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Key concepts and Assessment methods

Authors: Ian Watson, Frances Marston, Cuan Petheram, Lisa Brennan McKellar, Nathan Waltham,
Marcus Barber, Rebecca Bartley, Tim Munday, Dushmanta Dutta, David McJannet, Ian Jolly, Tony Webster,
Julien Lerat, Neville Crossman and Heinz Buettikofer
This chapter defines a number of key concepts and provides a high-level description of the methods used
by the Flinders and Gilbert Agricultural Resource Assessment (the Assessment), focusing particularly on the
Gilbert catchment.

2.1

Key concepts

A number of key concepts provide a critical basis fundamental to the Assessment – these are outlined
below. The reader is also directed to the glossary, units of measure and geological time scale sections
contained in Appendix B.

2.1.1

GILBERT CATCHMENT AND THE ASSESSMENT AREA

As already described in Chapter 1, the Gilbert catchment lies within an area known locally as the Gulf
region (Figure 2.1), loosely defined as comprising the Settlement Creek, Nicholson, Leichhardt, Morning
Inlet, Flinders, Norman, Gilbert, Staaten, Mitchell and Coleman catchments. The Gilbert catchment, the
focus of this report, is shown in Figure 2.2.

Figure 2.1 The Flinders and Gilbert catchments within the Gulf region of northern Australia
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Figure 2.2 The Gilbert catchment

2.1.2

WATER YEAR AND WET AND DRY SEASONS

The Gulf region experiences a highly seasonal climate, with the majority of rain falling between December
and March. Unless specified otherwise the wet season is defined as being the six-month period from
1 November to 30 April and the dry season is the six-month period from 1 May to 31 October. All results in
the Assessment are reported over the ‘water year’, defined as the period 1 July to 30 June and which allows
each individual wet season to be counted in a single 12-month period, rather than being split over two
calendar years (i.e. counted as two separate seasons). This is the best option for reporting climate statistics
in northern Australia and from a hydrological and agricultural assessment viewpoint.

2.1.3

SCENARIO DEFINITIONS

The Assessment, considered three different scenarios of climate and surface water, groundwater and
economic development, as used in the Northern Australia Sustainable Yields Project (CSIRO, 2009a, b, c):
 Scenario A – historical climate and current development
 Scenario B – historical climate and future irrigation development
 Scenario C – future climate and current development.
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As the primary interest was in evaluating the scale of the opportunity for irrigated agriculture development
under the current climate, the future climate scenario (Scenario C) was secondary in importance to
scenarios A and B. This balance is reflected in the allocation of resources throughout the Assessment.

Scenario A
Scenario A included historical climate and current development. The historical climate data were of
121 years (water years from 1 July 1890 to 30 June 2011) of observed climate (rainfall, temperature and
potential evaporation for water years). All results presented in this report are reported over this period
unless specified otherwise. Current development is the current level of surface water, groundwater and
economic development that was defined as that of 1 July 2013. The Assessment assumes that all current
entitlements are being fully used. Scenario A was used as the baseline against which assessments of
relative change were made. Historical tidal data were used to specify downstream boundary conditions for
flood modelling undertaken by the Assessment.

Scenario B
Scenario B included historical climate and future irrigation development (see the case studies in chapters 8
to 10), undertaken by the Assessment through discussion with stakeholders. Scenario B used the same
historical climate data as Scenario A. Future irrigation development is described by each case study
storyline, and river inflow and agricultural productivity were modified accordingly.

Scenario C
Scenario C included future climate and current development. It was based on a 121-year climate data
sequence scaled for ~2060 conditions. These climate data were derived from a range of global climate
model (GCM) projections for a 2 °C global temperature rise scenario which encompassed different GCMs
for this single global warming scenario – the projections were then used to modify the observed historical
daily climate sequences. The current level of surface water, groundwater and economic development were
assumed. Tidal level data were manipulated to reflect a ~2060 sea-level rise (i.e. the median date at which
the GCMs reach a 2 °C global temperature rise).

2.1.4

ILLUSTRATIVE CASE STUDIES

The Assessment considered three case studies in the Gilbert catchment, as described in chapters 8 to 10.
The purpose of the case studies is to evaluate the scale of opportunity for irrigation in key geographic areas
of the catchment. By analysing water storage options and potential crops, they enable assessments of the
viability and sustainability of irrigated agriculture.
Three case studies were undertaken in the Gilbert catchment:
 Green Hills dam and irrigated three-crop rotation
 Dagworth and Green Hills dams and irrigated sugarcane
 Kidston Dam and irrigated Rhodes grass.

2.2

Assessment methods

The Assessment set out to provide information to enable people to answer five questions for their
particular circumstances about irrigation in the Gilbert catchment:






What soil and water resources are available for irrigated agriculture?
What are the existing ecological systems, industries, infrastructure and values?
What are the opportunities for irrigation?
Is irrigated agriculture economically viable?
How can the sustainability of irrigated agriculture be maximised?
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To provide information to enable people to address these questions, work was undertaken across five
broad topics by 13 scientific activities (Table 2.1).
Table 2.1 Assessment questions, topics and activities
TOPIC

ASSESSMENT QUESTION

SCIENTIFIC ACTIVITY

Resource
assessment

What soil and water resources are
available for irrigated agriculture?

Climate, geophysics, land suitability, river modelling: calibration,
flood mapping, instream waterholes, groundwater

Existing
environment

What are the existing ecological
systems, industries, infrastructure and
values?

Aquatic and riparian ecology, Indigenous water values, socioeconomics: costs and benefits

Irrigation
opportunities

What are the opportunities for
irrigation?

Water storage, agricultural productivity

Economic
viability

Is irrigated agriculture economically
viable?

Socio-economics: costs and benefits

Sustainability

How can the sustainability of irrigated
agriculture be maximised?

Aquatic and riparian ecology, groundwater, socio-economics: triplebottom-line accounting

The remainder of this chapter broadly describes the methods used by the Assessment, presenting them in
line with the five questions and focusing particularly on the Gilbert catchment. For a more comprehensive,
detailed technical description of the methods, see the suite of companion technical reports presented in
Appendix A.

2.2.1

WHAT SOIL AND WATER RESOURCES ARE AVAILABLE FOR IRRIGATED
AGRICULTURE?

The question ‘What soil and water resources are available for irrigated agriculture?’ is addressed in
Chapter 3, ‘Physical environment of the Gilbert catchment’.
It describes the information and methods needed to (i) understand the geology (including the subsurface
stratigraphy or underlying geological organisation), (ii) identify, map and quantify the available soil
resources, (iii) develop future climate scenarios and (iv) determine the characteristics of the catchment’s
water resources (or hydrology).

Geology of the Gilbert catchment
To understand the underlying geological organisation of the Gilbert catchment, the Assessment made
extensive use of existing geological maps (available at 1:250,000 scale) and region-scale radiometric
datasets (i.e. data measuring radioactivity). Radiometric surveys infer the spatial distribution of radioactive
elements that are released from rocks and re-distributed during weathering and erosion, and consequently
are very useful in understanding the distribution of soils. Radiometric data are available across the entire
Gilbert catchment. These existing datasets were central to understanding the distribution of groundwater,
soil and better water storage locations in the Gilbert catchment. In some instances the existing geological
and radiometric data were supplemented with electromagnetic data acquired as part of an airborne
geophysical survey undertaken as part of the Assessment. The survey was flown over the Assessment area
between 26 November 2012 and 12 December 2012, and over 1830 km of data were acquired. The survey
flight lines are shown in Figure 2.3. These datasets are presented in the companion technical report about
geophysics (Munday et al., 2013), and are publically available for future studies from the Assessment
website at <http://www.csiro.au/FGARA>.
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Soils of the Gilbert catchment
The lack of soil information across most of northern Australia is a key impediment to planned agricultural
development. Prior to the Assessment, soil across the Gilbert catchment was mapped at a 1:1,000,000 scale
based on land system mapping, though small specific areas had been mapped at a finer scale (i.e. 1:100,000
to 1:250,000) through additional measurements or simply reinterpretation of the land system mapping
undertaken by CSIRO in the 1950s. This scale of soil mapping is typical of most regions across northern
Australia. The Assessment therefore used a combination of legacy data obtained from previous work and
new data collected as part of this Assessment (Figure 2.3).

Figure 2.3 Soil sampling sites and airborne geophysical survey flight lines of the Gilbert catchment
Soil sampling sites include legacy data (from the Queensland Government’s Soil and Land Information database (SALI;
Queensland Government, 2000) and CSIRO National soil database). The inset shows the location of airborne
electromagnetic survey lines in the Gilbert catchment.

The Assessment used digital soil mapping (DSM) – a relatively new technique for mapping soils and land
suitability (Figure 2.4). This technique is typically cheaper, faster and more efficient and objective than
traditional soil survey techniques. It also enables scientists to calculate the uncertainty in the resulting soil
maps, which is not possible using traditional soil survey approaches. Use of digital soil mapping at the large
scale required for this Assessment was a world-first application of the technique.

14 | Agricultural resource assessment for the Gilbert catchment

The DSM undertaken in the Assessment was underpinned by a variety of spatial data layers, including
satellite imagery, most of which can be related to soil formation processes (e.g. elevation). These were
used as spatial data input for a new spatial statistical method that identifies the best locations to sample in
order to capture the most variability within and across the input spatial data. In doing so, the new statistical
method takes into account existing soil measurements and site accessibility. During a ten-week period,
more than 500 person-days were spent in the field sampling and measuring soil. Soil samples were sent to
CSIRO and Queensland Government laboratories for analysis. Soil data collected and measured in the field
were then used in conjunction with spatial data layers (i.e. these were used as spatial covariates) to
develop statistical models to enable field measurements to be extrapolated across the entire Gilbert
catchment. This process created 16 digital soil maps of different soil attributes (e.g. percentage clay in soil,
soil depth and soil texture) at a resolution of 30 by 30 m (pixels) for the Gilbert catchment. Note that while
the maps were generated at a resolution of 30 by 30 m, the maps were produced with varying degrees of
uncertainty across the catchment. The DSM methods are described in more detail in the companion
technical report about land suitability (Bartley et al., 2013).

Figure 2.4 Schematic representation of digital soil mapping method

Climate information and climate scaling for future climates
Climate variables are generally considered, together with soil data, to be the most important
environmental factors in determining the suitability of particular locations for agriculture. Rainfall is
especially important because it is so very closely linked to hydrology and water availability. Understanding
climate, and especially its variability, is critical for assessing semi-arid and subtropical sites in northern
Australia for irrigated land use.
One of the limitations to hydrological and agricultural assessments in northern Australia is the lack of
climate data – compared with other parts of Australia, particularly the southern more closely settled areas,
climate data are sparse. Between 2000 and 2007 the Gilbert catchment had about five rainfall stations
(greater than 70% complete) per 10,000 km2. This compares to 20 rainfall stations (greater than 70%
complete) per 10,000 km2 over the same period for the Murrumbidgee catchment (a sub-catchment of the
Murray–Darling Basin of comparable size to the Gilbert catchment). Figure 2.5 compares the distribution of
rainfall data in the Gilbert catchment and how this has changed over time. The spatial density of other
climate variables, such as evaporation is much lower and typically confined to towns whereas rainfall data
have been collected at a number of properties throughout the catchment.
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Figure 2.5 Availability of rainfall data availability in the Gilbert catchment
This is a decadal analysis of the location and completeness of Bureau of Meteorology stations measuring daily rainfall
used in the SILO database. The decade labelled ‘1910’ is defined from 1 January 1910 to 31 December 1919, and so
on. At a station, a decade is 100% complete if there are observations for every day in that decade. The analysis for the
decade starting in 2000 only extends to 2007.

To maintain consistency, all Assessment activities used the same climate data. These were assembled using
daily gridded data from the SILO database – an enhanced climate data bank containing datasets that are
based on historical climate data provided by the Bureau of Meteorology (Jeffrey et al., 2001) – from
between 1 July 1890 and 30 June 2011, referred to herein as Scenario A (as described in Section 2.1.3).
The primary focus of the Assessment was on assessing the opportunity for irrigated agriculture with
currently available environmental resources. However, given current projected changes in temperature and
rainfall in the coming decades, and the sensitivity to that change by Australian agriculture and the natural
resource base on which it depends, the Assessment also considered the effects of climate change.
Determining these effects involved using information from 15 global climate models (GCMs) representing a
world where the global average surface air temperatures are 2 °C higher relative to ~1990 global
temperatures. The scale of GCM outputs is too coarse for use in catchment and point-scale hydrological
and agricultural computer models, so they were transformed to catchment-scale variables using a simple
scaling technique to create a ‘synthetic’ dataset of future climate. This dataset was used as input to the
hydrological and agricultural computer models used in the Assessment for scenarios C and D. The methods
by which the future climate data were generated are described in more detail in the companion technical
report about climate data (Petheram and Yang, 2013). This method is consistent with other large scale
hydrological analyses that have been undertaken in northern Australia (CSIRO 2009a, b, c) and elsewhere in
Australia.

Hydrology of the Gilbert catchment
The availability of water across the Gilbert catchment was primarily assessed using three types of numerical
hydrological models: (i) river system models, (ii) conceptual rainfall-runoff models and (iii) hydrodynamic
models.
River system models simulate the dynamics of a river network by representing the river as a series of
‘nodes and links’ that mimic hydrological processes and water management decisions such as water
diversions and storage in reservoirs. The Assessment translated an existing model (the Water Resource Plan
Flinders Integrated Quantity and Quality Model (IQQM)) into a new kind of river system model (eWater
Source; referred to herein as Source). The Assessment also incorporated additional nodes into the new
models to improve their spatial resolution in key areas (e.g. within the vicinity of potential dam sites and
irrigation areas). The increased resolution was desirable because it better considered rainfall gradients, and
also enabled a wider range of development options to be examined. The models were calibrated using
climate and observed streamflow data, some of which dated back to the 1960s. The models were
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calibrated using a new approach, which jointly calibrated the routing, loss and rainfall-runoff model
parameters. The Sacramento conceptual rainfall-runoff model was used to provide inflows to the Source
river model.
One of the challenges in undertaking hydrological modelling across northern Australia is that considerable
uncertainty arises due to the difficulties in measuring streamflow in remote environments. Consequently,
quantifying uncertainty is critical in assessing the sustainability of water resources under climate and
development scenarios. A new approach was employed to provide estimates of uncertainty in streamflow.
This resulted in an ensemble of 50 river system models, each one statistically plausible, based around
uncertainty in the streamflow rating curve data. For more detail about the methods used for the river
modelling, see the companion technical reports about river model calibration (Lerat et al., 2013) and river
system modelling for the Assessment case studies (Holz et al., 2013).
One of the limitations of river system and conceptual rainfall-runoff models is that they cannot be used to
model the spatial extent of flood inundation. In the Gilbert catchment this is important because the coastal
floodplains flood regularly. Flooding can be catastrophic to agricultural production in terms of loss of stock,
fodder and topsoil and in damage to crops and infrastructure. Flood flows are important from an ecological
perspective because they provide an opportunity for normally disconnected wetlands to be connected to
the main river channel. The high biodiversity found in many unregulated floodplain systems (i.e. where
there is no flow-controlling infrastructure or diversion) in northern Australia is thought to largely depend
upon these ‘flood pulses’, which allow biophysical exchanges to occur between the main channel and
wetlands.
A combination of two-dimensional hydrodynamic modelling (MIKE 21) and remote sensing (MODIS and
Landsat TM imagery) was used to quantify floodplain inundation, the connectivity (in terms of extent,
timing and duration) of the main river channels to offstream wetlands and to assess how this connectivity
might change as a result of upstream regulation. Flood maps derived from the satellite imagery were used
to define the hydrodynamic modelling domain and help parameterise, calibrate and post-audit the twodimensional hydrodynamic model. For more detail about the methods used for floodplain inundation
mapping and modelling, see the companion technical report about floodplain inundation (Dutta et al.,
2013).
During the dry season, rivers in the Gilbert catchment break up into a series of waterholes. Many aquatic
biota in the Assessment area survive the long dry season by using refugia (habitat for species to retreat to,
persist in) provided by these waterholes. The Assessment investigated the potential impacts of climate and
development on instream waterhole persistence. In doing so it developed and tested methods for
identifying and tracking the persistence of waterholes in the Gilbert catchment using freely available
Landsat TM data. Relationships were then developed between streamflow as simulated by the river system
models and waterhole persistence. The resulting relationships enable assessment of the persistence of
waterholes under future climate and development scenarios. For more detail about the methods used for
determining instream waterholes see the companion technical report about in-stream waterholes
(McJannet et al., 2013).
The Assessment also carried out investigations to determine whether the persistence of permanent
waterholes in the Gilbert catchment was likely to be due (at least in part) to natural groundwater inflows.
The purpose of this was to inform water resource planners and managers about the potential impact of
current and future groundwater development on the hydrology and associated ecosystem health of
permanent instream waterholes. This involved an assessment of the nature of surface water – groundwater
connectivity at five river sites and in 19 waterhole sites in the Gilbert catchment during the dry season.
Major ion chemistry, and naturally occurring radioactive and stable isotopes of water were used to assess
the likelihood of groundwater presence in these rivers and waterholes. For more detail about the methods
used for determining surface water – groundwater connectivity see the companion technical report about
surface water – groundwater connectivity (Jolly et al., 2013).
It is important to note that groundwater was investigated with respect to surface water – groundwater
connectivity; groundwater was not assessed specifically for use as a resource. However, some of the results
described in this report may be useful for this purpose.
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2.2.2

WHAT ARE THE EXISTING ECOLOGICAL SYSTEMS, INDUSTRIES, INFRASTRUCTURE
AND VALUES?

The question ‘What are the existing ecological systems, industries, infrastructure and values?’ is addressed
in Chapter 4, ‘Living and built environment of the Gilbert catchment’. This chapter benchmarks the existing
natural and human environment of the Gilbert catchment. In developing greenfield irrigation areas it is
important to understand the natural environment and the ways it is valued by Indigenous and nonIndigenous people, what infrastructure may exist to support greenfield irrigation developments and what
existing industries may be benefited or impacted by future irrigation development.

Ecology of the Gilbert catchment
Any proposal for irrigation development in the Gilbert catchment needs to be considered in the context of
baseline ecological data and experiences drawn from other similar water developments. Consequently the
Assessment undertook a review and identification of the ecological assets (e.g. important species or
habitats) in the Gilbert catchment. It included identifying important habitats by searching a range of lists,
databases and other sources (e.g. records from the Queensland Museum and the Regional Ecosystem
dataset). Relative to catchments in southern Australia and even relative to many catchments in northern
Australia (e.g. Daly, Mitchell and Fitzroy), there is a general paucity of ecological information for the Gilbert
catchment. Unfortunately ecological research undertaken elsewhere in northern Australia has limited
relevance for use in the Gilbert catchment and is not usually specifically targeted to answer questions
related to irrigation development. Consequently consultation with experts and local community members
was undertaken to try and provide further information in identifying important ecological assets and
function within the Gilbert catchment.
To complement the review of existing studies and records and consultation with experts and local
community members, field sampling was undertaken as part of the Assessment. The field sampling
employed a suite of survey methods to generate a list of fish and aquatic invertebrate (i.e. an invertebrate
that is large enough to be seen with the naked eye) communities. Methods used included backpack
electrofishing, visual observation, gill netting, baited fish traps, kick samples of benthic (i.e. bottom)
habitats within waterholes and ‘sweeps’ of edge habitat, waterhole bottom areas and vegetated
macrophyte areas (a macrophyte is an aquatic plant that grows in or near water and is either emergent,
submergent, or floating).
The review of records was important in identifying distribution and movement patterns of fish in the
catchment, in particular for the freshwater sawfish (Pristis microdon), which is listed variously as vulnerable
or critically endangered and the giant freshwater whipray (Himantura dalyensis) which is listed as
vulnerable. This review also highlighted distribution of other fish species known to migrate along river
extent, to complete important life cycle processes (e.g. barramundi, Lates calcifer).
For more detail about the methods used for determining ecological responses to changes in flow see the
companion technical report about ecological responses to changes in flow (Waltham et al., 2013).

Indigenous water values, rights and interests and Indigenous development aspirations
Indigenous people have lived in Australia for many thousands of years, developing strong custodial
connections to important places and significant wider knowledge of the landscape. This history is relevant
to regulatory and land tenure issues, to current Indigenous and non-Indigenous residence patterns in the
area and to the development aspirations Indigenous people have. Indigenous people also have specific
values, rights and interests in water that water resource developers and managers need to consider. These
are addressed by existing native title, environmental and heritage laws and water planning processes, but
are not fully encompassed by them. The Assessment acknowledged these issues and undertook research to
begin to address them. Further details are contained in the companion technical report about Indigenous
water values, rights and interests (Barber, 2013).
The goal of the Indigenous component of the Assessment research was to provide general foundations for
understanding Indigenous people’s relationships with water in the two catchments, and to inform future
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discussions about particular developments. The geographic context and scope of the research task was
crucial to how it was conducted. Taken as a whole, the Flinders and Gilbert catchments are characterised
by: large geographic scale; a dispersed Indigenous population with significant internal political complexity;
and poor documentation of existing Indigenous values, rights and interests. Significant changes to water
use upstream would affect Indigenous groups downstream, further suggesting that a catchment-scale
investigation was the appropriate course.
The overall timeframe for the NQIAS meant that a ‘rapid response’ scoping assessment was undertaken.
This approach focused on participation by key senior individuals from the relevant Indigenous groups to
generate a representative set of issues and perspectives, and had been used previously (Barber and
Jackson, 2011). Knowledge was shared and collated to create a common baseline for further consideration,
discussion and decision making; the data taken as an appropriate indication of catchment-scale issues.
However, although the method provides foundations for wider Indigenous group and catchment-based
consultation, prioritisation and decision-making processes, it cannot substitute for them. The Assessment
did not seek formal Indigenous group positions on any matters raised, nor should the opinions expressed
by individual research participants be taken as the final positions of those individuals. The findings indicate
that ongoing group, community, and catchment-based planning processes will be crucial to further
progress with respect to Indigenous people, to Indigenous water values, rights and interests, and to water
and agricultural development proposals in the catchments.
Existing published information about Indigenous people and water in the Gilbert catchment is extremely
limited. The available literature was reviewed, focusing on key evidence for past habitation, on exploration
and colonisation processes, and on the contemporary situation with respect to Indigenous land ownership,
residence, and access. Further external expertise was sought through desktop studies of two specific areas
– cultural heritage and Indigenous water policy and law. These outputs (McIntyre-Tamwoy et al., 2013;
Jackson and Tan, 2013) are contained in appendices to the companion technical report about Indigenous
water values, rights and interests (Barber, 2013). This work provided the necessary context for the primary
analysis of Indigenous water values, rights and interests and Indigenous development aspirations.
In terms of fieldwork, key local and regional Indigenous organisations were identified and contacted
through an iterative series of internet searches and telephone referrals. Senior individuals nominated by
those organisations were then approached for interview. Key topics related to water and development
were then investigated in formal, semi-structured, face-to-face interviews and key comments and opinions
recorded. The final number of individuals interviewed from any group depended on the group size and
individual availability for interview, but at least one key senior representative from all of the major groups
represented in the catchment was approached for interview, making a total of 25 participants. Comments
were checked and confirmed with research participants prior to use in the reporting phase, and the
resulting information and analysis were then combined into a draft research report. This draft was
subjected to professional review and also circulated to research participants and Indigenous organisations.
This provided further time for data confirmation, feedback, and comment prior to finalisation of the
Assessment technical report Indigenous water values, rights and interests (Barber, 2013).

Catchment profile – demographics, existing industry and infrastructure
Recent literature and numerous databases were examined to provide an understanding of demographics,
existing industries and infrastructure and the critical thresholds for important community infrastructure
(such as schools and hospitals) of the Gilbert catchment – this is information that may help inform and
enable new irrigation development.

Existing water entitlements and irrigation in the Gilbert catchment
Existing water entitlement information was obtained from the Queensland Government. Information about
existing irrigation and irrigation practices in the Gilbert catchment was obtained during visits to the
catchment and discussions with local community members and Queensland Government regional
extension officers.
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2.2.3

WHAT ARE THE OPPORTUNITIES FOR IRRIGATION?

The question ‘What are the opportunities for irrigation?’ is addressed in Chapter 5, ‘Opportunities for
irrigation in the Gilbert catchment’. It considers: (i) water storage opportunities in the GIlbert catchment,
(ii) costs and losses involved in water being conveyed to the irrigation field and (iii) cropping opportunities.

Water storage opportunities
Incremental releases of water in a catchment for consumptive use may preclude the development of large
water storages in the future. Consequently the Assessment provided a comprehensive overview of the
different water storage options in the Gilbert catchment, to help enable decision makers take a long-term
view of water resource development and to help inform future allocation decisions.
The Assessment investigated six potential dam locations within the Gilbert catchment (some with multiple
sites) – all had been identified by previous studies, ranging from isolated references to potential locations
through to detailed hydrological and geotechnical investigations. A difficulty in comparing the outcomes of
these studies was that they were undertaken by a wide range of organisations, at different periods of time,
using different methods and to varying degrees of rigour.
As part of the Assessment, all available published and unpublished literature about the previously identified
potential dam locations was accessed from the Queensland Government and SunWater archives. This
literature was reviewed and all locations were reassessed using a consistent set of methods including
updated data where available. The majority of potential storage locations were visited by an experienced
water infrastructure planner and engineering geologist as part of the Assessment, but no additional
geotechnical information was acquired. Geotechnical information is expensive and time consuming to
acquire and was beyond the scope of this Assessment.
To ensure that no potential dam location options had been overlooked, the DamSite model was applied to
the catchment. This model automatically locates favourable locations within the landscape as sites for
intermediate to large water storages. The DamSite model was used to assess over 100,000 potential dam
sites in the Gilbert catchment. Only ‘new’ sites identified by the modelling to be more favourably located
than already known potential dam sites were investigated further.
Three potential dam sites in the Gilbert catchment were short-listed for further analysis on the basis that
each was deemed to be the most likely site to proceed in three distinct geographical areas. The selected
sites were Dagworth, Green Hills and Kidston. The investigations of the three short-listed options sought to
assess supply potential and to develop conceptual arrangements for each of the potential storage
developments, as well as preliminary cost estimates based on current construction costs. Further details
can be found in the companion technical report about water storage options (Petheram et al., 2013).
Tomkins (2013 – companion technical report) collated historical sediment yield data from ten studies
across northern Australia, including one study from the Flinders River at Glendower. Using these data a
relationship was developed between sediment yield and catchment area. This relationship was used to
estimate the rate of sediment infill for each of the potential dam sites.
A desktop assessment was undertaken of potential environmental issues associated with potential dam
sites in the Gilbert catchment. The dearth of environmental information available for the catchment limited
the level of detail that could be achieved. An assessment of potential impacts was based on fish distribution
and passage (for which reasonable information exists) and inundation of vegetation communities – regional
ecosystems – which had been mapped in suitable detail by the Queensland Government across much of the
Assessment area. General environmental issues that commonly arise in dam developments in similar
habitats elsewhere, particularly the Burdekin Falls Dam reservoir (officially known as Lake Dalrymple) and
the Ord River Dam reservoir (officially known as Lake Argyle) were also considered.
A broad-scale assessment of the suitability of offstream water storage locations in the Gilbert catchment
was undertaken using available soil data from the top 1.5 m of the soil profile. Due to the non-availability of
information below 1.5 m of the top of the soil profile, this suitability assessment does not give
consideration to the nature of subsurface material below that depth, with the exception of general
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information from broad-scale geological mapping. Further details can be found in the companion technical
report about water storage options (Petheram et al., 2013).

Water distribution systems – conveyance of water from the storage and application to the crop
In all irrigation systems water is required to be diverted from rivers or dams through artificial and/or
natural water distribution systems before ultimately being used on-field for irrigation purposes. Some
proportion of the water diverted for irrigation is ultimately lost during conveyance to the field and before it
can beneficially be used by a crop to meet its water requirement needs. These losses of efficiency of
irrigation delivery need to be taken into account when planning potential irrigation systems and developing
likely irrigated agriculture areas.
No irrigation system research has previously been undertaken in the Gilbert catchment and the time
frames of the Assessment did not permit on-ground research into irrigation systems. Consequently a brief
discussion of the above items is provided based on relevant literature from elsewhere in Queensland,
Australia and overseas.

Cropping and other agricultural opportunities
In the Gilbert catchment there is currently little irrigated or dryland cropping. Consequently there are few
data on crop growing seasons, crop yields or water use. The production potential of a range of agricultural
enterprises was determined for the Gilbert catchment using simulations generated by the Agricultural
Production Systems Simulator (APSIM; Keating et al., 2003) crop model. APSIM was used to simulate
biophysical processes in farming systems, using climate and soil data collated by the Assessment as well as
previously collected data, to determine water use and potential crop yield under Scenario A. The crop types
investigated were determined in consultation with local and jurisdictional interests and in conjunction with
the Assessment soil scientists. For crop types not within the APSIM modelling framework, a combination of
local and expert knowledge and available crop yield records from the catchment (or areas of similar
climates) were used to estimate production potential – optimal APSIM model results are achieved when
local data are used to parameterise the model. Therefore the Assessment collected data from on-farm
trials in the Assessment area to parameterise and validate the model. For the Gilbert catchment, climate,
soil, crop biomass and crop yield data were collected from rice and mungbean crops grown in the
Richmond district. Production risk presented by climate change was modelled using the 121-year future
daily climate data sequences. Non-climate related production risks (e.g. pests) were assessed through
consultation with local irrigators and by drawing on the extensive experience within CSIRO of cropping in
northern Australia. More details about the methods used for undertaking the APSIM modelling are
provided in the companion technical report about agricultural productivity (Webster et al., 2013).
Farm-gate crop gross margins were developed using a bottom-up approach for selected crops in the Gilbert
catchment. Key components of a crop gross margin are yield, crop price, variable cost and irrigation use. In
the absence of local information, likely crop water use and crop yield were estimated using APSIM. Variable
or direct costs (e.g. pumping costs, fertilisers, chemicals harvesting etc) and crop prices were obtained from
a range of sources, including: (i) published gross margin budgets from New South Wales Department of
Primary Industries (NSWDPI, 2013), Queensland Department of Agriculture, Fisheries and Forestry (DAFF,
2013), ABARES (2013) and Queensland Department of Agriculture, Fisheries and Forestry staff (pers.
comm.), and (ii) reports such as and Mason and Larard (2011). Further details can be found in the
companion technical report about irrigation costs and benefits (Brennan McKellar et al., 2013).
Land suitability maps were developed for combinations of crop type, irrigation system and season
combinations using digital soil and climate data generated as part of the Assessment (Section 2.2.1) in
conjunction with a set of rules. In all, 76 land use (i.e. crop type, irrigation system and season combinations)
maps were modelled as part of the Assessment. The land suitability mapping was undertaken across the
Gilbert catchment at a resolution of 90 by 90 m pixels, but the mapping had most certainty in those areas
with the greatest density of soil sampling. It is important to note that the suitability of a land use to an area
also depends on a range of other factors such as frequency of flooding, risk of secondary salinisation (i.e. an
increase in the salt content of the soil), downstream impacts and non-biophysical characteristics such as
economics, availability of labour and production risks. These additional factors were not considered in the
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land suitability mapping undertaken by the Assessment. Information about these additional factors are
found elsewhere in the report. More details about the methods used for the land suitability mapping can
be found in the companion technical report about land suitability (Bartley et al., 2013).

2.2.4

IS IRRIGATED AGRICULTURE ECONOMICALLY VIABLE?

The question ‘Is irrigated agriculture economically viable?’ is addressed in Chapter 6. It presents an
evaluation of the economic costs and benefits from irrigation development.
Quantifying the costs and benefits of new irrigation development in the Gilbert catchment required a multiscale approach. Consequently the economic analysis of costs and benefits was conducted at the scale of
farm, scheme and statistical division (SD). Farm-scale developments are those between 100 and 1000 ha,
while irrigation developments between 5000 and 40,000 ha are representative of the size of scheme-scale
irrigation developments. Statistical division is an Australian Bureau of Statistics geographical classification –
Queensland’s North West Queensland Statistical Division in this case, which covers 308,098 km2 and
contains the shires of Cloncurry, Flinders, McKinlay, Richmond, Carpentaria, Doomadgee, Mornington and
Mount Isa.
The analysis considered the impact of capital costs, water availability, crop type, irrigation system, and
commodity price on the viability of irrigation development. At both farm and scheme scale, financial
evaluations were conducted to ask whether an irrigation project offers an acceptable return from a fundsowner perspective. Legislative and regulatory opportunities and impediments are also presented.
Fundamental to the economic analysis undertaken in the Assessment is the concept of net present value
NPV), which is described below.

Net present value
Net present value (NPV; a standard method for using the time value of money to appraise long-term
projects by measuring the differences between costs and revenues in present value terms) was used to
facilitate comparisons between development options.
As new capital projects requiring equipment and infrastructure investment, irrigation projects are analysed
over their lifetime costs and benefits. Costs and benefits occurring at different time periods are set on a
comparable basis – that is they are expressed in present value terms. When a cost stream has been
subtracted from the benefit stream to give a net benefit stream, a discount rate is applied to yield an NPV
for the project. The NPV is used to facilitate comparisons between options. The option with the largest NPV
will be preferred. Costs and benefits are also expressed in real terms. In other words, they are expressed in
constant dollars. Increases in prices due to the general rate of inflation are not included in the values
placed on future benefits and costs.
The discount rate is an interest rate and is used to indicate the desired return on investment. The internal
rate of return (IRR) is presented as supplementary information to the NPV. The IRR is the discount rate
which causes the NPV to become zero. The project’s IRR needs to be above the discount rate for the project
to be considered viable.

Farm-scale economic opportunities
The farm-scale economic analyses computed the change in profitability attributable to adopting irrigated
enterprises in the Gilbert catchment. Two broad options were considered.
The first assessed the benefits of introducing irrigation into an existing beef enterprise, representative of a
typical beef cattle property in the catchment. Here the impact of introducing irrigated forages on the
performance of a beef operation in the Gilbert catchment was undertaken using the Integrated Analysis
Tool: North Australia Beef Systems Analysis (IAT-NABSA; McDonald, 2012) – a tool that integrates data
about animal, pasture and crop production with labour and land requirements, accounts for revenue and
costs, and evaluates these against existing land, labour and financial resources. Three different irrigated
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fodders were evaluated and the profitability of different degrees of water reliability was assessed for the
most profitable fodder.
The second assessed the benefits of introducing irrigation for cropping as a separate enterprise to an
existing beef enterprise. A generic analytical framework was developed to account for the capital and
ongoing operating costs associated with the development of grazing land to irrigated cropping land at the
scale of a single farm business in the Gilbert catchment. The gross margins developed for a range of crops
were compared to the returns that would be required to achieve a viable investment under a range of
investment scenarios. The impact of reliability of supply of water was also investigated.
For the farm-scale investment analysis, the project was assessed over 15 years, with a discount rate of 5%
and some additional analyses at 7%.

Scheme-scale economic opportunities
A generic scheme-scale financial analysis was undertaken, initially treating the whole scheme as a project
conducted from the standpoint of a single developer who incurs all of the costs and receives all of the
benefits. The purpose of the analysis was to explore the range of prospectively profitable situations.
The analysis at this scale included farm-scale costs and benefits and consideration of the infrastructure
construction and operational requirements for a scheme-scale development – including capital and
operating costs associated with large dams, channels, area works, such as roads, and overhead costs. For
the scheme-scale analysis, a project period of 30 years was selected, which is less than the actual working
life of many of the scheme-scale assets, but once a project life has exceeded 30 years the analysis will be
relatively insensitive to the choice of a longer project period due to the discounting of future costs and
benefits. The residual value of assets with a working life greater than 30 years was computed and
incorporated in the analysis.
For the scheme-scale analysis a discount rate of 7% was selected as this is more consistent with the return
expected by private investors in agricultural industries. Sensitivity testing was performed at 12%. For more
detail see the companion technical report about the costs and benefits of irrigation (Brennan Mckellar et
al., 2013).

Regional economic opportunities
Regional economic analysis at the scale of statistical division (SD) was undertaken to explore the
importance of the prevailing economic environment in influencing the economic viability of investment in
irrigated agricultural development in the Gilbert catchment. Data on costs of dam construction, schemescale water distribution networks, construction of downstream processing facilities, ancillary investments in
roads, and agricultural output were drawn from the farm- and scheme-scale analyses. The investment and
associated expansion in agricultural output were modelled using TERM, a dynamic multi-regional
Computable General Equilibrium (CGE) model of the Australian economy (Wittwer, 2012). CGE modelling in
this context was undertaken for Queensland’s North West statistical division. This type of modelling serves
to provide regional and national perspectives on economic costs and benefits, as well as showing how
these outcomes depend on underlying economic conditions.

Opportunities and impediments
The Assessment also investigated other factors that could enable or impede irrigation development,
including:




documenting the current policy environment that regulates the development of irrigated agriculture.
investigating the infrastructure enhancements that might be required to support new irrigated
enterprises
identifying other transition issues that could influence the rate and extent of uptake of irrigation in the
catchment, such as the level of agricultural skills and services available to support irrigated
development
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auditing the provision of ecosystem services, which provides a scientific evidence base for evaluation
of the institutional and governance aspects of policy change.

2.2.5

HOW CAN THE SUSTAINABILITY OF IRRIGATED AGRICULTURE BE MAXIMISED?

The question ‘How can the sustainability of irrigated agriculture be maximised?’ is addressed in Chapter 7.
Many Australians believe that northern Australia holds iconic ecological and heritage status that should be
carefully managed. These strongly held perspectives as well as experiences with irrigation developments in
southern Australia and parts of northern Australia mean that any proposed irrigation development should
be accompanied by an assessment of its sustainability. Chapter 7 considers the risk of irrigation-induced
salinisation, irrigation drainage management and impacts to the catchment’s ecology by examining: (i) the
risk of rising watertable levels and the potential for increased groundwater discharge to rivers, (ii) assessing
and managing the impacts of sediments, nutrients and agropollutants to receiving waters of the Gilbert
catchment and (iii) the ecological implications of altered flow regimes.

Assessing the risk of rise in watertable level
The sustainable management of water resources is made particularly challenging by the uncertainties
associated with groundwater resources. For example, the time lags associated with lateral groundwater
flow can take many decades to manifest as an environmental problem (e.g. dryland salinity, overallocation). Thus it is important that the groundwater-related environmental risks are understood as early
as possible in the planning process of any proposed irrigation development. One of the key risks of
irrigation is secondary salinisation induced by the evaporative concentration of salts at the surface
following rise in watertable level.
Assessing the risk of rise in watertable level using conventional numerical groundwater flow models is
impracticable in the Gilbert catchment because of the lack of groundwater data. Hence, to calculate the
rate of rise in watertable level beneath irrigation areas within the Gilbert catchment, a new analytical
solution that incorporates the effect of river boundary conditions was developed as part of the Assessment.
More details are provided in the companion technical report about surface water – groundwater
connectivity (Jolly et al., 2013). Using this approach it was possible to evaluate the maximum (steady state)
rise in watertable level as a result of introducing new irrigation developments of varying areas situated at
various distances from the river edge. The time scales during which the head and flux responses occur were
also investigated. In the absence of groundwater data, a sensitivity analysis approach was undertaken by
varying the distance from the river, the size of the irrigation area, the recharge rate, aquifer transmissivity
and aquifer-specific yield. The range of values used in the sensitivity analysis was deemed to represent
practical field conditions that are likely to be encountered in the Gilbert catchment and was guided by the
limited available groundwater data, bore logs and experience elsewhere.

Assessing the risk of increased sediment, nutrients and pesticide loads from irrigation to the
Gilbert River
Little information is available describing the current or historical water quality of the Gilbert River, its
associated estuaries and coastal areas. Previous agricultural irrigation developments in tropical Australia
have been associated with decreased river and offshore water quality (Brodie et al., 2010, 2013; Lewis et
al., 2009). These reductions in water quality are directly related to the removal of pre-existing ground cover
and the application of fertilisers and pesticides.
Time and resource constraints meant that the likely contribution of sediment, fertiliser and pesticide to the
Gilbert River was limited to estimates provided by the Export Coefficient Model (Johnes, 1996; Letcher
et al., 2002).
Information on fertiliser and pesticide usage and erosion rates for a selection of possible land uses was
collected from the scientific literature, expert interview and publicly available databases. Information was
also collected on the relationships between nutrient, sediment and pesticide runoff losses and land
management approaches in similar systems. A simple formula was used to calculate the percentage of total
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applied fertiliser and pesticide likely to leave the land during rainfall or irrigation runoff events. In
conjunction with estimates of the maximum and minimum area dedicated to each proposed crop or
pasture, the total load of sediment, nutrient and pesticide entering the river can be estimated (e.g. tonnes
of nitrogen, phosphorus, sediment or pesticide) for baseline and development scenarios.
The additional load contributed to the river under an irrigated land use was compared with baseline
estimates, to provide an indication of potential water quality change.

Assessing the impacts of altered flow regimes on aquatic and riparian ecology
Understanding ecological and cultural requirements is particularly important in setting rules about water
extraction and diversion (i.e. how much water can be taken and the time at which it should be taken).
Although interactions between flow and biota occur at all magnitudes of flow, these interactions are
arguably the most sensitive at the low-flow and high-flow extremes of the flow regime (Poff and
Zimmerman, 2010). Two key ecological considerations during these periods in northern Australia are
wetland connectivity (during the wet season) and waterhole persistence (during the dry season).
The Assessment examined the impacts on the aquatic and riparian ecology resulting from alterations to
flow that are likely to arise from potential irrigation development scenarios. Previous research and
experience of north Queensland rivers and irrigation areas, indicated that potential reductions to dryseason waterholes and first-flush flows at the end of the dry season, are periods of greatest stress in
aquatic ecology (Butler et al., 2009).
As part of the Assessment a field investigation program was undertaken to examine the key determinants
of dry-season waterhole function along the Gilbert River and its tributaries. The waterholes chosen ranged
in riparian condition, connectivity with the base Gilbert River channel, size, habitat features (sandy, large
woody debris), geology (bedrock, alluvial sand) and elevation within the catchment. The mix of conditions
was necessary in order to specifically examine how reduced waterhole size and persistence might affect key
water quality and ecological processes within the Gilbert catchment.
Target waterholes were visited repeatedly between October 2012 and May 2013. At each waterhole, a
comprehensive suite of physico-chemical properties were assessed. Some measurements were made
on-site or in the laboratory from material collected at the waterholes, while a range of others were
collected repeatedly over time by data loggers installed by the Assessment team. Unfortunately the low
rainfall over the 2012–2013 wet season meant that this work was inconclusive and water level loggers at
the sites could not be used to quantify the inflows required to fill or flush the waterholes.

2.2.6

CASE STUDIES

The Assessment considered three case studies in the Gilbert catchment, as described in chapters 8 to 10.
The purpose of the case studies is to evaluate the scale of opportunity for irrigation in key geographic areas
of the catchment. By analysing water storage options and potential crops, they enable site-specific
assessments of the viability and sustainability of irrigated agriculture. Each case study includes:








a storyline to set the scene and characterise the case study
a description of the soils in the area
an assessment of the area’s climate suitability for the development
a description of the configuration of the irrigation development
a financial analysis
an assessment of potential on-site and off-site impacts
concluding remarks.

The geographic areas of the case studies were determined by the location of the more promising water
storage options in the Gilbert catchment. The storyline for each case study is a narrative about a potential
development and is based on a range of information including consultation with local stakeholders, local
knowledge and aspirations, biophysical opportunities, market and infrastructure factors, and transport
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logistics. The case studies are illustrative only; the Assessment is not recommending these developments –
or types of development – for the Gilbert catchment.

Overview
Section 2.2.6 describes – at a high level – the methods used in the case study analysis. Central to this
analysis was the Source river model of the Gilbert catchment developed as part of the Assessment (see
companion technical reports about river model calibration (Lerat et al., 2013) and river system modelling
for the Assessment case studies (Holz et al., 2013)). This river model provided the framework for exploring
each case study within a whole-of-river-system context. This enabled the evaluation of trade-offs in crop
water demand, crop yield, water availability, and impacts of development on downstream users and flow
regimes.
Another important tool in this analysis was the APSIM crop model (Keating et al., 2003). The APSIM crop
model enabled a detailed farm-scale evaluation of crop water use and crop yield. The profitability of the
irrigation development was assessed within a financial framework described by the companion technical
report about the costs and benefits of irrigation (Brennan McKellar et al., 2013). Ecologically relevant
hydrological metrics were used to interpret the impacts of changes to streamflow downstream of the
irrigation developments.
The case study methods are further described in four sections:
 how the crop water demand and crop yield were calculated
 how the Source river model was configured and used to evaluate the availability of water supplied to the
irrigation development
 the framework for the financial analysis
 the methods used to assess the on-site and off-site changes of an irrigation development and
subsequent changes in streamflow.

Determining crop water demand and crop yield
The crop model component of Source has only limited capability to evaluate crop yield. Consequently, the
APSIM crop model was used to estimate water demands that were used to (i) calibrate the crop demands in
Source and (ii) evaluate the sensitivity of the crop yield to the availability of water as determined by Source.
Ensuring consistency between Source and the Agricultural Production Systems Simulator crop model
The Source crop model component uses the FAO 56 method (Allen et al., 1998) to estimate crop water
requirement in order to calculate water demands. This calculation requires a crop coefficient (Kc) that is
unique to each crop and its stage of growth from sowing to maturity. This is a widely accepted method for
determining crop water requirements in a simple way. However, obtaining realistic values for Kc is not
simple, especially where crops are to be grown in environments where few measurements have been made
of crop water use. For the Assessment, daily Kc values were obtained for each crop for specific sowing
dates, based on outputs from the APSIM crop model. This approach ensures that the quantity and timing of
Source crop water requirements were very similar to those generated by APSIM. For more detail, see the
companion technical report about river system modelling for the Assessment case studies (Holz et al.,
2013).
Evaluate the response of crop yield to water stress
To compute crop yield for each case study, two approaches were adopted.
The first approach was used to select the size of the scheme using a computationally efficient statistical
model that related modelled APSIM crop yield to crop water use (i.e. the sum of irrigation water and
rainfall) and climate parameters (Figure 2.6). Knowledge of the physiology of each crop was used to ensure
appropriate climate parameters were captured in the statistical model. For example, rice yields are
sensitive to frosts during flowering and grain development; therefore, minimum temperatures were
considered at these important developmental stages. This first approach was used where crop yields had to
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be quickly calculated for a large number of Source river model simulations. For more detail, see the
companion technical report about river system modelling for the Assessment case studies (Holz et al.,
2013).
Once the size of the scheme was selected using the first approach, then a second computationally
intensive, but preferable, approach was used. This involved passing the time series of water availability
from the Source river model back into the APSIM crop model, so as to capture the reductions in crop yield
due to water stress (more accurately than the statistical model can).
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Figure 2.6 Crop yield (peanuts) and applied irrigation water
(a) Crop yield plotted against applied irrigation water, and (b) crop yield calculated using the Agricultural Production
Systems Simulator (APSIM) crop model plotted against that calculated using the statistical model, for peanuts at
Georgetown under Scenario A. A range is the 20th and 80th percentile. Scenario A is the historical climate (1890 to
2011).

Evaluating the water available for a new irrigation development
Reconfiguring the Source river model
The Source river model of the Gilbert catchment detailed in Lerat et al. (2013) was reconfigured to
incorporate the water for new entitlement holders announced in the 2013 water release (80 GL in total). A
guiding principle of water planning is that new allocations should not alter the water reliability of existing
entitlement holders. Hence, for each case study, the Source river model was configured so that
downstream entitlement holders would not be affected by the irrigation development in the case study.
For this reason, strategic water reserves that were held in the original Water Resource Plan IQQM model
and transferred across to the Source river model (Lerat et al., 2013) were removed from the model, so the
area of irrigated land was not limited by hypothetical water users (Holz et al., 2013).
Selecting the appropriate size of the irrigation development and farmer risk profile for a greenfield site
One of the challenges in evaluating whether an irrigation development is profitable is matching the size of
the irrigated area to the reliability of water supply. Ultimately, this is a financial decision and should be
evaluated within a financial framework (see companion technical report about irrigation costs and benefits
(Brennan McKellar et al., 2013)). Such assessment is, however, complicated by the need sometimes to plant
crops before the wet season ends (e.g. in the Gilbert catchment cotton should be planted in January to
maximise radiation) and before post – wet season dam levels are known; in other words, how much risk
should farmers be prepared to take on so as to achieve greatest profit? It is also complicated in that often
the economic optimum (i.e. the planted area that returns the greatest profit) is not equivalent to the
agronomic optimum (i.e. the planted area that returns the greatest yield per hectare). Sometimes it is
preferable to plant a larger area and impose water stress on a crop, in order to achieve a higher profit.
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To account for these complexities, numerous river model simulations were undertaken for each case study
using the baseline model under Scenario B. Each of these simulations sought to explore a different
irrigation area (i.e. a maximum planted area in each year) and different level of farmer risk. In the Gilbert
catchment, there is not a community of irrigators whose risk behaviour could be replicated in the Source
river model. Different levels of farmer risk were instead explored in terms of a ‘crop area decision’, which
measured by a value in ML/ha. For a given crop area decision, the crop area that could be planted is
assessed in relation to the available water resource at sowing date. The area planted each year is the
smaller of the maximum developed area, or the volume of water in the storage at sowing minus losses
between the dam and the field, divided by the crop area decision. Low values for crop area decision result
in a larger planted area than high values for crop area decision, and consequently represent a higher risk.
Values for the crop area decision that are greater than the maximum crop water requirement effectively
reserve water for the next cropping season.
For each river model simulation, annual crop yield was computed using the statistical relationship between
water that could be supplied to the crop and site-specific climate parameters. The resulting annual crop
yields and annual water use from the Source river models were used to compute annual gross margins and
net present value (NPV) at the farm and scheme scale (see Section 2.2.4). The purpose was to
approximately identify the most profitable irrigation area and crop area decision (i.e. level of farmer risk)
for more detailed analysis.
The more detailed analysis was undertaken for a chosen combination of irrigation area and crop area
decision. This approach was identical to the more general analysis, except that the annual crop yields were
estimated by passing the water supplied to the irrigation development (as evaluated by the Source river
model) directly into the APSIM crop model, rather than using the statistical method. The statistical method
for computing annual crop yield was used to explore the uncertainty in NPV as a result of uncertainty in
streamflow data for the chosen combination.

Financial analysis
A financial analysis was undertaken at the farm and the scheme scale. To rapidly assess numerous river
model simulations for many different irrigation areas, all costs – with the exception of water supply
infrastructure and access roads – were reduced to either a per hectare or per megalitre cost. The primary
assumption is that within the range of irrigation areas investigated in the Assessment, these costs scale
linearly. Cost estimates for roads, area works, water infrastructure, irrigation system and pumping costs
were obtained from Chapter 5. Gross margins were calculated annually using crop yield (tonnes per
hectare), water supply and crop price. Gross margins are also provided in Chapter 5.
To assess the profitability of an irrigation development at the farm and scheme scale, the NPV was
calculated using a discount rate of 7% (see Chapter 7) over a 30-year investment period. One of the
complications of this type of analysis is that some of the assets have a service life longer than the
investment period (e.g. large dams typically have a service life of about 100 years). To compute the residual
value of these assets at the end of the investment period, a straight line depreciation approach was
adopted. For the farm-scale analysis, the average farm size was assumed to be 500 ha.

On-site and off-site changes
Assessing the risk of rise in watertable level and change in groundwater discharge to rivers
As described in the companion technical report about surface water – groundwater connectivity (Jolly et
al., 2013), a new analytical modelling approach was developed to evaluate the maximum (steady state) rise
in watertable levels as a result of new irrigation developments near a river. Previous analytical solutions
could not evaluate rise in watertable levels with a river nearby. For each case study, the time taken for the
watertable to rise to its maximum level was evaluated, as well as the magnitude and timing of groundwater
discharge to the river.
The analytical model was used to assess the risk of watertable levels w2rising for the area given irrigation
development. Annual deep drainage rates were calculated by assuming a percentage of annual rainfall and
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irrigation water were lost to deep drainage. Volumetric annual time series of irrigation water were
extracted from the Source river model. Texture-based relationships in the literature and nearest bore log
data were used to estimate values for the model parameters: aquifer parameters, saturated hydraulic
conductivity and specific yield.
Ecological changes in response to altered flow regimes
The ensemble of 51 Source river models was used to assess the possible changes to streamflow
downstream of each irrigation development for each case study. For each simulation, the change in
waterhole area (McJannet et al., 2013), inundated area (Dutta et al., 2013) and ecologically relevant
hydrological metrics were computed at gauging stations downstream of the irrigation development under
scenarios A and B. The results of the ensemble of metrics under scenario A and B were compared and used
by aquatic ecologists to provide a scientific commentary of the likely ecological changes resulting from
altered to flow regimes (see the companion technical report about waterhole ecology (Waltham et al.,
2013)).
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