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Abstract
Few north Australia beef enterprises generate positive returns in most years or achieve the necessary 
productivity gains (~2% per annum) to offset an ongoing cost-price squeeze.  Lack of high quality forages 
is a major factor inhibiting herd productivity and, notwithstanding a long history of R&D, the uptake of 
improved pastures, including irrigated pastures and forage crops, remains limited. Despite longstanding 
interest, outside a few large scale developments (e.g. Ord River, Douglas-Daly, Mitchell and lower 
Burdekin), there has been little development of irrigation in the north and especially for integrating sown 
forages into extensive beef production systems. There is scope for sufficient irrigation water to exploit 
60,000-120,000 ha of suitable soils, a 200-400% increase of the present irrigated area. ‘Mosaic’ irrigation, 
small scale dispersed developments based on suitable soils and extraction sites, appears to offer a technically 
attractive option for exploiting the available ground water resources; and especially by individual northern 
beef enterprises. However, it is largely untested and indications of the scope for economic benefits are scarce. 
Simulation models using regional case studies (Kimberley, Barkly Tableland, and Charters Towers) are 
employed to explore the scope for mosaic irrigation to change the production and marketing orientation of 
representative beef enterprises and deliver economic benefits. The results are contrasted with two commonly 
employed alternative development options for seeking productivity gains (e.g. broad-scale pasture sowing, 
water and fencing infrastructure).
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Introduction
The north Australian grazing lands span a vast (2.3 million km2) and diverse array of soil and vegetation 
types, primarily used for beef production from native pastures under extensive low-input grazing systems. 
The region carries over half the national herd (~14 million head), but despite major structural and technical 
transformations (e.g. breeds, infrastructure, transport, market orientation), few enterprises generate profits 
in most years or achieve the necessary productivity gains (~2% per annum) to offset the cost-price squeeze 
(McCosker et al. 2010). A significant contributor to poor business performance is the low reproductive 
performance of breeders, management of first calving heifers, calf growth rates and liveweight gain 
(McCosker et al. 2010). This can be linked to nutrition management and the low quality of native pastures 
(especially in the annual dry season) which is a legacy of the restrictive climatic and edaphic context. Despite 
the availability of mature pasture improvement technologies (Gramshaw and Walker 1988), and with the 
notable exception of some significant regional cases (e.g. Brigalow Acacia harpophylla and Gidgee Acacia 
cambagei communities), most enterprises have no areas of developed pasture or cropping land (Bortolussi et 
al. 2005). Where it has occurred, pasture development is mainly confined to savanna vegetation communities 
in Queensland based on mechanical tree clearing with sown pastures (grass species or mixes of grasses and 
legumes) or tree poisoning to exploit of elevated native herbage yields. 

While interest in tapping the runoff from high annual seasonal rainfall, extensive areas of land and proximity 
to Asian markets for irrigation development is longstanding, outside a few large scale developments (e.g. 
Ord River, Douglas-Daly basin, Mitchell catchment and lower Burdekin River), few irrigation activities 
have developed across northern Australia1, especially for integrating forage cropping or higher productivity 
pastures into extensive beef production systems. Critically, expansion of irrigation is actually limited by 
water resources, especially in the peak demand dry season, with sufficient available water to only exploit 
60,000-120,000 ha, or less than 1%, of a total area of ~49 million ha deemed technically suitable for 

1 The area of land under irrigation in the majority of statistical regions in northern Australia is less than 1% (MacLeod et al. 2013).
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cropping or forestry2 (Webster et al. 2009). Moreover, exploitation of surface water resources is likely to 
be highly contested with conservation and cultural alternatives. ‘Mosaic’ irrigation, small-scale dispersed 
developments based on suitable soils and extraction sites equipped with bores, has been suggested as a 
technically attractive option for exploiting the available ground water resources; and especially by individual 
beef enterprises to increase their productivity and capital efficiency by improving the amount, quality and 
timeliness of feed supplies (Webster et al. 2009). Beyond some hydrological advantages of reduced salinity, 
runoff and erosion from dispersed cf. concentrated large-scale developments, the small-scale and lesser 
capital requirements may lead to some operating and capital cost efficiencies that have eluded larger schemes 
with high costs for infrastructure, delivery and regulation. It may also be amenable to adaptive management 
by relatively unskilled or inexperienced newcomers to irrigation design and management thereby promoting 
its accelerated adoption (MacLeod et al. 2013).

However, mosaic irrigation practice on beef holdings has been largely untested under either research or farm 
practice and indications of the scope for economic benefits are scarce. As part of a formal review conducted 
by CSIRO for the Office of Northern Australia, we employed crop and beef herd production simulation 
models and regional case studies to explore the scope for mosaic irrigation to change the production and 
marketing orientation of representative northern beef enterprises and deliver economic benefits (MacLeod 
et al. 2013). The results of three of the case studies are summarised in this paper. Brief consideration is also 
given to the returns for three alternative development options that have been promoted in northern Australia 
viz. broad-scale pasture sowing, cell grazing, and water and fencing infrastructure.

Simulation Modelling Approach
Irrigated forage utilisation scenarios were developed for a representative beef enterprise located in each of 
five regional sites based on agro-ecological contexts and the orientation of markets for sale stock (MacLeod 
et al. 2013).The yield of irrigated forages grown on a standard soil (Grey Vertosol) at a site within the five 
regions (Burdekin in Queensland, Barkly Tableland and Victoria River District in the Northern Territory, 
and Pilbara and Kimberley in Western Australia) was simulated with APSIM (Keating et al. 2003) for three 
broad categories of forages - forage sorghum (annual forage grass), lablab (tropical legume) and bambatsi 
panic (tropical perennial grass) - at two times of year (spring and autumn) for direct grazing or producing 
hay. Irrigation scenarios and costings were based on a pivot irrigation development utilising a local bore 
and diesel pump for a scale sufficient to meet irrigation demands in 80% and 100% of years (Petty 2011). 
The NABSA beef herd economic simulation model (McDonald 2012) was calibrated for a representative 
beef enterprise in each region to generate estimates of animal productivity (growth, reproduction, mortality), 
turnoff and net profitability (gross margin, net economic profit, and return on investment) for the suite of 
simulations. The simulation runs for economic modelling were for 20 years (1990-2010). Sensitivity testing 
was undertaken on the simulated profit projections for each irrigation development scenario by varying 
several parameters (e.g. livestock price, irrigation cost, total costs).

Case study examples – Barkly Tableland, Burdekin, Kimberley
Within the restrictions of this paper, it is not feasible to comprehensively describe and present the results 
of all of the irrigation development scenarios for each crop type, sowing time, enterprise type and region, 
and parameter sensitivity test employed in the study - this information is available in the formal project 
report (MacLeod et al. 2013). Here we briefly describe a single scenario encompassing the most productive 
forage type and season of planting with 80% irrigation reliability for three of the regional case studies and 
summarise the results (without sensitivity tests).  The budgets that were employed used livestock prices and 
production input costs that were applicable in each regions at the time the study was conducted (late 2013).

Barkly Tableland (NT) - 5,000km2 holding, carrying a 22,000 head Brahman breeding herd turning off 24 
month old steers for live export to Asia via Darwin at ~350kg liveweight/steer. The average stocking rate is 
~5.6 adult equivalents (AE)/km2. Irrigation scenario is 550ha (development cost = $5,000/ha) of irrigated 
lablab fed to the steers in late spring/summer to reach a minimum liveweight of 580 kg/steer by 42 months. 

2  This would still represent a two to fourfold increase of the existing irrigated cropping area (Webster et al. 2009).
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Burdekin (Qld) - 30,000ha holding, carrying a 1,800 head Brahman breeding herd turning off heavy steers 
for slaughter in Townsville at a minimum liveweight of 580 kg/steer at ~42 months. The average stocking 
rate is ~1 AE/8 ha. Irrigation scenario is 50ha (development cost = $7,300/ha) of irrigated bambatsi fed year 
around to steers when sufficient standing forage is available to meet the same target weight at 30 months.

Kimberley (WA) - 2,800km2 holding, carrying a 11,000 head Brahman breeding herd turning off 2 year old 
steers at ~330-350 kg/steer for live export to Asia through Wyndham, although this target is infrequently 
met (24% of years) due to seasonal conditions with an average turnoff weight of  ~276 kg/steer. The average 
stocking rate is ~4 AE/km2. Irrigation scenario is 60ha (development cost = $7,300/ha) of irrigated bambatsi 
fed year around to the steers when sufficient standing forage is available in late spring/summer to reach the 
target selling weight (330-350 kg liveweight/steer at 24 months) in 80% of years.

Results
The results of the APSIM-NABSA simulations for the three example scenarios are presented in Table 1.

Table 1. APSIM-NABSA model simulation results for three example case studies. Baseline vs 
irrigation development. Average for the simulation period 1990-2010.

Barkly Tableland Burdekin Kimberley
                                                       Baseline - nil irrigation

Total stock carried (AE) 26,774 2,867 10,876
Gross Margin/AE $114 $122 $62
Av. Net profit $1,643,763 $155,406 $25,867
Av. Turnoff liveweight/steer 303 535 276

       Irrigation development (80% reliability)
Irrigated crop Lablab Bambatsi Bambatsi
Scale (ha) 550 50 60
Capital investment $4.7 million $422,750 $507,300
Irrigation cost - annual operating $329,505 $32,205 $53,046
Irrigation cost - annualised capital $448,016 $40,729 $48,874
Total stock carried (AE) 31,502 2,644 11,248
Gross Margin/AE $137 $182 $81
Av. Net profit $2,595,958 $257,295 $229,249
Av. Turnoff liveweight (kg/steer) 583 585 349
Av. Return on investment 20% 24% 40%

For the three illustrative development scenarios that are presented here, the availability of irrigated forage 
does increase the productivity of the modelled enterprise, either by increasing the total number of stock 
carried3 and/or increasing the productivity of the sale animals. The projected (mean) return on the mosaic 
irrigation development investment is also positive, ranging between 20% to 40%. The range across all of the 
scenarios that were examined in the wider study is between  -5% and 40%, with the negative returns largely 
associated with scenarios based on irrigated forage sorghum which requires much larger areas to achieve 
the production goals and hence higher development costs (MacLeod et al. 2013). The relative advantage of 
the annual legume and perennial grass over the cereal largely stems from their being either relatively high 
quality when they are available for off-take (lablab) or being available for grazing over a longer period each 
year (bambatsi).  Despite being positive, it should be cautioned that returns of this order, especially on an 
additional investment for an existing enterprise, would likely be classed as borderline investments by some 
contemporary farm business analysts (Malcolm et al. 2005). However, when the irrigation development was 
able to secure the opportunity for the targeted stock to reliably meet the target market in most years with a 
relatively small development scale and the gain per animal is high or shifts to a more valuable sale class, 
such as applied for the Kimberley bambatsi development, the projected returns (40%) are quite favourable. 

Non-irrigation pasture development options
Irrigation is not the only forage-based option available to northern beef enterprises for achieving productivity 
and economic gains. Other options might include (a) broad-scale development of existing native pastures 
3  The total AEs are actually reduced slightly for the Burdekin case study due to the reduction in age cohorts of the steers.
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through either sown pastures (e.g. buffel grass, Rhodes grass) or augmenting existing swards with oversown 
legume species (e.g. stylos), (b) sub-division of grazing land into smaller parcels to support some form of 
short duration-higher frequency grazing management systems, or ‘cell grazing’, or (c) additional investment 
in property infrastructure to increase the effective grazing area (e.g. stock waters and subdivisional fencing).

These options were also explored in the wider study (MacLeod et al. 2013) for a limited range of regions 
– drawing on either the NABSA simulations or other published studies. Some estimated returns from these 
studies are summarised in Table 2. These results are of a similar magnitude to those presented in Table 1 
for the mosaic irrigation scenarios. The main point to note here is simply that the operators of northern beef 
enterprises will have a number of avenues for increasing the productivity of their grazing operations, and 
some of these options may be competitive with mosaic irrigation options.    

Table 2. Projected returns on investments in non-irrigated pasture developments.
Broadacre pasture 

development
Conversion to cell 

grazing
Water & fencing  infra-

structure
Region Burdekin (Qld) Fitzroy (Qld) Barkly Tableland (NT)

Av. return on investment 24% 10% 21%
Study reference Hunt et al. (2012) Hall et al. (2011) MacLeod et al. (2013)

Concluding Remarks
The northern beef industry critically needs to increase its productivity to retain the viability of its constituent 
enterprises in the longer-term. As nutrition is a key driver of herd performance and market opportunity, 
access to quality feed resources at critical times is an obvious focus for operators. Mosaic irrigation has 
been signalled as a potential means to meet this goal. Under prevailing climatic and resource endowment 
and market prices and input costs, the irrigation option appears to show promise in terms of raising herd 
productivity and meeting some marketing goals. However, a clear picture of the economic advantage of 
mosaic irrigation is yet to emerge from field experience. The projected returns from the simulation modelling 
exercise are generally positive, especially for higher quality forages such as cereal legumes and perennial 
grasses, but not yet unduly competitive with alternative investment options available to enterprises such as 
broad-acre pasture development, novel grazing systems or further intensification of paddock infrastructure. 
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