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Summary

This report details the economic analysis of alternative livestock enterprises applicable to building
resilience and profit in the rangelands of central-western Queensland. Accompanying reports in this
series present strategies and results for other regions across Queensland's grazing lands. It is
intended that these analyses will support the implementation of resilient grazing, livestock
management, and business practices necessary to manage seasonal variability. The property-level,
regionally-specific livestock and business models that we have developed can be used by
consultants, advisors and producers to assess both strategic and tactical management decisions for
specific properties.

We applied scenario analysis to allow assessment of alternative livestock enterprises for profitability
and resilience. In doing this, we developed regionally representative models of the following
enterprises: (1) self-replacing beef cattle herd, (2) steer finishing, (3) a self-replacing Merino wool
flock, (3) Merino wether sheep, (4) meat sheep, and (5) rangeland meat goats. Firstly, biological and
economic values derived from available data and producer experience were applied within the herd or
flock budgeting models to identify the relative profitability of beef cattle, wool sheep, meat sheep, and
meat goat enterprises in steady-state analyses. Secondly, partial discounted cash flow budgets were
then applied to consider the value of integrating or fully adopting several of the alternative enterprises
from a starting base of either a self-replacing (1) beef cattle herd or (2) wool sheep flock. The
economic and financial effect of implementing each strategy was assessed by comparison to the base
enterprise for the representative property. An investment period of 30-years was applied to consider
the change in profit and risk generated by alternative management strategies. Changes in herd or
flock structure, labour, capital and the implementation phase were included in the investment
analysis.

It is important to note that the prices and costs applied in this analysis are heavily impacted by (1)
current and past market circumstances and (2) the assumptions made about starting resources and
property infrastructure. Taking the results of the analysis to represent the future prospects of any
particular property or the potential enterprise mix for any property is not encouraged. Each individual
property in the region will have an available set of resources and management skills which may have
more influence on determining the final enterprise choice than (1) the cost of converting from one
enterprise mix to another, or (2) the price and cost expectations for the alternative enterprises.
Managers and others should use the framework applied in this analysis to develop their own
investment strategies and mix of enterprises relevant to their own circumstances, expectations and
available resources.

This report focusses on strategies to improve resilience and profit. Other reports in this series
consider manager decisions made in response to, and recovery from, drought (Bowen and Chudleigh
2018b, Bowen et al. 2019a,b). We have not repeated this exercise here but instead refer readers to
the previous reports which are available from the project internet page:
https://futurebeef.com.au/projects/improving-profitability-and-resilience-of-beef-and-sheep-
businesses-in-queensland-preparing-for-responding-to-and-recovering-from-drought/. Additionally,
spreadsheet tools that can be used to assess drought response and recovery options, and recorded
presentations giving detailed explanation of how to use them, are provided on the project internet

page.
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Representative (base) property

A hypothetical (base) property was established to be representative of the central-western rangelands
near Longreach. The base property was 16,200 ha of primarily native pastures growing on a range of
land types common to the region. For most of the examples developed for the analysis, the
simplifying assumption was initially made that an effective exclusion fence and ongoing wild dog
control was already in place and that the property would be capable of running either beef cattle, wool
sheep, meat sheep, or meat goats with minimal further expenditure. The land types and condition of
the base property was based upon that developed for a previous analysis for the Central West
Mitchell Grasslands region that focussed on assessing grazing management strategies (Bowen et al.
2019b). The land condition of the base property was set to be in B condition (ca. 70% of the pasture
biomass as perennial grasses). An initial long-term stocking target of ca.1,071 adult equivalents (AE),
or 9,000 dry sheep equivalents (DSE), was informed by experienced local livestock producers.

The profitability and resilience of alternative enterprises i steady-state
analysis

The major challenges facing livestock producers in the central-western rangelands of Queensland are
associated with the large inter-annual and decadal rainfall variability, and resulting major temporal
variability in pasture production and enterprise profitability. To remain economically viable, and to
build resilience to droughts, floods and market shocks, livestock producers need to increase profit and
equity. To make timely and optimal management decisions producers need to assess the impact of
alternative strategies on profitability, risk, and the period of time before benefits can be expected. The
broad understanding gained from the property-level, steady-state analyses was that the expected
profitability of the discrete livestock enterprise types could be quite different at the same standard of
management. (Table 1). Meat sheep and rangeland meat goat enterprises produced the greatest rate
of return on total capital (3.85 and 3.74%, respectively) followed by self-replacing wool sheep
(3.26%). Steer finishing, or a self-replacing beef herd, produced intermediate returns (2.76 and
2.41%, respectively) while wether wool production enterprises produced the lowest returns (1.34 and
0.58% for 8 months or 12 months shearing intervals, respectively). An important assumption for the
sheep and goat enterprise analyses was that wild dogs had minimal impact on the sheep or goat
production system, i.e., that the property was already protected from wild dogs with suitable fencing.

It was also assumed for the goat enterprise that internal fencing was already at a suitable standard to
allow effective control of goats under rangeland conditions. The impact on investment returns, when
changing from one enterprise to another, are considered in the next section.



Table 11 Underlying assumptions and modelled property-level returns expressed as the operating profit, rate of return on total capital, and the
gross margin per dry sheep equivalent (DSE) after interest, for alternative enterprises on a representative property in the rangelands of central-

western Queensland

Calculation of property-level returns

Enterprise scenario

Beef cattle Merino wool sheep Meat Rangeland
Self-replacing Steer finishing Self-replacing Wethers Wethers ?;e%)) me(?)t %g)ats
herd (p. 38) (p. 51) flock (p. 54) (8-month (12-month ' '
shearing) (p. 68) | shearing) (p. 68)

Assumed meat price ($/kg cwt) $5.15 $5.28 $5.98 $3.80 $3.80 $6.46 $6.00
Assumed wool price ($/kg greasy) - - $8.00 $7.94 $7.94 - -
Net livestock sales $373,431 $635,977 $347,340 $206,831 $206,831 $552,471 $480,741
Net wool sales - - $294,892 $445,698 $356,558 - -
Husbandry costs $12,615 $1,645 $174,678 $115,459 $89,040 $9,535 $6,651
Net bull, steer, ram or buck replacement $10,000 $251,807 $26,000 $265,098 $265,098 $58,000 $4,000
Gross margin (before interest) $350,816 $382,525 $441,554 $271,972 $209,251 $484,937 $470,090
Gross margin/DSE after interest $33.92 $37.92 $43.97 $26.65 $19.68 $49.28 $48.80
Fixed costs and labour $87,500 $87,500 $97,500 $92,500 $87,500 $97,500 $102,500
Plant replacement allowance $21,950 $21,950 $21,950 $21,950 $21,950 $21,950 $21,950
Al l owance for opera $60,000 $60,000 $80,000 $65,000 $60,000 $80,000 $70,000
management
Operating profit $181,366 $213,075 $242,104 $92,522 $39,801 $285,487 $275,640
Rate of return on total capital 2.41% 2.76% 3.26% 1.34% 0.58% 3.85% 3.74%

cwt, carcass weight; DSE, dry sheep equivalent.




Table 2 shows the sensitivity of five of the seven enterprises, when run as a sole enterprise on the
constructed property, to a change in key parameters underpinning the models. Each parameter was
varied by an amount relevant to the expected medium-term variability of each parameter. Operating
profit for all enterprises, other than Merino wethers, was most sensitive to the meat price. For
example, for the self-replacing beef enterprise, a 1% change in meat price had up to four times the
impact on profit of any other factor. For the rangeland meat goat enterprise, a 1% change in the price
of goat meat had five- or six-times greater effect on the level of farm operating profit than any of the
other main parameters.

Table 2 - Expected impact on average operating profit of changing model parameter values for
each alternative enterprise

Parameter Percentage change relative to base
Self- Self- Wethers Meat Rangeland

replacing replacing (8 months sheep meat

beef herd | wool flock | shearing) goats
Wool price minus 20% - -25% -98% - -
Wool price plus 20% 25% 98%
Wool cut minus 20% - -24% -96% - -
Wool cut plus 20% 24% 96%
Meat price minus 20% -43% -31% -48% -41% -36%
Meat price plus 20% 43% 31% 48% 41% 36%
Fixed costs minus 20% 10% 8% 18% 7% 7%
Fixed costs plus 20% -10% -8% -18% 7% 7%
Treatment costs minus 20% 1% 14% 25% 1% 0%
Treatment costs plus 20% -1% -14% -25% -1% 0%
Mortality rate minus 50% 8% 7% 15% 2% 6%
Mortality rate plus 50% -8% -8% -16% -2% -6%
Growth rate minus 5% -1% -3%* 12%* -6% 0%
Growth rate plus 5% 1% 1%* -12%" -2% 4%
Weaning rate minus 5% -2% -5% - -4% -6%
Weaning rate plus 5% 2% 3% - 6% 5%

ANo change in wool cut per head.

Conversely, the relative unimportance, of changes in the weaning rate and the growth rate of livestock
on operating profit, suggests that implementing high-cost strategies to improve the expected level of
these parameters may not be worthwhile. It appears better to focus on low-cost strategies that
maintain these two factors, and mortality rates, at their expected levels. It should be noted that the
percentage changes to operating profit indicated in Table2ar e 6 ¢ o sah investnserdt of eithdr f
time or capital to change their expected level is required, this would reduce the impact of the level of
response, depending upon the investment strategy chosen. The negative outcome shown for a
positive change in the expected growth rate of lambs is due to rounding of flock numbers as they are
transferred from Breedewe (meat sheep version) to the dynamic flock model. The increased growth
rate of lambs would be expected to produce a similar result to that of the beef enterprise due to the
changed DSE weighting of growing sheep reducing the overall flock numbers and maintaining about
the same level of operating profit. The effect of changing the growth rate of meat goats was impacted
by the rounding of numbers and the large number of animals in the models. A small error in the DSE

Vi



weighting per growing goat would have a large impact on final numbers in the model. Given the lack
of data to support DSE rating changes in growing goats in the rangelands, the results for the change
in growth rate require better data to verify accuracy.

The sensitivity analyses identified a key attribute of a resilient livestock enterprise in the rangelands of
Queensland. That is, where the operating profit generated by alternative livestock enterprises is
similar, incorporating the capacity of a self-replacing wool sheep flock, to moderate the expected
variation in returns due to fluctuations in meat price, could be important. The trend relationship in
meat prices for sheep, beef and goat meat, shown by the individual analyses of price over time,
suggests that a falling or rising trend in meat prices will be reflected across all meat-based production
systems in the rangelands. Therefore, having a component of the overall operating profit derived
from wool sales may offset the variation in expected operating profit compared to where all income
from the business was derived from meat sales. The self-replacing wool flock can also have the
proportion of dry sheep and lambing ewes in the flock adjusted relatively quickly when faced with
seasonal and inter-annual climate variability, if pregnancy testing and a flock segregation system is in
place. If the property was run solely as a self-replacing Merino wool sheep enterprise, a similar
change in the expected level of price received for wool or sheep meat, or the expected amount of
wool cut, had a similar impact on the expected operating profit of the property (Table 2). The
implication is that a 20% increase in sheep meat price could offset a 20% decrease in wool price. Our
assumption that a change in the growth rate would not affect the wool cut is probably unrealistic.
Even so, it appears likely that changing the growth rate of sheep in this flock will have either a slightly
negative, or negligible, impact on the average level of operating profit.

Because the Merino wether enterprise is largely a trading enterprise, a change in the expected level
of the price of sheep meat is much less important to the profitability of the wether enterprise than a
change in the price received for wool or the amount of wool cut per head. Running lighter wethers
that cut the same amount of wool per head as 5% heavier wethers, leads to slightly more wethers run
on the property in the model and improves profitability. Whether this would occur in reality, and
whether it would be measurable, are unknown, but the results indicate that small changes to the
growth rate of wethers are relatively unimportant to the financial and economic performance of this
enterprise.

The effect on profit and resilience of moving to alternative enterprises

Beef production has become the predominant land use in the rangelands of central-western
Queensland following long-term structural change in the economic circumstances of the sheep
industry. To facilitate a change to an alternative sheep or goat enterprise, or to diversify their current
enterprise mix, properties currently focussed on beef would need to invest capital and learn new
skills. A number of change scenarios have been modelled for variations of the starting point of the
constructed property (Table 3). However, each property considering change faces different
circumstances. Therefore, we emphasise that the results of this discrete analysis do not indicate
whether change is warranted for any particular property. Furthermore, the results shown in Table 3
may only indicate the value of change for (1) properties that have similar characteristics to the
constructed property and (2) face similar future prices, costs and outputs.
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Table 31 Value of implementing alternative strategies to improve profitability and resilience of
arepresentative property in the rangelands of central-western Queensland
The analysis was conducted for a 30-year investment period

Enterprise change scenario Annualised | Peak deficit | Years | Payback IRR
NPVA (with to period (%)P
interest)B peak | (years)®
deficit
Convert from self-replacing beef herd to -$20,256 -$1,637,496 20 n/c 2.99

self-replacing Merino wool sheep flock
with investment in exclusion fencing (p.
96)

Convert from self-replacing beef herd to $45,686 -$681,884 3 12 12.83

rangeland meat goats with investment
in exclusion fencing (p. 99)

Convert from 100% self-replacing wool -$6,469 -$419,531 20 nic 1.82
sheep to 50% wool sheep and 50%
rangeland meat goats with investment
in goat infrastructure (p. 101)

n/c, not calculable.

AAnnualised (or amortised) NPV (net present value) is the sum of the discounted values of the future income and
costs associated with a farm project or plan amortised to represent the average annual value of the NPV. A positive
annualised NPV at the required discount rate means that the project has earned more than the 5% rate of return used
as the discount rate. In this case it is calculated as the difference between the base property and the same property
after the management strategy is implemented. The annualised NPV provides an indication of the potential
average annual change in profit over 30 years, resulting from the management strategy.

BPeak deficit is the maximum difference in cumulative net cash flow between the implemented strategy and the
base scenario over the 30-year period of the analysis. Itis compounded at the discount rate and is a measure of
riskiness.

CPayback period is the number of years it takes for the cumulative net cash flow to become positive. The
cumulative net cash flow is compounded at the discount rate and, other things being equal, the shorter the payback
period, the more appealing the investment. n/c indicates that a value was not able to be calculated, i.e., the investment
did not pay back in the 30 years of the analysis.

PIRR (internal rate of return) is the rate of return on the additional capital invested. Itis the discount rate at which
the present value of income from the project equals the present value of total expenditure (capital and annual costs) on
the project, i.e., the break-even discount rate. It is a discounted measure of project worth.

Where the constructed property was (1) operated as a beef property, (2) had some existing
infrastructure to manage sheep or goats, but (3) required the construction of an exclusion fence to
operate a sheep or goat enterprise, the relative profitability of the property could be improved over the
long term with an investment in an exclusion fence and a switch to a meat goat enterprise. The
significant constraint on this investment was the level of additional debt required to make the change
and the number of years before the property would be back to the same financial position that it would
have maintained without the investment. These aspects make the investment in an exclusion fence
quite risky for the constructed property where it is operated solely as a beef production enterprise.

The better performance of the investment in the exclusion fence and conversion to a rangeland meat
goat enterprise (compared to wool sheep) is heavily dependent upon the assumptions that the capital
adjustment to move from beef to goats will be lower than a move from beef to wool sheep and that the
relative and absolute price of goat meat will be maintained over the longer term. In this analysis the
greater capital adjustments required to convert to sheep (cf. goats) was largely due to the higher
value of sheep and additional equipment required to shear the sheep.

The relatively poor investment performance of the conversion from a self-replacing wool sheep flock,
to a mixture of meat goats and wool sheep, is mainly due to the small difference between the
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expected returns of the two enterprises. The opportunity cost of the extra capital invested in goat
infrastructure is greater than the extra return generated by the combined enterprises. However, this
component of the analysis did not account for any potential synergies arising from running goats and
sheep on the one property when it comes to either grazing land management or drought
management.

Conclusions

The rangelands of central-western Queensland experience high levels of climate variability and have
a history of suffering extended and extensive droughts. Our analysis identified that, at the predicted
prices and costs for each livestock enterprise, the self-replacing Merino wool sheep flock was likely to
be one of the more profitable and resilient enterprise alternatives. However, key to this result was the
assumption that sufficient infrastructure, including an exclusion fence, was already in place to achieve
the predicted levels of flock performance. Variation of the key assumptions in the sensitivity analysis
revealed that a significant and sustained improvement in the relative beef price would be required
before an existing wool sheep producer with a self-replacing flock would be better off changing to beef
production. The sensitivity analysis also indicated that an integrated enterprise, that included a
significant component of income derived from a self-replacing wool flock enterprise, was likely to be
more resilient in terms of maintaining an average level of profit in the face of the expected fluctuations
in meat price and wool price. Where full investment in an exclusion fence around the majority of the
property was required to facilitate a shift from beef to some form of sheep or goat production, the
investment was likely to increase the riskiness of the overall enterprise and thus would be unlikely to
be undertaken by many existing beef producers in the region. This was the case even when the long-
term profitability and resilience of the property could be substantially improved, e.g., by a change to
rangeland meat goats. The lack of reliable data for rangeland meat goat production in this region
limits the confidence in conclusions about the role of rangeland goats, long-term. However,
maintenance of the demand for goat meat, together with increased knowledge of effective goat
management strategies, could see rangeland goats play a very important role in maintaining profitable
and resilient production systems in the future. The steady-state analysis indicated that the profitability
of the meat sheep enterprise was the greatest of all livestock alternatives for this region. However, as
for rangeland meat goats, the lack of published data for production of meat sheep breeds in the
central-western rangelands region indicates that caution is required in the extrapolation of these
results.

The herd and flock modelling approach applied in this study allowed the integration of alternative
livestock enterprises within the one investment model and enabled a whole-of-business analysis of
the effect of change on productivity and profitability at the property level. The property-level,
regionally specific herd and business models developed in this project are available to be used by
consultants, advisors and producers to assess both strategic and tactical decisions for their own
businesses.
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1 General introduction

Morethan 80% of Que ens | andds t ot a haisused @r gafing lives®ck omnldndsi o n
extending from humid tropical areas to arid western rangelands (QLUMP 2017). Most extensive
grazing enterprises occur on native pastures with introduced (sown) pastures constituting less than
10% of the total grazing area and occurring on the more fertile land types (Mclvor 2005; QLUMP

2017). Grazing industries, and particularly beef cattle, make an important contribution to the
Queensland economy. In 2018-19 the beef cattle industry accounted for 45% ($5.8 billion) of the total
gross value of Queensland agricultural production. In the same period, sheep meat accounted for
0.1% ($19 million) and wool accounted for 0.8% ($108 million), (ABS 2020b).

Queensl andbs variabl e r ai rdfouglhtlis,oneefshe biggésechallepgedfarng per i o
grazing land managers. As well as the potential for causing degradation of the grazing resource,

drought has a severe impact on business viability, is a regular occurrence, and provides the context

for many of the production and investment decisions made by managers of grazing enterprises.

Climate change is expected to result in increased severity and impact of droughts in Queensland, in

addition to an overall decrease in annual precipitation (2-3% lower by 2050) and warmer

temperatures (1.4-1.99C greater by 2050), (Queensland Government 2018). The Queensland beef

and sheep industries are also challenged by variable commaodity prices and by pressures on long-

term financial performance and viability due to an ongoing disconnect between asset values and

returns, high debt levels and a declining trend in terms of trade (ABARES 2019).

To remain in production, and to build resilience, beef and sheep properties need to be profitable and
to build equity (Figure 1). Building resilience usually means investments have to be made and
alternative management strategies considered well before encountering extended dry spells or
drought. To make profitable management decisions, graziers need to be able to appropriately assess
the impact of different strategies on profitability, the associated risks, and the period of time before
benefits can be expected. The effects of such alternative management strategies are best assessed
using property-level, regionally relevant models that determine whole-of-property productivity and
profitability (Malcolm 2000, Malcolm et al. 2005).

Decision making during drought often has a more tactical, short term focus but also relies upon
applying a framework to assess the relative value of the alternatives over both the short and medium
term. Recovery from drought is also a challenging period when decision making should include both
the strategic response 1 returning to the most profitable herd structure, and the tactical response i
how to survive while the production system is being rebuilt. Simple spreadsheets applying a farm
management economics framework can be used to quickly gather relevant information and highlight
possible outcomes of decision making during and after drought. These tools can complement
traditional decision-making processes.

Rangelands of central-western Queensland - livestock enterprises for resilience, Department of Agriculture and
Fisheries, 2021 16



Figure 17 The link between profit and growth in equity
Opening Assets

(Total uses of Closing Assets
capital)
5 Y
Debt Variable Debt
Costs
Growth
: ;I-Otal. Fixed Costs
" I: erprise (including .
evenue depreciation)
(cash & non-
' cash) .
Opening Total Farm CiEE Closing
Equity Gross Margin Wages Equity
Interest
Operating Net Consumption
Profit Net Profit SiTax
J Growth J

Although regularly achieving a profit is a key ingredient of a drought resilient livestock production
system, profit does not necessarily drive the goals of the vast majority of livestock producers
(McCartney 2017; Paxton 2019). The factors that motivate them are much more complex and
diverse. However, to be a livestock producer in northern Australia you need to be efficient, i.e., you
need to regularly produce a profit. Therefore, profit is necessarily the focus of this report.

This report was produced as part of the projecttitted, 6 Del i vering i ntegrated produc
knowl edge and skills to improve drought . . Tfhanagement ouUu
objective of this project was to improve the knowledge and skills of advisors and graziers in assessing

the economic implications of management decisions which can be applied to (1) prepare for, (2)

respond to, or (3) recover from drought. We have applied scenario analysis to examine a range of

management strategies and technologies that may contribute to building both more profitable and

more drought resilient grazing properties for a number of disparate regions across Queensland. In

doing this we have developed property-level, regionally specific herd, flock and business models.

These incorporate spreadsheets and a decision support framework that can be used by consultants

and advisors to assist producers to assess both strategic and tactical scenarios. This report details

the economic analysis of various livestock production systems applicable to the rangelands of central-

western Queensland.

1.1 The rangelands of central-western Queensland

1.1.1 The land resource

For the purposes of this report, we have defined the rangelands of central-western Queensland as

encompassing ca. 10 million ha of grazing land (DNRM 2010; DNRM 2017) which is used for

extensive livestock production. The same region was identified as the ¢
Grassl ands d inyingraport (Bawencehap 2019b). The region (Figure 2) is part of the

larger Mitchel Grass Downs bioregion (hereafter, Mitchell grasslands) which extends across central

Queensland and into the Northern Territory with a total area of ca. 45 million ha (Orr and Phelps

Rangelands of central-western Queensland - livestock enterprises for resilience, Department of Agriculture and
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2013). The Mitchell grasslands consist of largely treeless, undulating clay-soil downs. Other land
types comprise ca. 30% of the Mitchell grasslands bioregion (Bray et al. 2014) and include timbered
gidgee, boree and mulga woodlands, flooded country, and spinifex sand plains. The dominant
vegetation type in the bioregion is perennial native Mitchell grasses (Astrebla spp.). Mitchell grasses
are characterised by their resilience under heavy grazing and variable rainfall and their ability to
recover well in good rainfall years due their deep root system and tough tussock crowns (Partridge
1996; Orr and Phelps 2013). A range of other perennial and annual native grasses and forbs are
found in the bioregion, including the introduced perennial grass, buffel (Cenchrus ciliaris).

Figure 27 Map of the rangelands of central-western Queensland showing the distribution of
major land types on land used for grazing

Land used for purposes other than grazing is marked white. The region includes the Mitchell
Grasslands bioregion sub-IBRAs MGDO07 and MGDO08 but with the northern boundary set as the ABS
Outback South statistical division boundary. Note that Wooded downs land type includes Boree
wooded downs on this map
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1.1.2 Rainfall and drought

The rangelands of central-western Queensland are characterised by a semi-arid to arid environment
with long dry seasons, extreme temperatures, high evaporation rates, and high rainfall variability. The
amount and distribution of rainfall are primary determinants of pasture growth and quality with the
expected pasture-growing season and highest quality of forage typically lasting for 8-10 weeks during
summer (Bray et al. 2014). Examples of seasonal distribution of rainfall are shown for six locations
across the region (BOM 2019; Table 4). Annual rainfall in the region ranges from 485 mm at Tambo
high n f avesttd e n

to 313 mm at Jundah. Th e

0 mo d eto laighd

percentile analysis (BOM 2018; Figure 3).

vari

abi

ity

of

annual

i reast (dcade low to extreme) based on an index of variability determined by

Table 4 - Median seasonal distribution of rainfall (mm) at six locations across the rangelands
of central-western Queensland forthe 30-y e a r

6cl i nadt ep enr o 1H98& (BIOM @A19)*

Town Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Annual
Winton® 485 | 545 | 315 | 77 | 65 | 02 | 00| 0O | OO | 56 | 9.0 | 46.0 | 363.2
Longreach 403 | 353 | 528 | 111|127 38 | 57 | 35 | 0.9 | 84 | 144 | 40.0 | 436.7
Barcaldine 66.1 | 55.7 | 404 | 280|138 | 7.2 | 9.6 | 6.1 | 3.0 | 20.8 | 26.7 | 49.8 | 424.8
Blackall 539 | 464 | 399 | 245|228 | 83 | 74 | 85 | 81 | 219 | 26.4 | 540 | 477.6
Jundah 295 | 354 | 325 |101| 66 | 32| 75| 40 | 25| 83 | 6.6 | 20.7 | 3131
Tambo 518 | 585 | 47.7 | 205|209 | 9.6 | 9.0 | 159 | 7.4 | 235 | 33.9 | 47.2 | 485.2
ASt atistics calculated over standard periods of 30 years

for comparative purposes. A 30-year period is considered long enough to include the majority of typical year-to-year
variation in the climate but not so long that it is significantly influenced by longer-term climate changes. In Australia, the
current reference climate normal is generated over the 30-year period 1 January 1961 to 31 December 1990 (BOM

2019).

BData for closest weather station at Bladensburg 13.8 km from Winton.
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Figure 37 Map of the annual rainfall variability across Australia determined using the

ercentile analysis (BOM 2018)
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Qu e e ns | an t&lsnate, aspecialplong periods of drought, is one of the biggest challenges for

managers of grazing enterprises. Drought regularly has a severe impact on profitability and provides

the context for many production and investment decisions made by managers of grazing properties.

Whilether e i s no universal definition of droughht , one th
percenti | e met)hkodidstance @iMall 2oOthe ®revious 12-month period is expressed

as a percentile, which is a measure of where the rainfall received fits into the long-term distribution. A
rainfall value <10% is considered 9 drhiomegnkthaha 12-Co mmo n we
month rainfall total in the bottom 10% of all historical values indicatesa 6 dr ought 6. An examp
historical drought data obtained from the Australian CliMate website using this definition is presented

for Longreach (Table 5). Using this definition, there have been 38 droughts at Longreach since 1900,

the longest lasting 23 months. Figure 4 shows the percentage of time, over the period 1964-2019,

that Queensland shires have been drought declared (The State of Queensland 2019). The northern

and southern sections of the Longreach shire have been drought declared 30-40% and 40-50% of the

time, respectively.
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Table 5 - Historical droughts (190071 2019) at Longreach ranked by depth and duration and with
subsequent recovery rainfall®

Rank Drought period Drought length Drought depth Subsequent
(months) (percentile) recovery rainfall
(mm)
1 Feb 2014 - Dec 2015 23 1.7 323
2 May 1902 - Feb 1903 10 0 125
3 Feb 1915 - Dec 1915 11 0 175
4 May 1969 - Nov 1969 0.9 34
5 Mar 1926 - Aug 1926 6 1.7 51
6 Dec 1934 - Sep 1935 10 0.9 180
7 Nov 1982 - Apr 1983 6 0 139
8 Oct 2002 - Jan 2003 4 0 27
9 Feb 1988 - Jul 1988 6 1.7 153
10 Dec 1900 - Mar 1901 4 0 96
11 Sep 1927 - Nov 1927 3 1.7 21
12 Feb 1920 - Apr 1920 3 0.9 123
13 Oct 1905 - Jan 1906 4 1.7 125
14 Jul 1985 - Sep 1985 3 4.3 37
15 Aug 1967 - Nov 1967 4 5.1 28
16 Feb 1945 - May 1945 4 5.1 47
17 Jan 1947 1 0.8 34
18 May 1933 - Jun 1933 2 5.1 31
19 May 1993 - Jul 1993 3 5.1 49
20 Dec 2017 - Jan 2018 2 4.2 23
21 Sep 2017 - Oct 2017 2 6 19
22 Feb 1923 - Mar 1923 2 5.1 43
23 Jan 1967 1 5.1 5
24 May 1978 - Jun 1978 2 6.8 22
25 Jul 1970 - Aug 1970 2 7.7 0
26 Aug 1946 - Oct 1946 3 7.7 3
27 Dec 1965 1 5.9 56
28 Jan 1952 1 5.9 0
29 Mar 1952 - Apr 1952 2 6.8 32
30 Jan 1944 1 6.8 23
31 Jun 1952 - Aug 1952 3 8.5 13
32 Apr 1992 1 7.7 0
33 Oct 2018 - Nov 2018 2 8.5 23
34 Nov 1948 1 8.5 17
35 Sep 1993 1 8.5 14
36 Apr 1930 1 8.5
37 Dec 1952 1 9.3 8
38 Feb 1939 1 9.4 25
ADrought defined using the 0 dgalwyeahresidgnesmperiedrsa that rainfainferthe o dd and usi
previous 12-monthper i od was expressed as a percentile. Rainfall wvalue

(Commonwealth of Australia 2019).
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Figure 4 - Map showing the percentage of time Queensland shires have been drought declared
over the period 1964-2019 (The State of Queensland 2019)
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1.1.3 Livestock production systems in the rangelands of central-western
Queensland

Extensive grazing, primarily on native pastures, is the principal land use in the rangelands of central-
western Queensland. The region falls within the Desert Channels Natural Resource Management
(NRM) region for statistical reporting which is 44,150,071 ha and supports 639 meat cattle businesses
and 238 sheep businesses (ABS 2020a). The Desert Channels NRM region has a total meat cattle
herd size of ca. 1,306,644, representing 6% o f Au sndrn2?d iod 6 Qu e emesticatle d 6 s
numbers and producing $672,581,0100r5% of Ausatnhrdalli2&0 ©f Qarosevaleelofand 6 s
cattle in 2018-19 (ABS 2020a,b). The sheep flock in the region totals 912,925, representing 1.4% of
Australia's and 43% of Queensland's total sheep flock (ABS 2020a). The gross value of sheep meat
and wool production in the Desert Channels NRM region is $7,726,118 and $46,836,714, respectively
(ABS 2020b). No statistics are currently available for rangeland meat goat production in NRM regions
of Queensland. Total goat slaughter figures for Queensland in 2019 were 377,634 head, with the
majority coming from harvesting of semi-wild rangeland goats in western Queensland and New South
Wales (MLA 2020a).

Rangelands of central-western Queensland - livestock enterprises for resilience, Department of Agriculture and
Fisheries, 2021 22



Historically, Merino sheep production was dominant in the rangelands of central-western Queensland
with cattle numbers increasing during the 1990s so that by 2010 very few wool sheep remained north
of Longreach (Bray et al. 2014). Long-term structural change in the economic circumstances of the
sheep industry, and associated increases in wild dog numbers, have contributed to the decline in
sheep production in the region. With the increase in sheep meat and wool prices in recent years
there has been some return to sheep production in the area, including the farming of meat sheep
breeds (Pepper et al. 2002; Alemseged and Hacker 2014).

Additionally, diversification into rangeland goat production has occurred since the 1990s. The
Australian rangeland goat is a composite breed comprised of dairy, fibre and meat goat breeds. The
rangeland goat has evolved over the past 200 years from animals that escaped domestication and
formed small herds in more arid areas in Australia, largely in western New South Wales and south
western Queensland (MLA 2006; Hacker and Alemseged 2014). As the value of the goat meat
industry in Australia has increased over recent decades, so has the interest in managed production
systems, rather than harvesting wild populations (Hacker and Alemseged 2014; Robertson et al.
2020). In the Queensland rangelands, various levels of management intensity are currently applied
following containment of goats with suitable fencing. This may include (1) mating rangeland does with
selected or introduced bucks including rangeland, Boer or Kalahari Red breeds, (2) control of mating
period, (3) weaning and (4) supplementation.

Although the relative profitability of wool and meat sheep, and rangeland goats, has improved in
recent years, the requirement for substantial infrastructure redevelopment, particularly wild dog
exclusion fences, to support small ruminant production has limited the extent of conversion, and cattle
remain the dominant livestock in the region (ABS 2020a).

In previous decades, the Mitchell grasslands bioregion has been documented as being in better land
condition than many other bioregions in Australia's grazing lands due to the resilient nature of the
Mitchell grass pastures (Pressland 1984; Commonwealth of Australia 2008). Further, areas of poor
land condition were historically due to invasion by woody weeds (primarily in the north of the region),
increasing white speargrass (Aristida leptopoda; in the south-west) and feathertop (Aristida latifolia; in
the central west). However, more recent reports suggest the application of higher stocking rates and
pasture utilisation rates in the Mitchell grasslands bioregion than used traditionally (Commonwealth of
Australia 2008; Bray et al. 2014). This has been highlighted as posing a potential risk to land
condition over time. It has been suggested that this trend towards increased pasture utilisation is
linked to (1) financial pressures of graziers, as well as (2) increased total grazing pressure from
macropods and feral animals such as goats, and (3) increasing density and area of native and weedy
woody vegetation that decreases pasture growth (Johnston et al. 1990; Commonwealth of Australia
2008; Bray et al. 2014).

1.1.4 Estimating grazing pressure equivalence for cattle, sheep and goats
in the Australian rangelands

As the profit generated by a grazing business is very sensitive to pasture utilisation rate and therefore
stocking rate (e.g., Bowen and Chudleigh 2018a) it is critically important to maintain an equivalent or
appropriate level of grazing pressure across scenarios that are being compared within the one
economic analysis. Not doing so, will strongly bias the scenario or strategy assigned the
inappropriate level of grazing pressure. Maintaining equivalent grazing pressure across different
species (e.g., cattle, sheep and goats) and classes of livestock requires conversion to a standard
animal unit to describe and quantify the grazing pressure applied to the feed base by foraging
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ruminants. In Australia, the most commonly applied standard animal units are adult equivalent (AE)
and dry sheep equivalent (DSE) ratings. However, there are many different definitions of AE and
DSE in use and a wide variation in the literature in the relationship between the two (McLennan et al.
2020). Additionally, there is a paucity of information to indicate the appropriate ratings for the
Australian rangeland goat, including incorporating consideration of the high reproductive rate of the
species (e.g., Hacker and Alemseged 2014). In this section, we have briefly summarised the
available literature to provide background and justification for the definitions and approach that we
have adopted in our analysis to estimate grazing pressure equivalence between species.

In the Breedcow and Dynama herd-budgeting software (BCD; Holmes et al. 2017), which was applied
to conduct economic scenario analyses in this project, an AE was taken as a non-pregnant, non-
lactating beast of average weight 455 kg (1,000 Ibs) carried for 12 months (i.e., a linear AE, not
adjusted for metabolic weight). This simplified approach to assigning stocking rates and maintaining
constant grazing pressure, between alternative scenarios and classes of cattle, has proven robust
over many years in conducting scenario analysis for a single species. However, to determine grazing
pressure equivalence of cattle, sheep and goats grazing in the Australian rangelands, a more rigorous
approach was required. Therefore, we adopted the recommendations of McLennan et al. (2020) in
their recent review of animal unit equivalence. These authors defined the AE or DSE rank assigned
to a grazing animal as the ratio of its metabolisable energy (ME) requirements for a particular level of
production to that caitle(AB) orleepgdDSE)a nndloirg this, WM& teduirenents
are determined using the Australian feeding standards for ruminants (NRDR 2007). While this
approach was used in our analysis to determine grazing pressure equivalence (via assigning AE or
DSE rank to animal species and the classes within), it was not used in the subsequent herd and flock
modelling economic modelling in BCD. However, to test the effect of applyingt he 6 ME r equi r emen
AE cf. the linear AE, in the subsequent herd and economic modelling, the equations of McLennan et
al. (2020) were incorporated into a modified version of BCD and used to test the ranking of economic
outcomes from this approach, with the traditional linear AE approach. As the ranking of outcomes
was the same with both approaches (unpublished data) the application of the simplified, linear AE
approach in the economic scenario analyses was justified in this study.

In our analysis we have not attempted to account for livestock 8 ubst i t uti on ratiosé betw
sheep and goats which relate to differences in diet selection and digestion between species

(Scarnecchia 1990). As reviewed by Pahl (2019a), relative energy requirements of herbivores

grazing Australian rangelands may not be equivalent to relative dry matter intakes due to the

differences in the structure of digestive tracts, and selective foraging capabilities resulting in

differences in diet quality. Furthermore, there are differences between livestock species in the

preferential selection of the forage component/s of the feed-base and foraging areas (Hacker and

Alemseged 2014; Pahl 2019b). Pahl (2019b) concluded that equivalency in what and where different

herbivore species eat is not quantifiable but appears to be high overall, particularly for perennial grass

which is the dominant forage for all species in the rangelands. Selection of proportionally more

browse in the diet of goats, in particular, relative to the other species (Hacker and Alemseged 2014;

Pahl 2019b), could be assumed to result in less grazing pressure on the perennial grass pasture and

therefore enable relatively more AE or DSE units of goats to be grazed in an area without causing

pasture condition to decline. However, diet selection differences between livestock species will vary

in magnitude according to many factors including (1) the proportion, palatability, stage of maturity or

o0grereqnnisd of grass, forbs and br owstlebreed, size apdstagei cul ar g
of maturity of the animals. In this analysis, in the absence of better information to quantify the diet

Rangelands of central-western Queensland - livestock enterprises for resilience, Department of Agriculture and
Fisheries, 2021 24



selected by different livestock species under practical grazing situations, we have assumed grazing
pressure equivalency of cattle, sheep and goat animal units, based on energy requirements.

1.1.4.1 Cattle

In estimating grazing pressure equivalence of livestock species, we have adopted the
recommendations of McLennan et al. (2020) that an AE be defined as the ME requirement of a
standard bovine animal. The definition of the standard bovine animal was that described by McLean
and Blakely (2014) where 1 AE was defined as a 450 kg, 2.25 year-old Bos taurus steer with zero
weight change and walking 7 km/day on level ground. The ME requirements of the standard bovine
AE was calculated as 64 MJ/day using the NRDR (2007) equations with modifications for cattle
consuming subtropical forage diets and assuming a standard diet of 55% dry matter digestibility
(DMD; equivalent to diet energy density of 7.75 MJ/kg DM), (McLennan et al. 2020). The
modifications to NRDR (2007) equations were made to address previously identified issues of over-
estimation of ME requirements for cattle consuming tropical forages in northern Australia (McLennan
and Poppi 2005; Dove et al. 2010; McLennan 2013; Bowen et al. 2015) However, the ME
requirement calculated using NRDR (2007) without modification was 73 MJ/day for a standard diet of
55% DMD. This latter value was adopted when relating AE to DSE, and hence cattle to sheep and
goats, as the modifications to the NRDR (2007) equations for tropical diets have not been tested for
small ruminants.

1.1.4.2 Sheep

To facilitate estimation of grazing pressure equivalence of livestock species, we have adopted the
recommendations of McLennan et al. (2020) that the definition of a standard ovine animal,
representing 1 DSE is a 45 kg Merino wether with zero weight change, walking 7 km/day on level
ground and with no wool growth above that included in maintenance. The ME requirements of the
standard ovine DSE was calculated as 8.7 MJ/day for a standard diet of 55% DMD and using NRDR
(2007) equations without modification.

Based on the definitions above, the ratio of DSE : AE, using NRDR (2007) unmodified equations, is
8.4 :1 (73/8.7 MJ/day). This ratio was used to express the numbers of cattle or sheep in modelled
scenarios in DSE units.

1.1.4.3 Goats

Unfortunately, McLennan et al. (2020) did not make recommendations on the standard caprine animal
unit. However, we have applied the same ME requirements approach used for cattle and sheep. We
have assumed equivalence between sheep and goats in DSE rating so that 1 DSE is a 45 kg wether
goat with zero weight change, walking 7 km/day on level ground and with no fibre growth above that
included in maintenance. Therefore, the same ratio of DSE : AE, using NRDR (2007) unmodified
equations, of 8.4 : 1 (73/8.7 MJ/day) was used to express the numbers of goats in modelled scenarios
in DSE units to achieve uniform grazing pressure across species.

The assumption of equivalence between sheep and goats is generally supported by the
recommendations of NRDR (2007), McGregor (2005) and Norton (2020). Consistent with McGregor
(2005), Norton (2020) recommended that the generally accepted value for basal energy requirement
of goats, with minimal activity, of ca. 400 kJ ME/kg W°75.day be adopted until further information is
available. As ME requirement s s hou ladivitaof agoragingtrumihantr(NRDR e
2007), addition of an activity rating to this basal energy requirement is necessary for application to a
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grazing rangeland goat. Application of an activity rating of 7 km/day, consistent with McLennan et al.
(2020) recommendations for cattle and sheep, increases the daily ME requirement by ca. 25% for a
45 kg wether goat, which is within the 30% maximum allowance for activity increment recommended
for goats in the Australian rangelands by Norton (2020). Norton (2020) suggested that the practice of
adding an ar bi tr ahebpasabenergy reguiredmgnés offmaicteénance oft Aastralian
rangeland goats often inflates estimates of energy requirements by up to 50% and that a more
reliable and realistic guide to grazing pressure requirements is required to avoid over-stating the
grazing pressure applied. The application of the NRDR (2007) formulae for predicting ME
requirements, including an activity level of 7 km/day, as applied by McLennan et al. (2020) is a more
guantitative approach and was adopted in our analysis.

1.1.4.4 Weighting for female breeding stock that produce a calf, lamb or kid

In the BCD herd-budgeting software, that was applied to conduct economic analyses in this project,
an additional allowance of 0.35 AE was made for each breeder (cow) that rears a calf. This rating is
placed on the calves themselves, effectively from conception to age 5 months, while their mothers
were rated entirely on weight. In the development of the BCD software, this rating was derived with
input from S. McLennan (pers. comm.) with use of an earlier version of Quikintake spreadsheet based
on equations in the ruminant feeding standards at that time (SCA 1990), (McLennan and Poppi 2005).
We tested the robustness of the 0.35 AE allowance using the revised equations of McLennan et al.
(2020) and the associated, most recent version of Quikintake (Version 6) and concluded that this
weighting was still appropriate for use in the BCD software for cattle.

The weighting applied to a cow that produces a weaner in the BCD software was converted to DSE
by multiplying 0.35 AE by 8.4 (i.e., 2.94 DSE) as recommended by McLennan et al. (2020). The same
weighting (0.35) was applied to the DSE rating for a ewe in a self-replacing wool flock in this analysis
as it was assumed the flock would achieve approximately the same level of weaning rate from ewes
mated as the beef herd in the same environment. Meat sheep flocks and meat goat herds that
achieved weaning rates greater than 100% had their weighting increased proportionally to the
expected increase in lambing or kidding rate above 100%. For, example, the DSE weighting for a doe
weaning 1.5 kids (on average) was 0.525 (0.35 x 1.5). This estimate was based on 150% weaning
rate of kids and needs to be adjusted proportionally in the model for a higher or lower kidding
percentage.

1.1.5 Climate variability and stocking rate

In an earlier analysis conducted as part of this project (Bowen et al. 2019b; Bowen et al. 2021) we
applied farm management economics, in a bio-economic modelling framework, to assess the effects
of alternative grazing management strategies on the profitability and sustainability of a beef enterprise
in the rangelands of central-western Queensland (hamed as Central West Mitchell Grasslands region
in that analysis). Underpinning this work was the determination of safe stocking rates and long-term
safe carrying capacities for this region, and its representative land types. Historical climate data was
used to provide a representative example of the climate variability experienced in this region, and the
resulting effect on pasture production and carrying capacity. The same representative property and
land types, as that modelled in the bio-economic analysis, was used in the current study.

In the bio-economic modelling analysis, four grazing management strategies were simulated over a
36-year period (1982-2017) in the GRASP pasture growth model (McKeon et al. 2000; Rickert et al.
2000) using historic climate records for Longreach. Simulated annual stocking rates and steer
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liveweight gain predictions from GRASP were integrated with published functions for mortality and
conception rates in beef breeding cattle in northern Australia (Mayer et al. 2012), and then used to
develop dynamic BCD cattle herd models and discounted cash-flow budgets over the last 30 years of
the period (1988-2017; Holmes et al. (2017), following a 6-year model-equilibration period. The key
finding from this work was that, in a highly variable and unpredictable climate, managing stocking
rates with a moderate degree of flexibility in response to pasture availability (drought responsive
management) was the most profitable approach and also maintained pasture condition. However, it
was essential to economic viability that the property was restocked with purchased stock, as soon as
possible, in line with pasture availability, once good seasonal conditions returned.

The average (410 mm), median (426 mm) and the year-to-year variability (CV 41%) in annual rainfall,
for the representative property near Longreach over the 36-year GRASP pasture simulation period
(1982-2017) were similar to the standard 30-year climate normal period (1961-1990; 424 mm, 437
mm, CV 36%), (Figure 5 and Table 4). The annual rainfall over the 36 years ranged from 141 mm in
1983 (Year 2) to 777 mm in 1990 (Year 9).

Figure 57 Annual rainfall for a representative property near Longreach over the 36-year period
1982-2017 (Bowen et al. 2019b)
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Figure 6 indicates the 12-month total pasture growth per ha (dry matter (DM) basis) and total standing
dry matter (TSDM) on 1 May, estimated by GRASP for the years 1982 to 2017 for the open downs
land type in B land condition near Longreach under the drought responsive grazing management
strategy. The annual pasture growth predictions ranged from 34 to 5,189 kg DM/ha while TSDM at 1
May ranged from 174 to 5,559 kg DM/ha over the same period.

Rainfall (mm)
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