Annex of
bird species that migrate between Australia and the relevant Asian country and impose
various obligations concerning the conservation of the species, including taking
appropriate measures to preserve and enhance the environment of migratory birds.

Convention on
International Trade in
Endangered Species of Wild
Fauna and Flora of 1973
(CITES)

CITES seeks to manage the potential adverse impacts of trade on threatened species. It
does this by restricting international trade of wildlife products derived from threatened
species, with the degree of restriction determined by three lists: Appendix I, Appendix II
and Appendix III.

Convention on Wetlands of
International Importance
especially as Waterfowl
Habitat of 1971 (Ramsar
Convention)

The Ramsar Convention aims to conserve wetlands by promoting their wise use and
management. It provides for the creation of the ‘List of Wetlands of International
Importance’ (Ramsar wetlands). Parties are required to promote the conservation of the
wetlands included in the List, and as far as possible the wise use of wetlands in their
territory. Kakadu National Park is the only Ramsar wetland in the study areas.

* The Wet Tropics of Queensland World Heritage Area adjoins the Mitchell catchment. Purnululu National Park World Heritage Area is also near the
Fitzroy catchment
** Japan-Australia Migratory Birds Agreement of 1974 (JAMBA), China-Australia Migratory Birds Agreement of 1986 (CAMBA) and Republic of
Korea-Australia Migratory Birds Agreement of 2007 (ROKAMBA)

The federal Environment Protection and Biodiversity Conservation Act 1999 (Cth) (EPBC Act) is
intended to give effect to Australia’s obligations under these environmental treaties. This is most
evident in the scope of the ‘matters of national environmental significance’ protected under the
Act’s environmental impact assessment and approval (EIAA) regime (see Section 4.5). Most of the
matters of national environmental significance directly mirror the nature of the obligations under
the treaties.2

There are two anomalies: national heritage places, and coal seam gas and large coal mining developments (the coverage of coal seam gas and coal
mining is limited to projects that could adversely affect a water resource). While the protection afforded to national heritage places does not reflect
an international legal obligation, it aligns with the assignment of responsibility under Australia’s hierarchical system of heritage protection, where
places of local significance are protected by local government, places of state significance are protected by state governments, and places of
national and universal (world) significance are protected by the federal government. In contrast, the protections associated with coal seam gas and

2
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4.2.3

SECURITY OF PROPERTY INTERESTS AND COMPENSATION FOR THE
ACQUISITION OF PROPERTY AND REGULATORY TAKINGS

Investment in water-related developments in northern Australia depends, to a significant extent,
on the security of property interests held by investors. One of the most important issues related to
the security of property interests is whether compensation is payable by government when
interests are adversely affected by government action. Three relevant circumstances can be
distinguished.
1. A government expropriates the full and formal legal property rights of a landholder or
temporarily takes possession of land. Generally, regardless of which government is involved,
compensation will be payable in these circumstances in accordance with land acquisition
statutes.3 However, governments can make new laws that override these statutes, thereby
potentially exposing property owners to uncompensated expropriation or dispossession. At the
federal level, section 51(xxxi) of the Australian Constitution requires any acquisition of property to
be on ‘just terms’. This constitutional guarantee will ensure property owners receive
compensation if federal laws, or laws of the Northern Territory, affect the relevant acquisition. The
state governments are not bound by section 51(xxxi) of the Australian Constitution and their
constitutions provide no equivalent guarantee. Consequently, there is a risk compensation will not
be provided. Two factors mitigate against this risk. First, the denial of compensation in these
circumstances would be contrary to established social and political norms, and is likely to be
looked upon unfavourably by the general public. Secondly, the Australian Government is party to a
number of trade agreements that contain ‘investor-state dispute settlement’ (ISDS) provisions,
which give foreign investors rights to international arbitration and compensation in the event a
host state breaches its investment obligations. The investment obligations generally cover the
expropriation of property and fair and equitable treatment (non-discrimination) in policy
processes. Depending on whose property is affected, ISDS provisions could potentially be used by
foreign investors to seek compensation for the impact of state laws.
2. A government does not take the formal legal property of a landholder but it regulates land
use and development in a way that materially reduces the value of the relevant property interest
(known as ‘regulatory takings’). Whether compensation is payable for regulatory takings depends
on which government is involved, the severity of the interference with the rights and privileges of
ownership and the nature of the regulations. At the federal level, and in the Northern Territory,
compensation will only be payable for regulatory takings under section 51(xxxi) if: (i) the
regulations effectively sterilise the property holder’s interest (i.e. the landholder is left with no
material privileges concerning the use and development of the land); and (ii) the Australian
Government or a third party obtains a benefit of a proprietary nature that is the correlative of
what was lost. In the states, there is no constitutional requirement to provide compensation for
the impacts of regulations on interests in property, irrespective of how substantial they are.
However, there are legislative measures designed to provide protection against regulatory takings.

Coal mining projects were added in 2013 in response to concerns raised by rural constituencies about the impacts of these projects on water
resources.
3 Lands Acquisition Act 1987 (Cth); Land Administration Act 1997 (WA); Lands Acquisition Act (NT); Lands Acquisition (Pastoral Leases) Act 1992 (NT);
Acquisition of Land Act 1967 (QLD). Other federal, state and territory legislation also provides acquisition powers to specific government agencies
for specific purposes.
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The most important of these is the system of ‘existing use rights’ that applies under planning and
environmental laws. Existing use rights are entitlements to continue to use land for a particular
purpose that was lawful prior to the introduction of regulations that prohibit the use. Beyond the
system of existing use rights, there are legislative provisions in several jurisdictions that provide
for compensation to be paid for the impacts of some planning restrictions. Relevantly, in both
Western Australia and Queensland, compensation is payable where land is set aside under
planning regulations for public purposes. Foreign investors whose interests are adversely affected
by regulatory takings may also be able to seek compensation from the Australian Government
under ISDS provisions of trade agreements to which Australia is a party.
3. A government unilaterally terminates a contract, or intervenes in private contractual
relations, so as to relieve a party to a contract of a liability to another party. The High Court has
held that personal rights under contract and common law will be treated as property for the
purposes of section 51(xxxi) of the Australian Constitution. 4 Due to this, neither the Australian
Government, nor the Northern Territory Government, can unilaterally terminate or alter a
contract so as to relieve a party of a liability to another party, without providing just terms
compensation. State parliaments can make laws that terminate or alter contracts without the
constitutional need to provide compensation. The constraints on the exercise of these powers are
the same as those identified above: community expectations and, in certain circumstances,
foreign investors may be able to seek compensation from the Australian Government for
contracted-related takings via the ISDS provisions of trade agreements.

4.3

Interests in land

Proponents of water-related developments will require legal entitlements to access and use the
subject land. This could involve the grant or acquisition of legal title to the land or the issuance of
a licence for a period of time. Legal titles to land give the holder a legal interest in the land. In
contrast, the holder of a licence obtains no property rights in relation to the land. Depending on
the nature of the licence, the licensee will either have personal rights of access that are
enforceable under contract or the licence will simply make an act lawful that would otherwise be
unlawful.
Under Australian property law, all interests in land, except native title, are held ‘of the Crown’. For
legal purposes, the Crown (typically, the state or territory government in the relevant jurisdiction)
is taken to be the ultimate owner of all land; it holds what is known as ‘radical title’. From this title,
the Crown grants interests in land, which enable the holders to hold the land as tenants of the
Crown. The fact that these interests are held of the Crown means landholders do not hold their
land as absolute owners. There are two main forms of interests in land granted by the Crown:
freehold estates and leasehold estates. There are also several other types of interests in land that
can affect how it can be used, including covenants, easements, profits à prendre, and equitable
(beneficial) interests.

4 Mutual Pools and Staff Pty Ltd v Commonwealth [1994] HCA 9; Georgiadis v Australian and Overseas Telecommunications Corporation [1994] HCA
6; Commonwealth v Mewett [1997] HCA 29.
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In addition to these types of interests in land, which all derive from the law inherited from the
United Kingdom, Australian law recognises native title, or the traditional title, or ownership, of
Indigenous people in land. Native title is a unique form of property interest under Australian law,
which has its own determination and registration processes under the federal Native Title Act
1993 (Cth).
The combination of Anglo-derived law and native title (as incorporated through the common law
and statute) means land can be held in three general forms:
• estates held by private parties, where the interests can be traced to a grant from the Crown
• land held by the government, either as unallocated Crown land, Crown land reserved for public
purposes or in the form of a freehold or leasehold estate
• land subject to native title.
Each of these three forms is discussed in the following subsections, as they are relevant to waterrelated development in the Assessment area.

4.3.1

PRIVATE INTERESTS TRACEABLE TO A GRANT FROM THE CROWN

Privately held estates in land in northern Australia come in two main forms: freehold, with most
being fee simple estates; and leasehold, with most being leases of Crown land by the state or
territory government (Crown leases). Land is also used under licences, the most common form
being grazing licences. These licences authorise entry onto, and use of, Crown land for grazing
purposes only.
Freehold estates
The largest areas of freehold land in the Assessment area are found in the Darwin catchments.
There are also significant areas under freehold in the Mitchell catchment in Queensland. In both
cases, a substantial proportion of the freehold land is Indigenous freehold held by Aboriginal land
trusts on behalf of Indigenous communities.
Freehold estates come in three main forms: fee simple, fee tail and a life estate. Of the three, fee
simple estates are the most relevant to water-related development in the Assessment area. A fee
simple estate is the largest known estate and comes closest to absolute ownership as is possible
under Australian law. The estate is generally held in perpetuity and without conditions on title
concerning the use and development of the land. 5 While close to absolute ownership, fee simple
estates do not confer absolute ownership in the sense of giving the holder the right to use the land
as they please. The estates are almost always subject to reservations (e.g. the Crown reserves the
rights to minerals and petroleum in the land), and the privileges inherent in ownership concerning
the use and development of the land are usually curtailed through planning, environment and
other similar regulations (see below).
Legislative arrangements governing the creation of, and dealings with, freehold estates in Western
Australia, Northern Territory and Queensland are reasonably similar. The three jurisdictions have

5 Fee simple estates can be limited in the sense they will terminate, or be determinable, if a specified event occurs. These estates are known as
determinable and conditional fees.
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three main statutes governing freehold estates: one that governs the grant of freehold estates in
Crown land and the conversion of leasehold interests in Crown land to freehold estates; one that
governs the transfer and registration of estates under the system of land title registration; and one
that provides for general rules relating to interests in, and dealings with, property (Table 4-2).
These three main statutes are complemented by legislation containing special provisions for the
creation of, and dealings with, estates relating to Indigenous communities. The main statutes
apply equally to Indigenous and non-Indigenous peoples but the special purpose legislation
concerning Indigenous interests is intended to address specific issues relating to Indigenous
communities, particularly the issuance of freehold titles to Aboriginal land trusts. Details of the
legislation concerning Indigenous freehold is provided in the Indigenous and LRP technical reports
(Barber, 2018; Barber and Woodward, 2018; Lyons and Barber, 2018; Macintosh et al., 2018).
Table 4-2 Main statutes governing freehold estates
WESTERN AUSTRALIA

NORTHERN TERRITORY

QUEENSLAND

Creation of
freehold
estates

Land Administration Act 1997
(WA)

Crown Lands Act (NT)

Land Act 1994 (Qld)

Land title
registration

Transfer of Land Act 1893 (WA)

Land Title Act (NT)

Land Title Act 1994 (Qld)

General
property rules

Property Law Act 1969 (WA)

Law of Property Act (NT)

Property Law Act 1974 (Qld)

Leasehold estates
Leasehold is the main form of estate across northern Australia. Leases essentially involve the hire
of land for a price for a certain term (or a term that is capable of being rendered certain). Leases
can be granted over Crown land (Crown lease), freehold land or leasehold land as a sub-lease.
Under common law, to constitute a lease, the interest must provide the tenant (or lessee) with a
right to exclusive possession, subject only to the landlord’s (lessor’s) rights under law or the terms
of the lease to enter in specific circumstances and for specific purposes. If a person is allowed to
occupy land, or given a right to occupy land, but not the right to exclude others, the interest will
generally be a licence.
Under common law, leasehold interests are generally distinguishable from freehold estates on the
basis of duration. Unlike freehold estates, the length of leasehold estates are certain, meaning
they have a fixed (or fixable) duration. Two other practical indicators of a lease are:
• covenants – unlike most freehold estates, leases are usually subject to conditions concerning the
use and development of land known as covenants, which are contained in the written lease (the
contract between the lessor and lessee) or can be implied by law
• rent – unlike most freehold estates, leases usually require the lessee to pay rent to the lessor.
While these three indicators are a useful guide, they are not definitive. While covenants and rents
are suggestive of a leasehold estate, both can be part of a freehold estate. The law allows for
freehold estates to be bound by covenants, both positive and negative in nature, and rent-charges
(an obligation for landholders to pay a periodic charge to another person). Similarly, even in
relation to duration, it is not always the case that leases have definite lengths.
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Part of the difficulty in Australian property law is the diverse range of interests provided for and
created under statute, which do not necessarily conform to the common law notions of freehold
and leasehold estates. For example, perpetual leases – where the term is indefinite – can be, and
have been, issued in Western Australia, Northern Territory and Queensland, even though at
common law there is ‘no such thing as a lease in perpetuity’. 6 Similarly, pastoral leases, which
cover large parts of northern Australia, do not necessarily confer the right to exclusive possession,
in the sense that the lessee is not entitled to exclude all ‘strangers’. They are unique creatures of
statute whose character and incidents are derived from legislation rather than the common law.
In the three study areas, most of the land is held under Crown leases, which come in a variety of
forms, including term, perpetual and pastoral leases. A summary of the main types of leasehold
estates on Crown land in Western Australia, Northern Territory and Queensland, and the relevant
statutes governing the issuance of these interests, is provided in Apx Table D-1. 7
Covenants and other restrictions on land
In addition to freehold and leasehold estates, there are a number of other types of legal property
interests that attach to land, which can influence the scope for water-related development. The
three main types are covenants, easements and profits à prendre.
Covenants consist of a right held by one landholder to restrict the use of land held by another (a
restrictive covenant), or to compel another landholder to undertake certain actions that benefit
the first landholder’s land (a positive covenant). Covenants can be imposed as a condition of a
grant or in the transfer of title. They can also arise through agreement between landholders and
be imposed through statutory processes. Where covenants arise by agreement, the rights will be
enforceable in contract against the other party. However, as a property right, covenants are also
enforceable against successors in title, although there are restrictions on the extent to which
positive covenants can ‘run with the land’ (i.e. be enforceable against future landholders) (Butt,
2010; Gray et al., 2017).
Federal, state and territory planning and environment legislation provide for creation of a number
of different types of statutory covenants that are binding on future landholders and others who
obtain an interest in the subject land. For example, under Part 14 of the federal EPBC Act,
landholders can enter into conservation agreements with the minister for the protection and
conservation of matters of national environmental significance, including biodiversity, world,
national and Commonwealth heritage values, and the environment on Commonwealth land. These
agreements can contain both positive and negative covenants, and can require the Australian
Government to provide financial and other support for the landholder. The legislation explicitly
provides that conservation agreements are binding on the Australian Government, the landholder
who entered into the agreement, and ‘anyone else who is a successor to the whole or any part of
any interest that [the original landholder] had, when the agreement was entered into, in any place

6

Fry (1946, p. 167) cited in Wik Peoples v Queensland [1996] HCA 40.

There are special rules governing Indigenous leasehold interests held by Aboriginal land trusts, and the access of Indigenous people to land held
under Crown leases. Details of these rules are provided in the Indigenous and LRP technical reports (Barber et al., 2017; Macintosh et al., 2017).
7
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covered by the agreement’. Western Australia, Northern Territory and Queensland all have similar
statutory provisions for the creation of conservation covenants. 8
Easements consist of a proprietary right to use or otherwise access another person’s land. They
typically involve rights of way or easements for the provision of essential services (e.g. electricity,
water and sewage). Like covenants, easements can arise under the terms of original grants of title,
they can be imposed by statute, and they can be the product of agreement between landholders.
As property rights, easements are enforceable against successors in title.
Profits à prendre are a proprietary right to access another person’s land and take specific natural
resources (e.g. timber, minerals, fruit). For example, under section 34B of the Conservation and
Land Management Act 1984 (WA), the chief executive officer of the Department of Biodiversity,
Conservation and Attractions can enter into a timber sharefarming agreement with a private
landholder, under which the CEO obtains rights to enter onto the land to establish, maintain and
harvest commercial timber plantations. The legislation provides that the rights under the
agreement are ‘a profit à prendre and an interest in the land to which the right relates’, meaning
they are not merely contractual. The rights run with the land and are assignable to other parties,
even without the consent of the landholder.
In addition to covenants, easements and profits à prendre, there are now carbon interests that
can restrict the current and future use of land. The property laws in Western Australia and
Queensland now include provisions for the creation and registration of carbon interests in land. In
Queensland, the relevant interest is described as a ‘carbon abatement interest’, defined as ‘an
interest in the land consisting of the exclusive right to the economic benefits associated with
carbon sequestration on the land’. 9 In Western Australia, they are called ‘carbon rights’, with the
holder of the right having the ‘legal and commercial benefits and risks arising from changes to the
atmosphere that are caused by carbon sequestration and carbon release occurring in or on land in
respect of which the carbon right is registered’.10 The Northern Territory currently does not have
an equivalent legislative framework for the recognition and registration of carbon interests in land.
In addition to the statutory processes in Queensland and Western Australia, at the federal level,
the Carbon Credits (Carbon Farming Initiative) Act 2011 (Cth) (CFI Act) provides incentives for
undertaking carbon offset projects on private and public land, including through the sequestration
of carbon in biomass (live and dead vegetation and debris) and soils. Where a sequestration
project is undertaken on land, the carbon stocks developed through the project are generally
required to be maintained for either 25 or 100 years. Proponents of a sequestration project who
wish to withdraw from the project must surrender the same number of credits (known as
‘Australian carbon credit units’ (ACCUs)) as they have previously received from the project. Failing
that, the carbon stocks must be maintained for the 25- or 100-year permanence period. If the
carbon stocks built through the project are lost during the permanence period, a carbon
maintenance obligation can be imposed on the property. A carbon maintenance obligation
requires the carbon stocks on the land at the date the obligation is imposed to be maintained.

Western Australia: Biodiversity Conservation Act 2016 (WA), Soil and Land Conservation Act 1945 (WA), National Trust of Australia (WA) Act 1964
(WA), Transfer of Land Act 1893 (WA) and Land Administration Act 1997 (WA). Northern Territory: Territory Parks and Wildlife Conservation Act (NT)
and Land Title Act (NT). Queensland: National Conservation Act 1992 (Qld) and Land Act 1994 (Qld).
9 Land Act 1994 (Qld), s 373R.
10 Carbon Rights Act 1993 (WA), ss 3 and 6.
8
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There are a significant number of carbon offset projects currently being undertaken across
northern Australia, a number of which are, or are likely to become, sequestration projects. Prior to
acquiring an interest in land in the Assessment area, proponents should ascertain whether the
land is subject to any registered sequestration projects or carbon maintenance obligations.
Equitable (beneficial) interests
Australian law allows for the recognition of equitable interests in land separately from the legal
interest. The simplest way in which equitable interests arise is through the creation of express
trusts, where, by deed, a trustee holds the legal title on trust (for the benefit of another) for one
or more beneficiaries. In this instance, the trustee is the formal owner of the property and the
beneficiaries obtain an equitable interest in it. Similar formal trusts can arise through the
operation of statute. For example, Aboriginal land trusts in Western Australia, Northern Territory
and Queensland hold legal estates (freehold or leasehold) on trust for specified Indigenous
communities. Beyond formal trusts, it is possible for equitable interests to arise by the operation
of law and statutes. For example, an equitable interest can be created when a person seeks to
acquire a legal estate in land from another but the transfer fails because the necessary processes
were not followed (e.g. it was done orally rather than in writing). Similarly, equitable interests can
arise when a contract has been signed for the transfer of an interest in property and the vendor
fails to take the necessary steps to transfer the interest.
The relevance of equitable interests for those contemplating undertaking water-related
developments in the Assessment area is that they can impede dealings with property. The holders
of equitable interests in property can, in certain instances, compel the holder(s) of the legal title to
undertake or cease certain activities. Equitable interests can also prevail over legal interests in
priority disputes, with the consequence that the legal title holder can lose their interest entirely. In
addition to the need to be aware of the existence of equitable interests applying to land in this
context, trusts can be used by proponents to structure business relations. Trust structures can
provide material operational and taxation benefits.
Establishing title, identifying interests and land registration
In Australia, there are two systems governing proof of title for interests in land other than native
title: old system title and Torrens title. Under old system title, ownership of an estate in land can
only be proven by establishing a chain of ownership that traces to the original grant from the
Crown (or as far back as is necessary to bar all other possible claimants). The same applies to other
types of legal property interest; it is necessary to trace it back to the original grantor. Hence,
establishing current ownership of any legal interest involves obtaining documentary evidence of
how the relevant interest was passed through the chain of previous owners. Old system title no
longer exists in Queensland and the Northern Territory, and it is rare in Western Australia.
Torrens title is a system of land registration first established in South Australia and now found in
all Australian jurisdictions. It was designed to overcome the inconveniences and costs associated
with old system title. At the heart of the Torrens system is the notion that title, or ownership, is
established through registration. Registration vests title in the registered holder of the relevant
interest and the title so registered is indefeasible, or unable to be defeated by claims of prior
defects in the title. There are three core principles behind the system:
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• the mirror principle – the notion that the Register provides a complete record of interests in
land (‘the Register is everything’)11
• the curtain principle – the notion that that the Register is the sole source of information those
dealing with registered interests need to concern themselves with (it is not necessary to go
behind the register to test the validity of registered interests)
• the insurance principle – the notion that, if due to error the register does not provide a true and
complete record, the government will compensate those who innocently suffer loss as a
consequence (Gray et al., 2017).
The mirror principle means those undertaking water-related developments in the Assessment area
should only need to deal with register when seeking to identify relevant interests in land. All legal
property interests – freehold estates, leasehold estates, covenants etc. – should be included on
the register and those dealing with the land are entitled to treat the register as containing a
complete record. 12
The main exception to this principle relates to equitable interests. Equitable interests are not
formal legal titles. Due to this, they are protected in the Torrens system through caveats. Holders
of equitable interests are able to register caveats, which can prevent the registration of other
inconsistent interests. Despite the processes for caveats to be recorded, there are instances where
an equitable interest can prevail over a registered legal interest; for example, where there has
been fraud on behalf of the purchaser or they gave a personal undertaking to recognise the
equitable interest.

4.3.2

CROWN LAND

Government land comes in three forms:
• unallocated Crown land
• Crown land reserved for a public purposes
• government land held as a freehold or leasehold estate.
Unallocated Crown land
As its name suggests, unallocated Crown land is land that has not been reserved for a particular
purpose and from which an estate has not been issued to another party. While unallocated, the
land is not freely available for the public to use. Any use or occupation of unallocated Crown land
associated with water-related development must be authorised under relevant Crown lands
statutes. Typically, those lawfully using unallocated Crown land will do so under a licence, which
merely makes the occupancy and use lawful (rather than conferring any property right). Consistent
with this, licences can be readily cancelled, usually without a need for the government to pay
compensation. Special rules apply to Indigenous peoples’ use of unallocated Crown land,
particularly where the land is subject to native title.

Waimiha Sawmilling Co v Waione Timber Co [1926] AC 101 at 106.
Land registries generally do not include details of regulatory restrictions applying to the land (e.g. planning, environmental or heritage approval
requirements) or taxes imposed under other statutes (e.g. local government property taxes) (Gray et al., 2017). They usually only record legal
property interests in land.
11
12
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Crown land reserved for a public purpose
The Crown land statutes in Western Australia, Northern Territory and Queensland provide for
unallocated Crown land to be reserved for public purposes. Through these provisions, public land
can be set aside for such things as conservation, community infrastructure, and the welfare of
Indigenous people. Reserves are required to be managed in a manner consistent with the
purposes for which they are declared. Generally, people wanting to use a reserve must obtain a
permit to do so and there are restrictions on the purposes for which permits can be issued and the
developments that can be undertaken on the land (again, special rules apply to Indigenous
peoples’ use of Crown land).
In addition to the powers to declare reserves under the Crown lands statutes, the national parks
legislation in the Northern Territory and Queensland provide for land to be declared a national
park or other nature reserve. 13 In Western Australia, national parks and nature reserves are
declared under the Land Administration Act 1997 (WA) (the Crown land statute), then transferred
to the Western Australia Conservation and Parks Commission under the Conservation and Land
Management Act 1984 (WA), which is responsible for their management. There are two main
differences between Crown land reserves and reserves managed for conservation purposes under
national parks legislation. First, the use and development of declared national parks and nature
reserves is subject to more stringent regulatory restrictions than Crown land reserves. Secondly,
more stringent processes apply to the revocation of national parks and nature reserves compared
to those that apply to Crown land reserves. With reserves declared and managed under Crown
land statutes, revocation is effected by the responsible minister with few restrictions.
Conservation reserves managed under national parks legislation generally can only be revoked or
reduced after a proposal to do so has been considered by parliament. Parliament can usually veto
the proposal by passing a resolution to that effect. 14
Government freehold and leasehold estates
The federal, state and territory governments can hold freehold, leasehold estates and other
interests in land in their own right, even where they hold the underlying radical title. Government
agencies can do the same. There is no formal difference between a freehold, leasehold or other
formal legal interest when it is held by a government or government agency, and when the same
interest is held by a private party. The only relevance of when such an interest is held by a
government or government agency is that it can simplify the property dealings related to any
proposed water-related development.

4.3.3

NATIVE TITLE

Native title is a unique form of property interest under Australian law consisting of a bundle of
rights defined by the laws and customs of the relevant Indigenous community. In many respects, it
sits apart from the system of property law inherited from the United Kingdom. Native title is the
common law’s way of recognising Indigenous laws and customs concerning land. As the High Court

Territory Parks and Wildlife Conservation Act (NT); Nature Conservation Act 1992 (Qld).
Under state and territory planning laws, areas of land, including Crown land, can be zoned for public purposes under relevant planning schemes.
The impact of planning laws on the privileges associated with landholdings is dealt with in Section 4.5.
13
14
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stated in Fejo v Northern Territory, ‘[n]ative title is neither an institution of the common law nor a
form of common law tenure but it is recognised by the common law’. 15 Consistent with its unique
status, native title has its own system of determination and registration under the Native Title Act
1993 (Cth).
Details of the native title determination and registration system under the Native Title Act are
provided in the Indigenous and LRP technical reports (Barber, 2018; Barber and Woodward, 2018;
Lyons and Barber, 2018; Macintosh et al., 2018). For current purposes, it is sufficient to note the
following key issues.
Registration: Native title interests are not recorded in Torrens title land registries. There is a
separate National Native Title Registry, maintained by the National Native Title Tribunal. The
registry records native title claims that have been determined, as well as those registered and
outstanding. Similar to caveating an equitable interest in the Torrens system, the registration of a
claim confers on the claimant group the status of a ‘registered native title claimant’ and, through
this, they obtain procedural rights, including the right to negotiate on proposed future acts that
could adversely affect their claimed native title. Prior to undertaking any water-related
development in the Assessment area, proponents should conduct thorough searches of the
National Native Title Registry and consult with regional native title representative bodies and local
Indigenous communities. Locations of native claims are covered in the companion Indigenous
reports (Barber, 2018; Barber and Woodward, 2018; Lyons and Barber, 2018; Lyons and Barber
2018).
Future acts: Water-related development in the Assessment area could involve ‘future acts’ that
could be rendered invalid by the operation of the Native Title Act, or trigger a right to
compensation. In this context, relevant ‘future acts’ could consist of special legislation (or
legislative amendments) made to facilitate the development, the issuance of property interests
and approvals to support or authorise the development, and the conduct of related public works.
Avoiding invalidity due to future acts affecting native title: There are a number of ways of
avoiding invalidity of future acts, one of the most notable being entry into Indigenous land use
agreements (ILUAs) with traditional owners. ILUAs are agreements between native title parties
and others about the use of land and waters subject to native title, or over which native title is
claimed. Where a determination is made that native title exists, ILUAs can be used to settle
arrangements concerning the area and the treatment of native title. Even when native title has
not been determined, ILUAs can be used to proactively settle arrangements concerning native title
and the use and development of an area with traditional owners. The binding nature of ILUAs on
all existing and potential native title parties means they can provide certainty about native title
rights and interests over the term of the agreement.

4.4

Interests in water

The ‘rights’ to the use, flow and control of all water in Western Australia, Northern Territory and
Queensland are vested in the Crown under state and territory water legislation. These statutes

15

[1998] HCA 58 at [46].
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govern the access to water by authorised users. At a high level, the current water governance
regimes have a number of common elements including processes for water planning; entitlements
and regulations concerning taking water, with and without government authorisation; and
statutory requirements to obtain government approval for works related to water infrastructure
(e.g. dams, bores, levies and pipes). Details of the water governance arrangements in Western
Australia, Northern Territory and Queensland are provided below. 16

4.4.1

WATER REGULATION IN WESTERN AUSTRALIA

Introduction
The primary water statute in Western Australia is the Rights in Water and Irrigation Act 1914 (RiWI
Act). However, there are six other statutes that relate to water management (Table 4-3).
Substantial reform of water resources law in Western Australia is currently underway to
consolidate most of these statutes into one water resources management act. 17 This reform is
intended to streamline what is now considered, after multiple amendments, to be outdated,
complicated and convoluted legislation (Western Australia Government, 2017a). Readers should
be mindful of this reform process and the likelihood of material changes in the institutional
arrangements for water management over the coming years.
Table 4-3 Main water management legislation in Western Australia
STATUTE

COMMENT

Rights in Water and Irrigation Act 1914

The principal legislation for the allocation and management of water
resources

Country Areas Water Supply Act 1947

Provides for the protection of public drinking water source areas in
rural areas and the regulation of clearing control areas

Metropolitan Water Authority Act 1982

Authorises the provision of certain drainage works and coordinates
drainage services

Metropolitan Water Supply, Sewerage and
Drainage Act 1909

Provides for the protection of public drinking water source areas in
the metropolitan area

Water Agencies (Powers) Act 1984

Provides many of the works and other powers of the Minister for
Water and the Department of Water

Waterways Conservation Act 1976

Provides for the conservation and management of certain waters and
associated land and environment

Water Services Act 2012

Regulates the provision of water services (water supply, sewerage,
irrigation or drainage service) by water service providers

Since the early 2000s, there has been significant reform of water law in Australia, prompted by the 2004 National Water Initiative. This reform
processes is ongoing and could affect the institutions relevant to the conduct of water-related developments in the Assessment area. Further
details of the National Water Initiative and related reform processes are provided in the companion LRP technical report (Macintosh et al., 2017).
16

17

The Water Services Act 2012 (WA) is not part of the reforms.
Chapter 4 Summary of current legal and institutional context | 99

Water planning
There are no mandatory water planning requirements under the RiWI Act. However, the Act
allows for the development of water resource management plans at regional, subregional and
local scales where they are considered necessary. Regional plans are intended to define water
resources for a specified region, including environmental values, the use of water resources and
the integration of water and land use planning and management. Subregional plans are intended
to guide the water minister on water resource management issues for a specified subregion,
including the allocation of water between competing uses. Local area management plans are more
detailed, and are intended to guide the management of water resources at a local level, including
water allocations, how water can be taken and used, and matters that should be taken into
consideration when deciding licence applications. Local area management plans also detail any
powers that may be delegated to relevant water resources management committees. In some
regions (such as the Kimberley), water allocation plans have been developed for certain water
resources as either surface water allocation plans, or separate groundwater allocation plans (e.g.
Ord River Water Allocation Plan and the La Grange Groundwater Allocation Plan).
Approvals for taking water
Under the RiWI Act’s regulatory regime, activities involving taking water are divided into two
broad categories: those that can occur without authorisation and those that can only occur with
authorisation. Details of the activities that can be carried out with and without authorisation are
provided in Apx Table D-4. Broadly, the RiWI Act utilises a proclamation process to define the
nature and scope of the approval requirements concerning taking water, and the construction of
water-related works. Proclamations can be made for a watercourse, wetland, underground waters
or an area in any part of the state. Once proclaimed, the water resource becomes subject to
specific requirements. Both the surface waters and groundwaters of the Fitzroy catchment are
proclaimed areas. Where authorisation is required to take water from a watercourse, wetland or
underground water source, proponents will generally be required to obtain a licence under section
5C of the Act.18
Water-related works approvals
A licence or a permit is usually required to interfere with, or obstruct, a watercourse, wetland or
underground waters. Details of the licence and permit requirements are provided in Apx
Table D-4. Four main types of licences and permits are used for these purposes:
• Section 26D licences authorise the construction or alteration of a well or bore
• Section 11 permits authorise the construction of works to take water, where access is via a
public road or reserve in a proclaimed area
• Section 17 permits authorises the construction of works to take water in a proclaimed area
• Section 21A permits authorises the construction of works to take water via access from a public
road or reserve in an unproclaimed area.

18 Licences, and the water entitlements embodied in them, are tradable in certain circumstances. There is a state policy to support water
entitlement transactions: Operational Policy 5.13 Water entitlement transactions for Western Australia.
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In addition to the standard licence and permit requirements, the RiWI Act provides the state water
minister with the power to make ‘local by-laws’, which can impose regulatory restrictions on the
taking of water and the construction and operation of water infrastructure in specific localities.
Fitzroy catchment
There are currently no subregional or local management plans available for the Fitzroy, 19 and
there is no water allocation plan for this catchment area. A 2010 draft water plan for the Fitzroy
catchment area exists at a regional scale (the Kimberley Regional Water Plan). However, there is
no clear process or timeline for finalising the plan, and it does not appear to currently have a role
in guiding water resource management in the catchment.

4.4.2

WATER REGULATION IN THE NORTHERN TERRITORY

Introduction
In the Northern Territory, the primary piece of legislation regulating access, use and management
of water is the Water Act. Implementation of the Water Act is supported by the Water Regulations
2002, and under the Act, the water minister is able to delegate authority to a ‘Controller’ of water
resources who assumes responsibilities for the administration of the Water Act. In 2015, the
Northern Territory Government released a discussion paper titled ‘Our Water Future’, which
sought public input into the development of a strategic plan for the management of water for the
Territory (Northern Territory Government, 2015). This strategic plan has been delayed while a
review of recent (August 2012 to August 2016) water licensing changes is being conducted.
Water planning
Under the Water Act, two main legislative mechanisms are used to support water management
and planning. The first is the declaration of ‘water control districts’. Typically, these districts are in
areas where there is a demand for water such that additional controls are required. For declared
water control districts, the priority water uses (referred to as ‘beneficial uses’ under the Water
Act) are identified and sustaining the beneficial uses for a particular area forms the basis for water
allocation plans for that district. Under the Act, the beneficial uses must be one of agriculture,
aquaculture, public water supply, environment, cultural, industry, and stock and domestic.
The second mechanism is water allocation plans. These plans typically describe the total available
water resources for an area, current and projected demand and the sustainable yield and
allocation of water to beneficial uses, and strategies for achieving its stated objectives. They also
include rules for managing licences and permits, including water trading rules if applicable. The
specific statutory requirements for water allocation plans under the Water Act are that they must
ensure:
• water is allocated within the estimated sustainable yield to beneficial uses
• the total water use for all beneficial uses is less than the sum of the allocations to each
beneficial use

19

Although there is a non-statutory ‘Fitzroy #||#ment Management Plan’, which was published in 2010 by the Rangelands NRM Group.
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• the freedom to take or use water under a licence is able to be traded
• as far as possible, the full cost for water resources management is to be recovered through
administrative charges to licensees and operational contributions from licensees.
Currently, there are eight declared Water Control Districts in the Northern Territory, and four
declared water allocation plans, one of which is under review. Five water allocation plans are
currently being developed.
Approvals for taking water
Under the Water Act, licences will usually be required to take water from a watercourse, aquifer
or other water body. However, there are a number of instances where taking water is covered by
statutory privileges, meaning licences are not required. Table 4-4 summarises the nature of the
privileges and licence requirements that apply to taking water under the Water Act.
Table 4-4 Statutory privilege and licence requirements to take water, Northern Territory
TYPE OF WATER

Water in a waterway

STATUTORY PRIVILEGE OR LICENCE REQUIREMENT

A licence is required to take water from a waterway except for:
• riparian landholders who may take water from a waterway on or immediately adjacent to
their land for stock and domestic use, and to water a garden connected to a dwelling of up
to 0.5 ha
• any person may take water from a waterway for domestic use, or for watering travelling
stock, as long as they have lawful access to the water.

Groundwater

Licences are required to take groundwater except landholders can take water underneath their
land for stock and domestic use, and to water a garden up to 0.5 ha that is connected to a
dwelling.

Licences to take water are typically granted on a ‘first-in-first-serve’ basis, and for a period of up to
10 years. They are not attached to land but specify the land on which the water is to be taken and
used.20 Importantly, the amount of water taken under a licence in any particular year can be
limited by an Annual Announced Allocation. 21 Annual Announced Allocations, announced in May
each year by the Water Controller, are guided by water allocation plans in some areas, but the
default allocation ‘rules’ for annual allocation decisions are set out in a policy document titled
‘Northern Territory Water Allocation Planning Framework’. 22 This policy document contains two
rules: one for the Top End (northern one-third of the NT), and another for the Arid Zone (southern
two-thirds of the NT). In the Top End, an ‘80:20 rule’ applies, under which at least 80% of the flow
in rivers is meant to be allocated to the environment and other public benefit, and extraction or
diversion for consumptive use is not meant to exceed the threshold limit equivalent to 20% of flow
at any time in any part of the river. A similar 80:20 rule applies to groundwater with 80% of
recharge allocation to environmental and other public use, and 20% to consumptive uses. In the
Arid Zone, a ‘95:5 rule’ is used to determine the allocation between environmental and social
benefit, and consumptive uses. For groundwater in the Arid Zone, the policy aims to ensure water

Water trading is only allowed in water control districts, where a water allocation plan is in place.
Some licences outside of water allocation plan areas cannot be subject to annual allocation limits.
22 The Northern Territory Water Allocation Planning Framework contains rules for water allocation decisions rather than providing an overarching
framework for water allocation in particular areas, which is done by water allocation plans.
20
21
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allocations have no deleterious impact on groundwater dependent ecosystems, and over the long
term (at least 100 years), total extraction is not meant to exceed 80% of the total initial aquifer
storage (i.e. storage at the time of initial extraction).
Water-related works approvals
Permits or licences are generally required under the Water Act to undertake water-related works
involving waterways and groundwater. Specifically:
• a permit is required to construct or alter a dam, water storage or other water control structure
in a waterway, or in such a way as to affect the flow or likely flow of water in a waterway
• a permit is required to construct works to take water from groundwater (including the drilling,
construction, alternation, lugging, backfilling or sealing of a bore) 23
• a licence is required to recharge groundwater.
Landholders are able to drain their land and capture overland flows by constructing farm dams
and other water storages without approval but only if: (i) the works are not in a waterway; and (ii)
the works do not sensibly diminish or increase the flow or likely flow of water in, or into, a
waterway.
The Darwin catchments
The ‘Darwin Rural Water Control District’ lies within the Darwin catchments, and there are two
relevant water allocation plans within this area: the Berry Springs Water Allocation Plan and the
Howard Water Allocation Plan (which is currently being developed). The Berry Springs Water
Allocation Plan has been developed to address allocation of groundwater resources that exceed
the ‘80:20 rule’ under the Water Allocation Planning Framework. Surface and groundwater
resources are interconnected in this area and are managed within the plan as a total resource.
However, extraction is mainly from groundwater for the purposes of irrigated horticulture,
aquaculture and rural residential use. The water allocation plan states that for the plan area, no
new bores will be approved until there is further scientific information available about the impacts
of extraction on natural spring flows, water quality and ecosystems. All existing surface and
groundwater licences are now subject to annual announced allocations.
The Howard Water Allocation Plan currently in development will focus on all water (surface and
groundwater) that is contained in, and originates from, the Howard Groundwater System,
including groundwater that discharges to surface water systems. The Howard Groundwater
System lies under a large portion of the Darwin Rural Area and its water resources have been
under increasing pressure from a number of users, including irrigated agriculture, industrial use,
rural domestic water supply, and to augment the reticulated water supply.

23

Bores can also only be constructed, altered, or sealed by a suitable qualified bore driller licensed under the Water Act.
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4.4.3

WATER REGULATION IN QUEENSLAND

Introduction
The regulation of the construction of water-related facilities and infrastructure (e.g. dams, levees
and bores) is done through the Planning Act 2016 (Qld) and Water Act. Generally, the construction
of water-related facilities and infrastructure require development approval under the Planning
Act, as well as authorisations under the Water Act to engage in the actual taking or interference.
The details of the development approval requirements are spread across the Planning Act and
Parts 19 and 20 of the Planning Regulation 2017 (Qld), and the Water Act and Part 10 and
Schedule 9 of the Water Regulation 2016 (Qld). Where a water-related development involves
excavating or placing fill in a watercourse, lake or spring, and any development approval or water
licence issued in relation to the project does not authorise that aspect of the development, a
riverine protection permit will also be required under Part 4 of the Water Act.
Water planning
The Water Act’s water planning process involves the preparation of statutory water plans, which
provide the basis for water entitlements, 24 as well as for the allocations of water for
environmental and other public purposes. The implementation of each water plan may be
supported by a ‘water management protocol’ that outlines, for the plan area, volumes, purpose
and location of unallocated water and processes for releasing unallocated water, and rules for
allocating water as well as rules for assigning seasonal allocations. ‘Water entitlement notices’ also
support the implementation of a water plan by providing rules governing the grant, amendment
and cancellation of water entitlements such as water licences or allocations for the plan area.
Approvals for taking water
Under the Water Act’s regulatory regime, activities involving the taking or interference with water
are divided into two categories: those that can occur without an authorisation, and those that can
only occur under an authorisation. Table 4-5 summarises the instances where the taking or
interference with water does not require a water authorisation, divided into those that cannot be
(Column 1), and can be (Column 2), limited by a water plan, regulation or moratorium notice.
Activities involving the taking or interference with water that are not covered by the general
statutory privileges require authorisation. These authorisations can be in the form of a water
licence, water allocation, water permit, resource operations licence, distribution operations
licence, or operations licence (Table 4-6). Rules for issuing and managing these authorisations are
detailed in the Water Act 2000, Water Regulation 2016, and water management protocols for a
particular water plan area.
Water-related works approvals
The regulation of the construction of water-related facilities and infrastructure (e.g. dams, levees
and bores) is mainly done through the Planning Act 2016 (Qld). Generally, the construction of
water-related facilities and infrastructure require development approval under the Planning Act,

24

Water entitlements are water allocations, interim water allocations and water licences.
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as well as authorisations under the Water Act to engage in the actual taking or interference. The
Water Regulation 2016 (Sch 9) provides details of when development approvals are required. The
Planning Act is discussed further below.
Table 4-5 Overview of activities that do not require authorisations under the Water Act
STATUTORY PRIVILEGES NOT ABLE TO BE LIMITED BY A WATER
PLAN OR REGULATION

STATUTORY PRIVILEGES THAT MAY BE LIMITED BY A WATER
PLAN, REGULATION OR MORATORIUM NOTICE

• Take water for a public purpose in an emergency
situation, for fighting fires and undertaking testing of
firefighting equipment.

• Take water for the purposes of carrying out an activity
prescribed by regulation (Water Regulation 2016, Sch
3).

• Take water for camping purposes and watering travelling
stock.

• Take overland flow for any purpose.

• Interfere with water in a watercourse for monitoring
purposes under certain conditions.
• ‘Interfere’ (e.g. divert) with overland flow.
• Aboriginal and Torres Strait Islander parties can take or
interfere with water for traditional activities or cultural
purposes.
• Landholders adjoining a watercourse can take water for
watering stock.
• Landholders can take water from dams on their property
for stock and domestic purposes.
• A person may take water to meet the requirements of an
environmental authority or a development permit for
carrying out an environmentally relevant activity.
• Approved resource activities can divert a watercourse for
the activity.
• Constructing authorities and water service providers can
take water to operate public showers and toilets, and to
construct or maintain infrastructure subject to specified
conditions.

• Landholders adjoining a watercourse taking water for
domestic purposes.
• Take or interfere with underground water for any
purpose.
• Take water collected in a dam for any purpose, unless
that dam is across a watercourse or lake.
• Subject to limitations imposed by a moratorium notice,
a person in a water plan area may: (i) take water up to
a volume stated in a water plan, (ii) take water to carry
out an activity specified in a water plan, and (iii)
interfere with water to the extent stated in a water
plan.
• Where a water plan is in place, landholders may take
water from a watercourse, lake or spring for stock or
domestic purposes, as long as it is from the location
and in the way stated in the plan, or if there is no plan,
from the location and in the way prescribed by
regulation.

The Mitchell catchment
The Water Plan (Mitchell) 2007 is the primary water plan for the Mitchell River catchment. It
identifies available water in the Mitchell catchment water plan area and provides a framework for
regulating the taking and interference with water in the region. It also identifies priorities and
mechanisms for dealing with future water requirements and provides a framework for addressing
the degradation of natural systems. The Plan deals with water in a watercourse or lake, springs not
connected to Great Artesian Basin (GAB) water, underground water that is not GAB water, and
overland flow water, other than GAB spring water. The Water Plan (Great Artesian Basin and
Other Regional Aquifers) 2017 regulates access to and use of GAB water either underground or in
springs in the Mitchell catchment area. The Water Plan (Barron) 2002 is also of relevance to the
Mitchell catchment as there is an inter-basin transfer of water from the Barron River into the
Walsh River (in the upper Mitchell River catchment) to support part of the Mareeba Dimbulah
Water Supply Scheme. The Water Plan (Mitchell) 2007 emphasises the need to ‘allocate and
manage water in the upper Walsh River and the upper Mitchell River in a way that is compatible
with the outcomes of the Water Resource (Barron) Plan 2002 to the greatest practicable extent’.
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Table 4-6 Water authorisations under the Water Act
AUTHORISATION

COMMENT

Water licence

Similar to ‘traditional’ water entitlements as they are typically attached to land, unless the licensee is
a prescribed entity. Water taken under licences attached to land can only be used on that land.
Water licences can be issued for taking or interfering with water in a watercourse, underground
water, or overland flow. Water licences can be converted to water allocations under a water
entitlement notice. The amount of water that can be taken under a licence can be set under seasonal
water assignment rules and notices, and water management protocols for a water plan area.

Water
allocation

Resemble the water entitlements envisaged under the NWI (National Water Initiative). They can be
issued to any authorised person, have a title separate from land, and can be leased or sold. Water
trading rules are set out in the Water Regulation 2016, and in water management protocols for each
water plan area. The amount of water that can be taken under a water allocation can be set under
seasonal water assignment rules and notices, and water management protocols for a water plan
area.

Water permit

Temporary and for specific activities only. They cannot be traded.

Resource
operations
licence

Authorise interference with water in order to operate water infrastructure (e.g. dams and weirs) and
distribute allocated water. These licences can only be held by the owner of the water infrastructure
to which the licence relates or the parent company of a subsidiary company that is the owner of the
infrastructure. Resource operations licences can only be issued in areas where a water plan exists.

Distribution
operations
licence

Authorise the holder to take water or interfere with the flow of water to distribute water under
water allocations. These licences can be held by either the owner of the infrastructure, or an
approved entity, and they can be issued whether or not a water plan exists for a particular area.

Operations
licence

Authorise taking of water by a person acting as an agent for two or more entitlement holders. This is
only allowed for water entitlements that are not managed under a resource operations licence.

The Water Plan (Mitchell) 2007 identifies existing water entitlements and authorisations for the
plan area, and then sets out an allocation process for unallocated water. The current total of water
allocations in the Mitchell catchment is considered low (just over 7000 ML), and there are also
very low utilisation rates for existing entitlements (Marshall, 2016). This suggests there is scope for
increased utilisation of available water in the Mitchell catchment. The Water Plan sets out
categories of available (unallocated) water (general reserve, strategic reserve and Indigenous
reserve) and the processes for making this water available. There is also provision in the plan for
making water available for ‘projects of regional significance’. Table 4-7 summarises the available
water categories and volumetric limits for each category.
The Water Plan (Mitchell) 2007 sets out the nature of authorisations required to take or interfere
with water in the plan area. Table 4-8 summarises these requirements, broken down into the
following categories: water in a watercourse lake or spring (not GAB water), overland flow,
underground water, and GAB water (underground or spring).
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Table 4-7 Unallocated water categories, annual volumetric limits
CATEGORY OF WATER

OUTLINE

ANNUAL VOLUMETRIC LIMITS

General reserve

Unallocated water under general
reserve can be authorised to be taken
for any purpose

Under the Water Plan (Mitchell) 2007, the plan area
map identifies nodes along the Mitchell River.
Upstream of node 1 on the Mitchell River (which
includes Lake Mitchell), the total annual volumetric
limit is 20,000 ML. The total annual volumetric limit for
all other areas other than upstream of node 1 is
35,000 ML.

Indigenous reserve

This water may only be allocated for
assisting Indigenous communities in
achieving their economic and social
aspirations

5000 ML

For projects considered to be of state
or regional significance. Water is only
allocated for the life of the project

10,000 ML

Strategic reserve

Note: this volumetric limit applies to the entire Cape
York Peninsula Region, not just the Mitchell River
catchment

Table 4-8 Water entitlements and authorisations to take or interfere with water in the Mitchell catchment
TYPE OF WATER

STATUTORY PRIVILEGE OR REQUIRED AUTHORISATION

Water in a
watercourse, lake or
spring

Riparian landholders are able to take water from an adjoining watercourse, lake or spring for
stock or domestic purposes.

Overland flow

A water licence is required to take overland flow unless it is for stock or domestic purposes, or
for works that allow the taking of overland flow with a capacity of no more than 250 ML. A
water licence is not required if water is taken to satisfy the requirements of an environmental
authority issued under the Environmental Protection Act 1994, or a development permit for
carrying out and environmentally relevant activity (other than a mining or petroleum activity)
under the Environmental Protection Act.

Underground water
(other than GAB
water)

In the Chillagoe groundwater management area, a water licence or permit is required to take
or interfere with water other than for stock or domestic purposes, or for monitoring purposes
or controlling water salinity.

An authorisation is required to take or interfere with surface water in a watercourse, lake or
spring for all other purposes, unless it is a prescribed activity (Water Regulation 2016, Sch 3).

In all other areas, users are entitled to access underground water for any purpose, unless
limited by a moratorium notice.
Great Artesian Basin
Water (underground
or in springs)

Water may be taken for domestic purposes, and for stock purposes in certain areas. However,
this authorisation is only valid if the water is taken in a way that meets prescribed criteria
protecting water pressure.
Water may be taken for monitoring purposes within prescribed limits and conditions.
Water may be taken for a project of economic or social benefit to Aboriginal or Torres Strait
Islander peoples within prescribed limits and conditions.
Water may be taken for an activity prescribed under Water Regulation 2016 within prescribed
limits and conditions.
For all other purposes, a water licence, water permit or seasonal water assignment notice is
required to take or interfere with GAB water.
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4.5

Government approvals

In addition to holding the requisite rights and interests to access the land (Section 4.3), and to take
water (Section 4.4), proponents of water-related development must have the necessary privileges
to undertake the development. Some of these privileges will come with proponents’ interests in
land. However, as discussed, ownership of an estate or other interest in land does not provide the
holder with the legal ability to use and develop the land as they please. Government regulations
can control the use and development of land and water resources. Compliance with these
regulations often requires obtaining government approvals.
There are two forms of government regulation relevant to water-related development: regulations
governing activities associated with the physical construction and operation of the development;
and regulations governing ancillary activities such as financing, establishment of corporate
structures and corporate governance. This section focuses on the former. Proponents of waterrelated developments should obtain appropriate advice in relation to ancillary activities. Foreign
investors should take particular note of the federal regulation of foreign investment under the
Foreign Acquisitions and Takeovers Act 1975 (Cth), Foreign Acquisitions and Takeovers Fees
Imposition Act 2015 (Cth) and Australia’s Foreign Investment Policy (Australian Treasurer, 2015).
Under this regulatory regime, the federal Treasurer can impose conditions and even block foreign
investment proposals by foreign persons and foreign governments in Australia, including the
acquisition of agricultural land and direct interests in agribusinesses. Foreign interests in
agricultural land are also required to be registered with the Australian Taxation Office under the
Register of Foreign Ownership of Agricultural Land Act 2015 (Cth).
Apart from the regulations under land and water statutes, the most important regulatory
restrictions concerning the physical construction and operation of water-related development are
those found in planning, environment and heritage statutes. These statutes are designed to
manage the potential positive and negative economic, social and environmental externalities
associated with development. In the three study areas, and across Australia, the responsibility for
managing these impacts is split between the state and territory governments, and the Australian
Government.
This section provides an overview of the federal, state and territory planning, environment and
heritage regimes that are likely to apply to water-related development in the three study areas.
The coverage of regulatory requirements is not comprehensive. Among other things, it does not
cover the regulatory requirements that apply to development in national parks and reserves under
national park statutes, or the obligations imposed under biosecurity and pest and weed
management laws. 25 Proponents should seek advice on these matters prior to initiating any waterrelated development.

25 For parks regulations, see Conservation and Land Management Act 1984 (WA); Territory Parks and Wildlife Conservation Act (NT); Nature
Conservation Act 1992 (Qld). For biosecurity regulations, see Biosecurity and Agriculture Management Act 2007 (WA); Weeds Management Act
(NT); Biosecurity Act 2014 (Qld).
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4.5.1

FEDERAL ENVIRONMENTAL AND HERITAGE APPROVALS

The principal federal environmental statute is the Environment Protection and Biodiversity
Conservation Act 1999 (Cth) (EPBC Act), which consists of four largely separate regulatory regimes:
the environmental impact assessment and approval (EIAA) regime, Commonwealth areas
biodiversity and cetacean regime, wildlife trade regime, and the Commonwealth reserves regime.
Federal heritage regulation is mainly done under the EPBC Act and Protection of Movable Cultural
Heritage Act 1986 (Cth). However, regulatory requirements can also arise in relation to Indigenous
heritage under the Aboriginal and Torres Strait Islander Heritage Protection Act 1984 (Cth). The
following overview is limited to the EPBC Act’s EIAA regime (on the basis it is of greatest relevance
to water-related development in northern Australia). Further information on the EPBC Act and the
federal heritage regime is provided in the companion Indigenous and LRP technical reports
(Barber, 2018; Barber and Woodward, 2018; Lyons and Barber, 2018; Macintosh et al., 2018).
EIAA is a process involving the identification, prediction, evaluation and mitigation of the
environmental and other impacts associated with development proposals and policies, plans and
programmes (Elliott and Thomas, 2009; Macintosh, 2010). As this definition suggests, there are
two forms of EIAA: project-based and strategic assessments. Project-based EIAA involves the
identification, prediction, evaluation and mitigation of the environmental and other impacts
associated with specific development proposals. Strategic assessments involve the identification,
prediction, evaluation and mitigation of government policies, plans and programs. The EPBC Act
provides for both forms of EIAA.
Project-based environmental impact assessment and approval (EIAA) regime
The EIAA regime is the centrepiece of the legislation and is designed to regulate actions that pose
a threat to particular aspects of the environment: specific matters of national environmental
significance; the environment on Commonwealth land; and the environment generally where the
relevant action is carried out by a Commonwealth agency or on Commonwealth land (the
protected matters). There are now nine matters of national environmental significance: World
Heritage values of World Heritage Areas (e.g. Kakadu National Park is partly in the Darwin
catchments); national heritage values of National Heritage places (e.g. West Kimberley National
Heritage Place in the Fitzroy catchment, Ngarrabullgan National Heritage Place in the Mitchell
catchment and Kakadu National Park); 26 ecological character of Ramsar wetlands (Kakadu National
Park); listed threatened species and ecological communities; listed migratory species; the impacts
of nuclear actions on the environment; the environment in Commonwealth marine areas and
Commonwealth managed fisheries; the environment in the Great Barrier Reef Marine Park; and
coal seam gas and large coal mining developments. 27
The format of the EIAA process is relatively straightforward and has four components (prohibited
conducted, screening, assessment and approval), summarised in Table 4-9. To minimise
duplication between federal and state/territory processes, the EPBC Act provides for the

26
The EPBC Act contains a Commonwealth Heritage List for places of heritage significance in Commonwealth areas, which are protected through
the Commonwealth areas provisions of the EIAA regime and Part 15 (the Commonwealth reserves regime). See the Indigenous and LRP Technical
Reports for further details (Barber et al., 2017; Macintosh et al., 2017).
27 Coal seam gas and coal mining projects are only a matter of national environmental significance if they could have material adverse impacts on a
water resource.

Chapter 4 Summary of current legal and institutional context | 109

Australian Government to accredit state and territory assessment and approval processes under
‘bilateral agreements’. Where a state/territory assessment or approval process has been
accredited, projects assessed or approved under it do not require separate assessment or
approval under the EPBC Act. Despite the Australian Government seeking to promote the making
of ‘approval’ bilateral agreements – that accredit state and territory approval processes – only one
has been reached, and it was confined in its scope to the Sydney Opera House. In contrast, there
are broad ‘assessment’ bilateral agreements in all states and territories, which accredit
assessment processes for the purposes of the EPBC Act. The existence of these agreements means
a significant number of the assessments under the EPBC Act are now done under state and
territory processes.
Table 4-9 Main elements of EPBC Act project-based environmental impact assessment and approval (EIAA) regime
COMPONENT

REF.

COMMENT

Prohibited
conduct

Pt 3

Part 3 of the Act prohibits the taking of an action that is likely to have a significant impact on one
of the protected matters, unless the action has been approved or is otherwise exempt. Unlawfully
taking an action that has, or is likely to have, a significant impact on a protected matter carries
civil and criminal penalties.

Screening

Pt 7

Part 7 contains the screening provisions, under which proponents are required to refer actions
that could have a significant impact on a protected matter to the federal environment minister,
who then makes a determination on whether significant impacts are likely (known as the
‘controlled action decision’). At this stage, the minister has four options: (i) the action is clearly
unacceptable – the action cannot proceed; (ii) not a controlled action – the action can proceed
without further assessment under the EPBC Act; (iii) not a controlled action if it is carried out in a
particular manner – the action can proceed without further assessment under the EPBC Act,
provided it is undertaken in the prescribed way; and (iv) controlled action – the action must
proceed to formal assessment and approval. If the minister determines an action is a controlled
action, ‘controlling provisions’ must be set for the action. The controlling provisions are the
sections of Part 3 that protect the matters that are likely to be significantly affected by the action.
The controlling provisions are important because they determine the scope of the EPBC Act
assessment and the matters the minister can consider when deciding whether to approve the
action.

Assessment

Pt 8

Assessments can be carried out under Part 8 of the EPBC Act or via an accredited process. There
are five assessment options: assessment on referral information, assessment on preliminary
documentation, public environment report, environmental impact statement, and public inquiry.
There are two avenues by which EPBC Act assessments can occur under accredited state and
territory processes: (i) one-off accreditations, where the federal minister accredits a state or
territory process for the purposes of a single project assessment; and (ii) assessment bilateral
agreements, where the federal minister accredits a state or territory process for a period for the
purposes of a class or classes of projects. Assessment bilateral agreements are agreements
between the Australian Government and a state or territory government under which the federal
minister accredits the state/territory environmental assessment process for the purpose of
assessments under the EPBC Act. There are now assessment bilateral agreements covering all
states and territories. The coverage of these agreements is not complete, meaning assessments
are still carried out under EPBC Act processes. The scope of the assessments conducted for these
purposes are confined to the impacts on the matters protected by the controlling provisions.

Approval

Pt 9

After the assessment has been completed, the minister must decide under Part 9 whether to
approve the action and what conditions should be imposed, unless these approval powers have
been delegated to the states and territories under an approval bilateral agreement. At the time of
writing, no approval bilateral agreements were in force. As a consequence, all approval decisions
must currently be made by the minister or the minister’s delegate. In making the approval
decision, the matters the minister can consider is confined to the impacts the action could have
on the matters protected by the controlling provisions, social and economic matters, and the
suitability of the proponent to hold an approval having regard to their environmental history. The
minister has broad powers to impose conditions on approvals, including conditions requiring
financial contributions, bonds, guarantees and environmental offsets.
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Strategic assessments
At their simplest, strategic assessments involve the evaluation and mitigation of the
environmental impacts of higher order decision making. The environmental attraction of strategic
assessments is that they can potentially capture the cumulative impacts of multiple actions and
ensure the alignment of the policy objectives. For proponents, the benefits of effective strategic
assessments include reduced uncertainty and lower assessment and approval costs.
Under Part 10 of the EPBC Act, strategic assessments of policies, plans and programs can be
carried out under agreements with the relevant states and territories. The statutory provisions
concerning strategic assessments merely require the preparation and publication of draft terms of
reference and a draft report (both for public comment). At the completion of the assessment, the
minister can make recommendations about the relevant policy, plan and program, and if the
minister is satisfied the recommendations are acted on, the policy, plan and program can be
endorsed.
The benefits of strategic assessments for proponents stem from the consequences of
endorsement. Projects taken in accordance with an endorsed policy, plan or program that are
declared to be controlled actions can be subject to less onerous assessment requirements under
Part 8. More significantly, under section 146B, the minister can also grant approval for actions
taken in accordance with an endorsed policy, plan or program. Projects approved under section
146B are exempt from the standard project-based referral, assessment and approval
requirements.
In areas where there are high concentrations of prospective water-related developments in the
study areas that could adversely affect matters protected under Part 3, strategic assessments
could be a cost-effective way of assessing cumulative impacts and balancing economic, social and
environmental objectives. Prior to proponents expending significant resources on project
development, strategic assessments could be conducted to identify areas of conservation
significance on a regional basis and set down appropriate processes to protect matters of national
environmental significance while promoting sustainable development. In the absence of strategic
assessments, each project will need to undergo assessment and approval separately, increasing
costs and reducing the capacity to effectively manage cumulative impacts.

4.5.2

STATE AND TERRITORY PLANNING, ENVIRONMENT AND HERITAGE
APPROVALS

This subsection provides an overview of the regulatory regimes that apply in Western Australia,
Northern Territory and Queensland under planning, environment and heritage statutes. The
analysis is arranged thematically around five fields: planning, environment, heritage, native
vegetation and major project facilitation and coordination. Details of the institutions in each
jurisdiction are provided under these thematic headings.
Planning
All states and territories in Australia have planning statutes that govern the use and development
of land. Not unlike the water regimes discussed in Section 4.4, these statutes have two main parts:
processes for the preparation of policies and plans, which set the policy and regulatory framework
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governing the use and development of land; and development approval processes, which govern
the issuance of approvals for specific projects.
Generally, the planning statutes provide for a hierarchy of planning instruments that cascade
down from state, to regional, then local. These instruments contain relevant planning objectives
and strategies, as well as detailed and often spatially-based planning regulations that specify the
range of land uses and development allowed or prohibited in certain areas. Local planning
schemes are usually the principal planning instruments that regulate land use and development.
They contain regulations that control the use and development of land, and high-level objectives,
strategies and principles to guide the exercise of approval powers and performance of strategic
planning functions. The regulations are usually based on spatially explicit zoning, which specifies
the permissible uses of the land and restrictions on development. In Queensland, overlays are also
used to control development. Through zones and overlays, local planning schemes generally divide
development (where development is defined as including changes in uses) into three categories:
prohibited development (the type of development cannot be carried out on the subject land);
assessable development (the type of development can only be carried out with planning
approval); 28 and accepted or permitted development (the type of development can be carried out
without approval). 29
Where a development is assessable, an application must be made to the relevant consent
authority. Depending on the nature and location of the development, the consent authority for
these purposes can be the local government, a state government agency or the state planning
minister. State agencies and ministers also often play a role in decision making as a referral
authority, either providing advice or direction to the consent authority on the determination of
the development application.30
Each state and territory planning regime is different, often in material respects. Apx Table D-4
provides a high-level summary of the planning regimes that apply in the three study areas. See the
LRP technical report (Macintosh et al., 2018) for further details.
Environment protection
The environment protection regimes in Western Australia, Northern Territory and Queensland are
similar in many respects. In particular, they all contain two main elements: an EIAA regime for
projects that could have material impacts on the environment and a regulatory regime concerning
activities that could cause significant environmental harm. The main environmental protection
statutes in the three jurisdictions are the Environmental Protection Act 1986 (WA), Environmental
Assessment Act (NT), Waste Management and Pollution Control Act (NT) and Environmental
Protection Act 1994 (Qld). In Queensland, there are significant intersections with the Planning Act
2016 and State Development and Public Works Organisation Act 1971, particularly in relation to

In the Northern Territory, assessable development is called ‘discretionary development’.
In order to be accepted or permitted development, the activity may have to comply with a specified self-assessable code. In the Northern
Territory, four categories of land use regulations are used to capture the distinction between accepted development and self-assessable
development: prohibited, discretionary (requiring approval), self-assessable (allowed without approval if carried out in accordance with a specified
code) and permitted (allowed without approval).
30 In the Northern Territory, local government has only a minimal advisory role in land use planning.
28
29
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the operation of the state EIAA regime.
Environmental impact assessment and approval (EIAA) regimes

In Queensland, most environmental assessments conducted in relation to water-related
developments in the Mitchell catchment are likely to be carried out under the Planning Act 2016
or State Development and Public Works Organisation Act 1971. There is also the prospect of
environmental assessments being triggered by an ‘environmentally relevant activity’ that could
cause significant environmental harm within the terms of the Environmental Protection Act 1994
(Qld) (see below).
In Western Australia and the Northern Territory, the EIAA processes work through the
Environmental Protection Act 1986 (WA) and Environmental Assessment Act (NT). In these two
jurisdictions, the EIAA regimes follow the standard EIAA format, containing referral, screening,
assessment and approval phases. Proposals likely to have a significant effect on the environment
are required to be referred to the relevant Environmental Protection Authority (EPA) for
assessment. Typically, this is done by ministers or government agencies that have decision-making
responsibilities in relation to the proposal (e.g. the planning or water minister). Where proposals
that pose a threat to the environment are not referred, the EPA can call them in for assessment.
Having received a referral, the EPA must decide whether to assess the proposal (the screening
decision) and, if so, what level of assessment applies and the scope of the assessment. The
assessment document is generally prepared by the proponent in accordance with guidelines set by
the EPA, after which it is published for public comment. After the public comment period has
ended, the assessment documentation is finalised and the EPA prepares an assessment report.
In Western Australia, after the EPA assessment is complete, and it has made its recommendation
on whether the proposal should be allowed to proceed, the responsibility for approving the
project passes to the environment minister. The environment minister is required to consult with
the other ministers or government agencies that have decision-making responsibilities in relation
to the proposal to determine whether the proposal should be allowed to proceed, and if so, on
what conditions. In the Northern Territory, the EPA’s assessment report is provided to the
environment minister but their role is advisory. The environment minister is required to pass the
EPA’s assessment report to the ‘responsible minister’ for decision, with additional comments if
they consider they are necessary. In this context, the responsible minister is another minister with
statutory decision-making responsibilities in relation to the project (e.g. the planning minister).
Activities causing significant environmental harm

The environmental protection statutes in all three jurisdictions require environmental approvals to
be obtained for activities that could cause serious or material environmental harm. However, the
scope of these differs. In Western Australia, environmental harm is defined broadly for these
purposes, and includes the removal of, or damage to, native vegetation or the habitat of native
vegetation or Indigenous aquatic or terrestrial animals, alteration of the environment to its
detriment or degradation or potential detriment or degradation, and alteration of the
environment to the detriment or potential detriment of an environmental value. To lawfully carry
out an activity that causes material or serious environmental harm, or pollution, it is necessary for
the responsible person to have an approval under the state EIAA regime, or a works approval or
license under Part V, Division 3 of the Environmental Protection Act.
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In the Northern Territory, the equivalent statutory provisions are found in the Waste Management
and Pollution Control Act. However, the scope of the environmental harm obligations is narrower,
being confined largely to activities ‘likely to cause pollution resulting in environmental harm’ or
that ‘is likely to generate waste’. Proponents of ‘Schedule 2 activities’ are also required to obtain
environmental approvals or licenses under the Act. However, the listed Schedule 2 activities
mainly relate to waste facilities, the burial of waste and the processing and storage of petrol and
other hydrocarbons.
In Queensland, under the Environmental Protection Act 1994 (Qld), it is an offence to carry out an
‘environmentally relevant activity’, or to cause material or serious environmental harm, without
an environmental authority. Environmentally relevant activities are defined for these purposes as
activities that could contaminate and harm the environment that are prescribed under the
regulations. Schedule 2 of the Environmental Protection Regulation 2008 (Qld) contains a list of
prescribed environmentally relevant activities, which includes aquaculture facilities, intensive
animal feedlots, poultry farming, piggeries, food processing and beverage production, and waste
and water treatment services. Where an environmental authorisation is required, it triggers off a
four-stage assessment and approval process.
Heritage
The institutions governing the protection of heritage values and places in Western Australia,
Northern Territory and Queensland are spread across a collection of statutes, including those
concerning EIAA, environmental regulation, national parks and reserves, land use planning, and
specific heritage statutes. Here a brief description is provided for the institutions derived from the
specific heritage statutes.
In all three jurisdictions, the heritage protection regimes have two components: a general heritage
regime, and a regime specifically for places and objects of Indigenous heritage significance. Details
of the Indigenous heritage regimes are provided in the companion Indigenous and LRP technical
reports (Barber, 2018; Barber and Woodward, 2018; Lyons and Barber, 2018; Macintosh et al.,
2018).
Western Australia

In Western Australia, the general heritage regime is contained in the Heritage of Western Australia
Act 1990 (WA). The centrepiece of the regime is the State Register of Heritage Places. The Register
records places of state, as opposed to regional or local, cultural significance, including buildings,
structures, landscapes and archaeological sites. It is maintained by the Heritage Council of
Western Australia and Department of Planning, Lands and Heritage, with listings controlled by the
state heritage minister.
Where a development application is made under the Planning and Development Act in relation to
a place on the State Register, the decision-making authority must refer the application to the
Heritage Council for advice. The decision-making authority is not required to adhere to the advice
of the council. However, under section 11 of the Heritage of Western Australia Act, the minister
with responsibility for the decision-making authority (e.g. the planning minister) must do
everything possible to ensure they do not authorise the taking of an action that is likely to
adversely affect a registered place unless they are satisfied there is ‘no feasible and prudent
alternative to the taking of that action and that all measures which can reasonably be taken to
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minimise any adverse effect will be taken’. In practice, the presence of this power means decisionmaking authorities adhere to the advice of the council unless they think there is no feasible and
prudent alternative to the taking of the action.
In 2011, a review of the Heritage of Western Australia Act was initiated by the Western Australian
Government. This review led to the tabling of a bill (Heritage Bill 2016) to overhaul the state’s
cultural heritage regime in 2016. The bill lapsed when the parliament was dissolved prior to the
2017 state election. The current Western Australian Government has not given a clear indication
of its intentions in relation to the heritage reform process.
Northern Territory

There are two main heritage statutes in the Northern Territory: the Heritage Act (NT) and
Aboriginal Sacred Sites Act 1989 (NT). The Heritage Act protects three classes of places and
objects: Aboriginal and Macassan archaeological places and objects, places and objects declared to
be heritage places and objects under Part 2.2 of the Act, and places and objects declared to be
protected classes of places and objects of heritage significance under Part 2.3.
Parts 2.2 and 2.3 of the Heritage Act contain the Territory’s general heritage regime. These parts
of the legislation provide for the declaration of heritage places and objects, and protected classes
of places and objects of heritage significance. Generally, this process involves the assessment of
the places and objects heritage significance by the Northern Territory Heritage Council, after
which it makes a recommendation to the heritage minister. In the case of heritage places and
objects, if the minister believes the place or object is of ‘heritage significance and should be
conserved’, the minister must declare it to be a heritage place or object. In the case of protected
classes of places and objects, if the minister is satisfied they are of heritage significance, she/he
must declare them to be a protected class of places or objects.
The significance of falling into one of these three classes is it brings the place or object within the
scope of the protection provisions contained in Part 5.5 of the Heritage Act. Under these
provisions, it is an offence to knowingly damage a heritage place, to remove something from a
heritage place or damage or remove a heritage object, unless one of the exemptions applies. Most
relevantly, these exemptions include when the activity is carried out under a work approval
issued, or heritage agreement made, under the Act.
Queensland

In Queensland, the general heritage regime is contained in the Queensland Heritage Act 1992
(Qld). This statute establishes the Queensland Heritage Register to record places of state cultural
heritage significance, with the exception of places of Indigenous heritage significance.31 This
register is maintained by the Department of Environment and Heritage Protection, with decisions
about the inclusion and removal of places being the responsibility of the independent Queensland
Heritage Council. In addition to the provisions concerning the establishment and maintenance of
the register and council, the Act also requires local governments to identify and record places of
local heritage significance, either through local heritage registers or their local planning schemes.

31

Queensland Heritage Act, s 3.
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Protection of places of state or local heritage significance is afforded through the Planning Act.
Generally, development in a heritage place will be assessable development requiring development
approval under the Planning Act. Carrying out assessable development on a heritage place is an
offence under the Planning Act. Where development approval is required for a project on a local
heritage place, the assessment manager will be the local government. If the place is a Queensland
heritage place, it will be assessed by the chief executive of the planning department (via the State
Assessment and Referral Agency (SARA)) against the state development assessment provisions.

4.5.3

NATIVE VEGETATION LAWS

Up until the late 1970s, there were few laws in Australia to limit agriculture-related native
vegetation clearing. Indeed, the conditions imposed on most land grants required landholders to
remove native vegetation to facilitate agricultural production. From the mid-1970s onwards, laws
were introduced across all jurisdictions to restrict vegetation clearing. Table 4-10 summarises the
institutions governing agriculture-related native vegetation clearing in Western Australia,
Northern Territory and Queensland.
Table 4-10 Native vegetation clearing laws
JURISDICTION

LEGISLATION

Western Australia

Environmental Protection Act 1986;
Environment Protection (Clearing of
Native Vegetation) Regulations 2004;
Land Administration Act 1997

It is an offence to clear native vegetation without a clearing
permit under the Act or other ‘prescribed approval’, unless it is
low impact clearing authorised under the Regulations. The low
impact clearing exemptions allow landholders to clear up to 5 ha
per year for specified purposes or under a code of practice,
providing the clearing is not in an environmentally sensitive
area. Native vegetation clearing on pastoral leasehold land is
generally prohibited unless done under a permit issued under
the Land Administration Act.

Northern
Territory

Planning Act; Pastoral Land Act

A development permit under the Planning Act is generally
required to clear native vegetation on freehold land. If the
clearing is on pastoral leasehold land, approval is required under
the Pastoral Land Act from the Pastoral Land Board.

Queensland

Planning Act 2016; Vegetation
Management Act 1999; Vegetation
Management Regulation 2012; Nature
Conservation Act 1992

Native vegetation clearing is regulated through two regimes: the
planning-based system (Planning Act and Vegetation
Management Act), and the ‘protected plants’ regime (Nature
Conservation Act). Under the planning-based regime,
agriculture-related clearing can occur via one of four avenues:
exempt clearing work (does not require approval or notification),
clearing under an accepted development vegetation clearing
code (requires notification and adherence with applicable code),
clearing under an area management plan (requires notification
and adherence with plan), and clearing under a development
approval. The regulatory restrictions that apply are articulated in
spatially explicit vegetation maps. Under the Nature
Conservation Act, it is an offence to clear endangered,
vulnerable or near threatened plants in a high risk area, other
than in accordance with a clearing permit issued. High risk areas
are identified in ‘trigger maps’.
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COMMENT

4.5.4

MAJOR PROJECTS

There are special processes that apply to ‘major projects’ in all relevant jurisdictions, summarised
in Table 4-11.
Table 4-11 Major projects coordination processes
JURISDICTION

PROCESS

Commonwealth

Major
Projects
Facilitation
Programme

Non-statutory policy designed to provide a single point of entry for federal government
regulatory processes. The program is run by the Australian Department of Industry,
Innovation and Science and its primary function is to reduce proponents’ transaction costs
associated with obtaining federal approvals for major projects. Approved projects receive
free government assistance for a period of up to three years.

Western Australia

Lead
Agency
Framework

Non-statutory policy intended to help project proponents navigate state government
approval requirements. Under the Framework, a single government department is
designated as the lead agency for eligible projects. Lead agencies must classify projects as
Level 1, 2 or 3 using specified criteria, which determines the level of assistance they receive.
Level 1 projects receive the least assistance (basic advice and guidance), Level 2 projects
receive a moderate amount of assistance (a designated case manager to assist with project
scoping, approval planning and agency coordination) and Level 3 projects receive
comprehensive case management (assigned senior project officer and project team to
manage the government approval process). Some Level 3 projects of ‘critical strategic
importance’ to Western Australia or Australia are referred to the Western Australian
Cabinet for consideration for ‘state significant status’. Projects deemed by Cabinet to be of
‘state significance’ are given the greatest amount of assistance.

Northern
Territory

Major
Project
Status
Policy
Framework

Non-statutory policy intended to reduce transaction costs for major project proponents and
attract major investments. Six criteria are used to determine applications for major project
status: project significance; strategic impact; complexity; project feasibility; proponent’s
capacity to deliver the project; and ancillary (covering the need for government support
and local industry participation, local workforce development and social impacts on the
community). If major project status is awarded, the proponent receives assistance with the
identification of relevant government approval processes, whole of government
coordination and facilitation of the project and project-related approvals, and a dedicated
case manager who works as a single point of contact.

Queensland

SDPWO Act
and SARA
process

In Queensland, there are two processes for major projects: the State Development and
Public Works Organisation Act (SDPWO Act) process for coordinated projects, and the SARA
process for projects requiring assessment under the Planning Act that affect state interests
and require assessment by state agencies against the state development assessment
provisions. See above and LRP technical report (Macintosh et al., 2018) for further details.

4.6

COMMENT

Conclusion

The institutional requirements relevant to specific water-related developments in the Assessment
area will depend on the characteristics and location of the developments, and their likely impacts
on the environment. Having said this, the following summary points can be made about the nature
of the institutions relevant to water-related development in the three study areas, grouped
around the themes of ‘interests in land’, ‘interests in water’, and ‘government approvals’.
Interests in land: Proponents of water-related developments will require entitlements to access
the subject land. In most cases, relevant land in the Assessment area will be government owned
land (Crown land) held under a lease (Crown lease) by a private party. There are several different
types of Crown leases held over land in the Assessment area, including pastoral, term and
perpetual leases, though most of them require the land to be used for pastoral purposes. While
Crown leases dominate, there are a range of other tenure types in the Assessment area, including
standard freehold, Aboriginal freehold, unallocated Crown land and Crown lands reserved for
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particular purposes, including conservation. Proponents interested in water-related development
will need to obtain an entitlement to access the land from the relevant landowner. For initial
exploratory purposes, this could take the form of a licence, which would provide the holder with
personal rights to access the land but no formal legal interest in it. To undertake any material
development, a formal freehold or leasehold interest in the land will usually be necessary.
Freehold and leasehold interests provide greater security and control than licences, and enable
the holder to exclude most third parties from the land and the benefits that stem from its use and
development. However, proponents should be aware that leasehold interests can be subject to
restrictions that limit the use and development of land. For example, pastoral leases typically can
only be used for pastoral purposes unless otherwise authorised. In addition to the need for a
freehold or leasehold interest, or a licence, any water-related development must be consistent
with the relevant native title arrangements. A significant proportion of the land in the Assessment
area is subject to native title and native title claims. Where native title, or a native title claim,
exists over an area of land, proponents will be required to engage with relevant traditional owners
and the federal native title process.
Interests in water: To undertake developments involving the extraction and use of water,
proponents will require entitlements under state and territory water statutes. The state and
territory water statutes control access to, interference with and use of ground and surface water.
The Australian Government plays only a limited direct role in water governance in the Assessment
area. The Western Australian, Northern Territory and Queensland water governance regimes have
a number of common elements, including water planning processes that can impose restrictions
on the amount of water taken for consumptive uses and how it is used; entitlements and
regulations concerning taking water for consumptive purposes, with and without government
authorisation; and statutory requirements to obtain government approval for works related to
water infrastructure (e.g. dams, bores, levies and pipes). The specifics of what entitlements and
authorisations are needed to facilitate water-related development will depend on the location and
nature of the development.
Government approvals: In addition to holding the requisite rights and interests to access the land,
and to take water, proponents of water-related development must have the necessary privileges
to undertake the development. Some of these privileges will come with proponents’ interests in
land. However, ownership of an estate or other interest in land does not provide the holder with
the legal ability to use and develop the land as they please. Government regulations can restrict
how land and water resources are used and developed. The most relevant government regulations
are those imposed under state and territory planning, environmental and heritage statutes.
Compliance with these regulatory requirements will often require approvals to be obtained from
relevant state/territory agencies, including local councils. Depending on the nature of the
proposed development, an environmental assessment may be required prior to the issuance of
state and territory approvals. The state and territory regulatory processes are overlain with the
Australian Government’s environmental and heritage approval processes. Developments that
could adversely affect the ‘matters of national environmental significance’, or the environment in
Commonwealth areas, may require assessment and approval under the federal EPBC Act.
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Part III Economics
The companion reports in the Assessment provide an analysis of the water and soil resources to
identify potential opportunities, risks and constraints for new irrigated agriculture. Part II of this
report provided further information on how social, legal and institutional considerations could
contribute to risks and opportunities for development.
Ultimately, however, economic factors are likely to be one of the most important criteria in
deciding between potential development opportunities. Even at a pre-feasibility stage, those
options that can be clearly identified as being economically non-viable could be deprioritised,
instead focusing the expense of more detailed site-specific agronomic, ecological, social and
regulatory assessments on more promising locations.
Part III of this report provides information on the costs and benefits of developing new irrigated
agriculture in the Assessment area, to help identify the types of opportunities that are most likely
to be financially and economically viable.
Chapter 5 describes the types of infrastructure that would be required to support large-scale
irrigated development, together with indicative costs and options for building that infrastructure.
It also highlights the range of investors required, beyond just those directly investing in any new
irrigation scheme, and supply chain considerations for new produce. Given the tendency of project
proponents to substantially bias costs downwards, this chapter aims to provide a reference of
indicative infrastructure costs that are as unbiased as possible.
Chapter 6 presents the financial analytical framework used to evaluate the commerciality of
irrigation schemes in this Assessment. The framework is applied generically in this report,
considering the key determinants of irrigation scheme financial performance that an investor
would need to balance in order for a project to be viable. A ‘top-down’ approach is used to
calculate the gross margins at the farm-scale that would be required to meet target investment
returns for the whole scheme, complementing the farm-scale assessments of agricultural viability
and farm gross margins (Ash et al., 2018a, b, c).
Chapter 7 quantifies the regional costs and benefits of irrigated development using regional inputoutput analysis. It also includes examples of possible economic impacts (both positive and
negative) of irrigated agriculture on other non-target industries.
At the enterprise scale, financial considerations are tightly coupled with overall decisions about
farm operations and management, and choices between alternative farming systems. Financial
analyses at the enterprise scale are therefore considered in the companion reports assessing
agricultural viability (Ash et al., 2018a, b, c), and aquaculture (Irvin et al., 2018). The scheme
(Chapter 6) and regional (Chapter 7) assessments provided in Part III should therefore be read
together with the enterprise assessments in those companion reports.
Part IV concludes the report with some key messages.
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5

New infrastructure costs and options

5.1

Introduction

This chapter has two main aims. The first aim is to document the range of infrastructure that is
required to support development of a new irrigation scheme, both within the scheme itself and
beyond. This also serves to highlight the range of private and public investors that would be
affected; for a new scheme to function efficiently, the needs and responsibilities of all keystone
investors would need to be considered. Costs to other providers of infrastructure can be
substantial after a new irrigation scheme is developed. For example, a review of the Ord-East
Kimberley Development Plan (for expansion of the Ord irrigation system by about 15,000 ha)
found that there were additional costs of $114 million to the Western Australian Government, and
$195 to the Australian Government beyond the planned $220 million state investment in
infrastructure to directly support the expansion (Auditor General Western Australia, 2016).
The second aim is to collate indicative costs for these different types of infrastructure as a
reference for their use in financial analyses in other parts of this Assessment (including Chapter 6).
Given the systematic tendency of proponents of large infrastructure projects to substantially
under estimate development costs (Wachs, 1990; Odeck and Skjeseth, 1995; Flyvbjerg et al., 2002;
Ansar et al., 2014; Auditor General Western Australia, 2016), the aim is also for this chapter to
provide a reference of component infrastructure cost estimates that are as unbiased as possible.
This chapter covers six types of costs for new infrastructure that would be required to support an
irrigation development, and related issues of supply chains for new produce:
• development costs of the water and land resources that investors in an irrigation scheme would
have to cover (considering both large instream dams and on-farm sources of water) (Section 5.2)
• costs of facilities that may need to be built to process agricultural produce (built by private
investors, who could be part of an integrated project or separate investors) (Section 5.3)
• costs of transport infrastructure (most likely publicly funded with a contribution from
developers), and transport costs (Section 5.4)
• port costs and supply chains for new produce to local and export markets (Section 5.5)
• costs of electricity transmission and distribution infrastructure (built by energy providers with
developers paying the full or partial cost) (Section 5.6)
• costs of community infrastructure such as schools and hospitals (both publicly and privately
funded) (Section 5.7)
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5.2

Irrigation scheme costs

Establishing new irrigated agriculture would involve the initial costs of developing water and land
resources, and additional farm setup costs for equipment and facilities on each new farm. The
main costs of developing the water and land are considered together, since these would most
likely be borne by the same investor, particularly if that investor was the developer of a large
irrigation scheme. Since these costs can vary widely between different development options and
strongly affect the financial viability of investments, they were a focus of analyses in the next
chapter (Chapter 6). Farm setup costs are considered separately since farmers may be separate
investors and the costs are better known and more consistent between different broadacre
farming options. There may be additional costs, beyond those summarised below, to gain rights to
land and water, particularly if an Indigenous land use agreement (ILUA) is required. For example,
the Ord Final ILUA involved a compensation package worth $57 million to resolve several native
title and heritage issues with the Miriuwung Gajerrong peoples over 1450 km2 of land in the
Kimberley (Department of Regional Development and Lands, 2009).
Indicative costs for developing water and land resources are provided, with details of the
component costs, for three options: a larger off-farm, instream dam serving a 50,000 ha
development (Table 5-1), a smaller off-farm, instream dam for a 15,000 ha development
(Table 5-2), and an on-farm option using groundwater in units of 500 ha farms (Table 5-3). The
relative breakdown of the costs is also provided, split by lifespan of the assets and whether the
costs were related to each incremental hectare of extra farmland developed (‘area-dependent’) or
were associated with ‘core’ off-farm infrastructure assets that could not be easily be subdivided.
This was done so that when sensitivity to development costs was explored in financial analyses in
Chapter 6, components of that infrastructure could be scaled accordingly. In addition, the
configuration of a scheme’s infrastructure could differ between farming options with different
water use per hectare, since crops that use less water would allow a larger area of land to be
irrigated (so the expense of ‘core’ assets would be spread over a larger farming area, but the costs
of ‘area-dependent’ infrastructure would scale with the area of farmland developed).
The two contrasting dam options were based on a composite of information from the companion
water storage report (Petheram et al., 2017). Capital costs of possible dam walls for the most
promising potential sites investigated by Petheram et al. (2017) were about $600 to $1200 per ML
yielded annually at the dam wall (at 85% reliability). Annual yields at the dam wall (at 85%
reliability) for these most promising potential sites were estimated to be about 150 to 280 GL for
the Darwin catchments and about 600 to 1250 GL for the Mitchell catchment (Petheram, 2017).
Aside from the dam itself, other costs of dam development have been considered, including legal
fees, access roads, water distribution infrastructure, and culverts for roads to cross water
channels, all assuming a high level of engineering and construction.
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Table 5-1 Indicative development costs for a larger instream dam serving a 50,000 ha irrigation scheme
Annual operating and management (O&M) costs are expressed as a percentage of the capital cost of items.
At a cumulative efficiency of 55% from dam to crop, a 50,000 irrigated area equates to a dam supplying about 540 to
900 GL/year at the dam wall for crop irrigation (before losses) of 6 to 10 ML/ha/year.
ITEM

LIFE SPAN
(y)

UNIT COST
($)

UNIT

NO. UNITS

TOTAL CAPITAL
COST ($)

O&M
COST (%)

'Core' water and land development costs
Large dams

100

$650,000,000

*

1

$650,000,000

0.4%

Weir

40

$40,000,000

*

1

$40,000,000

2%

Main supply channel

40

$20,000,000

*

1

$20,000,000

1%

Upgraded sealed scheme access road

40

$300,000

km

100

$30,000,000

1%

(100)

$12,000,000

1

$12,000,000

n/a

Legal fees and approvals

'Area-dependent' water and land development costs
Area works
Pump capital cost (river to channel)

40

$8,000

ha

50,000

$400,000,000

1%

15 (40)

$260

ha

50,000

$13,000,000

2%

Relative cost breakdown
100-year ‘Core’ infrastructure

100

59%

0.4%

40-year ‘Core’ infrastructure

40

5%

1.7%

100-year ‘per Area’ infrastructure

100

0%

40-year ‘per Area’ infrastructure

40

35%

1.0%

Table 5-2 Indicative development costs for a smaller instream dam serving a 15,000 ha irrigation scheme
Annual operating and management (O&M) costs are expressed as a percentage of the capital cost of items.
At a cumulative efficiency of 55% from dam to crop, a 15,000 irrigated area equates to a dam supplying about 160 to
270 GL/year at the dam wall for crop irrigation (before losses) of 6 to 10 ML/ha/year.
ITEM

LIFE SPAN
(y)

UNIT COST
($)

UNIT

NO. UNITS

TOTAL CAPITAL
COST ($)

O&M
COST (%)

'Core' water and land development costs
Large dams

100

$200,000,000

*

1

$200,000,000

0.4%

Weir

40

$30,000,000

*

1

$30,000,000

2%

Main supply channel

40

$20,000,000

*

1

$20,000,000

1%

Upgraded sealed scheme access road

40

$300,000

km

30

$9,000,000

1%

(100)

$8,000,000

1

$8,000,000

n/a

Legal fees and approvals

'Area-dependent' water and land development costs
Area works
Pump capital cost (river to channel)

40

$8,000

ha

15,000

$120,000,000

1%

15 (40)

$260

ha

15,000

$3,900,000

2%

Relative costs breakdown
100-year ‘Core’ infrastructure

100

56%

0.4%

40-year ‘Core’ infrastructure

40

13%

1.6%

100-year ‘per Area’ infrastructure

100

0%

40-year ‘per Area’ infrastructure

40

32%
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1.0%

The development costs for the on-farm option (Table 5-3) were based on the example from the
companion agriculture viability reports Ash et al. (2018a, b, c) that involved greenfield
development of groundwater bores and pivot irrigation. This example assumed 500 ha
development units, drilling 12 bores to moderate depth and moderate success rate, relatively low
cost land preparation (clearing and raking, without laser levelling), and upgrading the main farm
access road (with a gravel surface).
Ash et al. (2018a, b, c) also considered a range of other on-farm development options, which
showed there was a wide variation in capital costs, $10,000 to $ 40,000 per ha, depending on
specific details of each case such as prior land use, soils, topography, type of irrigation system and
type of water source. Note however that the costs presented in those companion reports include
varying allowances for farm setup costs depending on whether the option was a greenfield
development or could make use of assets from an existing business. The costs presented in
Table 5-3 are only those associated with developing the land and the source of water (with farm
setup costs removed and considered separately). Excluding setup costs and contingencies, the
cheaper greenfield options costed about $7,000 to $14,000 per ha for land and water
development.
Table 5-3 Indicative capital costs for 500 ha units of bore and pivot irrigation
Fixed costs for operating and management (O&M) are assumed to be 1% of the total capital costs per year.
ITEM

LIFE SPAN
(y)

UNIT COST
($)

UNIT

NO. UNITS

TOTAL CAPITAL
COST ($)

O&M COST (%)

Bore drilling and installation

40

$200,000

*

12

$2,400,000

1%

Bore pumps and installation

15

$100,000

*

12

$1,200,000

1%

Diesel tanks

15

$4,500

*

12

$54,000

1%

Main lines

15

$35,000

*

12

$420,000

1%

Upgraded gravel farm access road

15

$30,000

km

10

$300,000

1%

Legal fees and approvals

40

$100,000

*

1

$100,000

na

Land preparation

40

1,230

ha

500

$615,000

n/a

Relative cost breakdown (all ‘Area-dependent’ and modular at the scale of individual pivots)
40-year infrastructure

40

49%

1%

15-year infrastructure

15

51%

1%

Source: based on greenfield bore on-farm development option in Ash et al. (2018a, b, c)

Indicative farm setup costs are summarised in Table 5-4, and are based on the costs that were
separated from the development costs in on the on-farm bore example above (Table 5-3). The
setup costs cover capital expenditure on buildings, equipment and vehicles that farmers would
have to acquire before they could begin farming on newly developed farmland. These expenses
would apply both to cases where a dam-based scheme investor developed the water and land
resources, and where the development was for individual farms with on-farm water sources (i.e.
the extra set up costs apply to all three development options discussed above).
The development of new agriculture would have flow-on consequences for local supply chains and
demand for supporting infrastructure. These are considered in the following sections.
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Table 5-4 Indicative capital setup costs for buildings and equipment on a new 500 ha broadacre farm
Fixed operation and maintenance costs are assumed to be 1% of the total capital costs per year.
ITEM

LIFE SPAN (y)

UNIT COST ($)

NO. UNITS

TOTAL CAPITAL COST ($)

Buildings and facilities
House

$350,000

1

$350,000

Casual quarters

$350,000

1

$350,000

Fuel storage

$10,000

1

$10,000

Power supply

$100,000

1

$100,000

$15,000

1

$15,000

Workshop

$120,000

1

$120,000

Plant and equipment shed

$150,000

1

$150,000

500 ha

$2,190

9

$1,980,000

500 ha

$3,960

$255,000

1

$255,000

Disc plough

$50,000

1

$50,000

Ripper/hiller/bedformer

$50,000

1

$50,000

Boom spray

$60,000

1

$60,000

Fertiliser spreader

$25,000

1

$25,000

Harrows

$25,000

1

$25,000

Mulcher

$50,000

1

$50,000

Zero till planter

$80,000

1

$80,000

Farm vehicle

$30,000

1

$30,000

$6,000

2

$12,000

500 ha

$1,274

Domestic water supply

Sub-total ($/ha)

40

Irrigation system
Pivots (60 ha) fully installed
Sub-total ($/ha)

$220,000
15

Farm equipment and vehicles
Tractor (250HP)

Farm motorbike
Sub-total ($/ha)

15

Source: based on greenfield bore on-farm development option in Ash et al. (2018a, b, c)

5.3

Processing costs

5.3.1

DEPENDENCE ON NEW LOCAL PROCESSING FACILITIES

Due to the low value of some unprocessed farm commodities, particularly sugarcane and to a
lesser extent cotton, local processing is required for the total supply chain costs to be viable. For
example, transporting sugarcane 100 km would cost about $12/t (Transport Network Strategic
Investment Tool (TraNSIT) estimate), about 25% of the cane price. Investors in new local
processing facilities would require economies of scale and security of supply in order for their
investments to be viable, and these would be essential considerations in the overall planning of a
new irrigation scheme for these types of commodities.
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5.3.2

MEATWORKS

Meat processing capacity is predominately in South East Queensland and on the eastern coast.
Transport of cattle from properties in western Queensland to these processors often exceeds
1500 km. There have been several feasibility studies for the construction of abattoirs in western
Queensland (e.g. Cloncurry, Hughenden, Roma) as well as other parts of northern Australia (e.g.
Broome). A study by Meateng (2011) estimated the cost of constructing an abattoir at Broome
would be around $33 million with an operational capacity of 100,000 head per year. An abattoir at
Broome would provide an alternative to live export, since the nearest existing abattoir is located
south of Darwin. A further study (Meateng, 2012) estimate the cost of constructing a 100,000
head per year abattoir in north-western Queensland to be $49 million (not including the provision
of land, power, water and road access) with operating costs of about $315/head. A meatworks in
western Queensland would reduce the transport costs of the live animals (and related animal
shrinkage) and would increase cold transport of boxed meat to markets and ports.

5.3.3

COTTON GIN

Indicative costs are provided for a cotton gin with maximum capacity of 2000 bales/day
(Table 5-5). Unprocessed seed cotton contains about 40% cotton lint, meaning that processed
cotton bales are much cheaper to transport. Cotton seed is a by-product that can be used as a
livestock feed supplement. The value of the cotton seed is generally about equal to the costs of
processing charged to the grower. Harvested cotton can be stored, but susceptibility to spoilage in
wet weather limits the length of the ginning season. An important consideration in remote
locations would be how a new gin would be powered. A minimum area of about 15,000 ha under
cotton would be required to reach the scale of production necessary for a new gin to be viable.
Table 5-5 Indicative capital and operating costs for a cotton gin processing up to 2000 bales/d (≈80,000 bales/year)
ITEM

VALUE

COMMENTS

Capital costs of new gin

$30,000,000

Relocating an underutilised mill, if available, could be much cheaper

Fixed costs

$1,000,000/y

Includes 6 full-time staff

Variable costs

$22 to $30/bale

Depends on scale and the source and cost of energy (on or off-grid)

Source: Rick Jones, Queensland Cotton (August 2017, pers. comm.)

5.3.4

SUGAR MILL

The amount of sugar that can be recovered by mills from harvested irrigated sugarcane is typically
only about 15% by mass, a ratio known as the CCS (commercial cane sugar). Sugar mills are costly
processing facilities that, depending on how they are configured, can produce different mixes of a
range of products: sugar, molasses, ethanol, and/or baseload renewable power (from bagasse, the
remaining fibre after crushing) (Jackson, 2013). Cane has to be crushed as it is harvested, so
crushing operations are constrained by farming practices and trafficability constraints (typically a
6-month crushing season between about mid-June and mid-December for irrigated cane).
The standard practice in current sugarcane growing regions of Australia is for mills to pay for cane
at the farm gate using a pricing formula that takes into account the quality (CCS) of the cane and
the current sugar price (prices in $/t): Cane price = Raw sugar price * (CCS - 4)/100 * 90%.
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(i.e. millers get the first 4% of sugar extracted and 10% of the rest; growers get paid the value of
90% of sugar extracted above the first 4%). Processing of cane adds about 50% value in the sugar
produced alone, and the bagasse (about 15% fibre) would be able to generate about 0.08 MW⋅h/t
cane exported power (about another 15 to 30% value add to the value of the unprocessed cane).
With appropriate management, including pre-harvest water stress, irrigated cane reaches its peak
quality around mid-November, and drops off rapidly either side of that date (with lower CCS and
higher water content).
Indicative costs are provided below for a basic sugar mill capable of processing about 1000 t
cane/hour, or about 4 million t cane per year (for a 6-month crushing season and 90% mill
reliability) (Table 5-6). Cane is first milled through crushers to separate the juice from the moist
fibre (bagasse). Bagasse combustion produces steam to power the mill (and excess energy can be
used for electricity generation). Juice is clarified to remove impurities before evaporating off water
by boiling under partial vacuum. Crystallization of sucrose occurs by further boiling, crystal seeding
and centrifuging. Sugar and fibre can be further processed to produce ethanol. Throughput rates
at different stages of processing depend on the quality of the cane, and hence affect the optimal
configuration of mill components. A minimum area of about 25,000 ha under irrigated sugarcane
would be required to reach the scale of production necessary for a new mill to be viable.
Table 5-6 Indicative capital and operating costs for a basic sugar mill capable of processing 1000 t cane/h
Costs for cogeneration of electricity or ethanol production would be additional.
ITEM

VALUE ($ MILLION)

Capital costs
Crushers (extract and purify juice, separate fibre)

$99

Evaporation (remove water from purified juice)

$92

Pans and centrifugals (crystallize sucrose)

$56

Utilities and balance of plant
Total capital costs
Operating costs

$150
$396
$33/y

Source: calculated from a detailed breakdown of mill costs (Phillip Jackson and James Joyce, August 2017, pers. comm.) , as per Apx Table F-1
Costs of each mill component depend on the quality of cane being processed (assumed 15% CCS, 15% fibre and 70% water content)
See Jackson (2013) for a more detailed account of sugarcane processing

5.4

Transport costs

Transport costs were estimated using the Transport Network Strategic Investment Tool (TraNSIT).
TraNSIT (Higgins et al., 2015) is a modularised tool (Figure 5-1) where data for each agriculture
sector is an input to the core engine, along with the infrastructure or regulatory scenarios to test.
The road layer (Figure 5-2) was constructed using shape files defining location, ranking, access
restrictions and other road information (breakdown pads, biosecurity restrictions, rest stops) from
several sources. The National Heavy Vehicle Regulator (NHVR) provided information on access
limitations for different types of heavy vehicles across the road network. The roads were classed
as primary, secondary and minor (Figure 5-2), with these roads further broken into segments with
attributes containing surface type, width, speed limit and any special limits (e.g. one-way bridges).
All of these attributes affect average speed and transport cost per km.
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Figure 5-1 Components of TraNSIT (Transport Network Strategic Investment Tool)

Figure 5-2 Current road layer used in TraNSIT, showing road ranks and heavy vehicle restrictions
Truck classes listed from shortest to longest in legend (left to right), as shown in Figure 2-14.
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TraNSIT uses a ground-up costing model for both road and rail. For road, it is based on the Freight
Metrics (www.freightmetrics.com.au) tool, and additional vehicle types (e.g. refrigerated, heavy
rigid) have being incorporated within TraNSIT to accommodate vehicles used for different types of
agriculture and post processing supply chains. A snapshot of the transport costs for different
speeds is contained in Table 5-7, for the common vehicle configurations.
Table 5-7 Sample of the vehicle transport costs by vehicle type and speed of travel
Truck classes listed from shortest to longest in legend, as shown in Figure 2-14.
VEHICLE TYPE

MODELLED COST ($/KM) PER TRAVEL SPEED

ADDITIONAL MAINTENANCE COSTS ($/km)

100 km/h

60 km/h

20 km/h

Good unsealed

Poor unsealed

Idle cost ($/h)

Semitrailer

1.91

2.58

6.11

0.09

0.26

119

B-double

2.35

3.13

7.36

0.13

0.39

141

Type 1

2.71

3.54

6.81

0.16

0.49

169

Type 2

3.43

4.36

8.22

0.24

0.72

177

TraNSIT simulates the number of vehicle trips per month moved between origin and destination
enterprises. Historical data of actual movements between enterprises are used to generate a set
of synthetic movements for TraNSIT. These historical demands and production levels at each farm
are used to generate a set of synthetic trips so that annual total tonnage (or head) transported
across the synthetic trips is representative of past movements.
The goal of the TraNSIT module is to optimise the transport route and vehicle selection along the
road/rail network for each of these trips from origin (O) to destination (D), and then calculate the
cumulative impacts at the enterprise or regional scale while evaluating against constraints on the
number of vehicle trips on each route. Once the optimal set of segments for all O-D pairs are
saved, TraNSIT calculates the cost of transport and number of vehicles for a given resource flow
between each O-D pair. These are then aggregated over all O-D pairs to provide a total cost of
transport for the scenario.
Transport costs to major southern markets from any study area ranges from $285 to nearly $650
per tonne, assuming no backloading (Table 5-8). These costs do not account for detours or
inaccessibility from seasonal rain, which is prominent in the Mitchell catchment. The Darwin
catchments have the best backloading opportunities for refrigerated transport, utilising the return
journey of freight trips to Darwin retail. Kowanyama has no backloading opportunities until the
vehicle reaches the Flinders Highway or takes a detour to southern markets via Cairns. Figure 5-3
shows the potential freight routes to key ports and southern markets, with the freight path taken
depending on the vehicle type and heavy vehicle access.
Improving the cost-effectiveness of road transport could be an important enabler of regional
development. However, the cost of upgrading roads is substantial, and highly variable depending
on the works, bridge requirements and location. The Northern Australia Beef Roads Programme
highlighted such variability (CSIRO, 2016). The proposals in north-west Queensland suggested that
widening (9 m width) and sealing to state road standards would cost around $1 million per km plus
bridges. Construction cost of other road upgrade proposals were sometime upwards of $2 million
per km particularly when widening of floodways was required. Some proposals for local road, with
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lower volumes of traffic, suggested construction costs as low as $250,000 per km. In the Northern
Territory, the cost of construction for the beef road submissions was around $800,000 per km for
upgrading narrow sealed road to two-lane sealed road with flood immunity (e.g. Tableland
Highway). These upgrades would achieve improved travel times (e.g. 80 km/h to 100 km/h),
improved safety, reduced vehicle maintenance costs and reduced frequency of road closures. In
Western Australia, the beef road submissions (e.g. Wyndham Spur) involving widening to 11 m, realignments and lengthening of culverts cost about $1.5 million per km. The most expensive
upgrades were bridges and floodway, with a total cost of about $110 million for five bridges along
the Great Northern Highway. These upgrades would reduce the frequency of road closures from
flooding.
Table 5-8 Transport costs ($/t) between a selected point in each study area and key markets and ports
DESTINATION

TRANSPORT COST FROM ORIGIN ($/t)

Fitzroy Crossing

Adelaide River

Kowanyama

Sydney

560

507

459

Darwin

176

17

288

Brisbane

517

429

341

Adelaide

405

323

431

Melbourne

504

451

530

Perth

285

448

646

-

-

134

Derby

30

-

-

Broome Port

44

-

-

Windham Port

72

88

-

Cairns Port

-

-

120

Kurumba Port

-

-

58

Weipa Port

Chapter 5 New infrastructure costs and options | 129

Figure 5-3 Freight paths from the three study areas to key nearby ports and southern markets
The freight path depends on the vehicle selection (see Figure 2-14) and heavy vehicle access route (see Figure 5-2).

5.5

Markets – domestic and export

Large-scale cropping in Australia is predominately exported, particularly for sugar (85% of
Queensland sugar), cotton, grains (over 60% depending on production volumes and crop class),
and rice (up to 80% depending on production). A previous food and fibre supply chain study for
various case study regions in northern Australia (Ash et al., 2017) considered supply chain and
marketing options for various crop options. Marketing options were predominately international,
except for sorghum and forage crops that would be used for local livestock systems and feedlots.
Land transport costs (Table 5-8) of low value crops (particularly unprocessed) makes supply to
domestic markets in southern Australia largely unviable when competing against southern
production. Horticulture (melons, mango) is an exception due to existing production in the north,
higher value, seasonality, and less competition with supply from southern Australia. In some
instances (e.g. Darwin), transport of melons and mango to southern markets can utilise
backloading opportunities of refrigerated vehicles.
Export of agriculture from the study areas to international markets through the north requires
suitable storage and handling infrastructure at the ports. An overview of infrastructure at the most
likely ports that would be used (Figure 5-3) is as follows:
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• Port of Broome (Kimberley Ports Authority): Exports consist of live cattle, fuel bunkers, fresh
water and bulk products. Limited container trade with less than 500 TEU (twenty-foot equivalent
units; shipping container) in 2014–2015.
• Wyndham Port (Cambridge Gulf Limited): Exports include live cattle and nickel. Imports include
fuel and ammonium nitrate.
• Port of Darwin (Landbridge Group): The main exports are dry bulk commodities and livestock,
though has the capacity of refrigerated containers exports with up to 100 TEU storage. Exports
of bulk agriculture will require construction of a new storage facility.
• Port of Karumba (Far North Queensland Ports Corporation Limited): Nearly 90% of exports from
Karumba are zinc, though a small amount of live cattle are exported. The port has limited
facilities for containerised goods, particularly refrigerated goods. Export of bulk agriculture
commodities (e.g. sugar) would require construction of a dedicated storage and loading facility.
• Port of Weipa (North Queensland Bulk Ports): This port primarily exports bauxite, representing
99% of its exports. The port has limited facilities for containerised goods, particularly
refrigerated goods. Export of bulk agriculture commodities (e.g. sugar) would require
construction of a dedicated storage and loading facility.
• Port of Cairns (Far North Queensland Ports Corporation Limited): Exports consist mainly of sugar
and general cargo. The sugar terminal is managed by Queensland Sugar Limited, and has a
capacity of 234,000 t of sugar. The port exported 297,000 t of sugar in 20092010, though recent
exports have been less than 200,000 t.
• Port of Mourilyan (Far North Queensland Ports Corporation Limited): This port mainly exports
raw sugar (630,000 t in 2016) and molasses. The sugar terminal is managed by Queensland
Sugar Limited, and has a storage capacity of about 175,000 t sugar. Recently completed facilities
have allowed the export of iron ore, which started shipping in 2016. The port can also handle
cattle and could be expanded to handle medium-bulk cargo. The port provides an efficient Bdouble route from the Atherton Tablelands (whereas the most direct route to Cairns is restricted
to semitrailers).
If additional irrigated sugarcane were developed in the Mitchell catchment with 25,000 ha under
cane in a given year, that would produce about 375,000 t of raw sugar (assuming an average of
100 t of cane per ha and a CCS of 15). Assuming port storage facilities would only need to cater for
about half of the annual sugar production (given a cane crushing season of between 5 and 6
months, and assuming sugar is shipped all year round), this would require at least 150,000 t of
storage. This likely exceeds the spare capacity at Mourilyan and Cairns ports, so capacity would
need to be expanded to support extra sugarcane development.
Port costs vary across the northern ports and use different costing models, particularly for
berthing. In 2015, container hire ranged between $74 and $194 per TEU, grain loading costs
ranged from $2.28 per tonne and $5.70 per tonne. Cost of shipping a TEU from Darwin to
Singapore was $1458, or about $75 per tonne.

5.6

Energy infrastructure costs

Obtaining cost estimates for transmission infrastructure connections can be challenging, as costs
are often borne by private companies and cost information is not shared publicly. Reliable cost
Chapter 5 New infrastructure costs and options | 131

data are also highly dependent on the location and requirements of the facility or load to be
connected. A recent collaborative study by the CO2CRC and authored by the Electric Power
Research Institute (EPRI, 2015) compiled energy infrastructure costs from a wide range of industry,
government and research sources to develop estimates for its Least Cost of Energy (LCOE)
methodology. This study provides credible technology cost and performance data and projections
for Australian electricity over the period 2015 to 2030. It contains data ‘building blocks’ to use for
policy and investment decisions and for further modelling of Australian electricity generation
options. For a wide range of technologies, the study includes current and projected capital costs,
operation and maintenance costs, and detailed performance data (EPRI, 2015). This reference has
been heavily relied upon in the summary of electricity infrastructure costs below.

5.6.1

TRANSMISSION AND DISTRIBUTION LINES

The delivery of electricity typically starts at a power generator from where a step-up transformer
converts the electricity to higher voltages for more efficient long-distance transmission.
Transmission lines provide for the bulk flow of electrical energy from generation sources to
substations closer to end users, where step-down transformers convert the electricity to lower
voltages for distribution. Distribution lines deliver electricity to consumers at voltages ready for
use. The complex interconnected network of transmission lines, substations, distributions lines
and control and conversion systems is often referred to collectively as a grid.
High voltage (HV) transmission lines (132 to 330 kV, 50 to 3500 kVA power transfer capability)
generally provide the backbone of Australian electricity transmission systems, and deliver bulk
energy directly from regional generation centres to load centres (EPRI, 2015). This is true in both
Far North Queensland and in the Darwin-Katherine Interconnected System in the Northern
Territory. Lower voltage transmission lines (110 to 132 kV) are typically used to service mixed
loads of residential, commercial and industrial demands and connect to the backbone 220 to
330 kV lines at bulk supply points that interface with the distribution network. Large industrial
facilities such as mines, smelters and refineries can be directly connected to 220 to 330 kV
transmission lines due to their high load requirements (100 to 900 MW).
Some options for irrigated development in the Assessment area could include generation of
renewable energy, either from hydro-electric power (Entura, 2017), or cogeneration of electricity
from combustion of bagasse in sugar mills (Sections 5.3.4 and 6.4). Most large-scale renewables
across Australia have entered transmission systems with connections to the 132 to 300 kV
transmission lines (EPRI, 2015). Renewable energy projects generating 30 to 50 MW have made
connections to medium voltage bus bars in transmission substations, and connections to 66 to 110
kV lines (e.g. the Tablelands network) are possible where the thermal limits of associated
equipment can support the capacity of the generator (EPRI, 2015). A recent assessment of energy
resources in Australia demonstrated that the country is well endowed with diverse opportunities
for renewable energy generation (Geoscience Australia and BREE, 2014). Within the Assessment
area potential opportunities include solar, geothermal and tidal energy resources in the Fitzroy
catchment; solar and tidal resources in the Darwin catchments; and solar and wind in the Mitchell
catchment (Appendix A).
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Transmission losses for HV AC are about 1% for the transformer and switchgear and about 1.7%
per 100 km thereafter (EPRI, 2015). Generators are typically paid for the electricity delivered to
reference nodes in the transmission networks, so transmission losses are a cost to suppliers.
For HV transmission lines, there is also a wide range of nominal voltage levels and thermal
capabilities between transmission lines from 132 to 330 kV, which can further vary final costs. For
example, 132 to 330 kV transmission line costs can be $0.4 to $1.1 million/km depending on the
voltage level and number of circuits, and the substation and switchgear can range from $10 million
to $50 million depending on the arrangement of the substation (EPRI, 2015).
An important consideration for the capital costs of network connection for both new generators
and new loads is the influence of peak loads on capital costs. For generators, siting new power
stations close to the existing grid can lower connection costs, but may constrain the technology
options (EPRI, 2015). EPRI (2015) states that, ‘To use the full output of low-utilisation generators
(such as intermittent renewables or peaking gas plants), network connections must be built to the
peak capacity even though they might be used for only 20 to 40% of the time on average. Because
connection costs have to be paid by the developer, this precludes all but short lines connecting to
the existing grid without increasing an installed project’s LCOE. Traditional baseload generators
may justify longer connections to the grid.’
This is true also for new load customers; their distribution lines must be sized to peak loads, even
though there may be large portions of the day when the line is not delivering to capacity. Use of
on-site storage may go some way to mitigate this but the costs of on-site storage would need to
be balanced with the avoided cost of capital for the larger distribution network capacity.
Table 5-9 below provides some indicative transmission and distribution line costs from the EPRI
study (EPRI, 2015). The 11 to 66 kV lines are most likely large enough and therefore most relevant
for the kinds of developments likely to progress in the Assessment area: others have been
included for the cases where projects may be economic for including larger cogeneration or
renewables developments.
Table 5-9 Indicative costs of transmission and distribution lines, for sizes relevant to this Assessment
Acquisition of land and easement for the lines would be an additional cost.
Costs are a rough guide only since they vary considerably depending on details of individual cases.
ASSET DESCRIPTION

TECHNICAL TRANSFER CAPABILITIES (MVA1)

COST ($ million/km)

800 to 1300

0.7

132 kV double circuit

200 to 500

0.64 to 1.28

132 kV single circuit

45 to 234

0.28 to 0.71

1 to 20

0.18 to 0.22

10 to 100

0.2 to 0.4

Transmission line costs
220, 275, 330 kV single circuit

Distribution line costs
11–33 kV single circuit
66 kV single circuit
*Source: EPRI (2015) Electric Power Research Institute
1 megavolt ampere (MVA) = 1 megawatt (MW)
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5.6.2

TRANSFORMERS

Substations connect two transmission or distribution lines of different voltage levels. Substations
consist of transformers and associated switchgear, and are a substantial part of the costs of
connecting to the transmission system for a new-entrant generator (Table 5-10).
Table 5-10 Indicative costs of transformer, for sizes likely to be relevant to developments in the Assessment area
Transformers are categorised by the voltage pairs that they convert between. Excludes switchgear costs.
TRANSFORMER

TECHNICAL TRANSFER CAPABILITIES (MVA1)

COST ($ million)

275/132 kV

200

7.4 to 10

220/110 kV

150

5

132/22 kV

-

6.5 to 7.1

110/33 kV

50 to 100

2.4 to 3.6

5 to 20

1-2

33/11 kV
*Source: EPRI (2015) Electric Power Research Institute
1 megavolt ampere (MVA) = 1 megawatt (MW)

5.7

Community infrastructure

The availability of community services and facilities in remote areas can play an important role in
attracting or deterring people from living in those areas. If local populations increase as a result of
new irrigated developments, then there would be increased demand for public services in the
region, and provision of those services would need to be anticipated and planned. Indicative costs
for constructing a range of different facilities that may be required to support this growth are
listed below (Table 5-11). Health care services in remote locations generally focus on primary and
some secondary care, while the broadest range of tertiary services are concentrated in ‘principal
referral hospitals’ that are mainly located in large cities but serve large surrounding areas by
referral (AIHW, 2016). Each 1000 people in Australia require 4.0 hospital beds served by 28
fulltime equivalent staff and $4.0 million/year funding based on current mean national levels of
hospital service, combined for public and private hospitals (AIHW, 2017a).
Table 5-11 Indicative construction costs for different types of community facilities in Darwin
Costs in remote parts of the Assessment area are estimated to be about 30 to 60% higher than those quoted for
Darwin. Cost ranges in columns two and three are per m2; costs in the last two columns are per hospital bed, house or
apartment.
BUILDING TYPE

GFA1 COST RANGE
($/m2)

TOTAL COST RANGE
($)

(low

high)

Private low-rise hospital, 45 to 60 m2/bed

$3,850

$4,600

$215,000

$340,000

Private low-rise hospital, 55 to 80 m2/bed + major operating theatre

$4,500

$5,500

$320,000

$470,000

House, single or double storey

$1,780

$2,750

$485,000

$850,000

Unit, less than 10 stories, 90 to 120 m2

$2,010

$2,400

$260,000

$390,000

Offices, non-CBD, 1 to 3 stories

$2,200

$2,800

n/a

n/a

Source: RLB (2017) Riders Digest 2017, Darwin
1 GFA = gross floor area, the sum of covered and uncovered floor areas
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(low

high)

Based on a small sample size, the indicative cost for building a new school was $9.2 million per
school or about $25,000 per student (Table 5-12). For a larger sample size, the 2017 Queensland
infrastructure plan (DILGP, 2017) valued total public education assets for the state at $18 billion
for 1239 state schools catering for 543,000 students. It is not clear on what basis the assets were
valued, but these values equate to $14.5 million per school or $33,000 per student (which are
slightly higher than the costs for the small sample of new schools).
Table 5-12 Indicative construction costs for new schools
Based on all schools built in the past 15 years in WA, NT and QLD for which construction costs could be found.
NAME

STATE

1

Kingston Primary
School

WA

2

South Halls Head
Primary School

ESTABLISHED

COST (2017
$ MILLION)7

Kingston

2009

11.8

WA

Halls Head

2008

3

Geographe Primary
School

WA

Geographe

4

Mackillop Catholic
College

QLD

5

St Joseph's Parish
School
Holy Spirit College
Cooktown

6

SECTOR

LOCATION

768 Primary
school

Government

Provincial

11.7

606 Primary
school

Government

Inner
regional

2002

11.2

542 Primary
school

Government

Provincial

Mount
Peter

2016

5.6

96 Combined

Nongovernment

Outer
regional

QLD

Weipa

2016

6.2

85 Primary
school

Nongovernment

Very
remote

QLD

Cooktown

2015

8.6

89 Special

Nongovernment

Remote

Mean (25,000 $/student)

SUBURB

9.2

STUDENTS8

TYPE

(2016)

364

1 http://www.ourstatebudget.wa.gov.au/uploadedFiles/State_Budget/Budget_2008_-_2009/budget_overview.pdf2
2 https://www.mediastatements.wa.gov.au/Pages/Carpenter/2008/05/State-Budget-2008-09--Building-Western-Australia---Mandurah.aspx
3 https://www.mediastatements.wa.gov.au/Pages/Gallop/2002/01/$20million-in-school-improvements-over-summer-holidays.aspx
4 http://www.cairnspost.com.au/lifestyle/construction-starts-at-mackillop-catholic-college-and-st-josephs-parish-school-at-weipa-in-11-millioninvestment/news-story/d8119bec89861d9c3cc5e5f986771aee
5 http://www.cairnspost.com.au/lifestyle/construction-starts-at-mackillop-catholic-college-and-st-josephs-parish-school-at-weipa-in-11-millioninvestment/news-story/d8119bec89861d9c3cc5e5f986771aee
6 https://www.cairnschamber.com.au/fileadmin/content/Resources/CCoC_MajorProjectsListUpdate_v1F_02Dec16.pdf
7 All costs PPI (Produce Price Index) adjusted to March 2017 dollars
8 My School® website: www.myschool.edu.au
All web sources viewed August 2017

Demand for community services is growing both from population increases in Australia and rising
community expectations (DILGP, 2017). New infrastructure that is built to service that demand
would occur irrespective of what development occurs in particular parts of the country. However,
if new irrigation projects shift some people to live in more remote parts of Australia, then this
could shift the locations of where some services are delivered and associated infrastructure is
built. The costs of delivering services and building infrastructure is generally higher in more
remote locations. So the net cost of any new infrastructure that is built to support regional
developments is the difference in cost of shifting some infrastructure to more remote locations
(not the full cost of facilities that would otherwise have been built elsewhere).
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5.8

Conclusion

The social and economic profiles in Chapter 2 identified the base conditions from which any new
potential development would build. This chapter has provided further information on the types of
infrastructure that would be required to support large-scale irrigated development, together with
indicative costs and options for building that infrastructure. The information presented in this
chapter:
• provides a reference source on component infrastructure costs that attempts to be as unbiased
as possible, given the tendency for proponents of infrastructure developments to strongly bias
cost estimate downwards;
• highlighted that the costs of infrastructure beyond the farm gate required to support a new
irrigation scheme are substantial, and can exceed the cost of developing the scheme itself;
• highlighted the range of public and private investors required, beyond just those directly
investing in any new irrigation scheme, and supply chain considerations for new produce;
• highlighted the scales of production needed for irrigation schemes to be viable where the
schemes are dependent on the construction of new local processing facilities.
Large infrastructure projects, by their nature, are relatively rare and each has unique
characteristics and challenges, making it difficult to extrapolate from one specific project to
another. Even when case-specific details are taken into account, there are some challenges that
cannot be known in advance and only become apparent once construction has begun. The costs
provided here should therefore be taken as broadly indicative only. Actual costs incurred in any
specific development project could differ substantially from those provided. A contingency would
need to be factored in on top of the base costs presented to make allowance for these
uncertainties.
Having set out the base information on costs of infrastructure required for new irrigated
development, the next chapter considers the conditions under which capital investment in
different types of irrigation schemes might be financially viable.
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6

Scheme-scale financial evaluations of irrigated
development

6.1

Discounted cash flow framework

This Assessment used a discounted cash flow framework to evaluate the commercial viability of
irrigation developments. The approach taken, and summarised here, follows that used by Brennan
McKellar et al. (2013) in assessing irrigation development options in the Flinders and Gilbert
catchments in northern Queensland. This framework is intended to provide a purely financial
evaluation of the conditions that would be required to produce an acceptable return from an
investor’s perspective. It is not a full economic evaluation of the costs and benefits to other
industries, nor does it consider ‘unpriced’ impacts that are not the subject of normal market
transactions or the equity of how costs and benefits are distributed. However, the next chapter
covers regional economic impacts and includes examples of indirect impacts on other industries.
This chapter considered four key determinants of irrigation scheme financial performance that an
investor would need to balance in order for a project to be viable:
• capital cost of development (Section 6.2)
• farm performance, quantified using the farm gross margin (Section 6.2)
• risk and associated required level of investment return (Sections 6.2 and 6.3)
• synergies and value adding beyond the farm gate (Section 6.4).
Other assumptions were limited as much as possible, restricting these to factors with greater
certainty and/or lower sensitivity, so that principles derived would be as generalisable as possible.
Initially a generic ‘top-down’ approach was taken, working backwards from the costs of developing
a new irrigation scheme to determine the farm gross margins that would be required to make the
investment commercially viable. This approach complements the agricultural viability work in this
Assessment (Ash et al., 2018a, b, c) that takes a ‘bottom-up’ approach to provide indicative farm
gross margins that could be achieved for a range of potential crop options. The companion case
study reports provide examples where this framework is applied to illustrative investment options
using more specific assumptions.

6.1.1

TERMS AND ASSUMPTIONS

A discounted cash flow analysis considers the lifetime of costs and benefits following capital
investment in a new project. Costs and benefits that occur at different times are expressed in
constant real dollars, with a discount rate applied to streams of costs and benefits. This section
defines the terminology used, explains how each term was handled and represented, and lists
standard assumptions that apply to subsequent use of the framework (unless specified otherwise).
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Net present value
Net present value (NPV) is expressed and calculated as follows:
NPV= �

N
n=0

Where:

Bn
Cn
r
N

Bn - Cn
(1 + r)n

(1)

= project benefits in year n expressed in constant dollars
= project costs in year n expressed in constant dollars
= real, pre-tax discount rate
= number of years that costs and benefits are produced.

For an entire project the stream of net benefits can be calculated by subtracting the stream of all
costs from the stream of all benefits. Applying a discount rate to the stream of net benefits gives
the NPV for the project. NPVs are useful for comparing investment options, and could be used as
one of the commercial criteria in deciding between similar types of development. To be
commercially viable, a project would require an NPV that is greater than zero.
Discount rate
The discount rate (r in the equation above) is the rate at which future costs and benefits are
discounted each year (compounded) to convert them to their equivalent present value (PV). A
real, pre-tax discount rate of 7% was selected for this analysis to match Australian Government
guidelines for cost-benefit analyses of government investment and on the assumption that this
rate reflects what a private sector business would seek from an investment with risk (Brennan
McKellar et al., 2013). A range of other discount rates was also considered in the generic analyses
(0 to 14%) because the target returns may vary by investor, alternate investment opportunities
that are available, and the degree of risk associated with a particular development.
Internal rate of return
The internal rate of return (IRR) is the discount rate at which the NPV is zero. The project’s target
IRR needs to be above the appropriate discount rate for a project (based on the risk profile of the
development) to be considered commercially viable. In the generic analyses below where the
conditions for a project to break even (NPV = 0) are calculated, the applied discount rate and the
target IRR are therefore the same.
Evaluation period
A project evaluation period of 30 years was used for scheme-scale analyses in this Assessment.
This project life was selected to reflect the life of the water infrastructure assets, which are the
principal assets in the scheme. While the actual working life of these assets may be longer than 30
years, the discounting of future costs and benefits means that the analyses are relatively
insensitive to the choice of longer evaluation periods. Furthermore, the Guidelines for Financial
and Economic Evaluation of New Water Infrastructure in Queensland and NSW Government
Guidelines for Economic Appraisal advise that there is little justification for extending the project
evaluation period beyond 30 years.
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Asset lifespans, replacement and residual values
To simplify the tracking of assets (particularly where staged development is later considered)
assets were approximated into three categories of lifespans: 15, 40 and 100 years. Since some
scheme assets have lifespans shorter than the 30-year evaluation period, it was assumed assets
would be replaced at the end of their life with an equivalent replacement throughout the
evaluation period (i.e. assuming equipment technology and costs do not change over time). These
costs were accounted for in full in the actual year of their replacement. For example, pumping
equipment with an expected operating life of 15 years was replaced in year 16.
At the end of the 30-year evaluation period, a residual value was calculated to account for assets
that had not reached the end of their working life. A straight-line depreciation method was used,
where residual values were calculated as the proportional asset life remaining multiplied by the
original asset price. For example, a 40-year asset would have 10 years of working life remaining at
the end of the 30-year evaluation period, so a residual value of 25% (10/40) of the original asset
price would be accounted for in year 30. This approach assumes that the services derived from the
asset do not degrade over time, and a maintenance budget is allowed for in the analysis,
consistent with the assumption. Changes in the commercial values of land and water rights were
not included in analyses, although some investors may choose to speculate that these could rise in
future and provide additional financial returns from the development.
Capital investment
The previous chapter (Chapter 5) documented the costs of various types of infrastructure that
would be required for a new irrigation development. These included the costs of developing water
and land resources for different greenfield development options. The costs of building new dams
were covered in detail in the companion water storage report (Petheram et al., 2017) and, based
on composites of this information, two indicative examples were provided in Chapter 5 for a larger
(Table 5-1) and smaller instream dam (Table 5-2). On-farm development options were covered in
the companion agricultural viability reports (Ash et al., 2018a, b, c), with an example for greenfield
bore and spray development provided above (Table 5-3). Both reports showed wide ranges in
development costs depending on specific option and location.
The capital costs of developing the water and land resources for irrigated farming were considered
separately to the additional set up costs for buildings, vehicles and equipment required to
establish each new farm. Indicative costs for these farm setup capital expenses were summarised
in Table 5-4.
Infrastructure costs were assumed to be the costs at completion (accounted for in full in the year
of delivery), such that the assets commenced operations the following year.
Water supplier operating costs
The main costs for operating a large dam and associated water distribution infrastructure are fixed
costs for administering and maintaining the infrastructure, expressed here as percentage of the
original capital cost, and variable costs associated with pumping water into supply channels.
Pumping costs vary depending on whether the irrigation scheme can be gravity fed, or how much
head of pressure is required by pumping to distribute the water.
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Farm overhead costs
Fixed overhead costs are incurred on a farm each year whether or not a crop is planted. For a
generic broadacre crop, these costs were assumed to be $600/ha plus 1% of the original capital
value of farm assets, as documented in Ash et al. (2018a, b, c). Fixed costs were dominated by the
fixed component of labour costs, assuming about three full-time equivalent staff per 500 ha farm.
Overheads included a lease fee to account for the use of the land prior to irrigation. Other
components of overheads include maintenance, insurance, professional services and registrations.
Farm gross margins, variable costs and revenue
A farm annual gross margin (GM) is the difference between the gross income from crop sales and
variable costs of growing a crop. Net farm revenue is calculated by subtracting fixed overhead
costs from the gross margin. Variable costs vary in proportion to the area of land planted, the
amount of crop harvested and/or the amount of water and other inputs applied. Gross margins
can vary substantially even for the same crop grown in the same location by different farmers. The
companion agricultural viability report (Ash et al., 2018a, b, c), provides a bottom-up assessment
of crops showing the most potential in the study areas, including indicative gross margins for a
range of crop options, templates for calculating gross margins for specific cases, and an
assessment of the gross margin components that contribute most to farm financial viability.

6.2

Break-even analyses of development options for generic
schemes

The initial analyses considered the case where a single investor would invest in a scheme that
included all costs and benefits from initial construction of a large dam and land preparation up to
revenue received for produce at the farm gate. The costs of developing water and land resources
for a new irrigation development can vary substantially depending on a wide range of case-specific
factors dealt with in detail in companion reports in this Assessment (Petheram et al., 2017;
Vanderzalm et al., 2018; Ash et al., 2018a , b, c) including: the type and nature of the water
source, the type of water storage, geology, topography, soil characteristics, the water distribution
system, the type of irrigation system, the type of crop to be grown, land preparation
requirements, and the level to which infrastructure is engineered. Initial analyses focused on the
capital costs of development, given their importance in determining the financial performance of a
scheme, and the variability and uncertainty in estimating these costs. These baseline analyses
applied the above framework generically, working backwards from broad assumptions about
developments with different capital costs to determine the farm gross margins that would be
required for the scheme as a whole to break even (scheme NPV = 0).
Because of the linear nature of the analyses, schemes with the same development cost per
hectare had the same performance, irrespective of their scale. For example a 40,000 ha scheme
costing $1 billion and a 10,000 ha scheme costing $0.25 billion both cost $25,000/ha and have the
same financial performance per hectare (ceteris paribus). To simplify presentation of results,
analyses were therefore conducted on a cost-per-hectare basis, and users can scale these results
as needed to schemes of a particular area. Note however that, for a given dam, capital costs per
hectare can vary depending on the farming system chosen, since options with higher water use
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would allow a smaller area to be irrigated (and hence the capital costs of the dam would be spread
over a smaller farming area, as noted in Section 5.2).

6.2.1

GENERIC SCHEME BASED ON A LARGE OFF-FARM DAM

Assumptions
The first baseline analysis considered a range of options for large (> 25 GL/year) off-farm dams
with different development costs, and the farm gross margins that would be required to deliver
different target rates of return to an investor. The previous examples of the relative breakdown of
infrastructure costs for two indicative dams (Table 5-1 and Table 5-2) were used to scale costs to a
range of schemes with different costs of development per hectare of farmland. Since the relative
breakdown of costs of the larger and smaller dam were very similar, the two were averaged
together (Table 6-1). Farm capital and operating costs were those for an indicative broadacre
farm, as explained in the assumptions above.
Table 6-1 Assumed capital and operating costs for a new irrigation scheme with a new large dam
Annual operating and management (O&M) costs are expressed as a percentage of the capital costs of assets.
SCHEME COMPONENT

ITEM

LIFE SPAN
(y)

UNIT COST
($)

UNIT

$10,000 to
$40,000

ha

O&M COST
(% capital cost)

Water supplier capital and operating costs (water and land development)
Capital costs
(split as per percentages below)
‘Core’ infrastructure %

‘Area-dependent’ infrastructure %

Operating costs

100-year infrastructure

100

57%

0.4%

40-year infrastructure

40

9%

1.6%

100-year infrastructure

100

0%

40-year infrastructure

40

34%

Pumping from weir

1.0%

$30

ML

(+ asset O&M costs)
Irrigator capital and operating costs (buildings and equipment)
Farm setup capital costs
(setup costs total $7424/ha)

Farm overheads (annual)

Buildings and structures

40

$2,190

ha

1.0%

Irrigation system

15

$3,960

ha

1.0%

Vehicles and equipment

15

$1,274

ha

1.0%

$600

ha

Labour, services etc.

(+ O&M costs: 1% of capital costs)

Water losses affect volumes of water passing various points from the dam to crop. The analyses
required the volume of water reaching the farm gate (used as the pricing point in the next section)
and volume of water being pumped from re-regulation structures into supply channels. Analyses
assumed that 10 ML/ha/year of irrigation water was used by crops (before accounting for
application losses) with an application efficiency of 85%, on-farm distribution efficiency of 90%
and channel distribution efficiency of 90%. On this basis, water use at the farm gate would be 13.1
ML/ha/year (= 10 ÷ (85% × 90%) ML/ha/year, after accounting for distribution losses) and water
pumped by the water supplier would be 14.5 ML/ha/year (= 13.1 ÷ 90% ML/ha/year). Water
supplies were assumed to be 100% reliable and all other factors impacting farm performance were
ignored for the initial baseline set of analyses. Sources of risk impacting farm performance are
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then covered separately in the next section (Section 6.3) and provide a set of risk adjustment
multipliers for these baseline results.
The main way in which water use influences the scheme analyses is indirectly, through the effect
on development costs per hectare. A given water supply will be able to irrigate a smaller area for
farming options that use more water, so scheme development costs per hectare would be higher
and would need to be paid for from a smaller area of farmland.
Break-even farm gross margins
Cost and benefit streams, totalled across the scheme, were tracked in separate components for
the water supplier and irrigator operations. For the water supplier, these streams were: 1) the
capital costs (including replacement costs and residual values) of developing the water and land
resources, and 2) the costs of maintaining and operating those assets. For the farm, these streams
were: 1) the capital costs of the farm buildings and equipment; 2) the fixed overhead costs,
applied to the full area of developed farmland; and 3) the total gross margin, applied to the mean
proportion of land in production. Note that, since the whole scheme was initially considered as a
single investment, the costs of supplying water to the farm gate was accounted for in the capital
costs of development (rather than being part of the variable costs in the farm gross margins
presented). Farm gross margins required for the scheme to break even (NPV = 0) were then
calculated for a range of different capital costs of development and target investment returns
(IRR) (Table 6-2).
Table 6-2 Break-even farm gross margins required for schemes with different dam development costs to meet
target investment returns (IRR)
Assumes 100% farm performance in all years and an additional $7424/ha farm setup cost for buildings and
equipment. Gross margins exclude costs of water supply. Risk adjustment multipliers are provided in Section 6.3.
TARGET IRR

BREAK-EVEN FARM GROSS MARGIN
($/ha/y)

Capital costs for developing water and land
($/ha)
$10,000

$15,000

$20,000

$25,000

$30,000

$40,000

0%

1,751

1,869

1,987

2,106

2,224

2,461

1%

1,871

2,028

2,185

2,343

2,500

2,814

2%

1,996

2,193

2,390

2,587

2,784

3,179

3%

2,125

2,363

2,601

2,840

3,078

3,554

5%

2,396

2,719

3,043

3,366

3,690

4,337

7%

2,680

3,093

3,506

3,918

4,331

5,156

10%

3,130

3,682

4,233

4,785

5,336

6,439

12%

3,442

4,088

4,735

5,382

6,028

7,322

14%

3,760

4,504

5,247

5,991

6,734

8,221

As expected, higher farm gross margins are required to cover higher capital costs and higher
investment returns. These generic tables can be used together with information on costs and
returns for particular cases. For example, in companion reports in the Assessment: Ash et al.
(2018a, b, c) showed indicative farm gross margins for single broadacre crops were unlikely to
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exceed $3000/ha (depending on crop, location, and soils), and dam costs provided by Petheram et
al. (2017) indicate scheme development costs for the most promising potential sites would be
about $20,000 to $30,000/ha (assuming crop irrigation water use of 10 ML/ha before losses, 45%
water losses from dam to crop, and $11,000/ha additional development costs after building the
dam wall, as per Section 5.2, before allowing for contingencies or farm setup costs). On this basis,
farm gate revenues alone would fall short of reaching a 7% return on capital invested.
Break-even pricing of dam water
If the water supplier and farmers were separate investors then a price would need to be set for
the delivery of water from the dam supplier to the irrigator. From the water supplier’s perspective
two options for pricing water were considered. The first was on a fully commercial basis for the
same combinations of development costs and target IRRs as used for the break-even GMs
(Table 6-3: these water prices are the same values as the irrigators’ capacity to pay when the
whole scheme breaks even, as per the matching farm GMs in Table 6-2). It is assumed here that
the scheme operator supplying water would develop both land and water resources. This
approach would make it easier for individual owner-operator farmers to establish new farms as
soon the development was complete. The scheme operator would then recover the costs of
developing both water and land through the price charged for water. (Risks of establishment
delays and failure would be greater if the scheme operator instead developed only the water
supply, and then left each farmer to finance and contract land development individually after the
dam was constructed).
Table 6-3 Break-even water pricing required for schemes with different dam development costs to meet target
investment returns (IRR) for the water supplier (developer of dam, water distribution infrastructure and land)
Water priced at farm gate to cover both capital and operating costs of water supplier, assuming water use of
13.1 ML/ha/year at farm gate, 14.5 ML/ha/year at weir, scheme pumping costs of $30/ML at weir, and 100% farm
performance.
TARGET IRR

BREAK-EVEN WATER PRICE FOR WATER SUPPLIER ($/ML AT FARM GATE)

Capital costs for water supplier to develop water and land ($/ha)
$10,000

$15,000

$20,000

$25,000

$30,000

$40,000

0%

51

61

70

79

88

106

1%

57

69

81

93

105

130

2%

63

79

94

109

124

154

3%

70

88

106

124

143

179

5%

83

108

132

157

182

231

7%

96

128

160

191

223

286

10%

118

160

202

244

286

371

12%

132

182

231

281

330

429

14%

147

204

261

318

375

488
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The second water pricing option calculated the price that would need to be charged for water to
cover just the ongoing maintenance and operating costs of the water supplier (excluding the initial
capital costs of constructing the dam and developing the land) (Table 6-4). This can be used to
assess the risk of whether a water supply would be a potential liability (net ongoing cost) if the
original investor(s) in that dam/water supply failed. As long as farms could afford to pay more than
the ongoing costs of supplying water, then it would be possible for a new investor to take over the
water supply if the original investor failed (albeit that the original investor may have to sell out at a
loss on their capital investment in the development).
Table 6-4 Minimum price water supplier would have to charge for water for schemes with different costs of
development to cover just annual operating and management costs
Exactly covers annual water supplier operating costs each year, discount rate assumptions have no effect. Water was
priced at farm gate assuming water use of 13.1 ML/ha/year at farm gate, 14.5 ML/ha/year at weir, scheme pumping
costs of $30/ML at weir, and 100% farm performance.
WATER PRICE TO COVER ONLY WATER SUPPLIER OPERATING COSTS ($/ML AT FARM GATE)

Capital costs for water supplier to develop water and land ($/ha)
$10,000

$15,000

$20,000

$25,000

$30,000

$40,000

39

42

45

47

50

56

Water pricing was then considered from the irrigators’ perspective and the capacity of irrigators to
pay. Water prices were calculated for the farm to break even (farm NPV = 0) for a range of
different farm gross margins and irrigation water use combinations (Table 6-5).
Under a favourable scenario for a broadacre crop with a gross margin of $3000/ha and an irrigator
seeking an IRR of 7%, irrigators would be able to pay $202/ML for a crop using 6 ML per ha per
year (of irrigation water before application losses) to $121/ML for a crop using 10 ML per ha per
year (Table 6-5). Water payments from irrigators at these water prices would more than cover the
ongoing operating costs of a water supplier (<$100/ML across a wide range of development costs:
Table 6-4), but would fall short of covering the full costs of supplying water at a commercial rate of
return (e.g. $244/ML for a 7% IRR on supplier capital costs of $20,000/ha: Table 6-3).

144 | Irrigation costs, benefits and risks

Table 6-5 Break-even water pricing for what an irrigator could afford to pay depending on the annual gross margin
of the farm, the crop irrigation water use (before application losses), and the irrigator’s target internal rate of
return (IRR)
Assumes water volumes metered at the farm gate were 1.31 times the crop irrigation water use after accounting for
losses (based on 90% on-farm distribution efficiency and 85% application efficiency).
TARGET IRR (%)

GROSS MARGIN
($/ha)

IRRIGATOR CAPACITY TO PAY FOR WATER AND STILL BE PROFITABLE ($/ML AT FARM GATE)

Crop irrigation water use [and farm gate water use] (ML/ha)
4 [5.2]
3%

5%

7%

10%

14%

6.2.2

6 [7.8]

8 [10.5]

10 [13.1]

12 [15.7]

$1,500

$55

$37

$27

$22

$18

$2,000

$151

$100

$75

$60

$50

$2,500

$246

$164

$123

$98

$82

$3,000

$342

$228

$171

$137

$114

$1,500

$36

$24

$18

$14

$12

$2,000

$131

$88

$66

$53

$44

$2,500

$227

$151

$114

$91

$76

$3,000

$323

$215

$161

$129

$108

$1,500

$15

$10

$8

$6

$5

$2,000

$111

$74

$56

$44

$37

$2,500

$207

$138

$103

$83

$69

$3,000

$302

$202

$151

$121

$101

$1,500

-

-

-

-

-

$2,000

$78

$52

$39

$31

$26

$2,500

$174

$116

$87

$70

$58

$3,000

$269

$180

$135

$108

$90

$1,500

-

-

-

-

-

$2,000

$31

$21

$16

$12

$10

$2,500

$127

$84

$63

$51

$42

$3,000

$222

$148

$111

$89

$74

GENERIC MODULAR DEVELOPMENT USING AN ON-FARM WATER SOURCE

The baseline analyses also considered an irrigation development that substituted the large dam
(above) with an on-farm source of water. This was based on the on-farm development option from
Ash et al. (2018a, b, c) that was summarised in (Table 5-3) in the preceding infrastructure chapter.
Aside from being on farm, this option contrasted with the dam water option in using an
alternative water source (ground vs surface water), using shorter lifespan infrastructure
(potentially cheaper upfront capital costs but higher ongoing costs), and being very modular,
which would be more amenable to staging (Section 6.3.3) and alternative models of investment
(less reliant on a single large investor/developer).
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Assumptions
Assumptions for the costs of developing and operating on-farm water sources were the same as
for the dam example above, except that the dam water source was replaced with costs of
developing and operating a series of bores (Table 5-3 and Table 6-6). Analyses assumed very
reliable bore flow rates (100% reliability), e.g. accessing outcrops in extensive regional aquifers.
Localised shallow alluvial aquifers would be less reliable (and more prone to risks of ecological
impacts from hydrological connectivity to rivers and riparian areas). Pivot systems can be prone to
additional technical reliability issues associated with equipment malfunctions. No specific
assumptions on irrigation water use or efficiencies were required because there were no off-farm
costs in distributing water (only on-farm variable costs of pumping water that would have to be
covered within the farm gross margin being calculated as part of the break-even analyses).
Table 6-6 Assumed capital and operating (O&M) costs for a new development using an on-farm water source
Modular on-farm development involves only separate ‘Area-dependent’ infrastructure for each farm, and there is no
shared ‘Core’ infrastructure (as there was for the large dam).
SCHEME COMPONENT

ITEM

LIFE
SPAN
(y)

UNIT COST
($)

UNIT

O&M COST
(% capital cost)

Costs of developing on-farm water resource and preparing land
Capital costs

$5,000 to
$40,000

(split as per percentages below)
‘Area-dependent’
infrastructure %
(no ‘Core’ infrastructure)

ha

40-year infrastructure

100

49%

1.0%

15-year infrastructure

40

51%

1.0%

Buildings and
structures

40

$2,190

ha

1.0%

Irrigation system
(spray)

15

$3,960

ha

1.0%

Vehicles and
equipment

15

$1160

ha

1.0%

$600

ha

Irrigator capital and operating costs (buildings and equipment)
Farm setup capital costs

Farm overheads (annual)

Labour, services etc.

(+ O&M costs: 1% of capital
costs)

Break-even farm gross margins
The farm gross margins that were required for the scheme to break even (NPV = 0) were
calculated as before (Table 6-7). Note that while shorter lifespan infrastructure may lower
development costs of on-farm infrastructure, this leads to more frequent asset replacement and
lower residual values, so higher farm gross margins were required for the scheme break even
relative to the same development cost per area for a large dam (Table 6-2). Thus, although some
on-farm options for water development may be cheaper than building a new large dam, higher
ongoing costs associated with shorter lifespan infrastructure offset some of that advantage. Small
offstream storages can also be less reliable water sources than large instream dams, and are less
able to carry water through the dry season, which limits farming options.
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Table 6-7 Break-even farm gross margins required for schemes with different costs of developing on-farm water
sources to meet target investment returns (IRR)
Assumes 100% farm performance in all years. Risk adjustment multipliers are provided in Section 6.3.
TARGET IRR

BREAK-EVEN FARM GROSS MARGIN
($/ha/y)

Capital costs for developing water and land
($/ha)
$5,000

$10,000

$15,000

$20,000

$25,000

$30,000

$40,000

0%

1,359

1,640

1,921

2,202

2,483

2,764

3,326

1%

1,432

1,743

2,054

2,365

2,676

2,987

3,609

2%

1,508

1,851

2,193

2,536

2,878

3,221

3,906

3%

1,588

1,964

2,339

2,715

3,090

3,466

4,217

5%

1,758

2,204

2,650

3,095

3,541

3,986

4,878

7%

1,940

2,461

2,982

3,503

4,023

4,544

5,585

10%

2,233

2,874

3,515

4,156

4,798

5,439

6,721

12%

2,438

3,164

3,890

4,616

5,342

6,068

7,519

14%

2,651

3,464

4,277

5,090

5,904

6,717

8,343

6.2.3

SENSITIVITIES OF GENERIC ANALYSES TO ASSUMPTIONS

The analyses were relatively insensitive to most of the assumptions that were held constant
(Table 6-1 and Table 6-6). One of the largest sensitivities was to differences in lifespans of the
water infrastructure, as shown by the contrast between break-even gross margins for the large
dam (100- and 40-year assets) and on-farm bores (40- and 15-year assets). But analyses were less
sensitive to assumptions about the split of assets between lifespan classes within either of these
options individually: a 20% shift in the split between 100- and 40-year assets for the large dam
option was equivalent (in NPV terms) to only about a 1% change in total capital costs per ha, while
a 20% shift in the split between 40- and 15-year on-farm water infrastructure assets was
equivalent to less than a 10% change in capital costs (shifts to longer life assets being equivalent to
a lowering of capital costs).
At 100% reliability, each dollar reduction in assumed on-farm fixed overheads translates directly to
an equivalent reduction in the gross margin required to generate a given IRR. (At lower reliabilities
the change to break-even gross margins becomes proportionally larger).
Each 20% change in scheme operating costs was equivalent to an approximate 3.5% change in
capital costs of dam development (at a 7% discount rate: sensitivity was higher at higher discount
rates).
The results in the above tables are therefore generalisable to a wide range of irrigation
development options, and approximate fine adjustments, using the information above, could be
made where details for a particular case differed slightly from the assumptions used here.
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6.3

Risks associated with variability in farm performance

For an investment to be viable, farm gross margins need to be sustained at high levels over long
periods, so variability in farm performance poses risks that need to be considered and managed.
Gross margins can vary between years either because of short-term initial underperformance or
because of periodic shocks. Initial underperformance is likely to be associated with learning as
farming practices are adapted to local conditions, overcoming initial challenges to reach their longterm potential. There would be further unavoidable periodic risks associated with water reliability,
climate variability, flooding, outbreaks of pests and diseases, periodic technical/equipment failures
and fluctuations in commodity prices and market access. Both of these types of risks are
considered next. Analyses also considered how staging might be able to mitigate the costs of
learning, and additional risks that staging could introduce. Throughout this section, farm
performance is quantified as the proportion of the long-term mean gross margin a farm attains,
where 100% performance is when this level is reached and 0% equates to a performance where
revenues only balance variable costs (GM = $0).

6.3.1

RISKS FROM PERIODIC UNDERPERFORMANCE

Analyses considered periodic risks generically, without assuming any of the particular causes listed
above. Periodic risks were characterised in terms of three components to test their effects on
scheme financial performance:
• reliability: the proportion of ‘good’ years where the ‘full’ 100% farm performance was achieved,
with the remainder of years being ‘failures’ where some negative impact was experienced
• severity: the farm performance in a ‘failed’ year when some type of setback occurs
• timing: for ‘early’ timing a 10-year cycle was used where, for example, with 80% reliability
failures would occur in the first two years of the scheme and the first two years of each 10-years
in a cycle after that. For ‘late’ timing, the ‘failures’ came at the end of each 10-year cycle. Where
timing was not used, each year was represented as having the long-term mean farm
performance of ‘good’ and ‘failed’ years (frequency weighted).
The initial analyses considered a range of different reliabilities and severities for periodic risks
(without considering timing of impacts). Periodic risks had a consistent proportional effect on
break-even gross margins, irrespective of development options or costs, so results were simplified
as a set of risk adjustment multipliers (which could be applied to the tables of break-even gross
margins presented before) (Table 6-8). These same multipliers apply to the break-even water
prices that irrigators can afford to pay. As would be expected, the greater the frequency and
severity of ‘failed’ years, the greater the impact on scheme viability and the greater the increase in
farm gross margins that would be required to offset these impacts.
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Table 6-8 Risk adjustment multipliers for break-even gross margins, accounting for the effects of reliability and
severity (level of farm performance in ‘failed’ years) of periodic risks
Results are not affected by discount rates. ‘Good’ years = 100% farm performance; ‘Failed’ = < 100% performance.
‘Failed year performance’ is the mean farm gross margin in years where some type setback is experienced relative to
the mean gross margin when the farm is running at ‘full’ performance.
FAILED YEAR
PERFORMANCE

BREAK-EVEN GROSS MARGIN RISK ADJUSTMENT MULTIPLIER
(VS BASE 100% RELIABILITY TABLES)

Reliability (Proportion of 'good' years)
1.00

0.90

0.85

0.80

0.70

0.60

0.50

0.40

0.30

0.20

85%

1.00

1.02

1.02

1.03

1.05

1.06

1.08

1.10

1.12

1.14

75%

1.00

1.03

1.04

1.05

1.08

1.11

1.14

1.18

1.21

1.25

50%

1.00

1.05

1.08

1.11

1.18

1.25

1.33

1.43

1.54

1.67

25%

1.00

1.08

1.13

1.18

1.29

1.43

1.60

1.82

2.11

2.50

0%

1.00

1.11

1.18

1.25

1.43

1.67

2.00

2.50

3.33

5.00

The reliability of water supply is one of the more important sources of unavoidable variability in
productivity of irrigated farms. For large dams there is a trade-off between the yield of water that
is released in ‘good’ years and the reliability of that supply (Petheram et al., 2017). Yield data for
potential dam sites in this Assessment have been summarised here for reference (Table 6-9).
Table 6-9 Dam water release characteristics in ‘full’ and ‘sub-yield’ years for different reliabilities of supply
‘Sub-yield’ years are those where the dam is unable to release its ‘full’ yield.
DAM WATER RELEASE TYPE

RELATIVE RELEASE OF DAM WATER (% of ‘full’ yield)

Dam reliability (% of years dam releases its ‘full’ yield)

1

'Sub-yield' year release (% of ‘full’ yield)

95

90

85

80

75

70

65

60

55

50

79

78

77

76

75

75

74

73

72

71

Source: mean of modelled water release over 125-year historical time series from companion report on water storage by Petheram et al. (2017) for
potential dam sites coded: AcaciaGap, ElizabethCreek01, LyndRiver03, Marrakai, Mary1, McKinlay2, MitchellRiver02, MountBennett,
PalmerRiver01, UpperAdelaideR35, and WalshRiver04 (duplicate dam sites within a subcatchment and low yield-per-cost dam sites were excluded)
1 The mean release of water in a years that cannot deliver the full yield, relative to the ‘full’ dam yield at that reliability

This dam reliability data can be referenced against Table 6-8 above by assuming that in ‘failed’
years, where the full dam yield could not be released, the area of land cropped would be
proportionally reduced so that the land that was cropped would remain fully irrigated. On this
basis the dam reliability is the same as the periodic risk reliability (Table 6-8) and the proportion of
water available in a failed year is equivalent to the mean farm performance. For example, if a
water supply was 85% reliable and provided on average 75% of its full supply in ‘failed’ years, the
risk adjustment multiplier that would have to be applied to baseline break-even GMs would be
1.04 (Table 6-8). For crops, such as horticulture, where the quality of produce is more important
than the quantity, the approach of reducing planted land area in proportion to available water in
‘failed’ years seems reasonable. For many broadacre crops however, it may be possible to deficit
irrigate a larger area to slightly mitigate the impact of years with lower water allocations. These
measures could partially mitigate impacts on farm performance in years with reduced water
availability.
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To evaluate how timing of periodic impacts affects schemes, break-even risk adjustment
multipliers were calculated across a range of reliabilities for an impact that had 50% severity with
late, early, and no (long-term frequency weighted mean performance) timing (Table 6-10). These
results show that any negative disturbances that reduce farm performance will have a larger effect
if they occur early on after the scheme is established, and this effect is greater at higher discount
rates (or higher target IRRs).
Table 6-10 Risk adjustment multipliers for break-even gross margins, accounting for the effects of reliability and
timing of periodic risks (assuming 50% farm performance during ‘failed’ years)
DISCOUNT
RATE

TIMING OF FAILED
YEARS

BREAK-EVEN GROSS MARGIN RISK ADJUSTMENT MULTIPLIER
(VS BASE 100% RELIABILITY TABLES)

Reliability (Proportion of 'good' years)
1.00
3%

7%

10%

6.3.2

0.90

0.80

0.70

0.60

0.50

0.40

0.30

0.20

Late

1.00

1.05

1.10

1.16

1.22

1.30

1.39

1.50

1.63

Mean – no timing

1.00

1.05

1.11

1.18

1.25

1.33

1.43

1.54

1.67

Early

1.00

1.06

1.13

1.20

1.28

1.37

1.47

1.58

1.70

Late

1.00

1.04

1.08

1.13

1.19

1.26

1.35

1.46

1.59

Mean – no timing

1.00

1.05

1.11

1.18

1.25

1.33

1.43

1.54

1.67

Early

1.00

1.07

1.15

1.23

1.32

1.41

1.51

1.62

1.74

Late

1.00

1.03

1.07

1.12

1.17

1.24

1.32

1.42

1.56

Mean – no timing

1.00

1.05

1.11

1.18

1.25

1.33

1.43

1.54

1.67

Early

1.00

1.08

1.16

1.25

1.35

1.45

1.55

1.66

1.77

RISKS FROM INITIAL ‘LEARNING’ PERIOD

Another form of risk arises from the initial challenges in establishing and adapting agriculture in a
new location. Some of these risks are avoidable if investors and farmers learn from past
experiences of development in northern Australia (e.g. Ash et al., 2014), avoid previous mistakes,
and select farming options that are already well proven in analogous locations. However, even if
developers are well prepared, there are likely to be initial challenges in adapting to the unique
circumstances of a new location, and newly developed farmland can take some time to reach its
productive potential as soil nutrient pools are established, soil limitations are ameliorated, suckers
and weeds are controlled, and pest management systems are established. There may be
additional delays between the start of investment and the full flow of benefits as a result of the
time taken for approvals, obtaining finance, establishing markets and supply chains, or logistic
constraints.
‘Learning’ (used here to broadly represent all aspects of overcoming initial sources of farm
underperformance) was analysed in terms of two simplified generic characteristics:
• Initial level of performance: represented as described before, as the proportion of the long-term
average gross margin that the farm achieves in its first year
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• Time to learn: the number of years taken to reach the long-term mean farm performance.
Performance was represented as increasing linearly over the learning period from the starting
level to the long-term mean performance level (100%).
The effect of learning on scheme financial viability was considered for a range of initial levels of
farm performance and learning times. As before, learning had consistent proportional effects on
break-even gross margins, so results were simplified as a set of risk adjustment multipliers
(Table 6-11). As would be expected, the impacts on scheme viability are greater the lower the
starting level of farm performance and the longer it takes to reach the long-term performance
level. Since these impacts, by their nature, are weighted to the early years of a new development,
they have more impact at higher discount rates (and investors’ target IRRs). To minimise risks of
learning impacts there is a strong incentive to start any new irrigation development with wellestablished crops and technologies, and to be thoroughly prepared for the anticipatable
agronomic risks of establishing new farmland. Higher risk options could be tested and refined on a
small scale until locally proven.
Table 6-11 Risk adjustment multipliers for break-even gross margins, accounting for the effects of learning risks
Learning risks were expressed as the level of initial farm underperformance and time taken to reach full performance
levels. Initial farm performance is the initial gross margin as a percentage of the gross margin at ‘full’ performance.
TARGET IRR

INITIAL FARM
PERFORMANCE

BREAK-EVEN GROSS MARGIN RISK ADJUSTMENT MULTIPLIER
(VS BASE 100% RELIABILITY TABLES)

Learning time (years to 100% performance)

3%

7%

10%

2

4

6

8

10

15

85%

1.01

1.02

1.03

1.03

1.04

1.05

75%

1.02

1.03

1.04

1.05

1.07

1.10

50%

1.04

1.06

1.09

1.12

1.14

1.21

25%

1.06

1.10

1.14

1.19

1.23

1.35

0%

1.08

1.14

1.20

1.26

1.33

1.53

85%

1.02

1.03

1.04

1.05

1.05

1.07

75%

1.03

1.05

1.06

1.08

1.09

1.13

50%

1.06

1.10

1.13

1.17

1.21

1.29

25%

1.09

1.15

1.22

1.28

1.35

1.51

0%

1.12

1.21

1.31

1.41

1.52

1.83

85%

1.02

1.03

1.05

1.06

1.07

1.09

75%

1.04

1.06

1.08

1.10

1.11

1.15

50%

1.08

1.12

1.17

1.21

1.26

1.35

25%

1.12

1.20

1.28

1.36

1.44

1.65

0%

1.16

1.28

1.41

1.55

1.69

2.10
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6.3.3

RISKS AND BENEFITS OF STAGED DEVELOPMENT

One possible strategy for dealing with learning risks could be to stage development so that the
bulk of the overall capital investment is delayed until farming systems have been tested and locally
adapted on a smaller scale. Some illustrative examples are analysed in this section to explore
general principles about the risks and benefits of staging.
The analyses used seven severities of learning risk: initial farm performance was set at levels from
100 to -20% and performance was increased by 10% each year so that corresponding learning
times to full performance were 0 to 12 years (as per the first two columns of Table 6-12).
Staging considered four options in which initially only 5% of the total land area was developed and
the remaining area was developed after delays of 0, 4, 8 and 12 years (where the 0-year delay
corresponds to no staging). Staging was considered for both the dam and on-farm water source
development options used in the baseline analyses (Section 6.2) retaining the standard
assumptions used before (Table 6-1 and Table 6-6). However, some extra details had to be
specified in order to run the analyses, and these were set towards the more favourable end of
what might be possible, but with an emphasis on making relative comparisons between staging
options. Both the dam and the on-farm water source developments used a farm gross margin of
$2500/ha and an annual water reliability of 85%, with 77% of the full amount of water available on
average in the other 15% of years (as per Table 6-9). The total costs at project completion were
assumed to be unaffected by how the project was staged (i.e. no wasted test infrastructure from
stage 1 or cost inefficiencies from developing parts of the assets at different times).
For the dam development option, staging involved building the weir first and delaying building the
main dam. It was assumed that the weir and other ‘core’ off-farm infrastructure (e.g. access road,
channels and approvals) required to get the test stage of development operational would cost 7%
of the total project costs for ‘core’ infrastructure (Table 6-1). ‘Area-dependent’ infrastructure was
scaled linearly with the area developed, so 5% of those costs (Table 6-1) were incurred in the test
stage. Costs for developing water and land resources were assumed to be $20,000/ha.
The on-farm water source was assumed to be entirely modular, so that each unit of farmland
could be developed entirely independently of the next, scaling total project costs to the
proportion of land developed (5% in the test stage). Costs for developing water and land resources
were assumed to be $10,000/ha.
Internal rates of return (IRRs) were calculated to compare performance between staging options
(Table 6-12). These results showed that the financial penalties for not staging increase as learning
risks become more severe (in terms of lower starting performance and longer learning times). The
impacts of learning risks could best be offset by matching the delay in proceeding to full-scale
development to the learning time (i.e. completing development only once the test stage had
reached full financial performance). Delaying full development for longer periods than the learning
time had only a slight negative effect on IRRs, whereas proceeding to full development before
learning was complete had a much larger impact. This implies that it would be prudent to err on
the side of delaying full development (particularly given, in practice, it would only be possible to
know when full performance was achieved in retrospect, not in advance).
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Table 6-12 Effect of different staging options on scheme performance for a range of learning risks
Scheme performance was measured as the internal rate of return (IRR %) for each combination of staging and
learning. The staging delay with the highest IRR for each level of learning risk is highlighted in darker blue, and delays
with IRRs within 0.2% of the best IRR are highlighted in lighter blue.
Staging involved initially developing 5% of the farmland for testing, then allowing for learning periods of different
durations before proceeding to full development.
STARTING
PERFORMANCE

LEARNING
TIME (y)

IRR (%) FOR STAGING OPTIOIN

Dam/weir staging options (no. years delay to full development)
0 (no staging)

4

8

12

100%

0

2.1

2.0

1.9

1.9

80%

2

2.0

2.0

1.9

1.9

60%

4

1.6

1.9

1.9

1.8

40%

6

1.2

1.7

1.9

1.8

20%

8

0.6

1.2

1.8

1.7

0%

10

-0.1

0.6

1.5

1.7

-20%

12

-0.8

0.0

1.0

1.5

On-farm bore staging options (no. years delay to full development)
0 (no staging)

4

8

12

100%

0

6.7

6.5

6.3

6.3

80%

2

6.3

6.4

6.3

6.2

60%

4

5.5

6.3

6.2

6.1

40%

6

4.5

5.6

6.1

6.0

20%

8

3.3

4.6

5.9

5.8

0%

10

2.1

3.5

5.1

5.6

-20%

12

0.9

2.2

4.1

5.3

Staging is complex and there is a wide range of other risks and benefits that would need to be
considered beyond these simple, illustrative examples. An added benefit of staging would be
limiting losses where small-scale testing proves initial assumptions of costs and benefits to be
overoptimistic and that full-scale development could never be profitable, even after trying to
overcome unanticipated challenges. In such cases losses could be limited by opting not to proceed
with further development. Indeed, financiers of a development might stage release of loans for
this reason as a risk control measure. However staging can transfer risks from one party to another
and might not be uniformly beneficial to all parties involved in a development. For example,
staged finance might delay development stages beyond what is optimal for learning times, even
when development options are well proven and developers would prefer to proceed more quickly.
Similarly, if staging is implemented to control risks of farm performance, while farming practices
are adapted to local conditions, this could transfer risks to investors in supporting infrastructure
further down the supply chain. This is particularly the case for crops such as sugarcane and cotton,
where local processing is integral to the industry and requires production at large scale to be
viable. Delays in development, beyond optimal learning times, could also be imposed for other
reasons such as logistic constraints on the rate at which land could be developed, seed material
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could be propagated (for clonal crops) or skilled labour could be recruited. Results indicate that
short-term delays (<2 years) would likely have only a minimal impact on scheme financial
performance (Table 6-12).
Some of the assumptions in the illustrative examples were oversimplified. For example, staging
may well incur extra costs if purchasing assets and services for development at different times is
less efficient than doing so over one concentrated period, or if some of the infrastructure from the
test stage does not fit with the requirements of the completed scheme. In addition, learning was
considered to occur entirely at the small test scale and to then be completely scalable to the full
development. In reality, as highlighted by Ash et al. (2014), some of the most substantial
challenges in past agricultural developments in northern Australia have come in the scaling up
phase. There is no guarantee that success at the level of an individual farm will necessarily scale
easily to establishing a large new industry in a location. This is particularly the case if success at the
farm level is based on taking advantage of case-specific opportunities that are not easily
duplicated at scale. Challenges in scaling up production could include the need for local processing
facilities, access to sufficient capital, establishing markets and supply chains, training and
recruiting skilled labour, availability of local support services, and building new transport and
utilities infrastructure to address bottlenecks. There would be a component of learning associated
with addressing these scaling challenges. An intermediate staging step, after the initial small-scale
testing, might help with this learning. Such intermediate stages are less amendable to
developments based on a large dam, but would be possible with more modular on-farm water
sources.

6.4

Potential benefits from industry synergies and integration

The final analyses considered how adding a processor to a scheme could affect its viability through
local value adding. A sugar mill was chosen for this example because of the large increase in the
value of processed products relative to the unprocessed cane. Three options were considered for
how a mill might be integrated into a scheme:
• a mill operating on a standard six-month harvest/crushing season, producing sugar only
• a mill operating on a six-month season with electricity cogeneration added
• a mill operating on an extended (earlier harvest) eight-month season with cogeneration.
Assumptions were the same as for the generic dam (Table 6-1) except that a specific scheme size
was used, details of sugar cropping were added, a sugar mill was added (with associated extra
streams of costs and benefits), and water supply was assumed to be 85% reliable with 77% of the
full yield available on average in the other 15% of years (Table 6-13). Although some specific
values had to be assumed for the purposes of the analysis, these should be considered as roughly
indicative, and the emphasis was on the relative comparison between options rather than
absolute values of results. Electricity cogeneration in remote locations (second and third mill
options) is particularly difficult in this regard (see Section 5.6), given how site-specific it would be
in terms of the grid it could connect to, the distances and terrain for that connection, other users
and generators that might also be connected, bottlenecks beyond the connection point,
integration of new power infrastructure considerations across the whole scheme, transmission
losses, prices paid for power, and how cogeneration at the mill would be configured and managed
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to fit in with these requirements. Such considerations were beyond the scope of this Assessment.
Rough costs are included in the assumptions below, which included a $20 million grid connection
cost. Wholesale electricity prices on the National Electricity Market (NEM) in Queensland, the
most likely market for a new mill, have more than doubled in the past five years, averaging about
$90/MW⋅h in 2017 and are projected to be about $80/MW⋅h in 2018 (AEMO, 2017).
Table 6-13 Assumptions used for incorporating a sugar mill into an irrigation scheme
Three options for integrating a mill were explored. Cogen = cogeneration of electricity from bagasse (fibre).
Water reliability was assumed to be 85% with a mean of 77% of the full yield available in the other 15% of years.
ITEM

UNITS

6mo SEASON
SUGAR ONLY

6mo SEASON
+ COGEN

8mo SEASON
+ COGEN

Scheme size
Scheme area

ha

Capital costs of water and land development

$ million

1Capital

$/ha

costs per ha

50,000

50,000

50,000

1,000

1,000

1,000

20,000

20,000

20,000

Cropping
Average area under cropping (1 in 5 year fallow)

%

80

80

80

Crop irrigation water use (before application losses)

ML/ha

10

10

10

Crop yield (excluding fallow years)

t cane/ha

120

120

120

Sugarcane CCS (sugar mill can extract from cane)

%

15.0

15.0

14.3

Sugarcane fibre content (affects rate mill crushes cane)

%

15.0

15.0

14.3

Farm variable costs of growing crop

$/ha

1,100

1,100

1,100

Farm variable costs of harvesting crop

$/t cane

8.00

8.00

8.00

Cane price (industry formula based on sugar price)

$/t cane

44.55

44.55

41.72

6

6

8

481

716

532

1,214

1,214

911

Processing
Length of crushing season

month

Mill capital cost

$ million

Mill throughput rate

t/h

Mill reliability (% time operational)

%

90

90

90

Cane transport costs (farm to mill)

$/t

3

3

3

Processing costs

$ million/y

34

35

35

Sugar transport costs (mill to port)

$/t

50

50

50

Raw sugar price

$/t

450

450

450

Net exported electricity generation (per t bagasse)

MW⋅h/t

na

0.5

0.5

Electricity transmission losses

%

na

5.0

5.0

Electricity sale price

$/MW⋅h

na

90 and 165

90 and 165

Source: information for mill processing costs provided by Phillip Jackson and James Joyce (August 2017, pers. comm.), as per Apx Table F-1
1 Water supplier development costs of $20,000/ha equate to a dam cost of $650/ML/year yielded at the dam wall (with 85% reliability), assuming
overall system efficiency of 55% (18 ML/ha/year water use at dam wall) and an additional $10,500/ha supplier development costs above

Renewable energy certificates (RECs) have traded at about $85 per large-scale generation
certificates (LGC, in units of MW⋅h) in 2017, but this is above the penalty rate ($65/MW⋅h) for
shortfalls in meeting the Renewable Energy Target (RET) and the future of RECs is not certain.
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Given the uncertainty in what electricity prices would be over the life of the project, analyses used
a conservative electricity price of $90/MW⋅h, but also used a price of $165/MW⋅h for comparison.
The third mill option considered potential synergies of tighter coupling between grower and miller
operations by extending the harvesting/crushing season length. Cane quality drops off rapidly if
cane harvesting starts earlier (penalising growers for lower CCS on the industry standard pricing
formula), but would allow a smaller, more efficient mill to be built (because operating a mill for a
greater proportion of the year would mean a lower cane throughput rate would be required).
Across all three mill integration options, results showed that proportional increases in revenues
from processed vs unprocessed products (54 to 84%) exceeded the proportional increases in
scheme capital costs from adding a mill (37 to 56%) (Table 6-14). Accordingly, scheme financial
returns increased substantially from a level that was unlikely to be viable at the farm gate (IRR =
4.0%) to an IRR of 5.1% with milling (6 month season with cogeneration) and an IRR of 6.6% at the
higher electricity prices (including LGCs). The latter level might start to become attractive to
investors if a location with the right mix of characteristics could be found with more favourable
costs and prices than those used in these rough assumptions, and if there was greater certainty in
pricing of renewable energy generation.
Table 6-14 Comparison of financial performance of an irrigation scheme with and without a sugar mill included
Three options for integrating a mill were explored. Cogen = cogeneration of electricity from bagasse (fibre).
Given the uncertainty in wholesale electricity prices, the comparison is repeated at the bottom of the table for an
alternate, higher electricity price (including large-scale generation certificates for renewable energy).
PERFORMANCE METRIC

UNITS

6mo SEASON
SUGAR ONLY

6mo SEASON
+ COGEN

8mo SEASON
+ COGEN

Scheme from dam to farm gate
Revenue from sugarcane

$ million

214

214

200

Total capital cost of development

$ million

1,297

1,297

1,297

Scheme IRR (farm gate)

%

4.0

4.0

2.8

Scheme from dam to port (including processing, applies to both electricity prices below)
Revenue from raw sugar

$ million

324

324

309

Revenue from molasses

$ million

6

6

6

Total capital cost of development

$ million

1,778

2,013

1,829

0

31

29

Scheme comparison: Processing vs Farm gate (price for cogenerated electricity = $90/MW⋅h)
Revenue from electricity (to node, after losses)

$ million

% extra capital spent

%

37

55

41

% extra revenue generated

%

54

69

72

Scheme IRR (to port)

%

4.2

5.1

5.0

0

56

54

Scheme comparison: Processing vs Farm gate (alternate price for cogenerated electricity = $165/MW⋅h)
Revenue from electricity (to node, after losses)

$ million

% extra capital spent

%

37

55

41

% extra revenue generated

%

54

81

84

Scheme IRR (to port)

%

4.2

6.6

6.5
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A comparison between the three mill integration options showed that a mill producing only raw
sugar was the worst option (IRR = 4.2%), and returns were little higher than those at the farm
gate, without processing (IRR = 4.0%). Cogeneration of electricity would likely be required to make
an irrigated sugarcane scheme viable. However, given the complexity and uncertainty associated
with doing this in a greenfield remote location, it would be important to determine costings and
risks in detail on a case-by-case basis.
Extending the harvest and crushing season to 8 months had a slight negative financial impact for
the scheme as a whole (reducing IRR by 0.1% points for both prices of electricity considered).
There were capital savings from having a smaller mill with a lower throughput rate (utilising mill
capital more effectively), but these were at the expense of having cane with lower CCS (so less raw
sugar was produced) and lower fibre (so slightly less electricity was generated). Overall the savings
in the mill capital costs were almost exactly offset by the lower quantity of outputs produced and
lower total revenue. The penalties to cane quality used for the extended season (-0.7% to CCS and
fibre) are uncertain since commercial cane is not currently harvested this early. If the penalty to
cane quality were less severe (or could be reduced by optimised management and breeding) then
it is possible that the cost savings at the mill could outweigh the lower quality of the cane
produced.

6.5

Achieving financial viability in a new irrigation development

This chapter considered four key determinants of irrigation scheme financial performance: capital
cost of development, farm performance, risk (and associated required level of investment return),
and value adding beyond the farm gate. This was framed within a set of base generic analyses that
calculated the break-even farm gross margins that would be required for investors to realise a
specified target rate of return across a range of development options with different scales of
capital investment. Designing a new irrigation project would require balancing these four factors
to find combinations that might collectively constitute a viable investment. In concluding, the
broad principles for balancing each of these factors is discussed below.
Lowest capital costs of development – cheapest water
As highlighted in the companion reports in this Assessment, developing water resources suitable
for irrigation in northern Australia is technologically challenging and opportunities are limited. The
costs of developing these resources vary widely (Petheram et al., 2017; Ash et al., 2018a, b, c),
such that even when technically feasible options are found, many of these are likely to be too
expensive for irrigation schemes. Capital costs of developing new water sources are high and are
the dominant determinant of scheme financial viability. Results suggest that development costs
above $15,000/ha would be difficult to cover from farm gate revenues alone. There is little that
potential investors can do in this regard other than focusing on the cheapest development
options. However consideration also needs to be given to ongoing maintenance and operating
costs, which are typically higher for lower cost, lower lifespan infrastructure (particularly where
assets are engineered to a lower standard).
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Highest farm gross margins – best crops and soils
Based on the assumptions in this chapter, farms with gross margins below $3000/ha would not
generate sufficient revenue to provide a 7% return on developments with capital costs above
$15,000/ha (equivalent to a water price of $157/ML at the farm gate), before accounting for the
negative effects of risks. Even this level of gross margin is beyond what could likely be achieved for
most broadacre crops investigated in this Assessment (Ash et al., 2018a, b, c). The companion
report on land suitability (Thomas et al., 2018) highlighted where the best soils for various farming
options are likely to be found, and Ash et al. (2018a, b, c) assessed a range of farming options,
including opportunities and constraints on maximising farm performance. Those reports can assist
investors in identifying soils and farming options with the potential to make the largest
contribution to covering the capital costs of developing new irrigation projects. For example, it
might be possible to lift average farm gross margins in a scheme if double-cropping systems could
be developed, or including some smaller scale, higher value options in the mix of crops (Ash et al.,
2018a, b, c).
There is a wider range of farming options that would be able to cover the ongoing operating costs
of a dam-based water supplier, and in most cases these options would be able to make some (but
not a full) contribution to the capital costs of development.
Reducing investor risk – making lower investor returns acceptable
There are numerous risks that confront large infrastructure projects, like new irrigation schemes.
The higher these risks, the higher the return an investor would likely require, raising the
performance thresholds a project would have to attain to be commercially viable. Conversely,
lowering those risks lowers the target revenues that the scheme would need to generate, which
could contribute to making a potential investment viable. One of those risks is the paucity of
background information required to develop new irrigation schemes in northern Australia. The
information provided in the companion reports in the Assessment is targeted at addressing this
information gap and reducing the uncertainty about the physical resources in the Assessment
area, and how they might be developed.
This chapter assessed the impacts of two types of risks on scheme financial performance: those
that lower farm performance through the early establishment and learning years, and those
occurring periodically and continuously. Setbacks that occur early on after a scheme is established
have the largest effect on scheme viability, particularly at higher discount rates. There is a strong
incentive to start any new irrigation development with well-established crops and technologies,
and to be thoroughly prepared for the anticipatable agronomic risks of establishing new farmland.
Periodic risks, such as reliability of water supply, are less easy to avoid. Risks that cannot be
avoided need to be managed, mitigated where possible, and accounted for in determining the
realistic returns that can be expected from a scheme. This would include having adequate capital
buffers to survive through challenging periods.
As noted in Chapter 2, another perceived risk for investors is that of uncertainty around future
policy and regulation changes. Reducing this, or any other sources of risk, would contribute to
making marginal investment opportunities more attractive.
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Value adding and synergies beyond the farm gate
Off-farm value adding and synergies could contribute to the viability of a scheme, in effect
addressing one of the above three factors, e.g. reducing the contribution that the farming
component of the scheme has to make to covering the capital costs of development; increasing
the price paid for commodities (or reducing water prices) to improve farm gross margins; or
reducing risk. The specific example explored was adding a sugar mill to an irrigated sugarcane
scheme, which demonstrated that the benefit from the higher value of the processed cane
exceeds the additional costs of building and running a mill. This also suggested that an additional
by-product, cogeneration of electricity, would likely be required if any such scheme were to be
viable.
Other synergies that could also be considered to improve scheme revenues or reduce costs would
include: multi-cropping (increasing net farm revenue by producing more than one crop from the
same field each year), local use of by-products (such as feed supplements for livestock), including
small-scale high-value crops in the mix of farms in a scheme, expanding the scale of a scheme with
extra dryland/opportunistic cropping around the irrigated core, improving transport infrastructure
and supply chains (reducing the disadvantages of remote locations), generating hydro-electric
power, and integration of farming industries (savings from synergies). Many of these options are
untested, so location-appropriate details would need to be developed and proven before they
could be seriously considered.
It should be noted however that the more complex a scheme becomes and the more strongly
interdependent components it has, the greater the risk that underperformance of one component
could undermine the viability of the entire scheme.
Conclusion
Ultimately no single one of the above factors is likely to provide a silver bullet to meet the
substantial challenge of designing a commercially viable new irrigation scheme. Bridging the
financial gap to viability would likely require contributions from each of the above factors, with
careful selection to piece together a workable combination. Indirect benefits and costs beyond the
irrigation scheme could also be important when considering public investment in new water
infrastructure. These are covered next.
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7

Regional-scale economic impact of irrigated
development

7.1

Introduction

Any water storage project designed to promote development is likely to have a significant impact
on the economic activity within the region over and above the impacts directly related to the
development itself. This is the case whether the development focuses on irrigated agriculture, or
aims to stimulate other industries with requirements for water. Developing a new irrigation
scheme in rural and remote parts of northern Australia would likely have a significant impact on
the economic activity within that region. However, with any development, there are also risks of
adverse impacts on the local economy. The potential regional economic benefits, risks and
mitigation strategies for new irrigated agriculture development in northern Australia are
quantified and discussed in this chapter. The chapter starts with a discussion of the selected
analytical approach, which uses multipliers and Input-Output (I-O) analysis to estimate the
regional economic benefits resulting from an exogenous economic shock to a region (such as a
new irrigated agriculture development) (Section 7.2). This approach is then used to estimate the
possible impact on regional economic activity that may result from such a development within
each of the I-O regions (briefly compared to associated study areas in Section 7.3), considering
both the annual benefit arising during the operational phase of the scheme and the one-off
benefit that may arise during the construction phase (Section 7.4). Finally, this chapter considers
the potential positive and negative impacts that an irrigated development could have on other
industries, over and above that estimated by I-O analysis, focusing on two specific examples, the
tourism and fishing industries (Section 7.5).
Some regional impacts are temporary (short term) and largely driven by the construction phase,
while other regional impacts are more permanent (longer term) as the irrigation scheme starts to
operate and expands the scale of agricultural industries in the region. The short and longer term
direct regional economic impacts are very different and require separate consideration.
Simplistically, the short-term direct benefits from the construction phase mainly relate to those
businesses, industries and communities that supply construction labour, materials and services,
while the longer term direct benefits will be felt within the agricultural sector, and any other
industries that are able to benefit from the increased supply of water.
The full regional impact of the economic stimulus provided by an irrigated agricultural
development project extends far beyond the impact on those businesses and workers directly
involved in either the short or longer term. Those businesses directly benefitting from the project
will need to increase their purchases of the raw materials and intermediate products for their
growing outputs. If they purchase some of these products within the region then this will
contribute to further regional economic growth. These impacts are known as production induced
effects. Furthermore, household incomes increase as a result of those local residents who are
employed as a consequence of the direct and/or production induced business stimuli. A
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proportion of this additional income is spent within the region, which further stimulates regional
economic activity. This additional economic activity is known as a consumption induced effect.
Accordingly, the larger the initial amount of money spent within the region, and the larger the
proportion of that money then re-spent locally, the greater the overall benefits that will accrue to
the region. Understanding the regional economic impact resulting from a new irrigated
agricultural or aquaculture development requires information about the financial links and
expenditure patterns of local firms and households. This enables an estimate to be made of the
total regional impact of the project including the direct spend of the project itself, plus all of the
production and consumption induced impacts on other businesses and households within the
region.
The size of the production and consumption induced benefits can be quantified by the regional
economic multiplier. Regional input-output (I-O) multipliers are summary measures used to
predict the total economic impact on all industries within a region, from a change in demand for
the output of any particular industry (McLennan, 1996). A larger multiplier indicates larger
regional benefits. For the analysis presented here, regional multipliers were derived from publicly
available input-output (I-O) tables, which summarise expenditure flows between industry sectors
and households within each I-O region. I-O analysis utilises these derived multipliers to illustrate
the wider economic benefits likely to flow from the income and output of particular sectors, here
predominantly focusing on construction in the short term and different types of agriculture in the
longer term. I-O analysis in general, and the I-O tables used here, are discussed in further detail in
Section 7.2 below.
The key output from the I-O models is the estimated value of the increased regional economic
activity (including the original increase to agriculture). However, the models also estimate the
increase in household incomes in the region. From this estimate the approximate number of jobs
represented by this increased economic activity can be calculated (including those directly related
to the increase in agriculture and those generated by the indirect production and consumption
effects). Thus, I-O models can be used to estimate the impact of the irrigation scheme on
employment, income and regional economic activity during each phase (development and
operational), encompassing all of the direct and indirect impacts expected as a result of the
scheme.
Not all of the expenditure generated by the scheme will occur within the local region. High levels
of leakage (that is the amount of direct and indirect spend made outside the region) reduce the
economic benefit within a region. Correspondingly, the greater the initial spend and subsequent
indirect spend retained within the region the greater the economic benefit, and the number of
jobs created, within the local region. However, a booming local economy can also create a range
of issues that can place upward pressure on prices (including materials, houses and wages) in the
region, negating some of the positive impacts of the development. In these situations, some
degree of leakage can reduce pressures on prices by diverting a proportion of the increased
activity to outside the region. Examples of possible price pressures that could result from regional
development projects include:
• Wages may rise if there is a shortage of local workers; this could be mitigated by use of FIFO (flyin fly-out) and DIDO (drive-in drive-out) workers (an example of leakage), or by increased
migration into the region. This issue is also unlikely to arise if the supply of labour is highly
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elastic (e.g. in a depressed economy where increased demand is met by previously unemployed
workers (McLennan, 1996)). If local unemployed or underemployed people could be engaged as
workers during the construction and/or operational phases of the development this could
reduce pressure on local wages and reduce the leakage resulting from the use of FIFO/DIDO
workers. A shortage of labour is more likely to arise during the construction phase (rather than
the longer term operational phase of the project), because the need for additional labour may
be more intense this phase. House prices or rents may rise if there is an influx of people to a
region, but this could be mitigated if construction workers are housed in temporary camps built
as part of the project.
• Prices of materials may rise if project purchases significantly increase demand in the region and
cause local shortages. These shortages could be mitigated by purchasing materials from outside
the region/state/country (another example of leakage). Furthermore, demand growth may not
result in significant price inflation if the increase is small relative to the entire market (reducing
crowding out effects) (Murti and Northern Territory Office of Resource Development, 2001).
Low prices may appear desirable in the short term. However, in the longer term, a period of
higher prices can stimulate local production allowing new and existing businesses to establish,
grow, and build local supply chains. If the development only focuses on short-term low prices,
then this will deprive the region of the longer term benefits from the development of local,
competitive businesses.
I-O analysis assumes that the level of interactions between local businesses, and the leakage
ratios, remain constant over time. Where governments intervene in a region’s development, these
assumptions may not be met. For example, policies such as the Queensland state-wide buy locally
campaign and the Western Australian Regional Buy Local Program (Commonwealth of Australia,
2015) may reduce the leakage from the regions.
This chapter starts by describing the I-O analysis approach (Section 7.2) and describing the three IO regions in relation to their respective study areas (Section 7.3). Results are presented and
discussed in Section 7.4, while Section 7.4.4 summarises the findings.
New irrigated development could have additional positive and negative regional economic impacts
beyond those captured in I-O analysis. The extra infrastructure in a region could provide new
opportunities for some businesses or could interfere with the natural resources underpinning
other local industries. Two illustrative examples of such impacts are provided at the end of this
chapter, one for tourism and one for prawn fisheries (Section 7.5).

7.2

Multiplier and input-output (I-O) analysis

Multiplier and I-O analysis uses I-O tables for a particular region to estimate the regional impact of
an exogenous shock to a regional economy. A development that provides a stimulus to irrigated
agriculture within a catchment is an example of one such exogenous shock to a region.
I-O models summarise expenditure flows and enable the estimation of these expenditures’ direct
and indirect economic impacts, enabling I-O analysis to utilise derived multipliers to illustrate the
wider economic benefits likely to flow from the income and output of particular sectors (Allen
Consulting Group, 2011; Jarvis and Stoeckl, 2016). I-O models can facilitate and inform the
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assessment of policy impacts (Gretton, 2013), enable wider benefits to be identified, and highlight
the sectors most/least likely to benefit from direct regional expenditures (Stoeckl, 2007).
I-O tables reflect the complex interdependencies between the various sectors of a modern
economy (Gretton, 2013). An I-O table is comprised of sub-matrices detailing the supply and use of
products at intermediate and final-demand levels, including imports and exports (McLennan,
1996). Inter-industrial I-O ratios are fixed (Allen Consulting Group, 2011). Users may disaggregate
primary and intermediate inputs, as well as intermediate and final outputs (for export or local
consumption by households or governments). Due to the model complexity and significant data
requirements, it is not unusual for I-O table preparation to take two or three years after the
reference period (McLennan, 1996).
I-O multipliers enable us to predict the total economic impact on all industries of a change in
demand for the output of any particular industry (McLennan, 1996). A number of multipliers can
be calculated to reflect different levels of effect. This report focuses on the total output multipliers
(referred to as Type II multipliers). Type II multipliers consider initial (direct) expenditure and intraindustrial ‘knock-on’ benefits along the business supply chain (as measured by simple output Type
I multipliers) as well as ‘knock-on’ effects linked to the local expenditure of (household) wages and
income (Jarvis and Stoeckl, 2016; McLennan, 1996).
I-O tables and associated multipliers can be constructed at a national or regional scale. With
national models, inputs and outputs by industry sector reflect national production and spending
patterns, while additional data reflect international imports and exports. Regional models,
however, require regional delimitation of national expenditure patterns. Additional data are
required to characterise inter-regional imports and exports and region-specific spending patterns
(Jarvis and Stoeckl, 2016). This is necessary as relationships between industries within a region are
not identical to those at the national scale. For example, firms in rural and remote areas may have
disparate access to production technologies, be less able to take advantage of economies of scale,
and face different relative input prices compared to their counterparts in developed urban areas
(Stoeckl, 2012). Typically, smaller and more remote geographic areas have smaller multipliers as
inputs and final household consumption is less likely to be locally sourced than in larger urban
centres (Jarvis and Stoeckl, 2016; Stoeckl and Stanley, 2009). A regional I-O model would ideally be
constructed from the bottom-up using local-level data, though regional disaggregation of a
national-level model is generally accepted practice. While national I-O tables are prepared
regularly by the Australian Bureau of Statistics (the most recent is the 2013–14 release (ABS,
2016)), regional I-O tables are created and updated less often. Thus, when conducting regional I-O
analysis, there is a trade-off between the use of outdated regionally specific information and more
recent, national-level data (Jarvis and Stoeckl, 2016). Regional specific models were chosen
because the regional context is vital in rural remote areas that likely have very different
characteristics compared to the rest of the country. For example, the regions under study include
a far greater proportion of Indigenous people compared to Australia as a whole. Previous research
based on small, remote communities has found that the expenditure patterns of Indigenous
communities differs from those of non-Indigenous communities (Stoeckl et al., 2013).
Furthermore, Indigenous Australians are less likely to be in formal employment and are
proportionally more likely to be employed within the public and health sectors than nonIndigenous residents (Stoeckl et al., 2011).
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There are a number of inherent limitations relating to the use of I-O analytical techniques
(discussed further in Jarvis and Stoeckl (2016)). The most significant of these weaknesses is that IO models assume fixed prices and ignore the effects of changes in demand on the prices of
products and services; i.e. the relative price changes likely to result from the reallocation of scarce
resources between industries (Gretton, 2013). Thus, supply side constraints are not taken into
account (Allen Consulting Group, 2011; Gretton, 2013); instead, unlimited labour and capital are
assumed to be available at a fixed price (McLennan, 1996). Simplistically, where the exogenous
shock being evaluated results in a small change relative to the existing economy this assumption is
acceptable and unlikely to result in significant bias in the results. However, if the shock results in a
large change relative to the existing economy the assumption is less appropriate. Generally, I-O
models (and regional I-O models, in particular) are thought to overstate the financial impact of
change. Furthermore, while I-O analysis may facilitate assessment of a project’s economic impact,
the analysis does not recognise other important elements of the triple bottom line (i.e. outcomes
relating to the environment and society) (Jarvis and Stoeckl, 2016). While some of the limitations
of the I-O approach may be addressed by use of the theoretically preferable computable general
equilibrium (CGE) model approach (Stoeckl, 2007), CGE models are also imperfect and I-O analysis
is widely used in practice. Indeed, the low sensitivity found when using CGE models in situations
with relatively small stimuli in previous similar northern Australian agricultural applications (Ash et
al., 2014; McKeller et al., 2013a, 2013b) was one of the rationales for adopting an I-O approach.
The regional analysis presented here is based upon pre-existing publicly available regional I-O
tables. Figure 7-1 shows the locations of the I-O regions relative to the Fitzroy, Darwin and
Mitchell catchments.
For the Fitzroy catchment, located within the Kimberley I-O region of northern Western Australia,
the source table used was developed for the Kimberley (Johnson, 2001). Johnson’s I-O table was
developed iteratively, using the Australian national I-O table (1994/95) to derive a table for
Western Australia. The latter was then used to derive the Kimberley I-O table (based on the
geographic borders for the Kimberley in 1994/95), supplemented by locally sourced data and
knowledge of the Kimberley region. The final table incorporated inputs and outputs for 38
industries operating within the I-O region. Further details on the methods and data used to
prepare this table can be found in Johnson (2001).
For the Darwin catchments, within the Northern Territory, an I-O table for the Northern Territory
(NT) was used. This table was originally prepared by the Centre for International Economics,
subsequently updated by Murti and Northern Territory Office of Resource Development (2001).
The NT I-O table utilises data from 1997/98 and incorporates inputs and outputs relating to 50
industry sectors operating within the region. See Murti and Northern Territory Office of Resource
Development (2001) for additional detail on the methods and data used to prepare this table.
For the Mitchell catchment, located within Far North Queensland (FNQ), the source table is one of
a number of regional I-O tables developed by the Queensland Government for ten different
regions across the state (Office of the Government Statistician Queensland Government, 2004).
The FNQ I-O region does not cover the entire Mitchell catchment (Figure 7-1) but was the best
geographic fit of existing I-O models. The FNQ I-O region uses boundaries as defined by the
Australian Standard Geographical Classification 1996, which differ from the current ABS regions.
These regional I-O tables were developed using data from 1996/97, and incorporate inputs and
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outputs relating to 34 industry sectors across the state. The accompanying report by the
Queensland Government noted that compilation of the tables was complicated by the paucity of
regional data (Office of the Government Statistician Queensland Government, 2004), and the
regional tables were thus compiled on a top-down basis, using the Queensland state-level I-O
table and a combination of empirical and synthetic data. Additional details on the methods and
data used to prepare the tables can be found in the Queensland Government report (Office of the
Government Statistician Queensland Government, 2004).
A limitation of this work is that the Fitzroy, Darwin and Mitchell catchments do not share the same
boundaries as the related I-O regions. It is therefore necessary to consider how well each of the
I-O regions represents its associated study areas. The Kimberley I-O region and the Fitzroy
catchment within it are similar in that both are remote rural areas and neither includes a major
city. The economies of the NT I-O region and the smaller Darwin catchments region are both likely
to be dominated by Darwin city, which falls within the boundaries of both regions. However the
larger I-O region includes a greater proportion of rural and remote areas. The FNQ I-O region may
differ the most from its associated study area because, unlike the Mitchell catchment, the FNQ I-O
region includes the major city of Cairns. A further limitation is that the work is based on I-O tables
compiled a number of years ago (as more recent data are not available). While a more current I-O
table would have been desirable, in general industry relationships within regions change slowly
and the multipliers generally remain fairly stable over time (McLennan, 1996).
Each of the I-O tables discussed above was based on the distinct inter-industrial configuration of
their respective region, incorporating different aggregation levels for different industry sectors. To
enable inter-regional comparison of the estimated multipliers, a standardised list of 22 industry
sectors has been prepared by aggregating the inputs and outputs for all sectors in each of the I-O
models. Details of the sectors combined through this aggregation process are set out in Table 7-1.
The analysis presented here utilises these three modified regional I-O tables. Each of the tables
captures economic activity across a large and varied region, with regions shown in Figure 7-1.
The total regional benefits from the operations of the irrigation scheme including all multiplier
effects (indirect production effects, and the consumption effects linked to the local expenditure of
(household) wages and income, in addition to initial direct effects) were estimated using I-O
analysis. The focus of the analysis was the four industries listed at the top of Table 7-1. The
benefits reported are the sum of the direct benefits from the development and the subsequent
‘knock-on’ effects.
The analysis also estimated increases to household incomes in each I-O region. This increase in
income was used to estimate the increase in jobs created in the I-O region (directly, and indirectly
through production and consumption effects), by dividing the total increase in household incomes
by the median income in the I-O region (based on 2016 census data). While this method results in
an imperfect estimate, it provides some guidance to the likely employment opportunities that
could result from development within each region.
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Table 7-1 Explanation of how the different industries from pre-existing I-O models were combined to form the
consistent 22 sectors used for this analysis for each I-O region
The four industries of most relevance to development of irrigated agriculture are listed in the top four rows.
FINAL 22 SECTORS FOR
INPUT-OUTPUT MODELS

KIMBERLEY –
ORIGINAL 38 SECTORS

NORTHERN TERRITORY –
ORIGINAL 50 SECTORS

FAR NORTH QUEENSLAND –
ORIGINAL 34 SECTORS

Dairy cattle

Agriculture excluding beef cattle

Pigs

Dairy cattle and pigs

Dairy, poultry and other
agriculture

Poultry

Sheep
Grains

Grains

Other agriculture
Services to agriculture;
hunting and trapping

Other agriculture
Sugarcane growing

Grains

Aquaculture, forestry, fishing

Commercial fishing and
aquaculture

Forestry and logging
Prawning

Forestry and fishing

Services to agriculture; hunting
and trapping

Aquaculture

Beef cattle

Beef cattle

Beef cattle

Beef cattle

Construction

Construction

Residential building

Residential building
construction

Accommodation and food services

Accommodation, cafes and
restaurants
Motion picture, radio and
television services

Arts and recreation services

Libraries, museums and the arts
Sport, gambling and
recreational services

Education and training and health care
and social assistance
Electricity, gas, water and waste
services
Financial and insurance services

Education
Health services
Electricity supply
Water supply; sewerage and
drainage services
Banking
Other property services

Other commercial fishing

Other construction

Other construction

Accommodation, cafes and
restaurants

Accommodation, cafes
and restaurants

Cultural and recreational
services

Cultural and recreational
services

Education, health and
community services
Electricity
Gas, water and sewerage
Finance and business

Education
Health and community
services
Electricity supply, gas and
water
Finance, property and
business services

Meat and meat products

Meat products

Bakery products

Other food, beverages and
tobacco

Food manufacturing

Other food products

Information media and
telecommunications

Communication services

Communication

Communication services

Machinery and equipment
manufacturing

Other machinery and
equipment

Machinery and equipment

Machinery, appliances
and equipment

Food, beverage and tobacco product
manufacturing

Crude oil
Oil and gas
Mining

Non-ferrous metal ores
Other mining
Services to mining

Gas
Bauxite

Coal, oil and gas

Gold

Non-ferrous metal ores

Uranium

Other mining

Manganese
Other non-ferrous metals
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FINAL 22 SECTORS FOR
INPUT-OUTPUT MODELS

KIMBERLEY –
ORIGINAL 38 SECTORS

NORTHERN TERRITORY –
ORIGINAL 50 SECTORS

FAR NORTH QUEENSLAND –
ORIGINAL 34 SECTORS

Other mining
Services to mining

Non-metallic mineral product
manufacturing

Other manufacturing

Cement, lime and concrete
slurry

Petroleum and coal
products
Chemical products
Non-metallic mineral
products
Textiles, clothing, footwear
and leather

Other manufacturing

Printing, publishing and
recorded media

Printing and publishing

Other manufacturing

Other services including personal
services

Scientific research, tech and
comp services
Services to business
Personal services

Other business services

Chemicals, petroleum and
coal products
Non-metallic mineral
products
Textiles, clothing and
footwear
Miscellaneous
manufacturing

Personal services

Personal and other
services

Ownership of dwellings

Ownership of dwellings

Community and other services
Ownership of dwellings

Ownership of dwellings

Primary metal and metal product
manufacturing

Metal products

Public administration and safety

Government administration and
defence

Alumina
Other metal products
Public administration and
defence
Road transport

Transport, postal and warehousing

Transport

Live cattle trade
Other transport and storage

Wholesale and retail trade

Wholesale trade, retail trade
and repairs

Wholesale and retail trade

Wood and paper product
manufacturing

Other wood products

Wood and paper products

7.3

Repairs

Metals, metal products
Government
administration and
defence
Road transport
Rail and pipeline
transport
Other transport
Trade
Wood and paper
manufacturing

Comparison of I-O regions to study areas

The three I-O regions covered within this regional economic analysis, Kimberley, Northern
Territory (NT), and Far North Queensland (FNQ), encompass much of northern Australia. In
addition to the regional I-O tables themselves, more recent data relating to the specific regions
covered by each regional I-O table were obtained from the Australian Bureau of Statistics (ABS).
Within the current ABS regional geographic system, the Kimberley I-O region is represented by a
single SA3 region, which matched the boundaries of the I-O table. The current ABS boundary for
the NT also matched the spatial boundaries of the NT I-O model. However, for the FNQ I-O region,
the current ABS boundaries differ: to obtain current data from the ABS for the geographic region
that matches the spatial boundaries of the FNQ I-O table, it was necessary to combine data for
two separate current ABS regions, the SA4 region named Cairns, and the SA3 region named Far
North (which falls within the larger SA4 region named Queensland Outback). The locations of the
Fitzroy, Darwin and Mitchell catchments and the larger I-O regions are shown in the map in
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Figure 7-1. This additional data were used to better understand the differing economic
circumstances of each I-O region, and to enable an estimate to be made of the number of jobs
that could be created across each region as a result of the regional economic impact of the
irrigated agricultural development.
The three economic I-O regions differ greatly with regard to physical size, and also have very
different socio-economic characteristics; some key data for 2016 relating to these I-O regions, and
comparative data for the associated study areas, are set out in Table 7-2. The scales of the regions
for the I-O tables are very different, both in terms of geographic scale and population. The NT is
far larger than the other regions and encompasses both rural and remote areas plus the major
regional city of Darwin; the Kimberley is far less populous than other regions, and does not include
any major regional cities; while FNQ comprises a mix of urban, rural and remote areas, including
the city of Cairns, the islands of the Torres Strait and Cape York. Such differences in scale are likely
to impact the number and range of businesses in each region, which impacts the multipliers.
Whereas a greater proportion of industry expenditure is expected to be local in a region with a
large number of different businesses (increasing the size of the multipliers), a region with fewer
businesses would likely import a greater proportion of goods from outside the region (reducing
the multipliers) (Stoeckl, 2007). As I-O regions are larger than the study areas, particularly for NT,
so the economic impacts actually within the study areas are likely to be smaller than that
estimated.
Table 7-2 Key 2016 data comparing each study area with the related I-O analysis region
ATTRIBUTE

FITZROY
CATCHMENT

KIMBERLEY
I-O REGION

DARWIN
CATCHMENTS

NORTHERN
TERRITORY IO REGION

MITCHELL
CATCHMENT

FAR NORTH
QUEENSLAND
I-O REGION

Land area (’000 ha)5

9,383

41,956

2,985

135,316

7,153

27,222

Population1

7,533

34,364

139,052

228,833

6,365

272,580

male1

49.8%

49.9%

52.5%

51.8%

57.6%

50.0%

% Indigenous1

65.1%

41.6%

9.0%

25.5%

25.8%

15.2%

Median age1

30

32

34

32

42

383

Median household income2

$66,144/y

$82,784/y

$110,760/y

$103,116/y

$51,272/y

$63,548/y4

%

ABS 2016a
ABS 2016c
3 The median age for Far North Queensland has been estimated based on the weighted average of the median age in the component subdivisions,
weighted by total population, as ABS no longer report data for the Far North Queensland I-O region
4 The median household income for Far North Queensland has been estimated based on the weighted average of the median household incomes in
the component subdivisions, weighted by number of households, as ABS no longer reports data for the Far North Queensland I-O region
5 ABS regional data retrieved from ABS website http://stat.abs.gov.au/itt/r.jsp?databyregion#/
1
2
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Figure 7-1 Regions used in the Input-Output (I-O) analyses relative to each of the three study areas

7.4

Results of I-O analysis

7.4.1

MULTIPLIER ANALYSIS

Generally, larger multipliers were found in FNQ and NT, which are the most populous and include
the major cities of Cairns and Darwin respectively. The smaller multipliers were generally found in
the Kimberley, which has a considerably smaller population and contains no major cities.
Wide variations can be seen in the size of the multipliers for different industries within an I-O
region (Figure 7-2), which indicates which types of industries could be more beneficial to that I-O
region. For example, the agricultural industries generated smaller multipliers than ‘wholesale and
retail trade’, but larger multipliers than ‘ownership of dwellings’. However, a simple comparison of
I-O multipliers can be misleading when considering different options for regional investment
because some impacts provide a short-term, one-off benefit (e.g., the construction phase of a new
irrigation development) while others provide a sustained stream of benefits over the longer term
(e.g., the production phase of a new irrigation scheme). A rigorous comparison between specific
regional investment options would require NPVs of the full cost and benefit streams to be
calculated.
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Agriculture Excl Beef Cattle
Aquaculture, Forestry, Fishing
Beef Cattle
Construction
Accommodation and Food Services
Electricity, Gas, Water and Waste Services
Financial and Insurance Services
Food, Beverage and Tobacco Product Manufacturing
Information Media and Telecommunications
Machinery and Equipment Manufacturing
Mining
Other Manufacturing
Petroleum, Coal, Chemicals & Non-Metallic Mineral…
Primary Metal and Metal Product Manufacturing
Transport, Postal and Warehousing
Wholesale & Retail Trade
Wood & Paper Product Manufacturing
Ownership of dwellings
Public Administration and Safety
Education and Training & Health Care and Social…
Arts and Recreation Services
Other Services incl personal services
Household incomes
0.0
Kimberley

0.5

1.0

1.5
2.0
2.5
Total type II output multipliers

Northern Territory

3.0

3.5

Far North Queensland

Figure 7-2 Multipliers for each industry within each I-O region
Shaded box highlights the multipliers used in the detailed analysis (agriculture and construction).

7.4.2

I-O ANALYSIS OF BENEFITS ARISING DURING OPERATIONAL PHASE OF
IRRIGATED AGRICULTURAL DEVELOPMENT

I-O analysis was applied to estimate the impact of increased agricultural output in each of the
three I-O regions. Impacts on the I-O regions were estimated for four scales of increase in
economic output ($25, $50, $100 and $200 million, chosen as indicative possible outcomes) in
each of three categories of agricultural activity (‘beef cattle industry’, ‘agriculture excluding beef
cattle’, and ‘aquaculture, forestry and fishing’). Impacts were quantified in terms of the total
increased economic activity (Table 7-3) in the I-O region and the associated estimate of increase in
employment (using the approach described above) (Table 7-4). Note that all results scale linearly
as the economic output of each type of agricultural activity increases; likewise, a linear decrease in
economic activity would result from a decrease in agricultural activity.
When applying the results of this analysis to a new irrigation scheme, based on the estimated
increased value of agricultural output, it is important to be aware of all underlying assumptions, as
explained previously. For example, the actual outcome may be quite different to that predicted by
the analysis if the mix of agricultural activities within the I-O region is changed significantly from
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that in existence when the original I-O table was derived. Furthermore, the I-O method is generally
considered to overestimate economic impacts so one is best to look at results relative to each
other (e.g. determining whether the impacts are larger for one sector than for another, rather
than focusing on the absolute size of the impact).
Table 7-3 Estimated regional economic impact per year resulting from four scales of direct increase in agricultural
output (rows) for each of three different categories of agricultural activity (columns) in each I-O region
DIRECT
INCREASE IN
AGRICULTURAL
OUTPUT PER
YEAR

TOTAL VALUE OF INCREASED ECONOMIC ACTIVITY IN I-O REGION
– DIRECT, PRODUCTION INDUCED AND CONSUMPTION INDUCED
($ MILLION)

($ MILLION)

Kimberley

Northern Territory

Far North Queensland

Type of agricultural development
Beef
cattle

Agriculture
excluding
beef cattle

Aquaculture,
forestry and
fishing

Beef
cattle

Agriculture Aquaculture, Beef cattle Agriculture Aquaculture,
excluding forestry and
excluding forestry and
beef cattle
fishing
beef cattle
fishing

25

38.4

39.8

45.1

51.3

36.5

70.4

51.0

52.4

48.9

50

76.7

79.6

90.1

102.6

73.0

140.8

102.0

104.8

97.9

100

153.4

159.3

180.2

205.3

145.9

281.5

203.9

209.5

195.7

200

306.9

318.5

360.5

410.5

291.8

563.0

407.9

419.0

391.4

As can be seen from the economic impacts (Table 7-4), an irrigation scheme that increases the
output of the ‘Beef cattle’ industry could have a larger impact on regional economic activity within
the NT I-O region than in the other I-O regions, while a scheme that promotes ‘Agriculture
excluding beef cattle’ could have a larger regional impact in FNQ I-O region than elsewhere. These
differences result from the different multipliers estimated for each of the different I-O regions.
Table 7-4 Estimated number of full-time equivalent jobs from four scales of increase in agricultural output (rows)
for each of three different categories of agricultural activity (columns) in each I-O region
DIRECT
INCREASE IN
AGRICULTURAL
OUTPUT PER
YEAR

TOTAL NUMBER OF ADDITIONAL FULL-TIME EQUIVALENT JOBS IN I-O REGION
– DIRECT, PRODUCTION INDUCED AND CONSUMPTION INDUCED
($ MILLION)

($ MILLION)

Kimberley

Northern Territory

Far North Queensland

Type of agricultural development
Beef
cattle

Agriculture
excluding
beef cattle

Aquaculture,
forestry and
fishing

Beef
cattle

Agriculture Aquaculture, Beef cattle Agriculture Aquaculture,
excluding forestry and
excluding forestry and
beef cattle
fishing
beef cattle
fishing

25

110

156

273

175

39

335

189

253

223

50

219

312

545

350

78

671

378

506

445

100

439

625

1,090

699

157

1,341

756

1,012

890

200

878

1,250

2,181

1,398

314

2,683

1,511

2,023

1,780
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Considering each I-O region separately, FNQ would appear to benefit most from developments in
‘Agriculture excluding beef cattle’, while the NT and Kimberley would both appear to benefit more
from ‘Aquaculture, forestry and fishing’ than from the developments in the other agricultural
sectors. This is because of differences in regional multipliers, as discussed above. As can be seen,
the size of the total regional impact estimated by the I-O analysis using the multipliers is a function
of the absolute size of the exogenous shock, and also the agricultural activities that benefit from
this shock, and the region within which the irrigated agricultural development is located.
As expected, the results for employment are closely related to those for impacts on regional
economic activity, but the two measures do reveal some differences (Table 7-3 and Table 7-4). For
example, ‘Beef cattle’ in the NT I-O region is estimated to generate a higher value of economic
activity than within FNQ I-O region, but FNQ is estimated to create the larger number of jobs from
‘Beef cattle’ in those two locations. This reflects the different multiplier effects, but also reflects
that the median incomes differ across I-O regions; an equivalent increase in household income
equates to more jobs in a lower income region compared to that of a higher income region. Some
caution needs to be exercised when comparing job numbers since higher employment impacts
could be associated with either an increase in total household incomes or lower salaries, so the
quality of those jobs may differ (and salaries for new jobs could differ from the current median for
the region). Moreover, job impacts would be different if enterprises in new developments were of
a markedly different type than those at the time the I-O tables were produced (late 1990s), e.g.
the low job creation for ‘Agriculture excluding beef cattle’ in the NT I-O region (Table 7-4) likely
represents the high proportion of backpacker and family labour used on small mango and Asian
vegetable farms in the late 1990s (neither of which would have been picked up in household
income statistics that underpin these employment estimates, and there has since been substantial
consolidation of horticulture in the region). Any additional full-time equivalent jobs arising in each
of the I-O regions may require additional community infrastructure (schools, health services etc.) if
workers move to fill these jobs from other parts of the country, resulting in population growth
within the I-O region. However, should these additional jobs be filled by currently unemployed or
underemployed people then additional infrastructure would not be necessary.

7.4.3

I-O ANALYSIS OF BENEFITS ARISING DURING THE CONSTRUCTION PHASE

While the initial cost of building irrigation infrastructure (and other related infrastructure such as
new roads) is a cost, it also increases regional economic activity by creating additional expenditure
within a region (thus putting additional cash into local peoples’ and businesses’ pockets). This
creates a fairly short-term economic benefit to the region during the construction phase, provided
that at least some of the expenditure is within the region and is not all lost from the region due to
leakage. To assess this economic benefit using I-O analysis it is necessary to estimate the size of
the exogenous shock to the local construction (and other impacted) sectors, and estimate from
the tables the degree of additional activity created within each region. However, to conduct this
analysis, in addition to estimating the size of the initial construction ‘shock’ it is also necessary to
estimate what proportion of that initial expenditure is made locally within the region rather than
leaking out by being spent on imports from elsewhere within the country or internationally.
For the size of the initial ‘shock’ to the economy caused by the construction phase, a scenario
approach has been adopted, assessing the impact in each region should construction occur at one
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of five possible different scales of development. The smallest scale of development modelled was
based around an estimate scheme capital cost of $0.25 billion. The larger scales of development
modelled assumed the scheme capital costs to be $0.5 billion, $1 billion, and $2 billion, with the
largest scale of development estimated at a scheme capital cost of $4 billion. These different
scheme capital costs at different development scales have been used elsewhere within this report.
These scheme total capital costs include costs of labour and materials required by the project.
Careful consideration was given to estimating the appropriate proportions of initial spend during
the construction phase that would actually be spent within the region. The costs incurred during
this phase will include labour, materials and equipment costs. For labour costs, it is likely that the
wages will be paid to workers sourced from within the region and from elsewhere, with the likely
proportion of labour costs relating to each source of workers being dependent on the availability
of appropriately skilled labour within the region. For example, a highly populated region with a
high unemployment rate is likely to be able to supply a large proportion of the workers required
from within the region; however, a sparsely populated region with a low unemployment rate is
more likely to need to attract many workers from outside the region, either on a FIFO/DIDO basis
or by encouraging migration to the region. Similarly, for materials and equipment, some regions
may be better able to supply a large proportion of these items from within the region whereas
construction projects in other locations may find they are unable to source what they need locally
and instead import significant proportion in to the region from elsewhere.
Accordingly, a review was conducted of information available on a number of water storage
developments either completed or proposed within Australia, using this information as a guide,
enabling an estimate to be made of the how the overall project cost may be split between spend
within the region and imports. Rather than select just one proportion, it was determined that the
information on other projects would be used as a guide to provide sensible values for three
different scenarios, indicating low, medium and high degree of initial spend being retained within
the local region rather than being lost as leakage (to elsewhere within Australia or overseas).
Some high-level information relating to four different water storage projects is set out in
Table 7-5.
Table 7-5 Indicative proportion of expenditure on project likely to be spent outside the local region for four projects
based on publicly available data
DAM LOCATION

Connors River Dam,
Central Queensland1

EXPECTED NUMBER OF
WORKERS

% OF WORKERS FIFO

% OF WORKERS FROM
NEARBY REGIONS

% OF LOCAL
WORKERS

Average of 570

40%

40%5

20%

200–250

Expect to recruit some
workers from interstate

Not discussed

Expect to recruit
some workers
locally

Ord River Irrigation
Scheme Stage 2, WA3

250–650 over 3 year
period

Majority – Workers
camp will accommodate
up to 650 workers

Not discussed

Minority

Nathan Dam, Central
Queensland4

Average of 275

70%

20%5

10%

Enlargement of Cotter
Reservoir, ACT2

Details from 2010 EIS. Includes construction workers for dam, pipeline and roads, plus workers for aggregate quarry and sand extraction
Details from 2009 EIS
3 Details from 2000 Draft EIS (although scheme is complete information on actual workers used has not been made available)
4 Details form 2012 EIS. Includes construction workers for dam, pipeline and roads, and support staff
5 Both cases appear to be referring to other regions within Central Queensland
1
2
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For Nathan Dam, included with Table 7-5, the environmental impact statement (EIS) also included
information regarding the source of plant and materials to be used within the project. A
breakdown of total expenditure by location was provided, enabling the proportions of spend in
local or other regions to be calculated; this information is set out within Table 7-6.
Table 7-6 Breakdown of expenditure by location for possible construction of Nathan Dam
Indicates potential leakage outside of the Central Queensland region where the dam would be located.
LOCATION OF SPEND

DAM $

PIPELINE $

DAM %

PIPELINE %

TOTAL %

Central QLD

422,500,000

258,582,090

65%

34%

49%

Other QLD

162,500,000

306,492,537

25%

41%

33%

Australia

65,000,000

150,000,000

10%

20%

15%

Overseas

0

34,925,373

0%

5%

2%

650,000,000

750,000,000

100%

100%

100%

Total

Based on these different projects it would appear that appropriate proportions of local
construction spend (labour and materials) to be sourced within the region (as opposed to being
imported, which has no impact on the regional economy) may be 65% (low leakage scenario),
50%, and 35% (high leakage scenario). However, it should be noted that for a very remote region
the potential exists for leakage to be higher than this high leakage scenario, resulting in a lower
benefit to the local regional economy. For the study areas and I-O regions considered here, they
are likely to be towards the high leakage end of the scale, as the Fitzroy catchment in particular is
far more rural and remote than the locations of the dams discussed in Table 7-5.
Utilising the five possible scales for scheme capital construction costs together with three possible
levels of spend to be made locally resulted in 15 different construction scenarios for each of the
three I-O regions. Each of these scenarios was processed through the I-O models, enabling
estimation of the potential regional benefit from the construction phase including the Type II
multiplier effects to include production and consumption impacts resulting from the initial shock
to the regional economy. The results of this analysis are set out within Table 7-7.
Table 7-7 Results of I-O analysis of construction phase of a water storage scheme designed to promote an irrigated
agricultural development within each I-O region
SCHEME-SCALE
CAPITAL COST $
BILLION

TOTAL REGIONAL ECONOMIC ACTIVITY WITHIN EACH I-O REGION AS A RESULT OF THE CAPITAL COST OF THE
SCHEME $ BILLION

Kimberley

Northern Territory

Far North Queensland

Proportion of total scheme-scale capital cost made locally within the I-O region
65%

50%

35%

65%

50%

35%

65%

50%

35%

0.250

0.31

0.24

0.17

0.33

0.26

0.18

0.36

0.28

0.19

0.500

0.62

0.47

0.33

0.67

0.52

0.36

0.72

0.55

0.39

1.000

1.23

0.95

0.66

1.34

1.03

0.72

1.44

1.10

0.78

2.000

2.46

1.89

1.32

2.68

2.06

1.44

2.88

2.22

1.55

4.000

4.92

3.78

2.65

5.35

4.12

2.88

5.76

4.43

3.10
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As can be seen from these results, the proportion of scheme construction costs spent within the
region, (indicating how much of the initial exogenous shock is retained within the region rather
than being lost in leakage to elsewhere) has a significant impact on the size of the regional
economic benefit experienced. Simplistically, the higher the proportion of initial spend actually
spent within the region, the larger the regional economic benefit received. Furthermore, the
benefits of the same amount of initial spend produces larger economic benefits in some regions
compared to others; this is due to the different local multipliers for different sectors and regions.
For example, the regional economic benefits of any particular scale of development are smaller in
the Kimberley than elsewhere (assuming the same proportion of initial spend is made locally) due
to the smaller multipliers within the Kimberley compared to FNQ and NT. However, the more
significant differences relate to the proportion of spend that is spent locally, and the absolute
amount spent; differences resulting from the different regional multipliers are relatively minor in
comparison.

7.4.4

CONCLUSIONS FROM I-O ANALYSIS

The analysis presented here provides an indication of the regional benefits that could arise within
each of the I-O regions as a result of a water storage development. These results have been
estimated based on generic assumptions as to the scale of the water storage development and the
scale of irrigated agriculture that may result, across three broad industries.
To understand the overall benefits that may arise from a particular development requires the oneoff benefits arising from the construction phase to be combined with the ongoing annual benefits
arising from the operational phase to enable the overall regional economic impact to be
estimated. It should be recognised that the benefits from the operational phase may take a
number of years to reach the expected level, as existing agricultural operations are adapted to
make full use of the opportunities presented by the irrigated water resource and new agricultural
enterprises are established; both existing and new operations can also be affected by learning
curve effects. Furthermore, the flow of annual benefits from the operational phase should be
discounted using an appropriate discount rate to estimate the present value of those future
benefits. It is important to note that the results presented here are based on illustrative scenarios
incorporating broad assumptions, and derived from I-O models developed for I-O regions that are
larger than the study areas, and are subject to the limitations of the method discussed in Section
7.2 above.
To provide an illustration of how these results can be combined and interpreted, an example is as
follows. If $2 billion were invested in an irrigated agricultural scheme within the NT I-O region, and
50% of this capital cost were spent locally, then the one-off total economic activity generated from
this construction within the NT I-O region would be $2.058 billion (from Table 7-7). Assuming this
development directly enabled $100 million of output per year on a continuing basis through the
lifetime of the irrigation scheme from the ‘Beef cattle’ industry, then the NT I-O region would
benefit from $205.3 million of economic activity recurring annually (from Table 7-3), generating
699 full-time equivalent jobs (from Table 7-4).
In conclusion, it is apparent that water storage development schemes to promote irrigated
agriculture could provide economic benefits to the three study areas, in terms of both increased
economic activity and jobs. The size of the total economic benefits experienced will depend on the
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scale of the development itself and the type of agriculture that is promoted. The multiplier
analysis clearly shows that it is not only scale, but source of supply that determines economic
impact. The more that is purchased locally, the bigger the community benefit. Furthermore, the
size of the benefits vary considerably across the different I-O regions, reflecting significant
variations in the regional multipliers. For example, the estimated benefits experienced by the
Kimberley I-O region as a result of the construction phase of a development project are smaller
than the benefits in the other I-O regions; the smaller geographic area, extreme remoteness of the
region, and existing economic structure of the Fitzroy I-O region are all factors that contribute
towards smaller multiplier effects from a construction project. Thus it is important to ensure that
the regional economic factors are fully taken into account within any analysis of an irrigation
development project.

7.5

Example impacts of irrigated development on other industries

Like any other type of development, irrigation schemes can have a range of unintended impacts,
both positive and negative, on other industries. Two illustrative examples, for tourism and prawn
fisheries, are provided below.

7.5.1

TOURISM

Introduction
Although input-output (I-O) analysis can capture the increased economic benefits generated by
increased production and consumption from a development, it cannot capture co-benefits, or
externalities, a development in one industry may create in another. This section outlines some of
the potential impacts that an irrigated agriculture development could have on tourism in northern
Australia. An irrigated agricultural development project could benefit the tourism industry by
decreasing barriers to growth, increasing accessibility, and increasing the attractiveness of the
regions to visitors; however, increased tourism can itself have both positive and negative effects.
Additional visitors would generate increased economic activity, and increase incomes and jobs,
but increased tourism is not a panacea to a region’s problems (Knowd, 2001). The tourism industry
itself can bring a range of environmental, economic and social costs to the host region (Greiner,
2010), and these costs and are often spread unevenly among stakeholders (Stoeckl et al., 2006).
For instance, rural remote tourism often lacks Indigenous engagement and participation (Greiner,
2010), and without appropriate engagement outcomes for the Indigenous communities from
tourism are negative (Smith et al., 2009). Others in the community (especially those who depend
on natural resources for their living or wellbeing such as fishers) may suffer a net loss from
tourism (Stoeckl et al., 2006), and the community broadly may experience higher local prices,
congestion, declining fish stocks and water pressures (Greiner et al., 2004).
Tourism: scale and appeal
Tourism is a considered a key contributing industry to economic growth in rural and remote
settings. In areas considered to be underdeveloped, or where traditional industries are in decline,
tourism has been promoted as a means of offsetting rural problems such as population decline,
and economic decline in agricultural industries (Ecker et al., 2010; Knowd, 2001; Mahadevan,
2014; Sorensen and Epps, 2003). Northern Australia offers a range of rural and remote tourism
176 | Irrigation costs, benefits and risks

experiences, activities, and attractions for visitors. The appeal of northern Australia stems from
the natural environment, including iconic natural attractions (Knowd, 2001; Larson and Herr, 2008;
Mahadevan, 2013) and World Heritage Areas (Clark et al., 2009); unique Indigenous culture (Clark
et al., 2009), including art and crafts, cultural centres, and cultural history (Knowd, 2001);
historical and contemporary non-Indigenous culture (Clark et al., 2009), including the chance to
enjoy the ‘outback’ way of life (Mahadevan, 2014); and the opportunity for travel-based tourism,
including 4WD tourism (Carson et al., 2009; Carson and Taylor, 2008; Larson and Herr, 2008) and
caravan or campervan travel popular among ‘grey nomads’ (Mahadevan, 2013).
Irrigated agricultural development in the Fitzroy, Darwin and Mitchell catchments are likely to
offer different potential benefits for tourism. Generally there are more opportunities for cobenefits in regions with a small and undeveloped tourism industry (e.g. operating in only a few
market segments). The scope and scale of co-benefits will be less in regions with large and welldeveloped tourism industries. Tourism data are not available for the Fitzroy, Darwin and Mitchell
catchments specifically; instead data for the larger ABS SA2 regions, or the larger still Tourism
Research Australia regions, had to be used. ‘Australia’s North West’ tourism region is most
relevant to the Fitzroy catchment, and the relevant ABS SA2 regions for this study area are ‘DerbyWest Kimberley’, ‘Halls Creek’ and ‘Kununurra’. The locations of the study area, tourism region
and smaller ABS regions can be seen in the map in Figure 2-2 in the study area profiles (Section
2.2). Two adjacent tourism regions, ‘Darwin’ and ‘Kakadu Arnhem’, are relevant to the Darwin
catchments. While all of the Darwin tourism region is relevant to the Darwin catchment, the
Kakadu Arnhem tourist region is large and the relevant portion is largely within the ABS SA2 region
of ‘Alligator’ (Figure 2-5). The Mitchell catchment falls entirely within the much larger ‘Tropical
North Queensland’ tourism region, and the smaller ABS SA2 region of ‘Tablelands’ overlaps much
of the study area (Figure 2-8).
The tourism industry within Australia’s North West tourism region is very small but growing faster
than tourism in Western Australia more broadly. The tourism industry within the Darwin and
Kakadu Arnhem tourism regions is fairly stagnant, and very small compared to Australia as a
whole, and in decline since a peak in 2008–2009. Tourism within the Tropical North Queensland
tourism region is much more significant (and has seen growing visitor numbers since 2010) as this
region includes the large tourist focused city of Cairns, and attractions of the region to tourists
include the Great Barrier Reef and the Wet Tropics World Heritage Areas; however, the Mitchell
catchment is likely receive a very small portion of these visitors. Detailed descriptions of tourism in
each study area can be found in Chapter 2. Across northern Australia, Carson et al., (2009)
identified a trend towards increased urbanisation and found a decline in tourist dispersion across
the region, and proposed that more remote areas will need to develop small-scale targeted
tourism developments focusing on activities such as fishing or ecotourism.
Increasing numbers of work-related visitors is a potential co-benefit between an irrigated
agricultural development and tourism. People who travel for work-related purposes are an
important part of Australia’s overall visitor numbers. Between 2000 and 2015, the key reasons
people reported visiting the tourism regions relevant to the Fitzroy, Darwin and Mitchell
catchments were for holidays, visiting family and friends, and work. Work-related visitors are a
particularly important group because they are subject to different drivers than the other groups.
In Queensland and WA, around 20% of total visitors report that their travel is work related,
whereas in the NT 34% travel for work. Growth in tourism in the Australia’s North West has been
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fuelled by workers (probably in mining or construction) rather than due to traditional tourists
(Figure 7-3). In fact, the number of work-related visitors may be obscuring stagnating performance
in the traditional tourism industry, particularly around Darwin.
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Figure 7-3 Proportion of visitors to tourism regions, and to relevant ABS SA2 regions within those tourism regions,
reporting that the purpose of the visit was work related
Only those regions for which the proportion exceeds 20% on average over the time period are shown as work is a less
important driver of visitor numbers in other regions. See Figure 2-2 and Figure 2-5 for maps of tourism and ABS
regions. Source: Tourism Australia survey data.

The potential for irrigated agricultural development provide co-benefits to tourism in rural and
remote regions of northern Australia
An irrigated agriculture development can assist the tourism industry by reducing some key barriers
and adding new opportunities. The rural, remote, and challenging nature of northern Australia,
and the Assessment area specifically, creates barriers to successful tourism operations. Critical
barriers include geographic isolation from other tourist destinations and from major population
centres (Clark et al., 2009; Sorensen and Epps, 2003); harsh climates and landscapes (Sorensen
and Epps, 2003; Larson and Herr, 2008); challenges to successfully engaging Indigenous
communities in tourism (Altman and Finlayson, 2003; Clark et al., 2009; Smith et al., 2009); lack of
tourism infrastructure and amenities (Clark et al., 2009); restrictions to fishing-based tourism due
to pressure on fish stocks in some locations (Clark et al., 2009); the large portion of the region
under ownership structure of native title and/or pastoral leases (Clark et al., 2009) restricts access
to the land by visitors and by developers; and potential conflict between the needs of tourism
development and the needs of other sectors of the economy, including agriculture, aquaculture,
commercial fishing, mining (Clark et al., 2009).
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Travel-based tourism

Any irrigated agricultural development is likely to be accompanied by upgrades to local transport
infrastructure, reducing the problem of geographic isolation. The construction phase of any
development will likely require new roads and/or upgrades of existing roads to bring construction
materials and equipment to the site. Improved transport and communication to rural areas
facilitates rural tourism (Knowd, 2001), and identifying and investing in appropriate infrastructure
is a key step for destinations aiming to grow their tourism industry (Prideaux, 2000). Enhanced
infrastructure will enable additional visitors to access the region where previously they could not,
or would not have chosen to, because of poor/non-existent roads. Enhanced roads will, however,
may have less of an impact on interstate and international visitors who have a preference for air
travel (Prideaux, 2000).
Travel-based tourism will benefit particularly from increased/enhanced road infrastructure.
Travel-based tourism encompasses travel where the journey itself is as important as the
destination, mostly in the self-drive recreational vehicle market. Retirees are a growing market
within Australian tourism, and particularly to rural and remote areas. They generally have the time
and money to travel and tend to choose self-drive road trips (Sorensen and Epps, 2003), take
longer trips compared to other tourist segments, and visit a range of different locations on their
travels (Economic Development Committee, 2011; Mahadevan, 2013). Grey nomads, classified as
older retired or semi-retired people who travel for all or part of the year throughout Australia
driving a caravan, recreational vehicle (RV) or similar vehicle (Economic Development Committee,
2011) are important to the travel-based tourism industry.
For travel-based tourism to realise the potential benefits from irrigated agriculture development,
the tourism industry will need to provide other crucial amenities. Alongside enhanced roads,
scenic, historical and cultural amenities are essential (Knowd, 2001). Investment may be in caravan
related infrastructure such as power and water hook ups, and provision of grey water dump sites
(Mahadevan, 2013), along with ensuring the availability of sufficient accommodation places in
caravan parks (Mahadevan, 2014). Some of this infrastructure development could be combined
with irrigated agriculture development. For instance, developing new routes or upgrading of
existing routes, provides an opportunity to build more rest areas and stopping places for travellers
(Economic Development Committee, 2011), and specifically for creating RV-friendly amenities.
Specifically, offering free/cheap parking and tailored facilities for RVs can be an important
attraction for both grey nomads (Wu and Pearce, 2015) and free campers (Jones, 2016), who
prefer ‘no-frills’ camp sites, and who travel cheaply and spend money elsewhere in the region (e.g.
on tours, souvenirs or meals).
The co-benefits between an irrigated agricultural development and grey nomad travel tourism will
vary by region. For example, in the Gulf of Carpentaria, a rural and remote region of Queensland,
research showed that retirees spent less overall, and had a smaller economic impact than other
visitors on a per visitor day comparison (Stoeckl et al., 2006). However, for the Kimberley, retirees
spent more than non-retirees, likely because retirees visiting the Kimberley tend to be wealthier
(Greiner et al., 2005). Additionally, although grey nomads may spend less per day than other
tourist groups, this may be offset by their longer stays and longer time spent travelling (Economic
Development Committee, 2011).
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Agri-tourism and lake-based tourism

An irrigated agricultural development could expand attractions and activities that encourage
increased visitor numbers and visitor spend to the region. New or expanded tourism segments
could include agri-tourism, where visitors are attracted to the agricultural activities and produce of
a region, or lake-based tourism where people visit for fishing, boating, and swimming. Many
visitors to the study areas report fishing during their trip (Figure 7-4), and recreational fishing
contributes economic and social benefits to Australia more broadly (Recreational Fishing Advisory
Committee, 2011). A higher proportion of international visitors to the ABS regions that encompass
the Fitzroy catchment report fishing compared to other regions, whereas domestic visitors are
more likely to report fishing if visiting the ABS region encompassing part of the Mitchell
catchment.
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Figure 7-4 Proportion of visitors to tourism regions and related ABS SA2 regions reporting that they went fishing
during their visit
See Figure 2-2, Figure 2-5 and Figure 2-8 for maps of tourism and ABS regions. Source: Tourism Australia survey data.

The location of a new dam will shape its potential co-benefits with tourism. It is likely that a new
dam within close proximity of one or more large population centres will receive more visitors than
a similar dam that requires longer travel times. The Fitzroy and Mitchell catchments both lack
close proximity to major population centres and this is likely to reduce the attractiveness of a new
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dam for day/short stay trips by fishers, although the attractiveness of such a dam could be
increased if it is located on route to or close by other tourist attractions. A new dam within the
Darwin catchments may offer greater opportunities for day/short stay trips by fishers due to the
relatively close proximity to the population centre of Darwin.
Potential costs to tourism from irrigated agricultural development
An irrigated agriculture development may negatively impact the social ambiance and natural
environment of adjacent areas, and adversely impact tourist experiences and thus the tourist
industry (Mahadevan, 2013). Irrigated agricultural development risks adversely impacting the
tourism industry if it impacts the natural environment. Environmental quality has been found to
be important to tourist satisfaction and their likelihood of returning (Jarvis et al., 2016),
particularly where tourists perceive there to be substantial degradation compared to the
original/natural state (Brau and Cao, 2008). Furthermore, overdevelopment (e.g. too much
alteration of the landscape and lack of natural environment) contributes strongly to tourist
dissatisfaction and reduces the likelihood that a tourist will return (Alegre and Garau, 2010).
The development of tourist and transport infrastructure and amenities could negatively impact on
ecosystems and the ecosystem services provided (e.g. water levels in rivers and aquifer need to be
maintained but could be stretched by needs of additional tourists and their related amenities)
(Clark et al., 2009). Many tourists report gorges, waterfalls and scenery, remoteness/wilderness,
adventure and isolation/few people (Greiner et al., 2005), along with the opportunity to 4WD on
the mainly unsealed Gibb River Road (Greiner et al., 2005; Larson and Herr, 2008) as key reasons
to visit the Kimberley. In addition, they were satisfied with the current low level of infrastructure
and services offered, as they felt this was essential to the adventure/wilderness character of the
destination (Greiner et al., 2005). Developing improved transport amenities may therefore not
appeal to current visitors (Greiner et al., 2005; Larson and Herr, 2008), and a careful balance is
required between developing increased transport infrastructure to draw in more tourists
(Khadaroo and Seetanah, 2007) without over-developing which would have the opposite effect.
Moreover, increased visitor numbers can also cause issues that can impact the longer term
economic sustainability of the tourism industry. These include traffic related issues such as parking
problems (Knowd, 2001); increased traffic and road congestion (Greiner, 2010; Greiner et al.,
2004; Knowd, 2001; Larson and Herr, 2008); and increased litter, rubbish and mess (Greiner, 2010;
Greiner et al., 2004; Knowd, 2001; Larson and Herr, 2008; Smith et al., 2009). Dissatisfied tourists
are both unlikely to return themselves or recommend the location to others (Jarvis et al., 2016).
The economic benefits from tourism growth may also be smaller, or even negative, if there is a
significant change in the tourist mix, which is common as a tourism region develops. For example,
the loss from fewer high spending ecotourists seeking authentic and exclusive experiences may or
may not be offset by more grey nomad visitors. Visitor numbers are not the only driver of tourism
profitability. In fact, a region could experience increased visitor numbers accompanied by a
reduced average spend per visitor (Butler, 1999).

Chapter 7 Regional-scale economic impact of irrigated development | 181

7.5.2

IMPACTS OF WATER EXTRACTION ON THE FISHING INDUSTRY

An example of a negative indirect economic impact of irrigation development would be where
water extraction reduces river flows, negatively affecting downstream ecosystem services and
industries that rely on them (Bayliss et al., 2014). This particularly relates to fishing industries that
operate in coastal waters adjacent to catchments where irrigated agriculture may be developed
such as those within the Northern Prawn Fishery (NPF), a commercial multi-species prawn trawl
fishery.
The development of irrigation and water systems adjacent to the NPF, particularly the Gulf of
Carpentaria, may affect fresh water flows through estuaries and consequently, the catch rates for
fishers with statutory rights to operate in managed coastal fisheries. There is uncertainty
associated with the impacts of changing water flows on the actual catch rates, due in part to
fluctuations in rainfall and climate, which makes this estimation complex. A past assessment of
banana prawn fishing in the Gulf of Carpentaria estimated a reduction in catch rates of between 3
and 13% given similar water extraction activities in nearby catchments, although this was
suggested as an overestimate (Bayliss et al., 2014). It is possible that operators would be able to
offset some of this impact by reallocating fishing effort to other regions in the Gulf of Carpentaria
if there were reductions in catch rates through the season. The purpose of this analysis is to
investigate the current behaviour of trawl operators in the region to determine whether changing
catch rates do influence decisions to reallocate fishing effort to other locations.
Summary of the Northern Prawn Fishery
The Northern Prawn Fishery (NPF) spans the northern Australian coast between Cape Londonderry
in WA to Cape York in Queensland (Kompas et al., 2010). It is among the most valuable fisheries in
the country, managed by the Australian Government (via the Australian Fisheries Management
Authority) through input controls i.e. gear restrictions (number of boats and nets, length of nets)
and restricted entry. Like many tropical fisheries, the target species exhibit an inshore/offshore
larval life history and are dependent on inshore habitats including estuaries during the postlarval
and juvenile phase (Vance et al., 1998). Monsoon-driven freshwater flood flows cue juvenile
prawns to emigrate from estuaries to the fishing grounds and flood magnitude explains 30 to 70%
of annual catch variation, depending on catchment region (Vance et al., 2003; Buckworth et al.,
2014).
Initially consisting of over 200 vessels in the late 1960s, the number of vessels in the NPF has
reduced to just 52 trawlers and 19 licensed operators after management initiatives including effort
reductions and vessel buy-back programs (Dichmont et al., 2008; Kompas et al., 2010). Fishing
activity for banana and tiger prawns, which constitute 80% of the catch, is also limited to two
seasons: a shorter banana prawn season between April to June, and a longer tiger prawn season
from August to November. The specific dates of each season are adjusted depending on catch
rates. Banana prawns generally form the majority of the annual prawn catch by volume.32

32

Key target and by-product species are detailed by Woodhams J, Larcombe J and George D (2011).
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Dambacher et al. (2015) details the species and catch rates fluctuations between the banana and
tiger prawns.
The catch is often frozen on-board and sold in domestic and export markets. The catch from the
NPF was valued at $106.8 million in 2015 by the Australian Fisheries Management Authority
(AFMA). 33
Method
This work adapts part of the methodology developed by Smith (2002). In his paper, two
econometric methods are presented to model and predict choices of ‘resource harvesters’, in this
case fishers, given changes to catch rates within a region.
Using part of his first method, a seemingly unrelated regression (SUR) model was developed. This
model utilises a series of share equations representing each fishing region to capture the spatial
dynamics and decision making of a fisher whereby the catch shares in each period would sum to
one. The effort share, si is therefore a constant, αi, and the sum of net differentials between each
NPF region; assuming there is an additive error, εi. If there are no differentials, all constants across
shares in each region sum to one.

si = α i + ∑ γ i , j ∆NRi , j + ε i

(2)

∀j ≠ i

Instead of deriving differentials using all fishing regions, the differentials were only derived in
patches that shared a border, i.e. were contiguous. Given that the NPF is not an entirely linear
fishing region, this resulted in different numbers of differentials per region, e.g. the JosephBonaparte Gulf (JB) region only shared one fishing border with Cobourg-Melville (CM) unlike North
Groote (NG) that shared five borders.
Also, unlike the study by Smith (2002), catch shares were used instead of revenues as only one
species was investigated and a price transformation would be relatively consistent across all the
NPF regions and time periods. This method also helps to make a direct connection between
changing catch rates, caused by changes in water flow, to the change in effort shares to fish in
another NPF region.
Data description
This analysis utilises data from the banana prawn fishery in the NPF region between 2007 and
2015. The data was from the shorter April to June harvest season, between weeks 13 and 25 of
the calendar year. The number of weeks varied from year to year based on changes to access to
the region. The data was obtained from AFMA.
The data used covers 11 fishing regions in the NPF defined by spatially separate catch distributions
(Dichmont et al., 2008; Buckworth et al., 2014). The spatial distribution of the 11 NPF regions is
shown in Figure 7-5.
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http://www.afma.gov.au/fisheries/northern-prawn-fishery/
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Figure 7-5 Map of regions in the Northern Prawn Fishery (NPF)
The regions in alphabetical order are Arnhem-Wessels (AW), Cobourg-Melville (CM), Fog Bay (FB), Joseph-Bonaparte
Gulf (JB), Karumba (KA), Mitchell (ML), North Groote (NG), South Groote (SG), Vanderlins (VL), Weipa (WA), WestMornington (WM). Source: Dambacher et al. (2015).

The variables used were the catch (in kg), and effort units (both hours and days). The summary
statistics for this data are presented in Table 7-8. It is evident that the Mitchell NPF region
contributes the second highest average catch of banana prawns in the NPF, with the neighbouring
Karumba NPF region being the highest.
In the SUR analysis, zero values for catch and effort would not allow the model to be estimated.
Hence, a minimum value for catch and effort across all years was assigned to respective zero
values.
The data were arranged into weekly periods of each year. Based on different lengths of fishing
seasons, a total of 100 different time periods were included in the analysis.
Average catch and effort shares were derived from the data, which were the proportion of total
values for each observation per week of the year. Based on model fit (by Akaike’s Information
Criterion or AIC), the average shares per day were used in the analysis.
Finally, dummy variables for each year and week were included. This was to capture any
interactions based on yearly and weekly changes to each region, e.g. changing water
temperatures, effects of a longer fishing season, and changing behaviour through each week of
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the season. The interactions reduced the marginal effect of the intercept term or constant, αi, and
were found improve model fit across all share equations according to R2 values.
Table 7-8 Summary statistics of variables used in analysis
REGION (ABBREVIATION)

MEAN CATCH
(kg)

STD-DEV
CATCH (kg)

MEAN
(hours)

STD-DEV
(hours)

MEAN
(days)

STD-DEV
(days)

Arnhem-Wessels (AW)

28,781.26

42,954.95

57.00

67.73

25.18

25.18

Cobourg-Melville (CM)

46,333.26

46,363.9

243.30

293.93

40.27

36.50

Fog Bay (FB)

22,173.48

23,384.83

36.96

37.29

15.59

11.10

Joseph-Bonaparte Gulf (JB)

25,151.47

44,045.88

211.97

371.05

21.16

26.17

Karumba (KA)

124,233.33

199,318.06

225.85

246.53

59.07

50.03

Mitchell (ML)

99,075.22

129,718.50

140.97

167.73

56.76

46.48

North Groote (NG)

534.36

1,191.15

1.64

3.93

1.36

0.57

South Groote (SG)

8,907.90

15,292.75

16.32

24.08

6.34

6.30

Vanderlins (VL)

19,633.52

32,832.57

35.16

57.24

12.40

13.94

Weipa (WA)

44,389.53

92,818.48

90.46

170.48

22.43

31.03

West-Mornington (WM)

39,859.75

61,705.05

89.33

80.94

23.77

19.85

Results
An initial assumption was that the development of irrigation infrastructure in the Mitchell
catchment would drive increased effort in the Karumba NPF region to compensate for the
potential loss in catch in the former. 34 This was substantiated when interpreting the coefficient
estimates 35 for catch differentials between the two regions. The positive (and significant)
coefficient estimates suggest that a decrease in catch in the Mitchell NPF region (and therefore
increase in catch differential with Karumba) would result in an increase in effort in the Karumba
region.
These estimates could be then be used to illustrate the change in effort from a corresponding
change in catch rates. There is uncertainty associated with the impacts of changing water flows on
the actual catch rates, due in part to fluctuations in rainfall and climate, which makes this
estimation complex. A past assessment of banana prawn fishing in the Gulf of Carpentaria alluded
to reduction in catch rates between 3 to 13% given similar water extraction activities (Bayliss et al.,
2014). The results from the model were used to estimate how much operators in Mitchell NPF
region would shift their effort to other regions if catch rates in the Mitchell NPF region declined.
Both a representative (10%) and an extreme (50%) value were used for declines in catch rate to
test how patterns of effort would change. Assuming no change to catch rates in Karumba, these
indicative changes in catch would represent changes to the catch differentials as well. These were

34 This assumption was based on the ranking distributions of effort and catch shares (shown in Appendix A) across the three highest regions being
similar.
35

The estimates from the econometric modelling are presented in Appendix A.
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multiplied by the coefficient estimates of the catch differentials to yield and average change in
effort for each week of the fishing season, illustrated in Figure 7-6.
The plot and trends indicate that the increase in effort in the Karumba NPF region for a change in
catch in the Mitchell NPF region is minimal, with a 10% decrease in catch in the latter resulting in
only about a 5% increase in effort share in the former. Even for an extreme case of a 50% decrease
in catches in the Mitchell NPF region, fishing effort between NPF regions shifted by only 10%. The
trends also indicate that the increase in effort in the Karumba NPF region decreases as the season
progresses and this is likely the result of an overall decreasing stock reducing the catch
differentials between the two NPF regions.
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Figure 7-6 Average percentage change in effort shares in Karumba NPF region from corresponding decrease in catch
in Mitchell (ML) NPF region (10% and 50% decreases)
The decreasing trend in the figure is the result of overall decreasing catch rates as the fishing season progresses,
thereby reducing the catch differential between the two regions. However, a key finding was that when this
differential is the highest at the start of the season, operators are not as responsive to the catch differential to
reallocate effort away from the Mitchell NPF region.

Therefore, based on current behaviour in regards to effort allocation with changing catch rates, it
would seem that trawl vessel operators are not very responsive and may have minimal capacity to
offset losses associated with any decreases in catch rates. For a more realistic fall in catch of 10%,
this could be a loss of between $112,000 and $197,000 per season 36 from the Mitchell NPF region.

36

Based on an indicative price of $14.18/kg, which is the latest average price for banana prawns caught in the NPF in 2016 (Patterson et al., 2017).
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Discussion and conclusion
The findings from this analysis suggest that based on current effort allocation and behaviour to
location choice, trawl operators in the banana prawn fishery in the NPF do not seem as responsive
to changing catch rates between contiguous regions. The choice of allocating effort at a fishing
location is likely influenced by factors outside of just catch rates, which were not investigated in
the modelling. This can include habitual patterns, perceived or expected catch rates, distance to
landing ports, and fuel costs (Tidd et al., 2012).
Therefore, if river flows through estuaries, and hence catch rates, in the NPF are impacted by
irrigation development, the reallocation of fishing effort will likely occur from one season to the
next as operators gain information about changing catch rates (in addition to all the other factors
involved in planning fishing activities) to inform and alter existing fishing efforts. Changing location
choices within a season will be particularly influenced by costs of relocating effort (i.e. fuel). This
will be unlikely as the associated financial and opportunity costs are high given the uncertainty of
the underlying impacts on catch rates. It must also be noted that the lack of concrete information
on direct impacts from water storage development in the region on catch leaves consequences
uncertain for the industry, with potential costs and lost revenue being borne in the initial
season(s) post-development.

Chapter 7 Regional-scale economic impact of irrigated development | 187

This page intentionally left blank

Part IV Key messages
The purpose of this report was to provide information on the costs, risks and benefits of new
irrigated development in three locations across northern Australia, at both scheme and regional
scales. In doing so, additional information was provided on the social, legal, regulatory and policy
requirements that developers would need to consider and meet.
The overall conclusion of this report is that it would be challenging to find opportunities for new
irrigated agriculture in the Assessment area that met regulatory requirements and gained
stakeholder support while also providing a financial rate of return to investors commensurate with
the level of risk involved. Revenue at the farm gate from broadacre cropping alone would be
unlikely to fully cover the costs of new irrigated development. It is more likely that any case to
justify new developments would rely on additional benefits beyond the farm gate such as value
adding from local processing, generation of renewable electricity (hydro-electric power or
bioenergy), co-benefits to other industries such as grazing or tourism, and/or other indirect
benefits to local communities. The possible benefits of integrated schemes would need to be
carefully balanced against the extra complexity and elevated risks from having additional sources
of vulnerability that could lead to financial failure.
Successful investments would likely have to combine meeting the above criteria with the cheapest
sources of water, lowest risks (including water reliability, agronomic, climatic and regulatory risks)
and most productive mixes of land and farming options.
The key messages from the four main analytical chapters of the report are summarised below.
Stakeholders and investors
• Northern Australia is highly valued in general, but different stakeholder groups value northern
Australia differently. Proponents of irrigated development will require an understanding of
these values, their specific proposal, their relationship with stakeholders, and of the ways in
which these intersect with interests and influences at local, regional and national scales.
• The diverse, and sometimes conflicting, interests and values of stakeholders have implications
for the ability of developers to gain and maintain social licence to operate through the
development process.
• Likely stakeholders in each study area were identified and grouped into similar types to help
inform how engagement with local communities could proceed.
• Investors are likely to vary widely in their ability to take up development opportunities because
of differences in the type and scale of development they are interested in, and differences in
their access to financial, natural and human capital.
• High levels of institutional uncertainty and complexity were viewed as a constraint to
investment by some investor groups. Investors suggested some enablers of development could
be greater institutional certainty, coordinated scheme-level development, or one-stop investor
platforms.
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Legal and institutional context
• The legal, regulatory and policy analysis was structured around three themes: interests in land,
interests in water, and government approvals.
• Interests in land: Proponents of water-related developments will require an entitlement to
access and use the subject land. This will usually consist of a formal legal interest in the land
(legal title) or a personal entitlement to access it (a licence). Most of the relevant land in the
Assessment area is government owned land (Crown land) held under a lease (Crown lease) by a
private party. However, there is a range of other tenure types, including standard freehold,
Aboriginal freehold, unallocated Crown land and Crown lands reserved for particular purposes.
Proponents interested in water-related development will need to obtain an entitlement to
access the land from the relevant landowner. If the land is Crown land, proponents will also
need to comply with the requirements under applicable Crown land statutes. In addition to the
need for legal title in the land or a licence to access it, any water-related development must be
consistent with the relevant native title arrangements. A significant proportion of the land in the
Assessment area is subject to native title and native title claims. Where native title, or a native
title claim, exists over an area of land, proponents will be required to engage with relevant
traditional owners and the federal native title process.
• Interests in water: To undertake developments involving the extraction and use of water,
proponents will require entitlements under state and territory water statutes. Some small-scale
activities involving the extraction and use of water can be undertaken without specific waterrelated approvals. However, most water-related development will require licences to take water
and approvals for works related to water infrastructure. The specifics of what entitlements and
authorisations are needed to facilitate water-related development will depend on the location
and nature of the development.
• Government approvals: Government regulations manage the externalities (spill-over effects)
associated with the use and development of land and water resources. The most relevant
government regulations are those imposed under planning, environment and heritage statutes.
Compliance with these regulatory requirements will often require approvals to be obtained from
relevant state/territory agencies, including local councils, and the Australian Government.
Scheme commerciality
• Viable investments require challenging combinations of low cost infrastructure, high
productivity farms, managing a wide range of risks, and/or off-farm value adding.
• The capital cost of development is the dominant factor affecting scheme viability. It is unlikely
that farm gate revenue from irrigated broadacre agriculture alone would be sufficient to fully
cover the development costs of irrigation schemes with capital costs above $20,000/ha.
However, it would be easier to find options that could cover the ongoing operating and
management of water infrastructure (while making a partial contribution to capital development
costs).
• Adding a processor to a scheme could provide increases in revenues (from processed vs
unprocessed goods) that are proportionally much larger than the additional capital cost of the
processing facility, particularly for a high value-add processor like a sugar mill. This was found to
greatly assist in improving the commercial viability of a scheme.
190 | Irrigation costs, benefits and risks

• To be viable, processors, particularly in remote locations, rely on secure supplies of farm
commodities at scale, which requires up front commitments of water, land and farmers to
match. All keystone investors’ needs and responsibilities would need to be met for a scheme to
function effectively.
• Farm performance can be affected by a range of risks including water reliability, climate
variability, price fluctuations, and learning to adapt farming practices to new locations. Setbacks
that occur early on after a scheme is established have the largest effect on scheme viability,
particularly at higher discount rates (or target investment returns). There is a strong incentive to
start any new irrigation development with well-proven crops and technologies, and to be
thoroughly prepared for the anticipatable agronomic risks of establishing new farmland. Risks
that cannot be avoided need to be managed, mitigated where possible, and accounted for in
determining the realistic returns that may be expected from a scheme, and the capital buffers
that would be required.
Regional economics
• During the initial construction phase of a new irrigation development, I-O multipliers indicated
that there could be an additional $0.90 to $1.20 of indirect regional benefits for each dollar of
increased construction activity, depending on location.
• During the ongoing production phase of a new irrigation development, I-O multipliers indicated
that there could be an additional $0.50 to $1.80 of indirect regional benefits for each dollar of
increased agricultural activity, depending on the type of agricultural industry and location.
• Indirect regional benefits would be reduced if there was leakage of some of the extra
expenditure generated by a new development to other regions. While such leakage would
reduce local benefits, it could also buffer the negative effects of sudden changes in local demand
and supply of goods and services.
• Increases in employment were estimated based on estimated increases in household incomes
and median household incomes for the I-O region. These indicated that each $25 million
increase in agricultural activity could create about 110 to 270 jobs, depending on the agricultural
industry and location.
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Part V Appendices
The main report is supported by a set of appendices providing more detailed information on the
following topics:
Appendix A

Land use classification (p 202)

A table summarising how presented land use information was simplified from its original source.
Appendix B

Visitor surveys of purposes of visits (p 203)

Summary tables of visitor surveys in tourism regions associated with each study area.
Appendix C

Current schools (p 207)

Summary tables of the schools in each study area.
Appendix D

Land and water legislation and policy tables (p 210)

Summary tables of legislation and policy for each study area.
Appendix A

Australia’s major energy resources (p 218)

A map showing the distribution of energy resources within Australia.
Appendix F

Cost components for a new sugar mill (p 219)

A table summarising detailed cost and processing assumptions for building a sugar mill.
Appendix G

Estimation from SUR models for NPF (p 220)

Detailed results from the statistical analyses of the distribution of fishing effort between regions in
the Northern Prawn Fishery.
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Appendix A Land use classification
Apx Table A-1 Simplified classification of land use showing groupings of ALUM Class18 and secondary classes
Colour coding in first column matches colouring in maps.
Original land use classification (columns two and three) and associated spatial data from ABARES (2016).
SIMPLIFIED LAND USE CATEGORIES

ALUM C18 CLASSES

ALUM SECONDARY CLASSES

Conservation and natural environments

Nature conservation

(1.1)

Conservation and natural environments

Other protected areas including Indigenous uses

(1.2)

Conservation and natural environments

Other minimal use

(1.3)

Grazing

Grazing natural vegetation

(2.1)

Grazing

Grazing modified pastures

(3.2)

Grazing

Irrigated pastures

(4.2)

Dryland/extensive agriculture

Production forestry

(2.2)

Dryland/extensive agriculture

Plantation forestry

(3.1, 4.1)

Dryland/extensive agriculture

Dryland cropping

(3.3)

Dryland/extensive agriculture

Dryland horticulture

(3.4, 3.5)

Irrigated/intensive agriculture

Irrigated cropping

(4.3)

Irrigated/intensive agriculture

Irrigated horticulture

(4.4, 4.5)

Irrigated/intensive agriculture

Intensive animal and plant production

(5.1, 5.2)

Irrigated/intensive agriculture

Land in transition

(3.6, 4.6)

Urban and residential

Rural residential and farm infrastructure

(5.4.2, 5.4.3, 5.4.4, 5.4.5)

Urban and residential

Urban intensive uses

(5.3, 5.4, 5.4.1, 5.5, 5.6, 5.7)

Mining

Mining and waste

(5.8, 5.9)

Water and wetland

Water

(6.0)
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Appendix B Visitor surveys of purposes of visits
B.1

Fitzroy catchment

When asked why they chose to visit ‘Australia’s North West’ tourism region, international and
domestic visitors give very different responses. For international visitors to this tourism region,
45% give holiday as their main reason for visiting. For domestic visitors to this tourism region the
main purpose of the visit was work related; however, when data from the smaller ABS regions
overlapping the Fitzroy catchment are used, work was found to be a less important reason for the
trip than holidays. This clearly indicates that data for the wider Australia’s North West tourism
region may not be fully representative of the smaller study area of interest here. Further
information on the reasons given for visiting, by domestic visitors, is shown in Apx Table B-1.
The main activities reported as having been undertaken by international and domestic visitors are
shown in Apx Table B-1. The survey data indicates that many of the visitors interact with the
natural environment during their visit, with bushwalking/rainforest walks being within the top five
activities undertaken by both groups of visitors to Derby/West Kimberley, Halls Creek and
Kununurra. Visiting national or state parks also features within the top five activities for
international tourists to each of these regions, and for domestic tourists visiting Halls Creek.
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Apx Table B-1 Main purpose of visit and activities undertaken by visitors to relevant Western Australia regions
during 2015
DERBY / WEST
KIMBERLEY
(ABS REGION)

HALLS CREEK
(ABS REGION)

KUNUNURRA
(ABS REGION)

AUSTRALIA’S NORTH
WEST (TOURISM
REGION)

WESTERN AUSTRALIA
(STATE)

Main purpose of visit – Domestic visitors
Holidays / leisure /
relaxation / getting
away 45.5%

Holidays / leisure /
relaxation / getting
away 62.2%

Holidays / leisure /
relaxation / getting
away 44.4%

Work related 71.2%

Holidays / leisure /
relaxation / getting
away 33.2%

Work related 40.9%

Work related 18.2%

Work related 33.3%

Holidays / leisure /
relaxation / getting
away 18.6%

Visiting family and
friends 30.8%

Visiting family and
friends 13.6%

Visiting family and
friends 13.6%

Visiting family and
friends 20.4%

Visiting family and
friends 8.5%

Work related 24.2%

Main activities undertaken during visit – Domestic visitors
=1 Visit friends and
relatives

=1 Bushwalking /
rainforest walks

1 Eat out /
restaurants

1 Eat out /
restaurants

1 Eat out /
restaurants

=1 Pubs, clubs, discos

=1 Visit national or
state parks

2 Walking or driving
around / taking in the
sights / general
sightseeing

2 Pubs, clubs, discos

2 Visit friends and
relatives

=1 Walking or driving
around / taking in the
sights / general
sightseeing

3 Walking or driving
around / taking in the
sights / general
sightseeing

3 Bushwalking /
rainforest walks

3 Go to the beach
including swimming

3 Go to the beach
including swimming

=4 Eat out /
restaurants

4 Eat out /
restaurants

4 Visit friends and
relatives

4 Exercise / gym /
swimming at local
pool or river or creek

4 Go shopping for
pleasure

=4 Bushwalking /
rainforest walks

=5 Pubs, clubs, discos

5 Go on guided tours
or excursions

5 Walking or driving
around / taking in the
sights / general
sightseeing

5 Walking or driving
around / taking in the
sights / general
sightseeing

=5 Visit history /
heritage buildings,
sites or monuments
Main activities undertaken during visit – International visitors
1 Visit national or
state parks

1 Visit national or
state parks

1 Visit national or
state parks

1 Eat out

1 Eat out

2 Go to the beach

2 Sightseeing /
looking around

2 Sightseeing /
looking around

2 Go to the beach

2 Shopping for
pleasure

3 Sightseeing /
looking around

3 Eat out

3 Eat out

3 Sightseeing /
looking around

3 Go to the beach

4 Eat out

4 Bushwalking /
rainforest walks

4 Bushwalking /
rainforest walks

4 Shopping for
pleasure

4 Sightseeing /
looking around

5 Bushwalking /
rainforest walks

5 Visit the outback

5 Visit the outback

5 Visit national or
state parks

5 Visit national or
state parks

Sources: Survey data from Tourism Australia
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B.2

Darwin catchments

Most visitors to the ‘Kakadu-Arnhem’ tourism region give holiday as their main reason for visiting.
This response was given by 66% and 96% of international tourists; although a smaller proportion
of domestic visitors gave this response. Further detail on the reasons for visiting given by domestic
visitors are shown in Apx Table B-2.
Apx Table B-2 also sets out the main activities undertaken by international and domestic tourists
during their visit. This clearly shows that those who visit ‘Darwin’ tourism region undertake many
city-based activities, while those who visit ‘Alligator’ ABS region are more likely to participate in
nature-based activities such as bush walking, fishing or visiting national/state parks.
Apx Table B-2 Main purpose of visit and activities undertaken by visitors to relevant Northern Territory regions
during 2015
DARWIN
(TOURISM REGION)

ALLIGATOR
(ABS REGION)

KAKADU ARNHEM
(TOURISM REGION)

NORTHERN TERRITORY
(STATE)

Main purpose of visit – Domestic visitors
Holidays / leisure /
relaxation / getting away
31.8%

Holidays / leisure /
relaxation / getting away
66.7%

Holidays / leisure /
relaxation / getting away
56.8%

Holidays / leisure /
relaxation / getting away
37.6%

Work related 29.8%

Work related 17.4%

Work related 29.2%

Work related 34.3%

Visiting family and friends
25.4%

Visiting family and friends
11.1%

Visiting family and friends
8.6%

Visiting family and friends
16.7%

Main activities undertaken during visit – Domestic visitors
1 Eat out / restaurants

1 Visit national or state
parks

1 Eat out / restaurants

1 Eat out / restaurants

2 Visit friends and relatives

2 Bushwalking / rainforest
walks

2 Visit friends and relatives

1 Visit national or state
parks

3 Going to markets (street,
weekend, art craft)

3 Eat out / restaurants

3 Walking or driving around
/ taking in the sights /
general sightseeing

3 Walking or driving around
/ taking in the sights /
general sightseeing

4 Walking or driving around
/ taking in the sights /
general sightseeing

4 Fishing

4 Visit national or state
parks

4 Visit friends and relatives

5 Go shopping for pleasure

5 Walking or driving around
/ taking in the sights /
general sightseeing

5 Pubs, clubs, discos

5 Bushwalking / rainforest
walks

Main activities undertaken during visit – International visitors
1 Eat out

1 Visit national or state
parks

1 Visit national or state
parks

1 Eat out

2 Sightseeing / looking
around

2 Sightseeing / looking
around

2 Sightseeing / looking
around

2 Sightseeing / looking
around

3 Shopping for pleasure

3 Eat out

3 Eat out

3 Visit national or state
parks

4 Go to the beach

4 Bushwalking /rainforest
walks

4 Bushwalking / rainforest
walks

4 Shopping for pleasure

5 Visit national or state
parks

5 Visit the outback

5 Visit the outback

5 Go to the beach

Source: Survey data from Tourism Australia
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B.3

Mitchell catchment

Most visitors to ‘Tropical North Queensland’ tourism region give holiday as their main reason for
visiting. This response was given by 92% of international tourists, and around 51% of domestic
visitors to the region. Further analysis on the reasons for visiting provided by domestic visitors is
provided in Apx Table B-3.
Apx Table B-3 also provides more information on the activities undertaken by visitors during their
trip to the ‘Tablelands’ ABS region. Nature-based activities such as visiting the beach, going on
bush or rainforest walks, and visits to national or state parks are popular with the region’s visitors.
Apx Table B-3 Main purpose of visit and activities undertaken by visitors to relevant Queensland regions during
2015
TABLELANDS
(ABS REGION)

TROPICAL NORTH QUEENSLAND
(TOURISM REGION)

QUEENSLAND
(STATE)

Main purpose of visit – Domestic visitors
Holidays / leisure / relaxation /
getting away 70.6%

Holidays / leisure / relaxation /
getting away 50.8%

Holidays / leisure / relaxation /
getting away 34.3%

Work related 17.7%

Visiting family and friends 23.4%

Visiting family and friends 35.5%

Visiting family and friends 11.8%

Work related 19.3%

Work related 19.5%

Main activities undertaken during visit – Domestic visitors
1 Walking or driving around / taking in 1 Eat out / restaurants
the sights / general sightseeing

1 Eat out / restaurants

2 Bushwalking / rainforest walks

2 Go to the beach including swimming

2 Visit friends and relatives

3 Fishing

3 Walking or driving around / taking in 3 Go to the beach including swimming
the sights / general sightseeing

=4 Visit national or state parks

4 Visit friends and relatives

4 Go shopping for pleasure

=4 Visit friends and relatives

5 Go shopping for pleasure

5 Walking or driving around / taking in
the sights / general sightseeing

=4 Eat out / restaurants
=4 Pubs, clubs, discos
=4 Picnics / BBQs
Main activities undertaken during visit – International visitors
=1 Eat out

1 Eat out

1 Eat out

=1 Sightseeing / looking around

2 Go to the beach

2 Shopping for pleasure

=3 Go to the beach

3 Shopping for pleasure

3 Sightseeing / looking around

=3 Visit national or state parks

4 Sightseeing / looking around

4 Go to the beach

=5 Shopping for pleasure

5 Visit national or state parks

5 Visit national or state parks

=5 Snorkelling
=5 Bushwalking / rainforest walks
Source: Survey data from Tourism Australia
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Appendix C Current schools
Details of schools in each study area from MySchools web site. Full-time equivalent student
numbers have been rounded to whole numbers.
Apx Table C-1 Schools serving the Mitchell catchment, with full-time equivalent student numbers (2012 to 2016)
SCHOOL NAME

SUBURB

SECTOR

TYPE

YEAR
RANGE

Derby District High School

Derby

Non

Com

K–12

597

560

555

570

522

Nyikina Mangala Community School

Derby

Non

Com

PP–10

22

17

18

21

24

Looma Remote Community School

Looma

Non

Com

K–12

110

111

107

122

116

Kimberley School Of The Air

Derby

Non

Pri

K–6

31

37

51

57

57

Yiramalay/Wesley Studio School

Fitzroy Crossing

Non

Sec

10–12

61

55

40

30

NA

Bayulu Remote Community School

Via Fitzroy
Crossing

Non

Com

K–7

116

123

108

118

125

Muludja Remote Community School

Fitzroy Crossing

Non

Pri

K–6

37

34

32

33

33

Yakanarra Community School

Fitzroy Crossing

Non

Com

PP–10

49

55

59

52

40

Wulungarra Community School

Fitzroy Crossing

Non

Com

PP–8

22

17

21

22

35

Djugerari Remote Community School

Djugerari
Community

Non

Com

K–11

7

11

13

13

18

Kulkarriya Community School

Fitzroy Crossing

Non

Com

PP–11

82

87

81

83

84

Ngalapita Remote Community School

Fitzroy Crossing

Non

Pri

K–6

11

14

28

13

29

Fitzroy Valley District High School

Fitzroy Crossing

Non

Com

K–12

215

255

271

239

264

Wangkatjungka Remote Community
School

Christmas Creek

Non

Com

K–12

57

70

73

73

59

Looma Remote Community School

Looma

Non

Com

K–12

110

111

107

122

116

Nyikina Mangala Community School

Derby

Non

Com

PP–10

22

17

18

21

24

Wananami Remote Community
School

Derby

Non

Com

K–12

43

38

41

46

31

Warlawurru Catholic School

Halls Creek

Non

Pri

PP–6

63

65

80

43

39

Halls Creek District High School

Halls Creek

Non

Com

K–12

325

375

398

405

358

1980

2052

2102

2080

1974

Total

2016

2015

2014

2013

2012

Source: MySchools website: www.myschool.edu.au, viewed July 2017 (rounded to whole numbers)
Sectors: Gov = Government, Non = Non-government
Type: Com = Combined, Pri = Primary, Sec = Secondary
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Apx Table C-2 Schools serving the rural Darwin catchments, with full-time equivalent student numbers (2012 to
2016)
A further 59 schools service the urban parts of the Assessment area.
SCHOOL NAME

SUBURB

SECTOR

TYPE

YEAR
RANGE

Batchelor Area School

Batchelor

Non

Com

P–9

105

122

133

132

134

Woolaning Homeland Christian
College

Batchelor

Non

Sec

7–12

61

67

59

47

67

Woolaning School

Litchfield
Park

Non

Com

T–9

10

8

10

6

4

Tipperary Station School

Tipperary

Non

Com

P–9

5

2

7

6

6

Berry Springs Primary School

Berry
Springs

Non

Pri

P–6

214

183

190

194

165

St Francis of Assisi Catholic
Primary School

Humpty Doo

Non

Pri

T–6

164

185

216

229

238

Taminmin College

Humpty Doo

Non

Sec

7–12

1028

1023

976

1020

999

Humpty Doo Primary School

Humpty Doo

Non

Pri

P–6

349

351

338

339

352

Middle Point School

Middle Point

Non

Pri

T–6

31

24

24

26

32

Sattler Christian College

Freds Pass

Non

Com

T–9

124

142

140

142

143

Bees Creek Primary School

Freds Pass

Non

Pri

P–6

328

311

295

301

306

Girraween Primary School

Girraween

Non

Pri

P–6

425

395

397

373

337

Adelaide River School

Adelaide
River

Non

Pri

P–6

48

44

36

35

34

Batchelor Area School

Batchelor

Non

Com

P–9

105

122

133

132

134

Dundee Beach School

Dundee
Beach

Non

Pri

P–6

22

17

15

15

12

Belyuen School

Belyuen

Non

Pri

P–6

19

26

23

28

28

3038

3022

2992

3025

2991

Total (Rural)
Source: MySchools website: www.myschool.edu.au, viewed July 2017 (rounded to whole numbers)
Sectors: Gov = Government, Non = Non-government
Type: Com = Combined, Pri = Primary, Sec = Secondary
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2016

2015

2014

2013

2012

Apx Table C-3 Schools serving the Mitchell catchment, with full-time equivalent student numbers (2012 to 2016)
SCHOOL NAME

SUBURB

SECTOR

TYPE

YEAR
RANGE

St Anthony's School

Dimbulah

Non

Pri

P–6

48

54

68

77

77

Dimbulah State School

Dimbulah

Non

Com

P–10

161

156

147

154

143

Mutchilba State School

Mutchilba

Non

Pri

P–6

18

20

30

33

27

Irvinebank State School

Irvinebank

Non

Pri

P–6

4

4

11

11

12

Walkamin State School

Walkamin

Non

Pri

P–6

51

50

38

42

37

St Stephen's Catholic College

Mareeba

Non

Sec

7–12

540

532

436

380

333

Mareeba State High School

Mareeba

Non

Sec

7–12

727

748

675

691

701

St Thomas' School

Mareeba

Non

Pri

P–6

409

406

457

459

458

Mareeba State School

Mareeba

Non

Pri

P–6

812

797

835

803

741

Herberton State School

Moomin

Non

Com

P–10

174

164

189

190

192

Mount St Bernard College

Herberton

Non

Sec

7–12

202

224

172

149

163

Tolga State School

Tolga

Non

Pri

P–6

366

365

385

377

336

St Joseph's School

Atherton

Non

Pri

P–6

253

230

241

210

196

Atherton State School

Atherton

Non

Pri

P–6

456

469

526

596

668

Jubilee Christian College

Atherton

Non

Com

P–12

871

801

826

883

759

Atherton State High School

Atherton

Non

Sec

7–12

796

807

724

767

794

Biboohra State School

Biboohra

Non

Pri

P–6

92

85

110

123

117

Kowanyama State School

Kowanyama

Non

Com

P–10

181

179

185

172

174

Mount Molloy State School

Mount
Molloy

Non

Pri

P–6

38

33

29

25

21

Port Douglas State School

Port Douglas

Non

Pri

P–6

298

287

288

280

255

Mossman State High School

Mossman

Non

Sec

7–12

644

623

577

592

581

St Augustine's School

Mossman

Non

Pri

P–6

187

184

211

218

195

Girl Academy

Wangetti

Non

Sec

7–12

19

NA

NA

NA

NA

Chillagoe

Chillagoe

Non

Pri

P–6

21

21

30

25

30

7367

7240

7190

7257

7010

Total

2016

2015

2014

2013

2012

Source: MySchools website: www.myschool.edu.au, viewed July 2017 (rounded to whole numbers)
Sectors: Gov = Government, Non = Non-government
Type: Com = Combined, Pri = Primary, Sec = Secondary
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Appendix D Land and water legislation and policy tables
D.1

Types of leasehold interest in Crown land

Apx Table D-1 Types of leasehold interest in Crown land in Western Australia
INTEREST TYPE

COMMENTS

Western Australia – the issuance of interests in Crown land in Western Australia is mainly governed by the Land Administration Act 1997 (WA)
General leases (Pt
6)

Under s 79, the Minister for Lands has broad powers to grant leases for any purpose and any term, and may impose whatever conditions are deemed appropriate.
These general leases may give the lessee the option of converting the estate to freehold if specified conditions are satisfied.

Conditional
purchase leases
(Pt 6)

Under s 80, the minister is given the power to grant conditional purchase leases of any Crown land, under which the lessee is able to convert the leasehold interest to a
fee simple estate when specified conditions are met and the purchase price paid.

Aboriginal leases
(Pt 6)

Under s 83, the minister has the power to grant leases of Crown land, for a fixed term or in perpetuity, ‘for the purposes of advancing the interests of any Aboriginal
person or persons’. These leases can be granted to an individual, group of people, or an approved body corporate, on such conditions as the minister believes are
appropriate.

Government
leases (Pt 6)

Section 86 gives the minister the power to lease Crown land to the Australian Government, Australian Government agencies, state agencies and local governments.

Pastoral leases (Pt
7)

Under s 101, the minister is given the power to grant pastoral leases, provided the Pastoral Lands Board (a statutory committee established under the Act) is satisfied
the land, when fully developed, will be able to carry ‘sufficient authorised stock to enable it to be worked as an economically viable and ecologically sustainable pastoral
business unit’. Pastoral leases issued under Pt 7 do not necessarily confer an absolute right to exclusive possession; Indigenous people are entitled to enter unenclosed
and unimproved parts of all pastoral lease land to ‘to seek their sustenance in their accustomed manner’ (s 104). Conditions can also be imposed that give other parties
the capacity to occupy the land for specific purposes. Pastoral leases can be subject to a range of conditions, including what activities can be undertaken on the land
and what products can be sold from the land. Generally, unless authorised by the Pastoral Lands Board, pastoral lease land can only be used for ‘pastoral purposes’ (the
commercial grazing of authorised stock and ancillary activities), no native vegetation can be cleared on the land, and no non-indigenous pasture can be sown or
cultivated on the land. Pastoral leases are also subject to other restrictions imposed under the Act, including relating to minimum and maximum stock numbers, the
distribution of stock, management of pests, and the management of native vegetation. The Pastoral Lands Board is empowered to enter onto pastoral lease land to
investigate compliance with the conditions of the lease, and can authorise others to do the same.
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Apx Table D-2 Types of leasehold interest in Crown land in the Northern Territory
INTEREST TYPE

COMMENTS

Northern Territory – the issuance of interests in Crown land in the Northern Territory is mainly governed by the Crowns Land Act (NT) (CL Act), Pastoral Land Act (NT) (PL Act) and Special
Purposes Leases Act (NT) (SPL Act)
Fixed-term lease
Under Part 3, Division 3 of the CL Act, the minister may issue fixed-term leases, which are subject to conditions and reservations specified in the Act. The minister can
(CL Act, Pt 3, Div 3) also impose any other conditions or reservations considered necessary in the circumstances. Lessees must obtain ministerial approval for a number of dealings with the
leases, including transfers, mortgages, subdivisions, sub-letting and the creation of easements and covenants. The leases can contain provisions relating to the
exchange of the leasehold interest for a fee simple estate.
Perpetual lease
Under Part 3, Division 3 of the CL Act, the minister may issue leases in perpetuity (for an indefinite term). Perpetual leases are subject to similar statutory conditions as
(CL Act, Pt 3, Div 3) those applying to term leases, including the need to obtain ministerial approval for various dealings and the capacity for leases to include conditions relation to their
surrender in exchange for fee simple estates.
Pastoral lease (PL
Act, Pt 4)

Section 31 of the PL Act gives the minister the power to issue pastoral leases, being leases for ‘pastoral purposes’. Pastoral purposes are defined as ‘pasturing of stock
for sustainable commercial use of the land on which they are pastured or agricultural or other non-dominant uses essential to, carried out in conjunction with, or
inseparable from, the pastoral enterprise, including the production of agricultural products for use in stock feeding and pastoral-based tourist activities such as farm
holidays’. Pastoral leases do not confer an absolute right to exclusive possession; they must contain a mandatory reservation ‘in favour of the Aboriginal inhabitants of
the Territory’ (s 38). This reservation entitles the Indigenous people of the area to occupy the land, take water from natural water bodies and springs on the land, hunt
wild animals and take food and vegetable matter grown naturally on the land. Fee simple estates can also be excised out of pastoral leasehold land on the application of
Indigenous people for community living areas. In addition, the Pastoral Land Board is entitled to establish monitoring stations on pastoral lease land and enter on the
land to investigate compliance with the conditions of the lease. Generally, pastoral leasehold land can only be used for pastoral purposes unless a permit authorising a
non-pastoral use has been issued by the Pastoral Land Board. Permits can be issued for up to 30 years and, once issued, become attached to the lease and must be
registered under the Land Title Act (NT). Hence, if the pastoral leasehold interest is transferred to another party, the permit passes with the lease. Pastoral leases are
subject to a number of other mandatory statutory reservations and conditions, including that the lessee take all reasonable measures to conserve and protect features
of environmental, cultural, heritage or ecological significance, and that vegetation cannot be removed without the consent of the Pastoral Land Board, or in accordance
with clearing guidelines issued by the Board. The minister can also impose such other conditions as he or she thinks fit, and the Pastoral Land Board can issue notices
directing lessees to take measures to address land management issues, including feral animals. Pastoral leases can be issued for a fixed term of not more than 25 years
or in perpetuity.

Special purpose
lease (SPL Act, s 4)

Section 4 of the SPL Act gives the responsible minister the power to grant special purpose leases over any unleased Crown land. Special purposes are defined as any
purpose other than residential, pastoral, agricultural or mining. Agricultural does not include horticultural for these purposes. Special purpose leases can be granted
over areas reserved for other purposes. However, special purpose leases can only be granted if the proposed use or development is consistent with the development
provisions of the Planning Act (NT). Further, foreign companies cannot hold a special purpose lease, a sub-lease of a special purpose lease, or be a mortgagee over a
special purpose lease without the approval of the minister. Special purpose leases can be subject to a wide range of terms and conditions, and be for a term of years or
in perpetuity. The SPL Act contains specific provisions concerning the resumption of special purpose lease land, and the payment of compensation in these
circumstances.
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Apx Table D-3 Types of leasehold interest in Crown land in Queensland
INTEREST TYPE

COMMENTS

Queensland – the issuance of interests in Crown land in Queensland is mainly governed by the Land Act 1994 (Qld)
Term leases (s 15,
Chpt 4, Pt 3 and
Chpt 8, Pt 4)

Section 15, and Chapter 4, Part 3, of the Act give the minister the power to issue fixed-term leases for specific purposes for up to 100 years. Generally, the term will be
limited to a maximum of 50 years but longer terms can be issued for significant developments, timber plantations and projects involving a high level of investment (s
155). Leases over state reserves are limited to a maximum of 30 years (s 32). Term leases can only be used for the specific purposes identified in the lease, although
there is the capacity for the minister to approve additional purposes. Term leases are also subject to a range of mandatory conditions relating to the management of
the land, including a general duty of care. For agricultural, grazing and pastoral purpose term leases, the duty of care explicitly includes the obligation to take all
reasonable steps to, amongst other things, avoid causing dryland salinity, conserve soil, protect riparian vegetation, maintain native grassland free of encroachment
from woody vegetation, manage declared pests and conserve biodiversity (s 199). Term leases can be subject to other conditions at the discretion of the minister. In
addition, term leases cannot be transferred, sublet, subdivided or amalgamated without government approval (ss 322, 332, 175 and 176J). In addition to allowing for
the creation of new term leases, the Land Act provides for the continuation of four types of pastoral leases that existed under the previous regime (pastoral holdings,
pastoral development holdings, preferential pastoral holdings and the stud holdings) as term leases. Term leases can be rolling term leases, in which case the term of
the lease can be extended at any time for the same length as the original term. Leases for agriculture, grazing or pastoral purposes covering more than 100 ha are
treated as rolling term leases. There is also scope for leaseholders to apply to the minister for their lease to be declared a rolling term lease.

Perpetual leases (s
15, Chpt 4, Pt 3
and Chpt 8, Pt 3)

Section 15, and Chapter 4, Part 3, of the Act give the minister the power to lease unallocated Crown land for specific purposes in perpetuity. With the exception of their
term, perpetual leases are subject to similar statutory reservations and conditions as those applying to term leases. Like term leases, they must be for a specific purpose
and the lessee can only use the land for that purpose. Perpetual leases are also subject to mandatory statutory conditions, can be subject to other conditions imposed
by the minister, and they cannot be transferred, sublet, subdivided or amalgamated without government approval. The fact perpetual leases do not expire makes them
similar to a freehold estate, only they are subject to more reservations and conditions, a requirement to pay rent, and, like all leases, they can be terminated on
account of failing to pay rent or non-compliance with conditions. Several types of leases that existed under the previous regime are continued as perpetual leases,
including grazing homestead perpetual leases.

Freeholding leases
(s 15, s 166, and
Chpt 8, Pt 2)

Sections 15 and 166 allow for the Governor in Council to issue freeholding leases; leases that convert to freehold after the satisfaction of conditions and the payment of
the purchase price over a term of years. In addition, under Chapter 8, Part 2, several types of leases that existed under the previous regime are continued as freeholding
leases, including grazing homestead freeholding leases. Freeholding leases are subject to similar statutory reservations and conditions as those applying to term and
perpetual leases, including in relation to use, management, transfer, sub-letting, subdivision and amalgamation.
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D.1

Western Australia statutory privilege and water authorisation requirements

Apx Table D-4 Statutory privilege and water authorisation requirements under the RiWi Act, Western Australia
TYPE OF WATER

STATUTORY PRIVILEGE OR AUTHORISATION REQUIREMENT

Proclaimed surface
water in a watercourse
or wetland

A licence is required to take water from a watercourse or wetland unless: (i) the water is taken by a riparian landholder who is taking the water for stock,
domestic use or to irrigate a garden of up to 2 ha that is connected to a dwelling and from which no produce is sold; or (ii) the water is taken from a watercourse
or wetland for stock (kept under non-intensive conditions) or domestic use from any watercourse or wetland accessible by a public road or reserve at the point at
which the water is taken.
A permit is required to undertake any activity that may result in the obstruction, destruction or interference with a watercourse, drain, dam or reservoir, or in the
case of Crown land, any waters, bed or banks of any watercourse flowing through or over, or wetlands that fall wholly or in part on Crown land. Authorisation is
also required if accessing water from a public road or reserve results in obstruction or disturbance of that road or reserve.
A person can drain their land, or build a tank on their land without a licence as long as: (i) the development is consistent with relevant local by-laws made by the
minister; (ii) it is not on a watercourse or wetland; (iii) there is no sensible diminishment of volume or flow of water in a watercourse or wetland; and (iv) there
are no significant impacts on water quality or on an ecosystem, watercourse or wetland.
Local by-laws made by the minister may prescribe specifications for the construction or alteration of dams, and limit the privileges described here where water is
augmented by water from works constructed for that purpose.

Other surface waters
that are not proclaimed

A riparian landholder can take water from an adjoining watercourse or wetland for domestic use, to water stock, or to irrigate a garden of up to 2 ha that is part
of the land, connected to a dwelling and from which no produce is sold. Water can also be taken for any other purpose by a riparian landholder, as long as no
sensible diminishment of the flow or volume of water in a watercourse or wetland is caused (this freedom can be limited by local by-laws).
A person may take water from any watercourse or wetland that is vested in the Crown that can be accessed by a public road or reserve at the point where water
is taken for domestic use, watering cattle (other than those raised under intensive conditions), firefighting and for any other purpose as long as the flow and
volume of water in a watercourse or wetland is not sensibly diminished (this freedom can be limited by local by-laws).
Where access to water is via a public road or reserve, a permit is required by any person undertaking any works or activity that will obstruct a watercourse or
wetland, or its beds or banks, or that causes obstruction or disturbance to a public road or reserve.
A permit is not required to construct works for taking water from a watercourse or wetland accessed by a landholder or occupier of private land in an area that is
not proclaimed.
Local by-laws and regulations may limit rights described here where water is augmented by water from works constructed for that purpose.
A person can drain their land, or build a tank on their land without a licence as long as: (i) the development is consistent with relevant local by-laws; (ii) it is not on
a watercourse or wetland; (iii) there is no sensible diminishment of volume or flow of water in a watercourse or wetland; and (iv) there are no significant impact
on water quality or on an ecosystem, watercourse or wetland.

Groundwater

A licence is required to draw water from an artesian source in all areas, including to commence, construct, enlarge, deepen or alter an artesian well.
In a proclaimed area, it is necessary to have a licence to take non-artesian groundwater, unless the water will be used exclusively for domestic purposes, watering
stock kept under non-intensive conditions, watering lawns and gardens up to 0.2 ha, firefighting or any other use prescribed by a local by-law. In a proclaimed
area it is necessary to have a licence to commence, construct, enlarge, deepen or alter any non-artesian well unless an exemption is provided for under a local bylaw, or otherwise allowed under the proclamation for that area. Local by-laws can limit or alter the ability to take non-artesian groundwater.
In a non-proclaimed area, non-artesian groundwater can be taken without a licence.
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D.2

Overview of land use planning regimes

Apx Table D-5 Overview of land use planning regimes in Western Australia and the Fitzroy catchment
MAIN LEGISLATION

OTHER RELEVANT
LEGISLATION AND
REGULATIONS

PLANNING INSTRUMENTS

GOVERNANCE

KEY DEVELOPMENT APPROVAL ISSUES

Planning and
Development Act
2005*

Planning and
Development
Regulations 2009

State

Responsibilities for strategic and
statutory functions are divided
between:

Under existing regulations, most water-related developments in
the Fitzroy catchment are likely to require planning approval

Planning and
Development (Local
Planning Schemes)
Regulations 2015
Town Planning
Regulations 1967
Environmental
Protection Act 1986

State Planning Strategy

• state planning minister

The requirements for planning approval are likely to change in the
near-term with the introduction of new local planning schemes

• Department of Planning, Lands
and Heritage

Where development approval is required, the assessment will be
conducted by the relevant Shire Council

• Western Australia Planning
Commission

Approval decisions on planning applications will usually be made
by the Shire Council or Joint Development Assessment Panel
Alternative procedures apply to developments carried out by a
public authorities and subdivisions

Local

• local government (Shire of
Derby-West Kimberley and the
Shire of Halls Creek)

Shire of Derby-West Kimberley Local
Planning Strategy, Town Planning
Schemes No 5 and No 7, and Interim
Development Order No 8

• Development Assessment Panel
(Kimberley/Pilbara/Gascoyne
(Northern) Joint Development
Assessment Panel)

Shire of Halls Creek Local Planning
Strategy, Town Planning Scheme No 1
and Interim Development Order No 8

• State environment minister

State Planning Policies (SPP),
particularly SPP 2 (Environment and
Natural Resources Policy), SPP 2.5
(Rural Planning) and 2.9 (Water
Resources)
Regional
Kimberley Regional Planning and
Infrastructure Framework

• WA Environmental Protection
Authority

* Proponents of the water-related developments in the Fitzroy catchment should be mindful of the restrictions applying to development on pastoral leasehold land under the Land Administration Act 1997 (WA) (see Section
4.4).
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Apx Table D-6 Overview of land use planning regimes in the Northern Territory and the Darwin catchments
MAIN LEGISLATION

OTHER RELEVANT
LEGISLATION AND
REGULATIONS

PLANNING INSTRUMENTS

GOVERNANCE

KEY DEVELOPMENT APPROVAL ISSUES

Planning Act

Planning Regulations

Northern Territory Planning
Scheme – the Territory Planning
Scheme applies across the
jurisdiction, except where an area
is subject to a specific planning
scheme (there is currently only
one specific scheme, the Jabiru
Town Plan)

Responsibilities for strategic and
statutory functions are divided
between:

Whether a development permit will be required for water-related
development will depend on the zoning that applies to the land
under the Territory Planning Scheme

• Territory planning minister

Not all land is zoned in the Territory; where land is unzoned, land
use regulations still apply to the clearing of native vegetation

• Department of Infrastructure,
Planning and Logistics
• Northern Territory Planning
Commission
• Development Consent Authority

For most water-related developments in the Darwin catchments,
the consent authority will be the Territory planning minister
The Territory Planning Commission may be required to prepare a
significant development report in relation to a ‘significant
development proposal’

** Proponents of the water-related developments in the Darwin catchments should be mindful of the restrictions applying to development on pastoral leasehold land under the Pastoral Land Act (NT) (see Section 4.4).
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Apx Table D-7 Overview of land use planning regimes in Queensland and the Mitchell catchment
MAIN LEGISLATION

OTHER RELEVANT
LEGISLATION AND
REGULATIONS

PLANNING INSTRUMENTS

GOVERNANCE

KEY DEVELOPMENT APPROVAL ISSUES

Planning Act 2016

Planning
Regulation 2017

State

State Development
and Public Works
Organisation Act
1971

State Development Assessment
Provisions

Responsibilities for strategic and
statutory functions are divided
between:

Whether a development approval will be required for waterrelated development will depend on the zoning that applies to the
land under applicable local planning scheme and the restrictions
that apply under applicable regulations

Regional Planning
Interests Act 2014
Environmental
Protection Act 1994
Queensland
Heritage Act 1992

State Planning Policy

• state planning minister

Regional

• local government

Cape York Regional Plan 2014

• chief executive of the planning
department

Far North Queensland Regional
Plan 2009
Gulf Regional Development Plan
2000
Local

Environmental
Offsets Act 2014

Kowanyama Aboriginal Shire
Planning Scheme 2015

Vegetation
Management Act
1999

Shire of Carpentaria Planning
Scheme 2006

Planning and
Environment Court
Act 2016

Mareeba Shire Planning Scheme
2016

Cook Shire Planning Scheme 2017

• Department of Infrastructure,
Local Government and Planning
(State Assessment and Referral
Agency (SARA))
• state government referral
agencies (concurrence and
advice agencies)

Where a development is assessable, the relevant planning scheme
will designate whether the assessment must be ‘code assessment’
(less intensive) or ‘impact assessment’ (more comprehensive and
involves public notification and comment)
Two key planning approval decision-makers are the ‘assessment
manager’ (body formally responsible for the management and
determination of the application) and ‘referral agencies’ (other
government agency/office holders who must advise, and can
direct, the assessment manager)
For many water-related developments in the Mitchell catchment,
the assessment manager will be the chief executive of the planning
department
The State Development and Public Works Organisation Act
operates alongside the Planning Act and provides for the
coordinated planning, assessment and approval of projects of
economic, social and/or environmental significance to the state
Coordinated projects must undergo an Environment Impact
Statement (EIS) or Impact Assessment Report (IAR)
Water-related developments involving broadacre cropping or
water storage activities may require a regional interests
development approval under the Regional Planning Interests Act
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Appendix E Australia’s major energy resources

Apx Figure E.1 Australia's major energy resources, excluding hydro-electric power and bioenergy
Source: Geoscience Australia and BREE (2014) Australian Energy Resource Assessment.
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Appendix F Cost components for a new sugar mill
Apx Table F-1 Cost and processing assumptions for constructing a new sugar mill
ITEM

UNITS

VALUE

MILL CAPITAL COSTS (by processing capacity)
Milling
Crushers (extract and purify juice, separate fibre)

$/t fibre/hr

$657,000

Evaporation (remove water from purified juice)

$/t water/hr

$131,000

Pans and centrifugals (crystallize sucrose)

$/t dry solids/hr

$328,000

Utilities and balance of plant

$/t cane/hr

150000

Cogeneration of electricity (from bagasse combustion)
Boiler (combustion of bagasse to produce steam)

$/t bagasse/hr

$503,000

Generation (excess steam energy exported as electricity)

$/MW capacity

$300,000

Bagasse storage

$/t bagasse stored

Connection to transmission network

see Section 5.6

$300
case specific

MILL OPERATING COSTS (per unit of product)
Milling
Variable operating costs

$/t cane

7

Cane transport costs (farm to mill)

$/t cane

3

Sugar transport costs (mill to port)

$/t sugar

50

Boiler and generation

$/MW⋅h

4

Bagasse handling in off-season

$/t bagasse

5

Cogeneration of electricity

Fixed Overheads
Fixed Operating, management and repairs

(proportion of mill capital cost)

0.50%

CONVERSIONS etc.
Electricity production (net exported from mill)

MW⋅h/t fibre

0.50

Bagasse moisture content

%

50.0

Transmission losses (cost to generator)

%

5.0

Molasses % of fresh cane weight

% molasses in fresh cane

2.5

Raw Sugar price

$/t raw sugar

450

Cane price (at farm gate, based on industry formula1)

$/t cane

45

Electricity price (wholesale price, including RECs)

$/MW⋅h

90 - 165

Molasses

$/t molasses

COMMODITY PRICES

$50

Source: information for mill processing costs provided by Phillip Jackson and James Joyce (August 2017, pers. comm.)
1Pricing formula gives millers the first 4% of sugar extracted and 10% of the rest; growers are paid for 90% of sugar extracted above the first 4%.
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Appendix G Estimation from SUR models for NPF
G.1

Distribution of catch and effort shares

Apx Figure G.1 Distributions effort-days and catch shares for banana prawn fishing in the NPF by region assuming
minimum values (2007–2015)
Distributions are presented as box-and-whisker plots. The bold line within the box is the median value; the box
captures the values within the first and third quartile also known at the inter-quartile range (IQR); the whiskers on
either side of the median value capture 1.5 IQRs. The circles illustrate suspected outlier values within 3 IQRs.
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G.2

Share equation estimates from SUR model

This appendix presents the share equation estimates from the seemingly unrelated regression
(SUR) model applied to the Northern Prawn Fisheries (NPF) in alphabetical order of the NPF
regions.
Apx Table G-1 SUR model output for Arnhem-Wessels region
‘***’ denotes significance at 1%, ‘**’ denotes significance at 5%, and ‘*’ denotes significance at 10%. e-xx denotes
exponential notation.
VARIABLE

Intercept (αAW)

COEFF

STD ERR

4.23e-02

4.63e-02

SIG

Catch differentials

VARIABLE

COEFF

STD ERR

w14

-9.95e-04

4.56e-02

SIG

Dummies for weeks

γAW,CM

-3.90e-07

4.63e-02

w15

-4.42e-02

4.48e-02

γAW,NG

-2.60e-07

5.36e-06

w16

1.95e-02

4.52e-02

γAW,WA

1.18e-05

1.10e-06 ***

w17

6.45e-02

4.77e-02

w18

1.29e-01

4.66e-02 **

Dummies for years
y08

-1.16e-02

3.28e-02

w19

1.13e-01

4.61e-02 *

y09

4.51e-02

3.34e-02

w20

7.45e-02

4.62e-02

y10

-4.30e-02

3.34e-02

w21

6.11e-02

4.62e-02

y11

-1.90e-03

3.20e-02

w22

7.67e-02

4.65e-02

y12

-1.32e-02

3.24e-02

w23

6.02e-02

4.68e-02

y13

-5.88e-02

3.30e-02 *

w24

3.93e-02

5.00e-02

y14

-8.53e-03

3.29e-02

w25

5.29e-02

6.53e-02

y15

3.35e-02

3.28e-02

Adjusted R2

0.273
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Apx Table G-2 SUR model output for Cobourg-Melville region
‘***’ denotes significance at 1%, ‘**’ denotes significance at 5%, and ‘*’ denotes significance at 10%. e-xx denotes
exponential notation.
VARIABLE

Intercept (αCM)

COEFF

STD ERR

-3.22e-02

8.18e-02

SIG

Catch differentials

VARIABLE

COEFF

STD ERR

w14

2.08e-02

8.12e-02

SIG

Dummies for weeks

γCM,AW

-3.90e-07

5.36e-06

w15

2.76e-02

8.02e-02

γCM,FB

6.37e-06

4.81e-06

w16

2.91e-02

8.05e-02

γCM,JB

4.94e-06

6.51e-06

w17

8.83e-02

8.28e-02

w18

1.49e-01

8.08e-02 *

Dummies for years
y08

1.19e-01

5.89e-02 *

w19

2.46e-01

8.04e-02 ***

y09

1.41e-02

5.99e-02

w20

2.76e-01

8.10e-02 ***

y10

7.43e-02

5.92e-02

w21

3.20e-01

8.07e-02 ***

y11

-6.01e-03

5.76e-02

w22

2.33e-01

8.10e-02 ***

y12

2.85e-02

5.82e-02

w23

2.96e-01

8.17e-02 ***

y13

-2.16e-02

5.89e-02

w24

2.34e-01

8.79e-02 ***

y14

1.38e-02

5.88e-02

w25

2.35e-01

1.16e-01 **

y15

2.76e-02

8.02e-02

Adjusted R2
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0.389

Apx Table G-3 SUR model output for Joseph-Bonaparte Gulf region
‘***’ denotes significance at 1%, ‘**’ denotes significance at 5%, and ‘*’ denotes significance at 10%. e-xx denotes
exponential notation.
VARIABLE

Intercept (αJB)

COEFF

STD ERR

2.83e-02

3.72e-02

SIG

VARIABLE

COEFF

STD ERR

w14

6.88e-04

3.58e-02

SIG

Dummies for weeks

Catch differentials
γJB,CM

4.94e-06

6.51e-06

w15

-8.33e-03

3.58e-02

γJB,FB

1.26e-05

4.94e-06 **

w16

-1.73e-02

3.59e-02

w17

-1.11e-02

3.83e-02

w18

-1.30e-02

3.61e-02

Dummies for years
y08

4.17e-03

2.57e-02

w19

-2.66e-03

3.56e-02

y09

1.64e-03

2.68e-02

w20

1.90e-02

3.61e-02

y10

-2.26e-03

2.57e-02

w21

1.58e-02

3.61e-02

y11

3.19e-02

2.52e-02

w22

2.71e-02

3.61e-02

y12

5.83e-03

2.56e-02

w23

2.91e-02

3.64e-02

y13

5.37e-02

2.62e-02 **

w24

3.50e-03

3.94e-02

y14

6.27e-02

2.58e-02 **

w25

1.09e-01

5.12e-02 **

y15

7.92e-03

2.56e-02

Adjusted R2

0.345

Apx Table G-4 SUR model output for Karumba region
‘***’ denotes significance at 1%, ‘**’ denotes significance at 5%, and ‘*’ denotes significance at 10%. e-xx denotes
exponential notation.
VARIABLE

Intercept (αKA)

COEFF

STD ERR

2.50e-01

7.50e-02

SIG

Catch differentials

VARIABLE

COEFF

STD ERR

w14

5.60e-02

7.51e-02

SIG

Dummies for weeks

γKA,ML

2.25e-05

1.21e-05 *

w15

1.03e-01

7.36e-02

γKA,WM

7.81e-06

5.25e-06

w16

-7.66e-03

7.39e-02

w17

-6.61e-02

7.32e-02

w18

-1.40e-01

7.34e-02 *

Dummies for years
y08

-1.88e-05

5.45e-02

w19

-1.66e-01

7.40e-02 **

y09

7.23e-02

5.56e-02

w20

-1.80e-01

7.50e-02 **

y10

1.58e-02

5.46e-02

w21

-1.80e-01

7.46e-02 **

y11

6.35e-02

5.32e-02

w22

-1.55e-01

7.41e-02 **

y12

2.85e-02

5.30e-02

w23

-1.28e-01

7.60e-02 *

y13

1.80e-01

5.38e-02 ***

w24

-4.95e-02

8.01e-02

y14

5.00e-02

5.47e-02

w25

-2.46e-01

1.07e-01 **

y15

3.09e-02

5.43e-02

Adjusted R2

0.429
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Apx Table G-5 SUR model output for Mitchell region
‘***’ denotes significance at 1%, ‘**’ denotes significance at 5%, and ‘*’ denotes significance at 10%. e-xx denotes
exponential notation.
VARIABLE

Intercept (αML)

COEFF

2.82e-01

STD ERR

SIG

COEFF

STD ERR

w14

6.54e-02

6.60e-02

1.21e-05 *

w15

1.30e-01

6.46e-02

6.60e-02 ***

Catch differentials

VARIABLE

Dummies for weeks

γML,KA

2.25e-05

γML,NG

-7.80e-07

1.62e-06

w16

1.18e-01

6.50e-02

γML,WA

5.47e-06

6.42e-06

w17

6.35e-02

6.39e-02

γML,WM

-2.85e-06

5.24e-06

w18

-2.63e-02

6.43e-02

w19

-3.57e-02

6.51e-02

Dummies for years

SIG

y08

-5.75e-02

4.71e-02

w20

-7.31e-02

6.67e-02

y09

-3.62e-02

4.82e-02

w21

-1.09e-01

6.61e-02

y10

-9.95e-02

4.74e-02 **

w22

-1.32e-01

6.54e-02

y11

-1.17e-01

4.62e-02 **

w23

-1.18e-01

6.75e-02

y12

-4.78e-02

4.60e-02

w24

-1.26e-01

7.06e-02

y13

-7.57e-02

4.66e-02

w25

-1.34e-01

9.36e-02

y14

-8.25e-02

4.75e-02 *

y15

-1.07e-01

4.69e-02 **

Adjusted R2

0.422

Apx Table G-6 SUR model output for North Groote region
‘***’ denotes significance at 1%, ‘**’ denotes significance at 5%, and ‘*’ denotes significance at 10%. e-xx denotes
exponential notation.
VARIABLE

Intercept (αNG)

COEF

STD ERR

1.13e-02

9.51e-03

Catch differentials

SIG

VARIABLE

COEFF

STD ERR

w14

-4.05e-03

8.54e-03

γNG,AW

-2.60e-07

1.10e-06

w15

-4.76e-03

8.34e-03

γNG,ML

-7.80e-07

1.62e-06

w16

-5.78e-03

8.63e-03

γNG,SG

-6.12e-07

7.41e-07

w17

-5.93e-03

9.54e-03

γNG,VL

2.02e-07

1.10e-06

w18

-6.60e-03

9.32e-03

γNG,WA

1.59e-06

1.57e-06

w19

-6.30e-03

9.26e-03

w20

-5.36e-03

8.92e-03

Dummies for years

SIG

Dummies for weeks

y08

-9.86e-05

6.06e-03

w21

-4.74e-03

9.13e-03

y09

-4.89e-03

6.20e-03

w22

-2.03e-03

9.26e-03

y10

-1.96e-03

6.37e-03

w23

4.43e-03

9.27e-03

y11

-1.34e-03

6.05e-03

w24

1.73e-03

9.95e-03 *

y12

1.04e-03

5.95e-03

w25

6.36e-02

1.28e-02 ***

y13

-4.52e-03

6.05e-03

y14

-4.86e-03

6.17e-03

y15

-3.95e-03

6.09e-03
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Adjusted R2

0.794

Apx Table G-7 SUR model output for South Groote region
‘***’ denotes significance at 1%, ‘**’ denotes significance at 5%, and ‘*’ denotes significance at 10%. e-xx denotes
exponential notation.
VARIABLE

Intercept (αSG)

COEFF

STD ERR

1.99e-03

9.81e-03

SIG

VARIABLE

COEFF

STD ERR

w14

-5.13e-03

9.89e-03

SIG

Dummies for weeks

Catch differentials
γSG,NS

-6.12e-07

7.41e-07

w15

-6.10e-03

9.76e-03

γSG,VL

1.08e-06

9.06e-07

w16

-3.93e-03

9.69e-03

w17

-2.92e-03

9.85e-03

w18

3.56e-03

9.76e-03

Dummies for years
y08

1.16e-03

7.15e-03

w19

8.69e-03

9.67e-03

y09

1.43e-02

7.28e-03 **

w20

3.30e-02

9.66e-03 ***

y10

1.16e-02

7.21e-03

w21

1.38e-02

9.66e-03

y11

1.24e-02

7.02e-03 *

w22

1.03e-02

9.65e-03

y12

2.81e-03

7.05e-03

w23

6.76e-04

9.80e-03

y13

6.40e-03

7.16e-03

w24

1.28e-02

1.05e-02

y14

8.50e-03

7.19e-03

w25

5.64e-02

1.41e-02 ***

y15

2.46e-02

7.17e-03 ***

Adjusted R2

0.441

Apx Table G-8 SUR model output for Vanderlins region
‘***’ denotes significance at 1%, ‘**’ denotes significance at 5%, and ‘*’ denotes significance at 10%. e-xx denotes
exponential notation.
VARIABLE

Intercept (αAW)

COEFF

STD ERR

-3.17e-02

2.69e-02

SIG

Catch differentials

VARIABLE

COEFF

STD ERR

w14

7.00-03

2.52e-02

SIG

Dummies for weeks

γVL,NG

2.01e-07

1.10e-06

w15

1.40-02

2.48e-02

γVL,SG

1.08e-06

9.06e-07

w16

2.53e-02

2.51e-02

γVL,WM

-1.66e-06

1.92e-06

w17

4.54e-02

2.60e-02 *

w18

6.44e-02

2.54e-02 **

Dummies for years
y08

1.09e-02

1.77e-02

w19

5.68e-02

2.54e-02 **

y09

4.91e-02

1.79e-02 ***

w20

7.13e-02

2.57e-02 ***

y10

8.50e-02

1.81e-02 ***

w21

6.19e-02

2.57e-02 **

y11

2.73e-02

1.73e-02

w22

5.55e-02

2.58e-02 **

y12

6.87e-03

1.73e-02

w23

2.29e-02

2.60e-02

y13

1.10e-02

1.76e-02

w24

4.14e-02

2.79e-02

y14

3.92e-02

1.76e-02 **

w25

6.53e-02

3.59e-02 *

y15

2.80e-02

1.79e-02

Adjusted R2

0.314
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Apx Table G-9 SUR model output for Weipa region
‘***’ denotes significance at 1%, ‘**’ denotes significance at 5%, and ‘*’ denotes significance at 10%. e-xx denotes
exponential notation.
VARIABLE

Intercept (αAW)

COEFF

2.63e-01

STD ERR

SIG

4.01e-02 ***

Catch differentials

VARIABLE

COEFF

STD ERR

SIG

Dummies for weeks
w14

-1.12e-01

3.97e-02 ***

γWA,AW

1.18e-05

3.99e-06 ***

w15

-2.68e-01

3.88e-02 ***

γWA,ML

5.47e-06

6.42e-06

w16

-2.14e-01

3.90e-02 ***

γWA,NG

1.59e-06

1.57e-06

w17

-2.71e-01

3.95e-02 ***

w18

-2.83e-01

3.99e-02 **

Dummies for years
y08

1.15e-02

2.87e-02

w19

-3.11e-01

3.94e-02 ***

y09

1.35e-02

2.90e-02

w20

-3.25e-01

3.90e-02 ***

y10

-2.85e-02

2.93e-02

w21

-3.00e-01

3.92e-02 ***

y11

-1.37e-02

2.81e-02

w22

-3.22e-01

3.93e-02 ***

y12

-1.68e-02

2.82e-02

w23

-3.08e-01

3.98e-02 ***

y13

-4.11e-02

2.88e-02

w24

-3.04e-01

4.24e-02 ***

y14

-3.45e-02

2.87e-02

w25

-2.91e-01

5.69e-02 ***

y15

-2.60e-02

2.86e-02

Adjusted R2

0.632

Apx Table G-10 SUR model output for West-Mornington region
‘***’ denotes significance at 1%, ‘**’ denotes significance at 5%, and ‘*’ denotes significance at 10%. e-xx denotes
exponential notation.
VARIABLE

Intercept (αAW)

COEFF

STD ERR

5.53e-02

5.06e-02

SIG

Catch differentials

VARIABLE

COEFF

STD ERR

w14

6.76e-03

5.02e-02

SIG

Dummies for weeks

γWM,KA

7.81e-06

5.25e-06

w15

4.71e-02

4.89e-02

γWM,ML

-2.85e-06

5.24e-06

w16

7.15e-02

4.90e-02

γWM,VL

-1.66e-06

1.92e-06

w17

1.05e-01

4.91e-02 **

w18

1.11e-01

4.89e-02 **

Dummies for years
y08

-9.76e-02

3.60e-02 ***

w19

6.31e-02

4.91e-02

y09

-3.79e-02

3.65e-02

w20

7.49e-02

4.97e-02

y10

-2.45e-02

3.60e-02

w21

7.64e-02

4.95e-02

y11

-1.76e-02

3.52e-02

w22

1.14e-01

4.94e-02 **

y12

-8.91e-03

3.50e-02

w23

5.87e-02

5.03e-02

y13

-5.97e-02

3.55e-02 *

w24

8.22e-02

5.35e-02

y14

-3.45e-02

3.57e-02

w25

4.24e-02

7.08e-02

y15

-4.86e-02

3.58e-02

Adjusted R2
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