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ABSTRACT

Australian dryland agriculture will be affected by climate change in a number of ways. First,
higher temperatures and changes to rainfall are likely to create greater variability of crop
yields and livestock productivity. Second, government policies introduced to mitigate
greenhouse gas emissions are likely to influence production costs and commodity prices.
Third, global trade patterns are likely to alter as populations increase, and as climate change
continues to affect producers and consumers worldwide. This will create both challenges
and opportunities for Australian agriculture.

Farmers will have to respond to the additional challenge of climate change even when it is
compounded by existing long term stresses associated with declining terms of trade, climate
variability and existing environmental issues. Investing in new land-use options to combat
climate change, with their associated risks, is made more difficult by being set against a
backdrop of declining profitability.

The opportunity to create transformational change in farming enterprises was tested by
combining the multiple components of the potential future perennial- based dryland farming
systems and assessing their expected contribution to climate change adaptation. This
project has found that adopting perennial pastures for livestock grazing and tree crops for
biomass production, when planted on appropriate soils, can improve profitability when
compared to the existing land uses facing a changing climate. In some farming systems
increased cropping is likely to result in improved future farm profits.

This work demonstrated that mallees as a biomass tree crop can be cohesively integrated
into existing farming systems with minimal interruption to normal operations of livestock and
cropping enterprises. A woody biomass crop can be profitable and diversify revenue risk by
enabling farmers to supply biomass and sequester carbon to relevant markets. This work
demonstrates suitable designs of a mallee belt planting layout that minimizes costs and
maximizes benefits when planted in appropriate agro- climatic zones and where there are
adequate soil conditions. Knowledge developed from this work will help build farmers
capacity about climate change adaptation and assist in achieving positive social,
environmental and economic outcomes.

EverFarm® — Climate adapted perennial-based farming systems for
dryland agriculture in southern Australia 1



EXECUTIVE SUMMARY

This multi-disciplinary farm economic analysis has assessed new perennial pastures and
mallee trees for biomass as adaptation options for dryland farming systems in southern
Australia.

A small survey was conducted of farmers/graziers, agricultural consultants, and agricultural
researchers at the commencement of the project. The objectives were to find out about
existing farming systems in each project location, to ascertain the opinion of respondents
about predicted climate change and find out how they might react to it, and to canvass their
responses to a potential on-farm tree activity - growing mallees for biomass in production of
renewable fuel and energy. The farmers showed that their management is attuned, and
responsive, to environmental variability and changes in their circumstances that occur over
time. This is exhibited in their strategic and tactical management responses.

With respect to predicted climate change these farmers were generally confident that they
could adapt (at least in the short term) to changes in the distribution of temperature and
rainfall. Given their knowledge and experience, they were looking for new technologies
(sometimes expressed as plant varietal improvements and other technologies) to help them
in the adaptation process. In managing their farm businesses, they are used to reacting to
chance and change in climate.

In terms of their personal objectives, although they were interested in environmental
outcomes their main motivation was economic. This was confirmed when asked about
mallee trees as a biofuels crop grown in alley farming systems. ‘Show me the money’ was
an underlying response to this possibility — they were not averse to a new farming activity or
concept, despite the lack of an existing market or infrastructure for farm grown woody
biomass. They were willing to be innovative and adapt to taking on new opportunities and
change the way they do things in response to a changed environment.

A review of recent Australian literature was used to set the scene for this project. In congruity
with the research direction alluded to in the literature, the project undertook a farming
systems approach using a multi-disciplinary analysis of new agricultural adaption options for
a changed climate. It built on an existing biophysical research base at Future Farm
Industries Cooperative Research Centre for perennial pastures and mallee for tree biomass.
This enabled an economic assessment of the incentives to adapt to changes in climate.

Climate time series data for daily minimum and maximum temperature and monthly rainfall
were compared for the historical record (over the years 1971 to 2011) against predictions
using 18 Global Climate Models for the years 2012 to 2052. Data from this predictive
modelling were downscaled to the four project locations and corrected for biases. The
climate series data were then examined graphically and analyzed using statistical tests.

There was a consistent story from the information presented. Daily minimum and maximum
temperatures were predicted to be higher in the future, but the situation is less clear for
rainfall. Although, visually, the future distributions seem to indicate lower future rainfall,
statistical tests for the rainfall series indicated less evidence for change.

EverFarm® — Climate adapted perennial-based farming systems for
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Another feature of this analysis is that there was stronger statistical evidence for changes in
the means of distributions than in the variances of the distributions. The non-parametric tests
were not able to provide information indicating significant change in variability. It might be
expected that both the central tendency and variance of selected climate series would
change. There is little evidence of the latter in the results presented here. Whether this is
due to a weakness in the statistical tests or is an artifact of the climate downscaling process
is out of the scope of this study and a likely starting point to future research in this field.

Distributions of yields and production, resulting from biophysical modelling of responses of
crops, pastures, livestock and mallee trees, for the historical and future climate series, were
assessed over 40 years of historic and 40 years of a future climate scenario. The future
climate scenario used for simulating and estimating production of farm enterprise was
estimated with the CSIRO3.5-S2 Global Climate Model under the A2 policy scenario.

Pasture predictions were generated on a daily basis over each period as 40-year daily
averages of pasture production. These numbers were aggregated over the months because
we were interested in the seasonal pattern of pasture supply, which is matched against the
seasonal livestock demands in the whole-farm economic model. The tree biomass growth
predictions were generated by a newly developed bio-physical model which incorporates
growth and regrowth patterns after coppicing every four years.

Generally the crop yield distributions were lower under a future climate. In some cases there
was increased variability in the predicted yield distributions and in others there was reduced
downside risk. Such results have potentially significant implications for regional farm
management. The results for pasture growth need to be more carefully considered and
checked. For some locations and soil types predicted future pasture production is lower than
in the past, while in a smaller number of cases there are indications that the future is not so
dire. The pasture results depend on the rainfall and temperature distributions, and some
potential increases in pasture were explained by changes in seasonal rainfall patterns.

At Cunderdin the pasture production trends were for lower productivity over the whole year
in the future compared to the historical case. At Katanning there was some indication of
improved future production, more so for perennial than annual pastures. At Wagga Wagga
pasture production was predicted to be substantially lower over the whole season for all
species, with major implications for the farming system. But at Hamilton there was some
indication that future perennial pasture production may be only slightly lower and there was
evidence of a shift in seasonal patterns to increased winter-spring growth at the expense of
the summer-autumn period. The landholders interviewed in that region alluded to this shift
and were confident that they could adapt to it.

When considering the predictions of mallee biomass yield the important question is whether
the predicted future biomass yields and patterns of growth are likely to be economically
appealing in a farming systems context. This pre-supposes that a local industrial processing
facility would be established and a price would be paid for biomass that makes the activity
potentially appealing to landholders. The annual biomass yield in the future is different for
each region and highly correlated to rainfall. The pattern of biomass production is for
harvesting every four years after an initial harvest six years after planting.

EverFarm® — Climate adapted perennial-based farming systems for
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Two bio-economic models were used to analyze the optimal land use mix of farms as well as
their profitability and cash flow. The first was the whole-farm optimization model, MIDAS.
The other was IMAGINE - a model designed for field or paddock-level analysis. Each model
has its role in the study and complements the other.

The MIDAS analyses presented here used a representative whole-farm approach to answer
the research question of profitability with and without perennial plants and mallee for
biomass, in an historical and likely future climate. The IMAGINE model was used to
investigate the same question at the farm paddock and enterprise level.

These models provide advantages for this analysis, but they have limitations as they
necessarily require a number of assumptions. Models cannot fully represent reality of the
circumstances and conditions of all properties and the style and constraints of all farm
managers. The models used in this study, in general, represent the farmer’s main economic
objectives and key operational constraints, especially of resource availability. But some
aspects of the operational environment are necessarily simplified to allow tractability.
Despite their limitations and simplifications, these two farm economic analysis tools have
proven extremely valuable in addressing important research questions of economic
significance.

The whole-farm results presented here have shown that under a predicted warmer and drier
climate future farm profits are likely to fall at Cunderdin and Hamilton without adaptation in
the mix of enterprises and in the absence of adoption of perennial plant technologies. At
Katanning the whole-farm results showed an increase in farm income under a future climate.
This is associated with an increase in the farm area under pasture. In that region the climate
is predicted to be warmer and wetter in autumn and winter so that pasture growth is slightly
increased.

Mallee is also potentially profitable, depending on the development of regional industry
processing and transport facilities, and a farm price and cost structure that is competitive
with pasture/livestock activities as well as grain crops. For mallee, a new alley farming
system is proposed which can be readily adapted into existing land uses. This integration is
aimed at minimizing competition between tree belts and the crops and pastures in the
adjacent alleys, and maximizes the synergies and positive externalities such as use of
surface run-off water, shelter for livestock, reduction of recharge into saline water tables, and
protection of paddocks from wind erosion. Farmer comments from the project locations were
that such systems are potentially appealing but ultimately it is the financial viability that is the
driver of their adoption and decision to make changes to their land use.

Another financial aspect of the decisions to change and adapt is cash flow. Analyses with
IMAGINE showed the impact on cash flow over time associated with seasonal and climate
change. The paddock-level cash flow analyses have shown that in general future climate
projection is likely to result in increased variability and a reduction in profitability. Strategic
adoption of suitable perennial pastures and biomass trees, when planted on appropriate
soils, can lead to improved profitability when compared to the counterfactual. Perennial
pastures and biomass tree crops do not necessarily reduce cash flow variability. In the case
of perennial pastures their ability to provide green feed during summer and autumn at lower
cost than supplementary grain feeding and the associated increase in livestock winter
stocking rates results in higher profitability per hectare of pasture.

EverFarm® — Climate adapted perennial-based farming systems for
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The project has identified several areas where gaps exist in research that are beyond the
aegis of this project but have the potential for research of significant economic impact to
agriculture in Australia.

A review of the mallee value chain and drivers of viability showed that development of a
regional pyrolysis plant would require rostering of mallee harvesting in clusters of farms,
each sharing a landing site for resource aggregation. For such a plant there would need to
be substantial regional mallee plantings to provide the necessary operational throughput.

In light of this research project some directions for future R&D and policy are apparent. The
gap in crop yields between what is generally achieved at the farm level and the plant
biophysical limit is still substantial. A major R&D priority is further applied research,
development and extension to reduce this yield gap. A second priority is for further research
on the potential combined effects of price and yield variability on adaptation in a changed
climate. That research was not possible within this project but it is an important question for
adaptation. Other priorities are for further research in assessing farm drought responses and
particularly the regional effects and options for livestock industry response to drought. A
priority was identified for further R&D on mallee biomass industry (supply chain)
development, to add to work already under way. The last priority identified was for funding
for maintenance and development of the farming systems economic models used in this
analysis. These models are valuable but they need to be maintained and improved to allow
further research of farming system adaptation and response to a potentially changed
climate.

EverFarm® — Climate adapted perennial-based farming systems for
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1. Introduction

1.1 Climate change and the challenge of adaptation in dryland
agriculture

Australian agriculture faces a number of major challenges. The risks posed by climate
change will be exacerbated if the long-term downward trend in the farmer’s terms of trade
continues. The terms of trade for Australian agriculture have declined at an average annual
rate of 1.8% between 196970 and 2009-10. In the future prices for Australian agricultural
commodities may rise (Commonwealth of Australia (2012)), but the OECD outlook (OECD-
FAO 2012) projects that the nominal prices of commodities are expected to trend upwards
over the next 10 years while prices in real terms will remain flat or decline from current
levels. Productivity growth has been a critical factor in maintaining industry profitability in
recent decades. Growth in agricultural production largely depends on increases in
productivity because of limitations in the availability of key inputs, particularly land and water
resources (Productivity Commission (2009)).

Australian dryland agriculture is likely to be affected by climate change in a number of ways,
although the effects are expected to vary regionally. First, higher temperatures and reduced
rainfall are likely to reduce crop yields and livestock productivity. Increased carbon dioxide
(CO,) levels may offset some of these plant growth effects. However, climate projects vary
between locations in Australia and elsewhere. Under a worst-case scenario of drier and
warmer conditions alternative production methods and new technologies can be developed
to adapt to the changing climate. Importantly, the effects of climate change will differ
significantly between regions in terms of the direction, scope and types of changes. The
impact of these changes and the value of adaptive responses will vary at the farm and
regional scale. Second, government policies introduced to mitigate greenhouse gas
emissions are likely to change production costs and commodity prices. Third, global trade
patterns are likely to alter, as climate change continues to affect producers and consumers
of agricultural commodities worldwide. These effects of climate change could place at risk
the capacity of Australian agriculture to continue the long term productivity growth that has
underpinned its success. However, as the future climate effects may vary regionally there
may be opportunities for improved outcomes.

Australian agriculture needs to respond to climate change in addition to the existing long
term stresses associated with declining terms of trade and climate variability. Investing in
new options to combat climate change with their associated risks will be set against a
backdrop of declining profitability. By combining the multiple components of the potential
future perennial-based dryland farming systems and testing their contribution to adaptation
to climate change, this project provides the opportunity to create transformational change in
farming enterprises.

According to the Intergovernmental Panel on Climate Change (IPCC) (2009)) adaptation is
defined as “adjustment in natural or human systems to a new or changing environment.
Adaptation to climate change refers to adjustment in natural or human systems in response
to actual or expected climatic stimuli or their effects, which moderates harm or exploits
beneficial opportunities. Various types of adaptation can be distinguished, including
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anticipatory and reactive adaptation, private and public adaptation, and autonomous and
planned adaptation.”

1.2 Research innovation

The major point of departure of this project is to apply economic optimisation modelling to
test the capacity of novel perennial plants to be used by farm managers to transform whole
farm systems and enable them to adapt to climate change. For the first time the dryland
farming enterprises will be optimised including the woody crop component and for the limited
and changing resources of rainfall, land, labour and finance. This new EverFarm® concept
will be tested in four representative regions, under predicted climate change scenarios. Most
previous assessments of the capacity of farming systems to adapt to predicted climate
change have been based on assessing the impact on single components (enterprises) of the
farm system using existing suites of plants. This transformational approach will use whole-
farm optimisation modelling to select the mix of options that provide the best production
outcomes, for systems based on novel perennial plants. This will extend the work of the
Future Farm Industries Cooperative Research Centre (FFI CRC) in assessing the impact of
perennial plants on agricultural productivity under existing conditions, which accommodate
the known level of climatic variability, to assessing the productivity of novel perennial farming
systems under predicted climate change.

The woody crop systems are a new production system based on species that are adapted to
the more variable and harsh climatic conditions that are increasingly more challenging to
current dryland farming systems. Such characteristics may provide strong advantages under
the harsher conditions predicted for southern Australia in the future. The integration of
woody crops into farming systems provides the opportunity to develop novel regional
industries based on biomass production.

This project undertakes technical and economic analysis of new technologies at the farm
level to specify the scope for adaptation to climate change and communicate it widely. The
analysis will focus on integrating innovative perennial plant components (woody crops,
fodder shrubs and herbaceous perennials) into transformative mixed farming systems to
provide a new biological capability and management responsiveness for adaptation to
changing climate, as well as creating resilient farming systems. Such analysis at the farm
business level has not previously been undertaken and the knowledge of novel perennial
systems and the analytical skills brought to this project will underpin the transformation
necessary for dryland agriculture to adapt to climate change.

1.3 EverFarm® - Economics of climate change adaptation in agriculture
with perennials

The EverFarm® Project used best-practice research outcomes from the FFI CRC farming
systems (New Woody Crops, EverGraze, and EverCrop) to test a whole-farm approach to
climate change adaptation for dryland agriculture in southern Australia. Combining the
knowledge of farming systems with economic analysis skills provided the opportunity to test
the role of new perennial plant technologies in transformational change for Australian
agriculture to adapt to climate change. The delivery of this information will also be enhanced
by utilising the extensive existing communication and training capacity within the FFI CRC.
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1.3.1 Perennial pastures

The specific aim of the project was to evaluate whether and the extent to which dryland
agriculture incorporating novel perennial plant technologies and farming systems can adapt
to climate change. This was achieved by modelling the performance of the new perennial
systems developed by the FFI CRC under predicted future climate scenarios for the dryland
agricultural zone of southern Australia. The project assessed the economic feasibility for
large scale adoption of perennial plants in dryland agricultural systems thus providing
farmers and regional industries with the tools to assess the role of perennials in adapting to
climate change. In doing this the project addressed the National Climate Change Adaptation
Research Facility (NCCARF) Priority Research Area 2 ‘Transformational change in
Australian primary industries’ as an adaptation response to climate change and specifically
addresses research questions 5.1 and 5.3 (Transforming primary production) of the National
Adaptation Research Plan (NARP) (Rickards et al. 2012).

1.3.2 Short-rotation woody crops — native coppicing mallee eucalypts

Integration of woody crops into dryland farming systems is a transformational change,
introducing industries and markets that are entirely new in the relevant rural regions. The
woody crop production systems that form the basis of this research use native tree species
such as mallees that have evolved in a variable semi-arid climate and are highly productive
in dispersed plantings that occupy only around 10% of the land. The trees can be arranged
in narrow belts so that they cause minimal interruption to conventional cropping systems
which will continue in the wide alleys between the belts. These trees live for over 50 years
and regrow, or coppice, after periodic harvests that remove their above ground biomass. The
harvested biomass can be locally processed thus supporting regional economic
development through new employment opportunities and investments in capital and
infrastructure. The biomass provides feedstocks for producers of bioenergy, biofuels and
renewable industrial materials. The trees utilise the water and nutrients that move beyond
the roots of annual crops and pastures, provide shelter benefits for livestock, and confer
protection against erosion. These new crops can provide fundamental biological and
economic change for agricultural regions with mixed crop and livestock enterprises and
improve the resilience of conventional farming systems in the face of climate change.

Additionally the project addresses the high priority research question of ‘Changing
production systems’ (4.1-4.2) identified by NCCAREF in the Primary Industries NARP. The
selection, development and utilisation of perennial plants for grazing and cropping systems
increases the proportion of rainfall used by the system which may provide higher productivity
and greater capacity to withstand dry periods. Outputs of the FFI CRC research to date on
the performance of perennial plants in farming systems provide the opportunity to test the
effectiveness of these systems against existing annual systems. The relative performance of
these systems will be modeled under current and predicted future climate conditions.

1.4 Project design

1.4.1 Objective

The project objective was to evaluate the extent to which dryland agriculture incorporating
new perennial plant technologies and farming systems can adapt to climate change by
modelling currently achievable innovations and their economic feasibility for large scale
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adoption under predicted future climate scenarios for southern Australia. The project built on
the bio-economic modelling and risk analysis capability of the FFI CRC, and its partners, to
test the capacity of alternative novel perennial based farming systems to provide climate
resilience to the southern Australian agricultural sector.

1.4.2 Hypotheses tested

The null hypothesis of the project was that under predicted climate change, incorporating a
higher proportion of the farm into perennials results in similar profitability and is no less
variable in net revenues than existing systems. The alternative hypothesis is that
incorporating a higher proportion of perennials into farming systems will increase profitability
and variability in farm incomes.

EverFarm® differentiated the biological and economic impacts of adapting to climate change
across four key regions broadly representative of conditions across southern Australia. This
recognises that there are important regional and industry balance aspects to adapting to
climate change and that adaptive responses will be regionally specific. In recognition of the
strong regional climatic, edaphic and infrastructure differences, the FFI CRC has calibrated
its bio-economic models for regional application, and can support them with its region-
specific technical data.

1.4.3 Project locations

The project was designed around four case study sites, with two sites in south-eastern
Australia (Hamilton and Tarcutta/\Wagga Wagga) and two in south-western Australia
(Cunderdin and Katanning) (see Figure 1.1). These locations were selected as they are
representative of large areas of southern Australia. The bioeconomic models and data to
drive the models were available in these selected regions. The additional modelling to
assess the capacity of systems that incorporate perennials to adapt to climate change relied
on the use of economic models already available and calibrated for the selected regions by
the FFI CRC.

Figure 1.1 Study locations
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1.4.4 Effects tested

The project tested two main effects: the impact of climate change (current climate versus
predicted future climate) and the effect of additional perennials in farming systems (annual-
based farming system versus farming system with additional perennials). This was done by
modelling four scenarios in each of the selected regions.

The four scenarios evaluated in each region to test the impact of novel perennials on the
adaptive capacity of agricultural systems were:

e Scenario 1: Current (historical) climate and annual farming systems (status quo for
base climatic conditions);

e Scenario 2: Current (historical) climate and perennial-based farming systems
(perennial farming systems for base climatic conditions);

e Scenario 3: Predicted climate and annual farming systems (new climate and annual
farming system); and

e Scenario 4: Predicted climate and perennial based farming systems (new farming
system and new climate).

The scenarios used to test the effects of climate change adaptation with perenniality are
shown in Table 1.1. Analyses of ‘historic’ and ‘2030 dry’ climate scenarios do not imply that
these are snapshots of climate at any point in time. Rather, the scenarios were analysed
using 40-year climate records as input to plant simulation models. Hence the scenarios are
not assumed to be static situations, but the change in climate over both periods is captured
by the use of these climate data series in the analysis.

Table 1.1 Scenarios tested

Assessed in current year terms Perennial plants, shrubs and trees
Without With

Historic Climate X X

A 2030 Dry Climate X X

1.5 Economic models

The FFI CRC has access to whole-farm and paddock-level bio-economic models (including
MIDAS and IMAGINE) to examine the impact of changes in farming systems on farm
profitability. Flugge and Abadi (2006) show an example of the use of MIDAS for economic
evaluation of the place of an innovation in a farming system. Bartle and Abadi (2010) provide
a case study of the use of IMAGINE for assessing the commercial viability of energy tree
crops in a WA farming system. These models will use the outputs from plant growth models
like APSIM and GrassGro, which simulate growth and yield of annual and perennial crops
and pastures from agro-climatic and physiological parameters.

The inputs to the economic models (system productivity) were estimated using outputs from
plant growth models based on alternative climate scenarios. The bio-economic models were
used to assess land use sequences under variable conditions and evaluate the profitability
of alternative farming systems under different climatic scenarios.
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1.5.1 Modeling analyses
To assess these scenarios the analyses included several components (Figure 1.2).

First was preparation of technical (biological) specifications for the novel perennial plant
technologies in each regional setting, and prediction of the productivity for the integrated
systems to be used in the economic analyses for each climate scenario. The productivity
predictions were based on climate data downscaled from Global Climate Models (GCMs).

Second was economic analysis to simulate and optimise the performance of farms that
utilize the new perennial and existing annual crop/pasture components. It also included an
assessment of risk associated with each farming system.

Figure 1.2 Modelling and analysis used
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2. Profitability of perennial-based farming systems in a changed
farming climate

Summary

Results of economic analyses presented in this chapter indicate that future climate projection
is likely to have negative impacts in some regions and positive impacts in others. Either way
perennials investigated in this project result in improvement in farm profitability when
adopted on appropriate soils according to recommended design principles.

The projected shift in the distribution of the growing season rainfall in the four regions that
we studied is economically significant. In water limited regions, such as the central
wheatbelt of WA, increased frequency of warmer and drier winters and springs will result in
reduced yields leading to lower mean net enterprise returns (gross margins) for crops and
livestock. In regions, such as Katanning in WA or Hamilton in Victoria, where winter and
springs are cold and rainfall can in some years exceed the water requirements of plant,
slightly higher temperatures, small reductions in rainfall and higher CO2, is likely to enhance
productivity of grain and livestock systems, improving their profitability.

The whole-farm results presented here have shown that under a predicted warmer and drier
climate future farm profits are likely to fall at Cunderdin and Hamilton without farm
management adaptation. At Katanning the whole-farm results showed an increase in farm
income under a future climate. This is associated with an increase in the farm area under
pasture. In that region the climate is predicted to be warmer and wetter in autumn and winter
(Chapter 5) so that pasture growth is slightly increased (Chapter 6).

The perennial pasture and biomass tree adaptation options are predicted to have a positive
effect on whole-farm profit at each of these locations and the associated changes for
particular soil types (LMUs) give a deeper understanding of the farming systems changes
associated with these adaptations.

The optimizing models used for this analysis provide a yet richer understanding of the
impetus for change through provision of the marginal value product (MVP) of farm
enterprises under each scenario. The MVP information indicates the economic motivation for
these management changes.

The paddock-level cash flow analyses have shown that in general future climate projection is
likely to result in increased variability and slight reduction in profitability. Strategic adoption
of suitable perennial pastures and biomass trees, when planted on appropriate soils, can
lead to improved profitability when compared to the counterfactual. Perennial pastures and
biomass tree crops do not necessarily reduce cash flow variability. In the case of perennial
pastures their ability to provide green feed during summer and autumn at lower cost than
supplementary grain feeding and the associated increase in livestock winter stocking rates
results in higher profitability per hectare of pasture.

At Wagga Wagga the paddock-level analyses for particular enterprises and soils showed
that expected future profit as expressed by the annual equivalent value of net returns (AEVs)
generally declined under a changed climate without adaptation, and even with adaptation the
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climate effects were still likely to be detrimental to cash flows. There is substantial increase
in income variability at Wagga Wagga under a changed climate.

Trees show smaller variability in their biomass growth compared to agricultural crops and
pastures. Where a market for whole-tree biomass develops, these trees can provide an
opportunity for diversification of farm income. Stable supply and demand for farm-grown
coppice tree biomass is likely to be based on secure forward contracts. The price of
biomass is strongly linked to the movements of the energy market and demand for
renewable energy and fuel. The price received by the growers for biomass must
compensate them for the cost of planting, replacement of nutrients exported with biomass,
profit forgone on the land occupied by the trees and the value of reduced profits in the
narrow zone of competition between trees and adjacent agricultural crops and pastures.

The optimal planting design, from agronomic and hydrological points of view, is for trees to
be planted in two-row belts with wide (100 m) alleys of agriculture. This means that only
about 6% of a paddock will be occupied by the trees. This modest land occupation will make
a commensurate and positive contribution to the profitability of the paddocks they occupy.
Their coppice harvest once every 4 years provides an injection of income from the sale of
biomass increasing the peaks of cash flow without exacerbation the troughs or down side.

2.1 Introduction

In this chapter we present the economic results of the project. The purpose of this project is
to combine rigour with relevance in generating useful insights for decision makers concerned
with climate change and agriculture. We acknowledge interested entities may be land
holders, farm advisors, private firms and public agencies interested in R&D funding or
climate change policies for agriculture. As such these results are presented so as to provide
general information about farm-level and policy decisions.

Since the farm financial implications of perenniality and climate change are of primary
interest to the project, we present the main economic results first. The data and inputs
developed and used as inputs in these analyses are given in subsequent chapters.

The modelling processes were shown schematically in Figure 1.2. The comparisons are of
farming systems at each location for historical and future climates with and without perennial
plants and mallee trees for biomass.

The farm financial analyses have been conducted in a farming systems context, because
farmers and their advisors must make decisions by considering the whole farming system
(and our interviews with farmers and consultants at each location (Chapter 4) confirmed this
imperative). However, farmers are constrained in many ways in the management choices
that are available to them. Our paddock scale results are presented in recognition of the fact
that subsequent to farm manager deciding on the land use strategies at the whole of farm
scale (e.g. proportion of farm to allocate to crops and pasture) they must decide how to
manage each paddock to optimize its agronomic and cash flow potential.

We used a representative farm approach to develop information about the likely responses
to these perenniality options for the above decision makers (Chapter 3). Two types of
economic analyses have been conducted.
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First, a whole-farm economic analysis was conducted which focuses on the farming system
responses to the research question, including likely impacts on farm profits and farm
enterprise mix. These analyses use farming systems models which have a profit objective
while incorporating the important constraints that farm managers must consider. These are
linear programming models (Pannell 1997) — the MIDAS model framework, used by Kingwell
and Pannell (1987), Finlayson et al. (2012a), Finlayson et al. (2012b), was adapted to each
location for this part of the analysis.

This approach has the strength of focusing on the farm profit objective while incorporating
the typical management restrictions including different soil types and productivity, prevailing
and forecast seasonal patterns (including seasonality), and crop sequence imperatives.

However, the approach focuses solely on farm profit as an objective, adopting an average
‘year in — year out’ approach which does not account for variability in operating environment
from year to year (e.g. climatic effects on plant and animal responses).

Therefore the second analysis, using IMAGINE, a paddock-level simulation model, utilizes
the findings of whole-farm analysis - Abadi and Cooper (2004), Mendham et al. (2012).
Analysis with IMAGINE enables consideration of stochastic and temporal interactions to
develop cash flows over time and financial measures for comparison. Long-term cash flows
were annualized into AEV numbers ($/ha) to compare cash flow patterns over equivalent
time periods.

The MIDAS analysis was conducted for Cunderdin, Katanning and Hamilton, and the
IMAGINE analysis for Cunderdin, Katanning, Wagga Wagga and Hamilton. Further
explanation of the MIDAS and IMAGINE models is presented in Chapter 7.

In this analysis the investigation of climate change effects is undertaken by using outputs
from one future climate, based on predictions from the CSIRO-Mk 3.5 (S2) model under A2
policy scenario where CO2 level stabilizes at 550 ppm (see Chapter 5), compared to an
historical sequence. The future (S2) climate effects are estimated over the 40-year period
2012 — 2052 compared to the effects over the historical period of 1971-2011.

The full MIDAS results for each location are presented in Appendix A. In this chapter the
highlights of those, and the IMAGINE results, are presented.

2.2 Economics of farm-level adaptation
2.2.1 Results for Cunderdin

2.2.1.1 Whole-farm results

The whole-farm results for Cunderdin are shown in Table 2.1. In the base case (crops and
annual pasture) the effect of a changed future climate is to reduce whole-farm income by
about 20%. As perennials were added in both climate types farm income increased and as
mallee was further added farm profit increased slightly more. Under a changed future climate
the addition of perennials and mallee increased farm income back above the historical base
level.
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Table 2.1 MIDAS whole-farm results: profit and land use: Cunderdin

Percentage of farm area (%) Farm
Crop  Annual pasture Perennial Mallee  Profit
pasture
Lucern Teder $/ha
e a
Historical climate
Base 83 17 - - - 110
With PP 50 24 4 21 - 129
With PP & Mallee 49 28 4 17 1 131
Future climate
Base (no PP) 83 17 - - - 89
With PP 49 18 27 6 - 113
With PP & Mallee 46 18 28 7 2 116

The proportion of farm area in crop and annual pasture was 83:17 in the base case, and this
was unchanged in the future climate scenario. This land use mix accords with typical farms
in the Central Wheat Belt of Western Australia (Planfarm-Bankwest 2012). When perennial
pastures and mallees were introduced they accounted for 22% of farm area in the historical
climate and 37% in the future climate. The proportion of farm area in mallee was 1-2%: due
to the particular layout of mallee in an alley system the maximum possible farm area for
mallee is only 6%.

The LMU areas, optimal rotations and MVPs for the future climate with perennial pastures
and mallee are in Table 2.2. As expected, the poorer soils (LMUs 1, 2, 4 and 7) have the
lowest MVPs. Lucerne is used in rotations on LMUs 5, 7 and 8. Tedera is in a rotation on
LMU 8. Mallee is adopted on LMUs 1, 2 and 8. This information provides a detailed
prediction of on-farm incentive to change to these new species when soil types and the
alternative economic uses of LMUs are considered in a farming system context.

Table 2.2 MVPs (profit contributions) of land use on LMUs: with perennial pastures &
mallee: future climate: Cunderdin

LMU/Soil  Area (ha) Profit contribution Rotations selected (area allocated)
($/ha)

1 140 57 Continuous pasture and mallee

2 210 134 Continuous pasture and mallee

3 350 257 Wheat, canola, wheat, lupin

4 210 182 3 yr lucerne, wheat, barley

5 200 246 3 yr lucerne, wheat, barley, continuous
pasture

200 237 Wheat, canola, barley, field pea

7 300 175 3 yr lucerne, wheat, barley

8 390 229 4 yr lucerne, wheat, canola, barley, lupin,
wheat, 4 yr lucerne, wheat and mallee,
tedera
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2.2.1.2 Paddock-level results

Paddock-level results for Cunderdin are presented for deep sands (pasture) and deep sandy
duplex soils (crops).

2.2.1.2.1 Cropping results

Figure 2.1 shows cash flows for a 3-year continuous rotation of wheat-barley-canola under
the historic and future climates. The AEV falls from $117/ha to $95/ha in the future and the
coefficient of variation increased slightly (Table 2.3).
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©
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AEV: 117 $/ha AEV: 95 $/ha
-300 : : . : : : . .
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Figure 2.1 Cash flows for a wheat-barley-canola rotation: deep sandy duplex soil:
historic and future climate: Cunderdin

The small change is profitable because grain crops grown in winter and spring are affected
by both positively and negatively by the combination of higher minimum temperatures in
winter, as well as the rise in maximum temperatures. The mean monthly rainfall charts
(Figure 5.6) show that in some months rainfall is lower and in others it is higher, so there are
gains and losses for crop yields and cash flows.

Table 2.3 Financial measures of cash flow for wheat-barley-canola rotations: deep
sandy duplex soils: historic and future climate: Cunderdin

Period 1972-2011 2012-2051
NPV ($/ha) 1564 1267
AEV ($/halyr) 117 95
Min ($/ha) -204 -140
Max ($/ha) 252 338
Std Dev (%/ha) 112 112
cv: Stdev/AEV 95% 118%

The distributions of cash flows are shown in Figure 2.2. These distributions indicate that in
the best years profits are higher and in the worst years losses are not so bad in the future as
in the past. The shape of the income distribution is changed in the future (see also Table
2.3).
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Figure 2.2 Distributions of cash flows for wheat-barley-canola rotations: deep sandy
duplex soil: historic and future climate: Cunderdin

The results for the cash flows of mallees in the crop rotation for a future climate are shown in
Figure 2.3. The AEV declined slightly with mallee. The summary statistics for this case are
shown in Table 2.4 and the distribution graphs are in Figure 2.4.

Table 2.4 Financial measures of cash flow for wheat-barley-canola rotations: deep
sandy duplex soil: with and without mallee: future climate: Cunderdin

Future Climate Scenario Cropping Only Cropping with mallee
NPV ($/ha) 1267 1225
AEV ($/halyr) 95 92
Min ($/ha) -140 -132
Max ($/ha) 338 318
Std Dev (%/ha) 112 111
cv: Stdev/AEV 118% 121%
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Figure 2.3 Cash flows for a wheat-barley-canola rotation: deep sandy duplex soil: with
and without mallee: future climate: Cunderdin
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Figure 2.4 Distributions of cash flows for wheat-barley-canola rotations: deep sandy
duplex soil: with and without mallee: future climate: Cunderdin

2.2.1.2.2 Pasture results

The first cash flow comparison is for annual pasture on deep sands for the current and future
climates. These cash flows are in Figure 2.5, and the summary statistics are in Table 2.5.
AEV is substantially reduced without any adaptation. This is further illustrated by the cash

flow distributions in Figure 2.6.
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Figure 2.5 Cash flows for continuous annual pasture: deep sand soil: historic and

future climate: Cunderdin
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Table 2.5 Financial measures of cash flow for continuous annual pasture: deep sand

soil: historic and future climate: Cunderdin

Period 1972-2011 2012-2051
NPV ($/ha) 678 194
AEV ($/halyr) 51 15
Min ($/ha) 34 0
Max ($/ha) 57 24
Std Dev (%/ha) 5 5
cv: Stdev/AEV 10% 36%
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Figure 2.6 Distributions of cash flows for continuous annual pasture: deep sand soil:
historic and future climate: Cunderdin

In the case of sheep grazing a continuous annual pasture paddock, the addition of mallee
does not make much difference to AEV- a small increase from $15/ha to $16/ha. The cash
flow results of this scenario are presented in Figure 2.7 and Table 2.6. The variability of cash
flow increases substantially for annual pastures on these soils in the future climate scenario

(compared to Table 2.5).
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Figure 2.7 Cash flows for continuous annual pasture: deep sand soil: with and without
mallees: future climate: Cunderdin

Table 2.6 Financial measures of cash flow for continuous annual pasture: deep sand
soil: with and without mallees: future climate: Cunderdin

Period Ann-Past Ann-Past
Only with Mallee

NPV ($/ha) 194 213

AEV ($/halyr) 15 16

Min ($/ha) 0 -85

Max ($/ha) 24 67

Std Dev (%/ha) 5 27

cv: Stdev/AEV 36% 167%

The final set of comparisons is of continuous perennial pasture on loamy sands at
Cunderdin. Figure 2.8 presents the cash flows for this pasture in the historical and future
climate and the summary statistics are in Table 2.7.

Table 2.7 Financial measures of cash flow for continuous perennial pasture: loamy
sands: historic and future climate: Cunderdin

Period 1972-2011 2012-2051
NPV ($/ha) 1049 660
AEV ($/halyr) 79 50
Min ($/ha) 12 8
Max ($/ha) 131 88
Std Dev (%/ha) 23 20

cv: Stdev/AEV 30% 40%

The AEV falls from $79/ha to $50/ha in a changed climate without adaptation. The
distribution of cash flow is shown in Figure 2.9.
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Figure 2.8 Cash flows for continuous perennial pasture: loamy sands: historic and
future climate: Cunderdin
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Figure 2.9 Distributions of cash flows for continuous perennial pasture: loamy sands:
historic and future climate: Cunderdin

In the final analysis we assessed the cash flow effects of introducing mallees to continuous
perennial pastures in a changed climate. The results are shown in Figure 2.10 and Table
2.8. The cash flow distributions are shown in Figure 2.11. As mallees are incorporated into a
perennial pasture paddock in the future scenario there is little change observable in AEV but
income variability increases due to period injection of income from mallee biomass.
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Figure 2.10 Cash flows for continuous perennial pasture: loamy sands: with and
without mallees: future climate: Cunderdin

To validate the cash flow results estimated with IMAGINE we used information from
Planfarm-Bankwest (2012) to calibrate our model, because both APSIM and GrassGro
overestimate farm productivity in this region. Table 2.9 shows farm net returns from
Planfarm-Bankwest (2012) benchmarks and the sheep net returns estimated from data in
this report over the last 6 years. The average sheep industry return over the last 6 years was
about $140/ha while sheep profitability was much less, at $25/ha.

120

100

$/ha

80

60

40

20

Per-Past Per-Past
-20 - Only + Mallee

Figure 2.11 Distributions of cash flows for continuous perennial pasture: loamy
sands: with and without mallee: future climate: Cunderdin
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Table 2.8 Financial measures of cash flow for continuous perennial pasture: loamy
sands: with and without mallee: future climate: Cunderdin

Period Per-Past Per-Past
Only with Mallee

NPV ($/ha) 660 649
AEV ($/halyr) 50 49

Min ($/ha) 8 -1
Max ($/ha) 88 109
Std Dev (%/ha) 20 22

cv: Stdev/AEV 40% 45%

Table 2.9 Profitability of sheep farming from industry benchmarks (farm net return)
and sheep net returns from this report: Cunderdin

Season 2006 2007 2008 2009 2010 2011
Sheep net return ($/ha) 56 40 -11 15 26 24
Farm net return ($/ha) 66 330 200 38 12 218

The Planfarm-Bankwest (2012) benchmarks show that the effective area cropped by
Cunderdin growers was between75% and 80% with pasture area between 20% and 25% of
the farm.

2.2.1.3 Summary for Cunderdin

For Cunderdin at the whole-farm level the effect of a changed climate (without adaptation) is
likely to be a reduced farm income of ~20%. When perenniality options (pastures and
mallees) were included as an adaptation option, the whole-farm income increased to slightly
above the former (historic) level. However, the land use mix changed with the crop farm
percentage being reduced to below 50% and perennial pastures and mallees occupying 20 —
30% of the farm in the future climate. Adaptation with perenniality and mallees seems to
offer a means of maintaining farm income in the type of changed climate evaluated here.
The marginal profit contributions of all soils types increased with perennial adaptation.

At the paddock level for the crop rotation considered here the AEV fell by ~20% without
adaptation to the changed climate. When mallees were included in the changed climate the
AEV was still slightly lower and income variability was still substantial.

At the paddock level for annual pastures the AEV fell substantially (70%) without adaptation.
For perennial pastures there is still a reduction in AEV of over 30% in the future compared to
the past. When full adaptation (perennial pastures and mallees) were assessed in the
changed climate the AEV did not change substantially. In all cases the paddock-level cash
flows exhibited increased variability in the future climate scenario.

The farm-level economic results for Cunderdin are summarised in Box 2.1.
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Figure 5.6 Distributions of monthly rainfall: SILO and S2: Cunderdin

Figure 5.7 Distributions of daily minimum temperature: SILO and 18 forecast GCMs:
Katanning
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Figure 5.8 Distributions of daily maximum temperature: SILO and 18 forecast GCMs:
Katanning

Figure 5.9 Distributions of annual rainfall: SILO and 18 forecast GCMs: Katanning
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Figure 5.10 Distributions of monthly mean minimum temperature: SILO and S2:
Katanning

Figure 5.11 Distributions of monthly mean maximum temperature: SILO and S2:

Katanning
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Figure 5.12 Distributions of monthly rainfall: SILO and S2: Katanning

Figure 5.13 Distributions of daily minimum temperature: SILO and 18 forecast GCMs:
Wagga Wagga
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Figure 5.14 Distributions of daily maximum temperature: SILO and 18 forecast GCMs:
Wagga Wagga

Figure 5.15 Distributions of annual rainfall: SILO and 18 forecast GCMs: Wagga
Wagga
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Figure 5.16 Distributions of monthly mean minimum temperature: SILO and S2:
Wagga Wagga

Figure 5.17 Distributions of monthly mean maximum temperature: SILO and S2:
Wagga Wagga

EverFarm® — Climate adapted perennial-based farming systems for
dryland agriculture in southern Australia 86



Figure 5.18 Distributions of monthly rainfall: SILO and S2: Wagga Wagga

Figure 5.19 Distributions of daily minimum temperature: SILO and 18 forecast GCMs:
Hamilton
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Figure 5.20 Distributions of daily maximum temperature: SILO and 18 forecast GCMs:
Hamilton

Figure 5.21 Distributions of annual rainfall: SILO and 18 forecast GCMs: Hamilton
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Figure 5.22 Distributions of monthly mean minimum temperature: SILO and S2:
Hamilton

Figure 5.23 Distributions of monthly mean maximum temperature: SILO and S2:
Hamilton
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Figure 5.24 Distributions of monthly rainfall: SILO and S2: Hamilton
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6. Biophysical modelling and plant responses to climate

Summary

This chapter contains results of biophysical modelling of plant responses (for crops, pastures
and mallee trees) for the historical and future climate series presented in Chapter 5. A
feature of the crop yields is that we present distributions of the yields (over 40 years of
historic and 40 years of one predicted future). We compare these distributions visually to
obtain an overall impression of the change, including downside and upside risk.

The pasture predictions were generated on a daily basis over each 40-year period; the data
are 40-year daily averages of pasture production. These numbers were aggregated over the
months because we are interested in the seasonal pattern of pasture supply, which is
matched against the seasonal livestock demands in the whole-farm economic model. Hence
we do not present box-and-whisker plots for monthly pasture production.

The tree biomass growth predictions were generated by a newly developed model,
IMAGINE, which incorporates growth and regrowth patterns after coppicing every four years.

The crop yield results are interesting for the distributional changes over the 40-year periods
studied (past versus future). Generally the crop yield distributions are lower under a future
climate. In some cases there is increased variability in the predicted yield distributions and in
others there is reduced downside risk. Such results have potentially substantial implications
for regional farm management.

The results for pasture growth need to be more carefully considered and checked. This is a
major research project by itself. For some locations and soil types predicted future pasture
production is lower than in the past, while in a smaller number of cases there are indications
that the future is not so dire. The pasture results depend on the rainfall and temperature
distributions from Chapter 5 and some potential increases in pasture are explained by
changes in seasonal rainfall patterns.

At Cunderdin the pasture production trends are lower over the whole year in the future
compared to the historical case. At Katanning there is some indication of improved future
production, more so for perennial than annual pastures. At Wagga Wagga pasture
production is predicted to be substantially lower over the whole season for all species, with
major implications for the farming system. But at Hamilton there is some indication that
future perennial pasture production may be only slightly lower and, interestingly, there is
some evidence of a shift in seasonal patterns to increased winter-spring growth at the
expense of the summer-autumn period. The landholders interviewed in that region alluded to
this shift and were confident that they could adapt to it.

When considering the predictions of mallee tree biomass yield we must remember that
mallees are not currently grown in those locations (or anywhere else in Australia), so that a
comparison of past versus future production is not relevant. The important question is
whether the predicted future biomass yields and patterns of growth are likely to be
economically appealing in a farming systems context, assuming that a local industrial
processing facility would be established and a price for biomass that makes the activity
potentially appealing to landholders. The average annual biomass yield in the future is 15.1
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green tonnes (gt)/ha and we present the pattern of future growth in green biomass, with
harvesting every four years.

6.1 Purpose

In this chapter results of the biophysical modelling are presented. These results have been
developed using the climate series described in Chapter 5. These crop, pasture plant and
tree biomass results are subsequently used in the economic analyses reported in Chapter 2.

6.2 Climate models used for developing plant responses

The biophysical models used to develop the results presented here were the Agricultural
Production Systems Simulator (APSIM 7.3, McCown et al. (1996), Probert et al. (1998),
Keating et al. (2003)) for crop vyields. For pasture production, GrassGro (Donnelly et al.
(1997), Freer et al. (1997), Moore et al. (1997), Clark et al. (2000)), and APSIM for tree
biomass (Mendham et al. (2012)) models were applied.

The APSIM model simulates the development, growth, and final yield of several crops under
prescribed management, as well as the changes in soil water and soil nutrient supply during
the cropping season (Asseng et al. (2004), van Ittersum et al. (2003), Ludwig and Asseng
(2006)). APSIM modules have been well tested in a wide range of conditions in Australia
(Keating et al. (2003), Anwar et al. (2009), Wang et al. (2011)) and the model was verified as
competent to simulate the crop growth and development, soil water and nutrition balance,
and their interactions within a crop/soil/CO, system driven by daily weather data under
different scenarios (Moore (2012), Oliver et al. (2009)).

The climate variables used in these predictive analyses were daily minimum and maximum
temperature, daily rainfall and CO, levels. For CO, concentration the level implemented for
future crop vyield predictions was a linear increase from 380 in 2012 to 550 ppm by 2050.

6.3 Agricultural management and plant yield response modelling

When farmers make agricultural production decisions they must account for many
interdependent factors. For instance, when planting a wheat crop, management factors or
decisions to be considered include variety, sowing date, seeding rate, soil fertility status, and
the presence of weeds and diseases. These factors will depend in part on previous
management (including the past crop/pasture rotation), the status of the season, and future
plans.

In modeling plant responses it is not possible to account for all these factors as direct inputs
to the model. Rather a set of assumptions is made about the paddock status and these
factors are included as parameter levels included in the productive models. The art of
modelling includes an understanding of the agricultural system and developing a set of
assumptions about the agricultural system status to enable prediction of yield responses that
are reasonable for the purposes of analysis.

For the crop yield modeling, assumptions were made about normal farm fertilizer
applications and sowing date and these aspects were included in the model. These
assumptions were sensitive to the locations and soil types for this project. For pasture
modelling an important management decision relates to the stocking rate for animals (which
varies seasonally) since there are important interactions between stocking rate, pasture
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production and animal performance (e.g. expressed as liveweight gain and condition score).
The GrassGro analyses were conducted for a range of stocking rates. In the economic
analyses, data were adopted for the stocking rate which resulted in 80% of the highest gross
margin in GrassGro. This level was used because most farmers do not manage their stock
as tightly as a model assumes.

The crop yield results have been derived using APSIM. We present distributions of yields for
wheat, barley, field peas, lupins and canola. However, development work on APSIM has
been much greater for wheat and barley than for the other crops. In terms of the variability in
yields for field peas, lupins and canola we have less confidence in the simulation results,
especially when it comes to a predicted climate (Dr. Imma Farre, Department of Agriculture
and Food Western Australia, personal communication).

The pasture modelling conducted for pasture plant responses in this project was not able to
consider the potential impacts of a changed climate on animal physiology, especially
temperature expressed as heat stress impact. Hence the predictions of plant responses
using GrassGro need to considered with this caveat.

6.4 Soil types and land management units

The plant response modelling was conducted in the context of providing input data to the
MIDAS and IMAGINE economic models at each location. Soils were classified according to
the Australian soil classification (Isbell 1996). The whole-farm economic model (MIDAS)
uses LMUs to describe the different parts of each representative farm. These LMUs are
categorized in terms of soil types and suitability for local agricultural production activities.
The plant response modelling was conducted for particular soils at each location. The soils
used in the crop analyses are described in Table 6.1 and the soils used in the pasture
analyses are given in Table 6.2.

Table 6.1 Soils used for crop analyses

l_
<
(o

Location Soil description

Cunderdin Acid loamy sand

Clay

Deep sandy duplex

Clay acid over saline subsoil
Duplex sand over light clay
Deep sand

Grey Vertosol

Red Kandosol

Red Chromosol

Sand

Fine sandy clay loam over heavy clay
Heavy clay

Katanning

Wagga Wagga

Hamilton

WN-_2W_a2NDNPAEAN_2WON -
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economically appealing in a farming systems context, if a local industrial processing facility
was established and a market price was available for biomass.

Table 6.3 Whole-tree biomass yield of mallees expressed in green tonnes per hectare
per harvest: future climate scenario: all locations

Harvest Katanning Cunderdin Hamilton Wagga

Year gt/ha gt/ha gt/ha gt/ha
6 59 38 79 79
10 67 41 74 74
14 65 36 75 75
18 69 42 77 77
22 72 41 77 77
26 69 38 78 78
30 67 38 80 80
34 68 40 79 79
38 72 42 78 78
Total 606 356 696 696
Average 67 40 77 77
Stdev 1.4 2.4 3.4 4.4
cv 2% 6% 4% 6%

Figure 6.1. Distributions of wheat (a) and barley (b) yields by soil type: Cunderdin
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Figure 6.8 Distributions of field pea (c) and lupin (d) yields by soil type: Wagga Wagga

Figure 6.9 Distributions of canola yields by soil type: Wagga Wagga

Figure 6.10 Distributions of wheat (a) and barley (b) yields by soil type: Hamilton
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Figure 6.11 Distributions of field pea (c) and lupin (d) yields by soil type: Hamilton

Figure 6.12 Distributions of canola yields by soil type: Hamilton
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Figure 6.13 Total available herbage for annual and perennial pastures by soil type:
Cunderdin

Figure 6.14 Average daily growth for annual and perennial pastures by soil type:
Cunderdin
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Figure 6.15 Total available herbage for annual and perennial pastures by soil type:
Katanning

Figure 6.16 Average daily growth for annual and perennial pastures by soil type:
Katanning
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Figure 6.17 Total available herbage for annual and perennial pastures by soil type:
Wagga Wagga

Figure 6.18 Average daily growth for annual and perennial pastures by soil type:
Wagga Wagga
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Figure 6.19 Total available herbage for annual and perennial pastures by soil type for
Merinos on ryegrass: Hamilton

Figure 6.20 Average daily growth for annual and perennial pastures by soil type for
Merinos on ryegrass: Hamilton
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Figure 6.21 Total available herbage for annual and perennial pastures by soil type for
Triple Merinos: Hamilton

Figure 6.22 Average daily growth for annual and perennial pastures by soil type for
Merinos on ryegrass: Hamilton
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Figure 6.23 Simulated mallee growth above and below ground in 2-row belts of trees
harvested periodically: example from Katanning on loamy deep sands: future climate
scenario

EverFarm® — Climate adapted perennial-based farming systems for
dryland agriculture in southern Australia 106



7. Economic analysis of perennials in a changed farming climate

Summary

Two bio-economic models were used to analyze the optimal land use mix of farms as well as
their profitability and cash flow. The first is the whole-farm optimization model, MIDAS. The
other is IMAGINE, a model that is designed for field or paddock-level analysis. Each model
has its role in the study and complements the other.

The MIDAS analyses presented here use a representative whole-farm approach to answer
the research question of profitability with and without perennial plants and mallees for
biomass, in an historical and likely future climate. The IMAGINE model is also used to
investigate the same question at the farm enterprise (or paddock) level.

Usual caveats apply, in that although models provide advantages they have limitations as
they necessarily require a number of assumptions, and they cannot fully represent reality
and circumstances and conditions of all properties and the style and constraints of all farm
managers. The models used in this study, in general, represent the farmer’s main profit
objectives and key operational constraints, especially of resource availability. But some
aspects of the operational environment are necessarily simplified to allow tractability.
Despite these limitations and simplifications models, these two farm economic analysis tools
have proven extremely valuable in addressing important research questions of economic
significance.

Another financial aspect of the decisions to change and adapt is cash flow. Analyses with
IMAGINE show impacts on cash flow over time associated with perenniality and mallees for
historic and predicted future climates.

7.1 Purpose

In this chapter we present the economic methodologies to answer the primary project
question. This question is an evaluation of whether and the extent to which the use of
perennial plant technologies can improve the capacity of dryland agricultural systems to
adapt to climate change. This evaluation is conducted by modelling the impacts of currently
achievable innovation with perennial pastures and trees, that are the research products of
the FFI CRC, and testing their economic feasibility for large scale adoption under predicted
climate futures.

Hence the focus of this project is on the likely economic responses within a farming systems
context at each of the project locations. Whole-farm optimising models and paddock-level
cash flow models have been used in this project.

7.2 Whole-farm optimising models

MIDAS, a mathematical optimisation model, was used in this study to assess likely whole-
farm effects of changes in climate and plant responses. MIDAS stands for “Model of an
Integrated Dryland Agricultural System”. It is a steady-state linear programming model of a
farming system, which accounts simultaneously for the biology and economics of the farming
system (Kingwell and Pannell 1987). The model's objective function is profit maximisation,
subject to managerial, resource and environmental constraints (Kingwell and Pannell 1987).
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Profit is defined as net cash returns after non-cash costs (depreciation) and opportunity cost
of capital (exclusive of land) are deducted. MIDAS is based on a typical (expected/average)
season and excludes consideration of climate and plant variability and extreme climatic
events.

MIDAS models are structured in equilibrium, meaning that production coefficients represent
a time when production has stabilized, possibly after more than one rotational cycle.
Dynamics are represented in the sense that production depends on land use and agronomic
practices in the previous year, but not in the sense of tracking the move from one equilibrium
to another. It is assumed that climatic conditions are ‘average’ every year.

For programming models such as this Kingwell (1996) has noted the importance of
representing the farming system, with its array of production technologies, resources and
enterprise alternatives, in some detail. Unless this occurs it is highly likely that specification
errors will noticeably bias estimates of supply response.

The major strengths of MIDAS are its joint emphasis on biology and economics and its ability
to address a range of whole-farm issues in a profit-maximizing framework. The issues
include allocation of land to alternative enterprises, rotation selection, livestock flock
structure and stocking rate, strategies for grazing and supplementary feeding, machinery
size and pattern of use, and impact of limited finance on the optimal farm strategy.

MIDAS can also provide additional useful information such as the optimal rotations for each
LMU and the size and management of sheep flock and other economic indicators including
the marginal value of resources such as labour, finance, seeding capacity, and livestock
feed in each of ten periods.

For a full description of MIDAS see Kingwell and Pannell (1987). Three versions of MIDAS
were used in this study.

7.2.1 Marginal values for farm enterprises

Extra information is also available when an optimizing model is used to answer this type of
research question. Because of the model structure (a resource-constrained farm profit
model) which is used to maximize the economic objective, economic values can be
determined for the last small amounts of land resource for each farm enterprise in the
optimal solution. These can be termed the marginal value products (MVPs) of each activity
(Paris (1991), Pannell (1997)) — they show the extra value that each farm activity contributes
to the farm objective at the optimal solution. The MVP is also termed the shadow price of
each LMU.

For each LMU the MVP of the optimal farm enterprise (or model activity) indicates the value
added to the farm objective according to the soil and topography constraints, each LMU’s
area, and associated crop yield and pasture productivity assumptions. Changes in land use
for each LMU, as climate and perenniality options are modified or added, can be explained
by changes in the MVPs. That is, the MVPs indicate the economic incentives to change
within each component of the farming system. They can differ substantially according to the
type of soil resource and resulting agricultural productivity.

Consideration of MVPs associated particular model solutions provides a richness of
explanation as to how farming systems constraints can determine the direction and
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magnitude of change in farm profits as new scenarios are considered. MVPs, which provide
the marginal contribution to profit, are different from gross margin budgets, which indicate
the average profitability of a farm enterprise.

7.2.2 Central Wheatbelt (Cunderdin) of Western Australia

This version of MIDAS is based on a typical farming system in the Cunderdin shire of
Western Australia (Flugge and Abadi 2006). The area has a Mediterranean climate, with wet
winters and dry summers. Farms in the region typically have a mix of cropping and livestock
enterprises, with cropping generally more dominant. Broadly speaking, soils in the region
consist of a mixture of deep sands and duplex soils (sand over clay, loam over clay). Farm
size has increased in recent years and in 2012 was in the range of 3600 to 6800 hectares
(Planfarm-Bankwest 2012). Central Wheatbelt MIDAS assumes a farm size of 2000 ha and
consists of eight LMUs. A description of each LMU and area is in Table 7.1 (Flugge and
Abadi 2006). Cropping options include cereals, grain legumes and an oilseed crop. Cereal
crops include wheat, barley, oats and triticale. Grain legumes include lupins, field peas and
other pulse crops. The livestock enterprise consists of sheep for wool and meat production.
The pastures consist of volunteer annual grasses and improved pasture legumes such as
subterranean clover and seredella. The percentage of total farm area selected for cropping
is generally between 50% and 70%, depending on commaodity prices. This level of cropping
concurs with industry’s management benchmarks reported in Planfarm-Bankwest (2012).

7.2.3 Great Southern Region (Katanning) of Western Australia

The Great Southern version of MIDAS represents a farming system in the
Katanning/Kojonup shires of Western Australia. This area also experiences a Mediterranean
climate. Rainfall in this region is higher than in the Central Wheatbelt. The average annual
rainfall is between 500 mm and 600 mm. Most farms in this region have a mixture of
livestock and crop, with livestock being dominant. Livestock in the region includes sheep and
cattle; however merino sheep for wool production is most common. Broadly, the soils of the
region are gravelly sands or sandy duplexes. In the Great Southern MIDAS the farm size is
1000 hectares consisting of five LMUs (Table 7.1). An average season has annual rainfall of
550 mm of which approximately 450 mm falls in the growing season (Young 1995). Wheat,
barley, oats, lupins and field pea production are possible on all LMUs. LMUs 1 and 2 are
relatively infertile and are normally not cropped. LMUs 4 and 5 are most suitable for
agriculture.

7.2.4 Wagga Wagga/Tarcutta in New South Wales

A MIDAS version for Tarcutta was being developed from a version used in the Little River
Catchment in the Central West of NSW (Bathgate and Hoque (2007), Bathgate et al. (2004),
Finlayson et al. (2010)). The model was reviewed for its applicability and relevance to the
economic analysis of the farms at Tarcutta. The model was found to be dysfunctional for the
purpose of analysis due to its inaccuracies and for being out of date with respect to
commodity prices, yields and inputs costs. The debugging and updating required to make it
functional proved to be impossible in the time frame for the project. Consequently, MIDAS
results are not presented for Wagga Wagga. However, the analysis of the economics of
alternative land use systems in the Wagga Wagga region was conducted with IMAGINE.
Several sources of information and data were used to inform the analysis and calibrate the
model. These sources include information obtained from interviews with growers, farm

EverFarm® — Climate adapted perennial-based farming systems for
dryland agriculture in southern Australia 109



consultants and experts used in conjunction with farm management and financial
performance data from published benchmarks (Holmes and Sackett Pty Ltd. 2012).

7.2.5 Hamilton in Victoria

The Hamilton MIDAS was adapted from a version reported in Young et al. (2004). The
model represents a ‘typical’ farm in the Hamilton region of south west Victoria. The total area
of the farm is 1000 ha and is comprised of three LMUs, see Table 7.1.

This model was originally developed for the FFI CRC EverGraze® project (Mendham et al.
(2012)) to analyse three pasture species or systems: ‘Current’, ‘High Perennial Ryegrass’
and ‘Triple system of lucerne, tall fescue and perennial ryegrass’. Sheep flock types
analysed were traditional merino wool, wool-meat merino, wool-meat merino self-replacing
with terminal sire, and first cross ewes.

7.2.6 Soil types of each site
LMU descriptions and soil types are shown in Table 7.1.

7.2.7 Limitations of the steady-state optimisation framework

A limitation of the use of steady-state optimisation framework that underpins the MIDAS
models is the assumption of continuous average weather-year conditions. This means that
the analysis represents a steady-state single period equilibrium, and does not account for
variations in price, cost or climate conditions across weather years, and how these might
affect farm management and farm profitability.

7.3 Paddock-level cash flow models

IMAGINE is a model for evaluating alternative agricultural land use systems (Abadi and
Cooper 2004). It offers an analytical environment for comparative analysis of land use
change at a field level. Its purpose is to fill the modelling and analytical gap that exists
between simulation models such as APSIM, which describe the growth of a crop, and whole-
farm optimisation models such as MIDAS.

IMAGINE is a bio-economic simulation model and a land use change analysis tool for
evaluation of alternative crop and pasture sequences sometimes with complex design, such
as the case when mallees belts are integrated into crops and pastures. IMAGINE is
designed for flexibility so as to permit analysis of land use sequences for any agro-climatic or
edaphic zone. A range of concurrent land use activities can be specified for a block of land
consisting of one or several farm paddocks. It is possible to allocate land to any sequence
of cropping or livestock activities. Activities can include annual crops or pastures, perennial
pastures and tree crops. They can be arranged in any spatial configuration such as belts,
alley systems or blocks. Hence the user can test the performance of any temporal and
spatial management sequence for any area of land over the long term.

The database of IMAGINE and its computational facilities are designed to allow
representation of a broad range of agro-climatic or edaphic situations. In IMAGINE, the
project life or evaluation period for a specified land use strategy, can range from one to 50
years.
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Table 7.1 LMU descriptions in MIDAS

LMU Area Name Description
(ha)
Cunderdin
1 140 Poor sands Loose, white and pale yellow sands. Low moisture
and nutrient availability.
2 210 Average sand- Yellow sandy. Cereal yields are limited by moisture
plain and nutrient availability.
3 350 Good sand-plain Produces high to very high cereal, lupin and pasture
yields in most years.
4 210 Shallow duplex Hard setting, heavier, grey to brownish soils. Good
soil moisture and nutrient availability.
5 200 Medium heavy Above average quality soil suitable for cereals,
lupins and pasture.
6 200 Heavy valley Produces good cereals, field pea crops and medic
floors based pastures.
7 300 Sandy surfaced Suitable for cereal and pasture.
valleys
8 390 Deep duplex soil Generally a productive soil with good moisture and
nutrient availability.
Total 2000
Katanning
1 100 Saline soils Shallow saline soils over heavy gleyed or mottled
clay.
2 150 Water logged soils Deep sands often waterlogged over grey gleyed
clay.
3 50 Deep sands Deep sands but not waterlogged over mottled clay.
4 500 Sandy gravels Gravels and sandy gravels to 500 mm over clay or
gravelly clay.
5 200 Sandy loams Sandy loam, loamy sand over clay. Rock
outcropping in landscape.
Total 1000
Hamilton
1 200 Low lying Clay soils in lower slopes that are often waterlogged
2 600 Slopes Moderately drained loams in the mid slopes
3 200 Crests Well drained gravelly soils at tops of hills
Total 1000

IMAGINE can report the financial consequences of selected management strategies as
tables and charts. This allows the user to evaluate existing, emerging and prospective crop
rotations or agroforestry systems against conventional farming systems. Sensitivity analysis
features built into IMAGINE allow the user to evaluate these options over a wide range of
yields, costs, prices, investment strategies and on-site benefits.

The modular data structure enables capture and storage of a range of variables that may

vary overtime. Key inputs, such as a rainfall, commodity prices and costs, can be defined as
data that can be drawn from two sources. One source may be observed historical records of
seasonal variables. The other source may be user defined probabilistic distribution of
variables. It is also possible to trend the distribution of the variables so as to allow for decay
or growth trend in variables that may be distributed according to a specified mean and a
standard deviation. It is also possible to generate the growth and yield data externally, using
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physiological models such as APSIM and GrassGro, and import their outputs into the crop
growth module of IMAGINE (e.g. as a time series of yield of a crop such as wheat).

Data files containing information about crops, land use and management regimes can be
saved for future reference and for comparison. Here, crops are broadly defined and they
include pastures for livestock grazing as well trees that may grow biomass, timber and
carbon. IMAGINE can report the consequences of selected management strategies as
tables for charting and summaries. Output data from all simulations may be exported to an
MS-Access data files for further query and analysis. This allows the user to easily evaluate
historical, existing, and prospective new land use sequences or rotations against alternative
land use sequences. It removes the need to develop individual spreadsheet versions of
rotations, thus enabling the user to focus on analysis instead of spreadsheet model
development with complex data structures, formulae or functions.

Sensitivity analysis features built into IMAGINE allow the user to evaluate options over a
wide range of yields, costs, prices, investment strategies and on-site benefits.

Some other distinguishing features of IMAGINE include:

¢ Integration of annual as well as perennial plants in land use sequences. Perennial
plants may be trees, shrubs and pastures, in short or long rotations with agriculture;

¢ Allowance for various spatial configurations and layouts of crops, such as belts and
alley farming systems or block plantings;

¢ Allowance for various temporal sequences of a crop with other crops or pastures - for
instance the effect of a legume crop on a subsequent cereal crop;

o Multiple harvest options, for example coppicing tree types such as mallee;

¢ Facility for analysis of trees with products other than timber — for instance biomass,
carbon sequestration, oil, fruit, and forage;

e Temporal and spatial interactions between woody perennials and agricultural crops
and pastures;

e Sensitivity analysis to help identify economically important parameters. The ability to
run the model several hundred times, if necessary, to generate a distribution for
values of key outputs enables the user to test the robustness of the results to
uncertain inputs variables; and

e Features allowing users to save and retrieve input and outputs data.

IMAGINE’s outputs include financial/economic data as well as physical and biological data
such as rainfall and yield of crops. Its outputs can be used to compare profitability and cash
flow of the alternative land use systems. This enables estimation of the equivalent annual
value for comparison of returns from land use rotations and sequences of different lengths,
which overcomes the common difficulty of comparing an agroforestry projects with
agricultural rotations.
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The model can be used to evaluate several scenarios and situations that may realistically
occur and impact on commercial viability of a specific land use sequence. Using the model
to conduct scenario and sensitivity analysis enables the analyst to test the robustness of
land use strategy and give an indication of how resilient the analysis is to uncertainty in the
environments, situations and markets being analysed.

Financial analyses using IMAGINE were conducted at all four project sites. The LMUs used
in the Wagga Wagga version of IMAGINE are shown in Table 7.2.

Table 7.2 LMUs in IMAGINE: Wagga Wagga

LMU Area (ha) Name Description

1 200 Red Chromosol Red Chromosol (Petroferric)
2 600 Grey Vertosol Grey Vertosol

3 200 Red Kandosol Red Kandosol

Total 1000

7.3.1 Financial measures

Financial measures developed from the IMAGINE results are net present value (NPV) ,
annual equivalent value (AEV), the minimum and maximum values of a cash flow over a
period of time, and the standard deviation and coefficient of variation.

Discounted cash flow analysis was used to calculate the NPV using a discount rate of 7%.
However, in calculating NPVs for land management scenarios and strategies, it is important
to choose the same project life for each project. To handle the issue of comparing projects
with different project lives an extension of the basic NPV model called equivalent annual
returns (AEV) was used. The AEV method answers the question of what amount is received
each year for 40 years, from two alternative land uses, that is equivalent to receiving the
NPV of the two alternatives whose life is four decades. The AEV is calculated for each
scenario (agriculture and the mallee crop) and the land use activity with the higher AEV is
preferred. Measures of risk (variation in cash flow) can also be calculated as shown by the
standard deviation and coefficient of variation of the income streams. Costs and prices have
been kept constant in these analyses in order to discern the impact of climate change.

7.3.2 Translating pasture simulation data into cash flow analyses

In this study we applied the grazing systems modeling tool ‘GrassGro’ (Donnelly et al. 1997;
Freer et al. 1997; Moore et al. 1997, Mokany et al. 2010) to examine how changes in climate
affect sheep grazing systems based on annual pastures and perennial pastures.

GrassGro is a process-based model of grazing systems within which historical daily weather
data drives models of soil moisture, pasture growth and animal production, with associated
expenditure and earnings also calculated.

We applied GrassGro to grazing enterprises typical of the four sites that are the focus of this
project. A simulation experiment was conducted with GrassGro for each of the scenarios
and the resulting sheep flock management data were used to conduct the bio-economic
analysis for each simulation run to produce the long-term cash flow and interaction effects
between crops, pastures and trees.
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We used historical climate data and data based on S2 GCM to conduct simulations of the
sheep enterprises on the four project locations to obtain the likely responses of pastures and
livestock to climate change and availability of perennial pastures and presence of mallees.

At each site we considered a sheep enterprise types typical of the region.

A site- and enterprise-specific set of stocking rates was simulated so as to incorporate the
key biological and economic factors of interest. In each case peak gross margin ($/ha)
occurs at a certain stocking rate and the stocking rate was then determined that would give
80% of the peak gross margin. This was considered to more realistically represent where a
risk-averse farmer would be operating.

All simulations were run over the historical and future climate time series data (1971-2011)
and (2012-2052) using climate data as described in Chapter 5.

Version 3.1.1 (3.2.5 for Hamilton, Cunderdin and Katanning) of GrassGro was used in this
study. The user interface to this version of GrassGro has been substantially modified from
that described by Moore et al. (1997), with the objective of making it easier to use the
underlying biophysical models to systematically analyse management questions. The
attributes of a specific grazing enterprise are described as a ‘farm system’ in GrassGro. A
farm system is composed of ~20 ‘components’, each of which describes a portion of the
biophysical (climate, soils, pastures, livestock), managerial (e.g. stocking rate, reproductive
management) or financial subsystem under consideration.

Once a farm system has been described and checked, GrassGro is used to execute
‘analyses’, which are simulation experiments in which one or more components of the farm
system are systematically varied. On completion of the simulations comprising an analysis, a
template is used to generate a summary report that contains graphical and/or tabular
comparisons of the simulation results. The new user interface of GrassGro greatly reduces
the amount of information redundancy and manual processing of results required to draw
conclusions from simulation modelling. In this study, for example, we were able to specify,
execute and summarise a large set (hundreds) of simulation runs based on specified farm
systems and the associated report templates.

7.3.3 Background information for Wagga Wagga

Sheep production in Wagga Wagga is on a mixture of annual and perennial based pastures.
McDonald and Orchard (2010) estimate that in Wagga Wagga annual pastures consisting of
sub clover/ryegrass that are well fertilised can sustain winter stocking rates of 5-10 DSE/ha.
Sub clover/ryegrass pastures complemented with lucerne pasture and fertilised with
superphosphate can carry 9—15 DSE/ha. This is supported by McEachern and Francis
(2013). A budget representing the most common sheep production systems, developed for
this south-east region by NSW DPI (2011), indicates a gross margin (excluding overheads)
of $366 per winter grazed hectare after deducting variable costs of $222 per hectare
consider average stocking rate of 10 DSE/ha.

McEachern and Francis (2013) report that among the growers in their benchmarking group
there is a range of 1.5 to 3 DSEs per winter gazed hectare per 100 millimeter of rainfall.
Consequently, the region tends to have winter stocking rates of between 6-12 DSE/ha.
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The analysis used here drew heavily on assumption used in the budget of NSW DPI for this
region, and the benchmarks reported for south east NSW and north east Victorian sheep
enterprises published in McEachern and Francis (2013), Tocker and Berrisford (2011). We
have used similar assumptions regarding weaning percentages, death rates and growth
rates to determine sale numbers and costs. The analysis is based on well-maintained
pastures with production levels achievable by most producers, given good management
practices and sufficient planning. Additional costs associated with purchase of additional
sheep are included as are overhead costs. Fixed costs in the livestock enterprise modelled
here add up to $112/ha.

Because it is extremely difficult for growers to accurately predict future prices, growth rates
and feeding costs, to name a few of the variables, we used GrassGro to simulate the
production of pasture and the attendant livestock. The livestock data along with information
for supplementary feeding, attribution of each paddock’s pasture to daily metabolisable
energy requirements of each sheep class and their condition score at the time of sale were
all used in analysis with IMAGINE to calculate the cash flows. In livestock enterprises the
key to profitability is maintaining a simple system that matches feed supply with feed
demand, and optimizing stocking rate. Careful timing of lambing and calving is important to
ensure that feed is not limiting in the majority of years. Also critical is timing of sales so that
weight gains occur during the low cost period of high feed supply and high feed quality
(McEachern and Francis (2013)).

For livestock enterprises, production is determined by winter stocking rate per hectare which
in turn is heavily dependent on the seasonal rainfall. Winter stocking rate decisions of
growers are predominantly based on long term rainfall, not on the annual rainfall, most of
which is still to come when decisions on stock numbers are being made (Tocker and
Berrisford (2011)).

Robertson (2012) found that stocking rates for Wagga Wagga estimated by simulation
modelling using GrassGro are several DSE/ha higher than those observed among farmers in
that region. Robertson (pers. comm.) confirmed that there are several reasons why
modelled stocking rate differ from those for real farms. Most farms operate well below
optimum stocking rates due to limiting factors in the management of the system such as the
type of sheep enterprise, differences in lambing time and lower pasture production than that
estimated by a simulation model.

Simulation modelling is often based on good pasture sward composition, but observations of
farms indicate that many pastures aren’t as good as those in the models and would not be
capable of carrying the optimum stocking rate indicated by the model. Minor factors that may
also affect the difference between estimated and observed stocking rates are the number of
lambs that are sold may well be higher than observed — average lambs marked per ewe
joined is only about 80%.

In simulation models mortality of lambs is lower than observed because although the model
accounts for chill index, it does not account for behavioral factors which lead to death among
lambs. Mortality of weaned lambs on farms is highly variable — the modelled value may be
lower than for some farms.

EverFarm® — Climate adapted perennial-based farming systems for
dryland agriculture in southern Australia 115



GrassGro does not model staple strength or vegetable matter contamination of wool.
Vegetable matter contamination of wool associated with grazing on grassy annual pastures
such as barley grass can lead to large discounts in wool price. GrassGro assumes sheep
are healthy — it does not consider parasites such as worms which can substantially reduce
production particularly in some regions in some years. Unless preventative management is
used, wool and mortality losses from flystrike can be large in some regions in some years.
However, these should not be a major source of lower production in a well-managed flock.
The genetic merit of sheep, which determine the fleece weight, micron and lambing rates,
also has some impact on the net returns from wool and meat sales.

The Farm Monitor Report of Tocker and Berrisford (2011)shows that stocking rates remain a
key driver of farm profitability. In the north east Victoria, the area closest to Wagga Wagga in
south east NSW, average winter stocking rates for prime lamb enterprises was 9 DSE per
grazed hectare in 2001/2011 and the year before.

McEachern and Francis (2013) report that some wool producers appear “to be missing the
opportunity to make the most out of these really good times in wool where both prices and
seasons are going well. The opportunity missed appears to have arisen because stocking
rates are not matched to potential feed on offer. This is reflected in very good profits per
DSE but only average profits per hectare per 100 millimeters of rainfall. Some individual
producers will have sound reasons for not being able to better match stocking rate to rainfall
because the land classes managed cannot make use of the additional rainfall. Others have
missed a very lucrative opportunity.”

7.4 Prices

The price series used in the MIDAS analyses are in Table 7.3 and prices used in the
IMAGINE analyses are in Tables 7.4 and 7.5.

The prices used in IMAGINE were different to those for MIDAS because they account for
expected prices of the next 40 years. For the sake of parsimony and simplicity we assumed
the same prices for historical and future scenarios in MIDAS. Fortuitously the long range
past and forecast prices are not different enough to warrant additional scenario analysis in
this respect (OECD-FAO 2012). Analysis of alternative price projections presents a
considerable level of complexity and sophistication, and is a gap best filled with future
research as it is beyond the scope of this project.

Regional prices are likely to differ in various categories depending on local and export
market conditions. Once again this was beyond the scope of the analysis as the important
issue here was to evaluate the economic impact of changes in yields and productivity due to
climate change. So the prices and costs were handled as simply as possible in order to
enable us to observe the farm economic implications of climate change and choice of
perennials as an adaptation mechanism.

The prices used in MIDAS are expected 10-year averages, whereas the IMAGINE analyses
are for prices spanning 40 years. The MIDAS prices are slightly higher because they reflect
the current as well as near-term market conditions (see OECD-FAO (2012)).
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Table 7.3 Prices used in MIDAS analyses

Item Unit Price
Cunderdin and Katanning
Wool c/kg clean fleece weight® 800
Shippers (2 year-old $/head? 60
wethers)
Meat price $/kg®® dressed weight of Merino prime lamb 4
CFA ewes $/head® 50
Wheat ASW $/tonne °© 259
Barley Malting $/tonne ° 293
Canola $/tonne ° 527
Field peas $/tonne °© 262
Lupin $/tonne ° 242
Mallee $/green tonne ¢ 24
Hamilton
Wool c/kg clean fleece weight® 800
Shippers (2 year-old $/head®® 60
wethers)
Meat price $/kg® dressed weight of Merino prime lamb
CFA ewes $/nead® 50
Mallee $/green tonne ¢ 24

@Farm gate prices

® 21kg dressed weight (45 kg live weight), no skin value

¢ Grain prices are farm gate for the decade prior to 2012 and the decade that follows it. FOB
prices are generally about $55 per tonne higher than farm gate

4 $/green tonne stumpage (farm gate) includes planting, fertiliser, land rent (opportunity cost)
and competition, but does not include harvest and haulage and road transport

Table 7.4 Prices and costs of sheep enterprises used in IMAGINE

Sheep class Wool Wool cut Sheep sales Sheep sales Husbandry costs
$/kg kg’/head  $/head CS2  $/head CS3 $/head/month

Ewes 7.50 6.50 8 (CFA) 50 (CFA) 0.2

Ewe hoggets 8.50 6.40 64 66 0.2

Ewe lambs 3.70 4.74 47 50 0.2
Wethers 7.50 6.10 54 58 (CFA) 0.2
Wether 8.50 6.65 50 53 0.2
hoggets

Wether lambs 3.70 4.80 51 54 0.2

CFA means Culled for Age, CS2and CS3 refer to condition score of sheep at sale. Wool cut
and price is for clean fleece.
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Table 7.5 Farm gate prices of grains used in IMAGINE

Grain commodity $/tonne
Wheat 210
Barley 180
Canola 475
Field Pea 215

7.5 Crop yields

The MIDAS whole-farm models and IMAGINE paddock-level models account for mixtures of
typical soils at each location. The soil types and areas are important farm-level constraints,
which can be represented in farming systems models. With MIDAS, land management units
(LMUs) have been specified according to typical soil, vegetation and topographical features
for the representative farm at each project location. The LMUs for each version of MIDAS
are described in Tables 7.1 and 7.2.

Crop yields used in the MIDAS analyses are in Tables 7.6, 7.7 and 7.8. These yields have
been developed based on historical and current yield information and yield projections from
plant prediction models for a 2030 dry climate model. The climate downscaling and
associated validation for the key climate variables at each project location (maximum and
minimum temperatures and rainfall) are described in Chapter 5, and the plant predictions
using those climate data are discussed in Chapter 6.

The crop and biomass yields used for the MIDAS analysis at Cunderdin were generally
lower in the future than for the historical case. However, the yield reductions were not large.
And there are some cases (for barley and field pea on some LMUs) where the predicted
yields are slightly higher in the future compared to the past.

At Katanning the crop and mallee biomass yields were nearly always lower in the future than
for the historical case however, these reductions were generally not very great. However,
pasture biomass yields were greater (see Chapter 6).

At Hamilton the current land use does not include cropping, and so the MIDAS model only
contains pasture and mallee biomass activities. The mallee yields are predicted to be slightly
higher in the future on LMUs 2 and 3 at Hamilton.

The report of Tocker and Berrisford (2011), as well as our interviews with Hamilton growers,
indicate that some growers do grow grain crops comprising of cereal and broad leaf break
crops such as canola. Although we did not have the resources to modify the Hamilton
MIDAS model and validate it for grain crops for this project, we were able to use IMAGINE
to assess the profitability and cash flow of a typical grain crop rotation at Hamilton.
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Table 7.6 Crop yields in MIDAS: Cunderdin

Crop yield (t/ha)

LMU Wheat Barley Canola Field Pea Lupin Mallee

Historic climate
1 0.86 n.a. n.a. n.a. 0.40 9.7
2 1.63 1.35 0.76 n.a. 1.33 9.7
3 2.30 1.94 1.14 n.a. 1.44 10.7
4 1.98 1.81 0.94 1.2 0.79 8.2
5 1.95 2.00 1.02 1.2 0.99 11.2
6 217 213 1.00 1.4 n.a. 9.7
7 1.97 1.93 0.90 1.0 n.a. 9.7
8 2.04 1.97 1.00 0.8 1.26 11.2

2030 dry climate
1 0.79 n.a. n.a. n.a. 0.38 8.1
2 1.47 1.38 0.74 n.a. 1.26 7.8
3 2.08 1.90 1.11 n.a. 1.36 9
4 1.71 1.78 0.88 1.20 0.75 6.7
5 1.75 1.96 1.00 1.23 0.93 9.3
6 1.97 2.09 0.97 1.44 n.a. 8.1
7 1.77 1.90 0.88 1.04 n.a. 8.1
8 1.85 1.94 0.97 0.84 1.19 9.4

n.a. Not applicable

Table 7.7 Crop yields in MIDAS: Katanning

Crop yield (t/ha)

LMU Wheat Barley Canola Field Pea Lupin Mallee

Historic climate
1 0.1 0.19 n.a. n.a. n.a. 14.5
2 0.85 1.05 n.a. 0.06 0.15 14.5
3 1.41 1.58 n.a. 0.42 0.80 16
4 213 2.77 0.63 1.45 1.28 12.3
5 2.22 2.40 0.63 1.45 1.28 16.7

2030 dry climate
1 0.10 0.18 n.a. n.a. n.a. 14.1
2 0.78 1.02 n.a. 0.04 0.12 13.9
3 1.30 1.90 n.a. 0.38 0.71 15.3
4 1.96 2.22 0.59 1.34 1.14 12.2
5 2.04 2.31 0.59 1.34 1.14 16.5

n.a. Not applicable

Table 7.8 Mallee yields in MIDAS: Hamilton

LMU

1
2
3

Mallee yield (t/ha)

Historic 2030 dry
climate climate
18.9 18.9
18.9 194
20.7 21.4
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7.5.1 Mallee yields

A summary of whole-farm mallee yields by location at each harvest (coppice) over 40 years
is in Table 7.9. As expected, yields vary with location due to soil and rainfall characteristics
as discussed in Mendham et al. (2012) and Peck et al. (2012). Biomass yields are greater in
the eastern state locations than in the west.

The biomass of mallee consists of both above and below-ground components. Simulated
mallee growth for each on loamy deep sands at Katanning is in Figure 7.1.

Table 7.9 Whole-tree biomass yield of mallees expressed in green tonnes per hectare
per harvest: future climate scenario: all locations

Harvest Katanning Cunderdin Hamilton Wagga

Year gt/ha gt/ha gt/ha gt/ha
6 59 38 79 79
10 67 41 74 74
14 65 36 75 75
18 69 42 77 77
22 72 41 77 77
26 69 38 78 78
30 67 38 80 80
34 68 40 79 79
38 72 42 78 78
Total 606 356 696 696
Average 67 40 77 77
Stdev 1.4 2.4 3.4 4.4
cv 2% 6% 4% 6%

Figure 7.1 Simulated mallee growth above and below ground in 2-row belts of trees
harvested periodically: example from Katanning on loamy deep sands: future climate
scenario
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7.6 Detailed system comparisons

For pastures used in livestock production, the major comparison was of annual versus
perennial pastures. Perennial pastures, due to deeper rooting depth, are considered to be
more suitable in adapting to a changed (warmer and drier) climate. However, in regions such
as Hamilton perennials are the counterfactual, being a part of the existing land use systems.
In this case, new perennials were tested, and in others the performance of existing perennial
pastures was tested in a new climate. One new perennial plant species (Tedera (Bituminaria
bituminosa) was analysed at Cunderdin and Katanning by Finlayson et al. (2012a).

It should be noted that the projected climate contains changes in temperature and rainfall at
specific times which can also affect the performance of existing species (e.g. winters in
southern Victoria may provide conditions that are less cold and water logged for pastures).
Changes in CO, levels were also included in the plant predictions (Chapter 6).

For crops, the effects of predicted changes in yields of existing crop species were tested in
the whole-farm and paddock-level models for both historic and a projected future climate.
For pastures, the changes in seasonal plant biomass were also included in these
comparisons (Chapter 6).

A new farm enterprise (mallees for biomass production planted in alleys in either pasture or
crop paddocks) was also tested with analytical techniques reported in Abadi et al. (2013)
and Mendham et al. (2012). This farm enterprise is hypothetical in a sense because a mallee
biomass industry is a prospective one at this stage (Bartle and Abadi (2010)). The analysis
of this whole-tree coppice biomass production will require further development of a market
for biofuels and bioenergy and establishment of local processing plants ranging from
combined heat and power systems (CHP) to pyrolysis plants for production of Bio-crude oll
and manufacture of transport fuels. Substantial research has been conducted for mallee for
biofuels and there is significant interest in the development of such an industry as reported in
a major report by Bioenergy Australia published in Stucley et al. (2012)

The detailed farming system comparisons are in Table 7.10. The choice of farm enterprise
within each MIDAS analysis to achieve the profit objective was not constrained by the initial
enterprise chosen on any particular LMU. That is, in the whole-farm analysis the best farm
activity on any LMU could change as the scenario was varied (i.e. as perenniality or mallee
biomass activities were added for either climate scenario).
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Table 7.10 Detailed farming systems comparisons at the four project locations *

Location Enterpri Base case (B) Base plus perennial Base plus
se pastures (PP) perennials plus
mallee (M)

Cunderdi Pasture  Annual pasture (AP) AP + lucerne + tedera B+ PP + M
n
Crop Crop rotation Crop rotation Crop including M

Katannin Pasture  Annual pasture (AP) AP + lucerne +tedera B+ PP+ M
g

Crop Crop rotation Crop rotation Crop including M
Wagga Pasture AP + lucerne AP + lucerne + AP + lucerne +
fescue + phalaris fescue + phalaris +
M
Crop Crop rotation Crop rotation Crop including M
Hamilton Pasture Continuous PP Continuous PP + Continuous PP +
(Kikuyu, perennial Fescue + lucerne + Fescue + lucerne +
ryegrass and sub- sub-clover sub-clover + M
clover)

@ All comparisons for historic and future climates. AP is annual pasture comprising a mixed
sward of annual ryegrass, sub-clover pasture as well as some weeds. PP is the perennial

pasture of sward of existing or new perennial pastures such as kikuyu, perennial ryegrass,

lucerne, fescue and phalaris. M is mallee trees grown in belts for their biomass.
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8. Discussion and future directions

8.1 Introduction

In this research project a whole-farm economic analysis of mallees for biomass has been
conducted. Although this potential industry has been investigated (e.g. see Stucley et
al.(2012)) its development depends on establishing a market and value chain for biomass. In
this chapter we comment on this issue.

Also from the research reported here there are a number of points that can be made about
issues for policy and further research. We present discussion of the main points from our
deliberations.

8.2 Mallee biomass value chain and drivers of viability

Over the last 20 years, a strong partnership has conducted research that was sharply
focused on developing the supply chain from tree planting to biomass delivery at the
processor’s door. The contributors to this partnership have been Department of Environment
and Conservation, FFI CRC, CSIRO, Biosystem Engineering Pty Ltd, University of Curtin,
University of Western Australia, Department of Agriculture and Food Western Australian,
and several others.

The aim was to develop mallees as a biomass tree crop that can be cohesively integrated
into existing farming systems with minimal interruption to normal operations of livestock and
cropping enterprises. A woody biomass crop must be profitable and diversify revenue risk
by enabling farmers to supply biomass and sequester carbon to relevant markets. The
objective was to design a mallee belt planting layout that minimizes costs (such as
competition on nearby agricultural crops and pastures) and maximizes benefits when
planted in appropriate agro-climatic zones and edaphic conditions.

Biomass, a bulk commodity produced by clusters of farmers, can be harvested by one or
more firms that have the specialized equipment and haulage logistics handling and transport
systems to deliver it to firms that will use it for fuel and power in regional towns. Users may
be an abattoir, feed mill or a biofuels producer. These biomass users will also be able to
utilize straw, grass crops and residues from plantation forestry as their feedstock of biomass.
The ability to use a variety of feedstocks, as a biomass complex, provides security of supply
to buyers and builds a buffer capacity. For mallee biomass to have a value chain in the
bioenergy and biofuels industries its scale of use must be significant enough to warrant
capital investment that develops adequate economies of scale so that it is profitable for all
the participants in the longer term.

There are currently about 14,000 ha of mallees across about 1,000 farms in the grain-
livestock zone of south-western Australia. There have been many initiatives over the years
to develop local markets for mallee products, including eucalyptus oil, panel board, activated
carbon, electricity generation in stand-alone plants and for co-firing. A great deal has been
learnt from these attempts. The current strategy is to facilitate local use for combined heat
and power (CHP) in plants such as abattoirs and essential oil distilleries. The FFI CRC is
currently conducting work on the mallee-to-jet fuel chain.
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Mallees are clearly not the only source of lignocellulosic biomass. Cereal straw and
residues from plantation forestry or city/town waste are other potential biomass supply
options for bioenergy and biofuels processors. These sources are complementary and
biomass buyers are likely to welcome relatively stable year-to-year yields from mallees that
offset the more variable straw yield. Forestry residues, where available, are a valuable
option in the early phases of the operation of a bioenergy plant, but their supplies are likely
to dwindle over the future decades, particularly in the 450-650 mm rainfall parts of southern
Australia, as growing block planted forests becomes less viable.

FFI CRC with its collaborators will continue to research where these technological
breakthroughs can be achieved, and is currently consulting with potential partners in a new
sustainable biomass research alliance to carry this work forward.

The value chain for mallees is in the developmental and proof-of-concept stage. The growing
of mallees is well practiced and well understood. A prototype harvester (see Fig 8.1. P1
Mallee Harvester as it is known) has been built and it has recently completed field trials
successfully (see below). The owner of the intellectual property for the design of the
harvester, Biosystems Engineering Pty Ltd is commercializing the harvester and planning to
manufacture a second prototype that will be more efficient with higher biomass flow rate to
further reduce harvesting costs. A transport fuel sample is likely to be produced in 2013 from
proven fast pyrolysis technology and pre-commercial upgrading technology.

Figure 8.1. P! Mallee Harvester. Source: Permission received courtesy of FFICRC.

Research to date has included breeding elite mallee genotypes with superior biomass and
eucalyptus oil yield; assessing different farm layouts for optimum water use and minimal
trade-off with adjacent crop and pasture yields; calibrating nutrient use and export, and
replacement fertiliser requirements; developing and commercializing the mallee harvester;
evaluating different harvesting regimes; conducting supply chain economic analyses and
estimating the delivered cost of biomass; modelling landscape-scale water use and potential
salinity mitigation; and observing the biodiversity benefits.

FFI CRC has consulted widely, including with the mallee growers’ industry representative
body and regional non-government organisations, on how to support commercial
development of this supply chain. This included use of existing mallee plantings initially,
while coordinating new plantings and planning harvesting, haul-out and transport operations
for a profitable, regional value chain.
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In undertaking its research the FFI CRC and its partners have focused on sustainable
production of whole-tree biomass from mallee belt planting in broadacre agricultural
systems. Some key research activities in this regard have included the ‘delivered cost of
biomass’ study, comprising a series of economic analyses which have calibrated the value
chain using outputs from the Gen2 study and other research in collaboration with Western
Australia Department of Environment and Conservation, to segregate costs for each step
along the value chain.

The most recent version of this work, led by Amir Abadi, has been published by Bioenergy
Australia as part of its updated book on bioenergy in Australia (Stucley et al. (2012)). Wu et
al. (2008) presented a systematic analysis of overall energy balance of mallee biomass
production in Western Australia showing that it has a strong energy gain with an energy ratio
(the ratio of total energy outputs and total non-renewable energy inputs) of 42 and an energy
productivity of 206 Giga Joules (GJ) per ha per year. This performance by a perennial woody
crop is considerably better than that achievable by annual energy crops. Canola (rapeseed)
for biodiesel, in the same region, has energy ratios that are typically less than 7 and energy
productivities are less than 40 GJ/halyear. Yu et al. (2009) investigated mallee biomass as a
key bioenergy source in Western Australia looking at the importance of biomass supply
chain. The study was based on a continuous, integrated, and streamlined supply chain from
farm to the bioenergy plant and evaluations based on the road systems in the same region.
It showed that the delivered cost of mallee biomass depends on feedstock collection
distance, road transport distance, and proportion of the land planted to mallee. Yu et al
(2009) suggested strategies for reducing the delivered cost of mallee biomass including
locating the biomass processing plant near areas of high planting density; managing or
upgrading on-farm tracks and roads; planning seasonal schedules, or improving haulage
efficiency to minimize on-farm haulage cost; and integrating road transport into the business
of either biomass growers or biomass processing plant owners, rather than that of
independent third parties as transport service providers because separate ownership leads
to increased cost.

A study by WorleyParsons Pty Ltd, commissioned by Verve Energy in 2008-2009, compared
the economic and social costs and benefits of renewable energy plants, using mallee
biomass in the south west of Western Australia. Capital expenditure, operations and
maintenance expenditure, electricity sale revenue, renewable energy certificate revenue and
capacity payment revenue were examined. The external parameters were also considered
and they included regional employment, LandCare benefits, carbon emissions and water
use. The benefit of the bioenergy plant to the State was estimated using levelised present
value cost per mega watt hour - the basic unit of energy. That study found that, for regional
communities, a farm based biomass system was a clear winner (Don Harrison, Verve
Energy, as reported in Countryman 22/04/2010).

The Gen2 study was a major analysis of water interception, nutrient replacement, tree and
adjacent crop productivity and paddock layout for mallees in the target region funded by the
Australian Government’s Second Generation Biofuels R&D Program and completed in 2012.
The project was collaboration between FFI CRC and Curtin University of Technology with Dr
Daniel Mendham, CSIRO, as the Principal Investigator (Mendham et al. (2012)). The ‘mallee
productivity’ study was a companion analysis to the Gen2 study providing data on variability
of yields and other inputs and services involved in production, along with the impact of
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different harvest regimes (Peck et al. (2012)). The Sustainable Mallee Jet Fuel project is
focused on sustainability assessment and life cycle assessment (LCA) of an Australian value
chain for farm-grown mallee biomass being led by Kevin Goss at the FFI CRC. The LCA
assessment component of that study is looking at greenhouse gas emissions, energy
demand and fossil fuel depletion. This LCA element is being undertaken by RMIT
University, Melbourne. This work was in preparation in May 2013.

Mallees are well adapted to the Australian environment and the potential planted area is
large. However, the actual plantings for biomass supply is an economic question, relative to
profitability of existing food (grain, meat) and fibre (wool) production, and not a biological
one. The growth in planting and production will be determined by market and more practical
considerations. Looking at the historical growth and development of analogous tree based
industries, such as blue gum forestry (for paper pulp) in Australia, it may be estimated that
access to finance, labour and other resources, and the logistics of a start up industry will
likely limit mallee growth to about 100,000 hectares per annum. Another example of a new
industry based on trees on farms is the current trajectory of mallee plantings for permanent
carbon sequestration plantings with 65,000 hectare stands established to date.

Mallee biomass will compete with other sources of bioenergy on its delivered cost to
processors, which will be influenced by yields on farm, supply chain costs, proximity to
processing plants and security of supply. In this context FFI CRC has recently completed a
major supply chain study (Stucley et al. (2012)), which estimated the cost of biomass landed
at the processor’s gate to be in the range of $53 to $70/green tonne.

The value of concomitant benefits of mallees plantings were also estimated by Amir Abadi
and his collaborator as reported in Stucley et al (2012). These benefits included reduced
waterlogging of crops in alleys in some seasons, protection of biodiversity and public assets
from salinity, revenue from carbon sequestration, and reduced livestock mortality. If these
co-benefits are included the delivered cost of mallees biomass is lowered to between $37
and $68 per green tonne. The material realization of these benefits depends on who
captures the benefits.

A recent investigation, internally conducted by the FFI CRC, of a mallee supply chain
developed around fast pyrolysis plants in or near Katanning investigated conversion of
150,000 dry tonnes a year of mallee biomass into pyrolysis oil (for conversion to transport
fuel) and biochar. The processing plant is assumed to have a work rate of 200 dry tonnes
dry tonnes per day and to be able to function most of the year. For this biofuels enterprise
harvesting would need to be rostered across clusters of farms, each sharing a landing site
for resource aggregation. Each biomass producing cluster is estimated at about 10 km
radius comprised of 13 farms (31,200 ha total area). With mallee planting on pasture land
taking up about 6% of the paddocks mallees will be grown on 3% of the participating farms.
Assuming that 50% of farmers chose to adopt the new mallee system, each cluster can
generate 5,500 dry tonnes of biomass per year from 1.5% of the cluster area. To meet the
processor annual demand for biomass will require 27 clusters and 351 participating mallee
growers planting around 15,000 belt hectares of trees across a land area of close to 850,000
ha.

From this perspective farm production of sustainable bioenergy and biofuels in the next one
or two decades is a significant but achievable, potential enterprise for the agricultural sector
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that could deliver economic, social and environmental benefits as shown in this report.
However, it will not yet be so large enough to displace food (e.g. wheat, canola, sheep meat)
and other fibre (e.g. wool) production, which are the major commaodities of Australian dryland
agriculture. Evidence of the likely degree of direct and indirect land use change attributable
to mallees as a biofuel source requires further analysis.

8.3 Directions for future R&D and policy

Conducting this research has brought to light several areas of future R&D and policy priority.

8.3.1 Yield gap research

There exists a significant yield gap between potential yield as demonstrated by research
results and simulations and average farm-level crop yields. There is a need for further
applied research to increase on-farm yields towards the biophysical limit. This is the issue of
what is achievable on farms versus what is possible when production constraints are not
limiting, that is, the yield gap reported on by Davidson and Martin (1965). This issue has also
been recently discussed in depth by van Ittersum et al. (2012) and Hochman et al. (2012),
and the bridging of this gap could offer substantial advantages to Australian agriculture in
future (Stirzaker 2012).

The value and success of decision support tools in agriculture (McCowan (2002), Meinke et
al. (2001)) is also relevant in promoting change through improved decision making, but these
authors noted substantial problems with the successful use of such tools.

In our analyses we used models of climate, plant physiology and farming systems to predict
plant and livestock responses in a changed climate and assessed their likely impacts on the
economics of farming. Our project is a clear demonstration of the important role of
modeling. Mathematical modelling is the only way to predict plant responses in these
situations (Moore (2012), Oliver et al. (2009)). Agricultural adaptation responses will vary by
region (Malcolm et al. 2012). The model we used for grain crop yields was APSIM and for
pastures and livestock we used GrassGro. These models simulate plant growth, grain yields
and livestock production. To simulate mallee growth and biomass crop yields we used
IMAGINE in conjunction with field trial data reported in Peck et al (2011) and Mendham et al
(2012).

For economic evaluation of systems with and without perennial innovations we used MIDAS
and well as IMAGINE. These enabled us to evaluate the economic impact of perennials in a
farming systems context. These economic models are complementary. Physiological
models that simulate growth and yield need to be used in conjunction with farming systems
economics models that provide the ability to assess the economic impacts of innovations in
a whole-farm context and indicate their likely cash flow consequences.

To calibrate our whole-farm and paddock-level models we needed to adapt the model inputs
to account for this yield gap issue. We looked at sources of farm-level (crop) productivity
(McEachern and Francis (2013), Tocker and Berrisford (2011), Planfarm BankWest (2012)),
generally for the last 10 years, and compared these crop yields with APSIM yield predictions
for the same years and locations. While the correlations were not large, the average yield
gap between simulated yields and farm yields was about 50%. Therefore we reduced the
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APSIM yields substantially for the farm-level modelling (i.e. in calibrating the models for the
conditions experienced by growers).

Hence a major implication for Australian agricultural industry practice is to increase on-farm
crop Yyields to achieve outcomes closer to what may be potentially possible. This is a call for
more applied R&D on this issue.

8.3.2 Incorporating yield and price variability

This issue relates to the interaction between price variability and plant yield variability in
economic research. There is a distinct possibility that downside risk for farm incomes could
be exacerbated by price fluctuations. In our work we were not able to investigate the
possible impacts of price variability in association with plant yield variability under a changed
climate due to constraints of project resources, particularly time. Such analyses are
important and should be a future research priority.

8.3.3 Assessing drought options

Our paddock-level analyses of pastures and livestock enterprises showed that in low rainfall
years the need for supplementary feeding could increase substantially, increasing the costs
and accentuating the losses in those years. If whole shires or regions are affected by
drought then large-scale options to either sell or agist livestock could be required. An
analysis of the regional opportunities and impacts in these scenarios will be valuable.

8.3.4 Regional impacts of climate change

Associated with the above point, our analyses showed that impacts are likely to vary by
region.

There is a need for regional-level work to consider options for support for livestock industries
when state or regional level drought feeding or agistment are required.

8.3.5 The place of mallees

Mallees appear to offer a reasonable niche for dryland agricultural areas. The mallee
enterprise is only recommended in planting layouts that occupy 5-10% of farm land (if the
alley system as proposed is implemented). Mallees are unlikely to be as affected by drought
as other agricultural plants. But if a reasonable price is offered ($24/gt was used in this
analysis, and this is competitive with biomass from other agricultural sources — straw and
hay) then mallees can have a valuable role in reducing adverse impacts of droughts. Some
R&D has been undertaken on industry development (supply chain) aspects of a developing
mallee biomass industry (Stucley et al. (2012), Enecon (2001) Wu et al. (2008), Yu et al.
(2009), EMPA (2012), Mendham et al. (2012), Tonini and Astrup (2012), and Abadi et al.
(2013)), but further work is required.

8.3.6 Funding for maintenance and upgrades of farming systems economics models

Institutionally, CSIRO and some affiliated private and public entities have, over the last three
decades, put a great deal of effort in resourcing the maintenance, validation and continuous
improvement of APSIM and GrassGro so that they are relevant to contemporary issues
facing agricultural industries, when used by skilled and experienced personnel. The same
level of intellectual attention and resourcing need to be dedicated to farming systems
economics models (IMAGINE and MIDAS) so that there are relevant versions with structures
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and data sets that realistically and accurately represent key broadacre farming systems in
Australia. Their continuous improvement and upkeep must also be sustained on an ongoing
basis for these bioeconomic models to remain relevant to contemporary issues and
challenging facing agriculture.
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Appendix A: Economic model information and results

1. Land Management Units

Table A.1 Land Management Unit (LMU) descriptions in MIDAS

LMU Area(ha) Name Description
Cunderdin
1 140 Poor sands Loose, white and pale yellow sands. Low moisture and
nutrient availability.
2 210 Average sand-plain  Yellow sandy. Cereal yields are limited by moisture and
nutrient availability.
3 350 Good sand-plain Produces high to very high cereal, lupin and pasture yields
in most years.
4 210 Shallow duplex soil Hard setting, heavier, grey to brownish soils. Good
moisture and nutrient availability.
5 200 Medium heavy Above average quality soil suitable for cereals, lupins and
pasture.
6 200 Heavy valley floors Produces good cereals, field pea crops and medic based
pastures.
7 300 Sandy surfaced Suitable for cereal and pasture.
valleys
8 390 Deep duplex soil Generally a productive soil with good moisture and
nutrient availability.
Total 2000
Katanning
1 100 Saline soils Shallow saline soils over heavy gleyed or mottled clay.
2 150 Water logged soils Deep sands often waterlogged over grey gleyed clay.
3 50 Deep sands Deep sands but not waterlogged over mottled clay.
4 500 Sandy gravels Gravels and sandy gravels to 500 mm over clay or gravelly
clay.
5 200 Sandy loams Sandy loam, loamy sand over clay. Rock outcropping in
landscape.
Total 1000
Hamilton
1 200 Low lying Clay soils in lower slopes that are often waterlogged
2 600 Slopes Moderately drained loams in the mid slopes
3 200 Crests Well drained gravelly soils at tops of hills
Total 1000

Table A.2 LMUs in IMAGINE: Wagga Wagga

LMU Area (ha) Name Description

1 200 Red Chromosol Red Chromosol (Petroferric)
2 600 Grey Vertosol Grey Vertosol

3 200 Red Kandosol Red Kandosol

Total 1000
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2. MIDAS Results for Cunderdin
Table A.3 MIDAS whole-farm results: profit and land use: Cunderdin

Percentage of farm area (%) Farm
Crop  Annual pasture Perennial Mallee  Profit
pasture
Lucern Teder $/ha
e a
Historical climate
Base 83 17 - - - 110
With PP 50 24 4 21 - 129
With PP & Mallee 49 28 4 17 1 131
Future climate
Base (no PP) 83 17 - - - 89
With PP 49 18 27 6 - 113
With PP & Mallee 46 18 28 7 2 116

Table A.4 MVPs (profit contributions) of land use on LMUs: base: historic climate:

Cunderdin

LMU/Soil  Area (ha) Profit contribution Rotations selected (area allocated)
($/ha)

1 140 43 Continuous pasture

2 210 120 Wheat, canola, wheat, lupin

3 350 268 Wheat, canola, wheat, lupin

4 210 171 Canola, wheat, barley, lupin (dry sown)

5 200 250 Continuous pasture

6 200 230 Wheat, canola, barley, chickpea

7 300 147 Wheat, canola, barley, field pea

8 390 224 Wheat, canola, wheat, lupin

Table A.5 MVPs (profit contributions) of land use on LMUs: with perennial pastures:

historic climate: Cunderdin

LMU/Soil  Area (ha) Profit contribution Rotations selected (area allocated)
($/ha)

1 140 47 Tedera

2 210 138 Continuous pasture, wheat, barley, lupin

3 350 288 Wheat, canola, wheat, lupin

4 210 185 Canola, wheat, barley, lupin (dry sown)

5 200 267 Continuous pasture

6 200 247 3 yr pasture, 1 yr wheat; 2 yr wheat, 1 yr
barley, 1 yr chick pea

7 300 179 3 yr lucerne, wheat, barley; 3 yr pasture, 1
year wheat

8 390 247 Tedera, wheat, canola, wheat, lupin
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Table A.6 MVPs (profit contributions) of land use on LMUs: with perennial pastures &
mallee: historic climate: Cunderdin

LMU/Soil Area (ha) Profit contribution ($/ha) Rotations selected (area allocated)

1 140 58 Continuous pasture and mallee

2 210 142 Continuous pasture and mallee, wheat,
barley, lupin

3 350 293 Wheat, canola, wheat, lupin

4 210 188 Canola, wheat, barley, lupin (dry sown)

5 200 262 Continuous pasture and mallee

6 200 248 2 yr wheat, 1 yr barley, 1 yr chick pea

7 300 174 3 yr lucerne, wheat, barley, 3 yr pasture, 1
yr wheat

8 390 252 Tedera, wheat, canola, wheat, lupin

Table A.7 MVPs (profit contributions) of land use on LMUs: base: future climate:
Cunderdin

LMU/Soil Area (ha) Profit contribution ($/ha) Rotations selected (area allocated)

1 140 25 Continuous pasture

2 210 102 Wheat, canola, barley, lupin

3 350 235 Wheat, canola, wheat, lupin

4 210 160 Wheat, canola, barley, field pea

5 200 236 Continuous pasture

6 200 222 Wheat, canola, barley, field pea, wheat,
canola, barley, chick pea

7 300 134 Wheat, canola, barley, field pea

8 390 192 Wheat, canola, wheat, lupin

Table A.8 MVPs (profit contributions) of land use on LMUs: with perennial pastures:
future climate: Cunderdin

LMU/Soil Area (ha) Profit contribution ($/ha) Rotations selected (area allocated)

1 140 43 Continuous pasture

2 210 125 Continuous pasture

3 350 252 Wheat, canola, wheat, lupin

4 210 181 3 yr lucerne, wheat, barley, 3 yr lucerne,
wheat, barley

5 200 245 3 yr lucerne, wheat, barley, continuous
pasture

200 231 Wheat, canola, barley, field pea
7 300 173 3 yr lucerne, wheat, barley
8 390 225 3 yr lucerne, wheat, barley, 4 yr lucerne,

wheat, canola, barley, lupin, wheat, tedera
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Table A.9 MVPs (profit contributions) of land use on LMUs: with perennial pastures &

mallee: future climate: Cunderdin

LMU/Soil  Area (ha) Profit contribution Rotations selected (area allocated)
($/ha)
1 140 57 Continuous pasture and mallee
2 210 134 Continuous pasture and mallee
3 350 257 Wheat, canola, wheat, lupin
4 210 182 3 yr lucerne, wheat, barley
5 200 246 3 yr lucerne, wheat, barley, continuous
pasture
200 237 Wheat, canola, barley, field pea
7 300 175 3 yr lucerne, wheat, barley
8 390 229 4 yr lucerne, wheat, canola, barley, lupin,

wheat, 4 yr lucerne, wheat and mallee,
tedera

3. MIDAS Results for Katanning

Table A.10 MIDAS whole-farm results: profit and land use: Katanning

Percentage of farm area (%) Farm
Crop  Annual pasture Perennial Mallee  Profit
pasture
Lucern Teder $/ha
e a

Historical climate
Base 34 66 - - - 183
With PP 25 44 13 17 - 234
With PP & Mallee 25 33 13 26 3 237

Future climate

Base (no PP) 25 75 - - - 205
With PP 13 35 36 16 - 274
With PP & Mallee 13 25 35 25 2 276

Table A.11 MVPs (profit contributions) of land use on LMUs: base: historic climate:

Katanning
LMU/Soil Area Profit contribution ($/ha)  Rotations selected and (area allocated)
(ha)

1 100 16 Continuous pasture

2 150 112 Continuous pasture

3 50 150 Continuous cereal

4 500 285 5 yr pasture, 3 yr cereal, continuous cereal, 1 yr
pasture, 1 yr cereal

5 200 315 5 yr pasture, 3 yr cereal, 1 yr pasture, 1 yr

cereal
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Table A.12 MVPs (profit contributions) of land use on LMUs: with perennial pastures:

historic climate: Katanning

LMU/Soil Area Profit contribution ($/ha)

Rotations selected and (area allocated)

(ha)
1 100 119 Tedera
2 150 160 Continuous pasture
3 50 281 Tedera
4 500 327 3 yr lucerne, 5 yr crop (wheat, canola, wheat,
lupin, wheat), 5 yr pasture, 2 yr cereal
5 200 364 5 yr pasture, 2 yr cereal, tedera

Table A.13 MVPs (profit contributions) of land use on LMUs: with perennial pastures &

mallee: historic climate: Katanning

LMU/Soil Area Profit contribution ($/ha)

Rotations selected and (area allocated)

(ha)
1 100 131 Tedera and mallee
2 150 172 Continuous pasture and mallee
3 50 278 Tedera with mallee
4 500 326 3 yr lucerne, 5 yr crop (wheat, canola, wheat,
lupin, wheat), 5 yr pasture, 2 yr cereal
5 200 364 5 yr pasture, 2 yr cereal, tedera

Table A.14 MVPs (profit contributions) of land use on LMUs: base: future climate:

Katanning
LMU/Soil Area Profit contribution ($/ha)  Rotations selected and (area allocated)
(ha)

1 100 21 Continuous pasture

2 150 85 Continuous pasture

3 50 162 Continuous pasture

4 500 276 5 yr pasture, 3 yr cereal, 1 yr pasture, 1 yr

cereal
5 200 274 5 yr pasture, 3 yr cereal, 1 yr pasture, 1 yr

cereal

Table A.15 MVPs (profit contributions) of land use on LMUs: with perennial pastures:

future climate: Katanning

LMU/Soil Area Profit contribution ($/ha)  Rotations selected and (area allocated)
(ha)

1 100 138 Tedera

2 150 211 Continuous pasture

3 50 318 Tedera

4 500 370 4 yr lucerne, 1 yr wheat, 5 yr pasture, 2 yr

cereal
5 200 410 4 yr lucerne, 1 yr wheat, 5 yr pasture, 2 yr

cereal, tedera
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Table A.16 MVPs (profit contributions) of land use on LMUs: with perennial pastures &
mallee: future climate: Katanning

LMU/Soil Area Profit contribution ($/ha)

Rotations selected and (area allocated)

(ha)
1 100 146 Tedera and mallee
2 150 218 Continuous pasture and mallee
3 50 318 Tedera
4 500 368 4 yr lucerne, 1 yr wheat, 5 yr pasture, 2 yr
cereal
5 200 410 4 yr lucerne, 1 yr wheat, 5 yr pasture, 2 yr

cereal, tedera

4. MIDAS Results for Hamilton

Table A.17 MIDAS whole-farm results: profit and land use: Hamilton

Percentage of farm area (%) Farm Profit
Base Lucern Mallee $/ha
perennials e
Historical climate
Base (no PP) 100 - - 300
With PP 80 20 - 345
With PP & 75 19 6 347
Mallee
Future climate
Base (no PP) 100 - - 255
With PP 80 20 - 308
With PP & 75 19 6 310
Mallee

Table A.18 MVPs (profit contributions) of land use on LMUs: base: historic climate:

Hamilton

LMU/Soil  Area (ha) Profit contribution ($/ha)

Rotations selected and (area allocated)

1 200
2 600
3 200

403

382

357

Continuous pasture with kikuyu or perennial
ryegrass and sub-clover
Continuous pasture with kikuyu or perennial
ryegrass and sub-clover
Continuous pasture with kikuyu or perennial
ryegrass and sub-clover

Table A.19 MVPs (profit contributions) of land use on LMUs: with perennial pastures:

historic climate: Hamilton

LMU/Soil Area(ha) Profit contribution ($/ha)

Rotations selected and (area allocated)

1 200
2 600
3 200

429

420

479

Continuous pasture of fescue in combination
with kikuyu or perennial ryegrass and sub-clover
Continuous pasture of fescue in combination
with kikuyu or perennial ryegrass and sub-clover
Continuous pasture of fescue in combination
with kikuyu or perennial ryegrass and sub-clover
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Table A.20 MVPs (profit contributions) of land use on LMUs: with perennial pastures &

mallee: historic climate: Hamilton

LMU/Soil  Area (ha) Profit contribution ($/ha)

Rotations selected and (area allocated)

1 200 426
2 600 423
3 200 486

Continuous pasture with kikuyu or perennial
ryegrass and sub-clover with mallee belts on
6%
Continuous pasture with kikuyu or perennial
ryegrass and sub-clover with mallee belts on
6%
Continuous pasture with kikuyu or perennial
ryegrass and sub-clover with mallee belts on
6%

Table A.21 MVPs (profit contributions) of land use on LMUs: base: future climate:

Hamilton

LMU/Soil Area(ha) Profit contribution ($/ha)

Rotations selected and (area allocated)

1 200 434
2 600 308
3 200 298

Continuous pasture with kikuyu or perennial
ryegrass and sub-clover
Continuous pasture with kikuyu or perennial
ryegrass and sub-clover
Continuous pasture with kikuyu or perennial
ryegrass and sub-clover

Table A.22 MVPs (profit contributions) of land use on LMUs: with perennial pastures:

future climate: Hamilton

LMU/Soil  Area (ha) Profit contribution ($/ha)

Rotations selected and (area allocated)

1 200 380
2 600 361
3 200 515

Continuous pasture of fescue in combination
with kikuyu or perennial ryegrass and sub-clover
Continuous pasture of fescue in combination
with kikuyu or perennial ryegrass and sub-clover
Continuous pasture of fescue in combination
with kikuyu or perennial ryegrass and sub-clover

Table A.23 MVPs (profit contributions) of land use on LMUs: with perennial pastures &

mallee: future climate: Hamilton

LMU/Soil Area(ha) Profit contribution ($/ha)

Rotations selected and (area allocated)

1 200 379
2 600 366
3 200 503

Continuous pasture of fescue in combination
with kikuyu or perennial ryegrass and sub-clover
with mallee belts on 6%

Continuous pasture of fescue in combination
with kikuyu or perennial ryegrass and sub-clover
with mallee belts on 6%

Continuous pasture of fescue in combination
with kikuyu or perennial ryegrass and sub-clover
with mallee belts on 6%
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Appendix B: Climate data

Climate data for key variables by month and location

Table B.1 Mean minimum daily temperature: SILO and 18 GCM projections: by month:

Cunderdin

°C Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Observed 1971 - 2011 171 175 158 128 93 7 6 59 69 92 126 152
BC 2012-2052 178 184 17 136 108 82 69 7 83 101 138 16.6
CM 2012-2052 185 188 166 132 10 77 66 69 7.9 99 14 175
CN 2012-2052 175 182 169 145 102 76 65 65 77 96 131 16.1
S12012-2052 178 183 167 138 102 7.8 7 68 76 98 138 17
S2 2012-2052 188 194 168 138 11 84 72 72 8 99 137 175
EC 2012-2052 177 175 165 135 98 73 58 66 73 98 135 158
EG 2012-2052 17.7 18 16 133 107 78 67 68 76 104 134 16
G12012-2052 175 18 165 134 103 75 66 67 7.7 101 132 159
G2 2012-2052 178 183 164 134 101 76 6.6 7 79 103 138 165
GH 2012-2052 177 181 164 138 106 8 64 65 79 97 134 167
HA 2012-2052 183 185 165 136 98 77 68 68 74 99 132 162
HG 2012-2052 18 176 166 134 108 81 72 66 73 98 128 163
IN 2012-2052 177 177 165 138 102 79 63 6 74 102 131 159
IP 2012-2052 179 188 171 142 106 78 74 71 76 101 137 169
MM 2012-2052 188 195 17 144 106 87 75 7 83 108 146 173
MR 2012-2052 178 18 162 133 105 8 7.1 7 73 91 128 156
NC 2012-2052 179 184 174 145 103 75 64 74 8 10 139 16.6
NP 2012-2052 159 157 143 116 8 58 44 46 61 78 114 138
Table B.2 Mean maximum daily temperature: SILO and 18 GCM projections: by month:
Cunderdin

°C Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Observed 1971 - 2011 343 336 306 261 214 18 16.8 177 205 247 288 323
BC 2012-2052 34.8 34 312 267 227 188 183 186 216 254 30.6 33.1
CM 2012-2052 355 343 31 269 222 185 174 188 214 252 298 343
CN 2012-2052 349 341 316 271 223 192 175 189 21 257 299 334
S12012-2052 349 344 313 272 223 191 181 188 213 256 29.7 333
S2 2012-2052 356 351 311 267 234 191 183 188 214 253 30 345
EC 2012-2052 348 334 311 267 213 18 171 183 209 251 307 33
EG 2012-2052 353 339 304 271 225 188 176 181 211 26 296 333
G12012-2052 35.4 34 313 271 223 188 178 185 214 257 30 329
G2 2012-2052 351 343 312 265 222 186 17.8 189 214 258 296 337
GH 2012-2052 347 338 317 27 218 183 176 186 21 253 297 334
HA 2012-2052 354 346 315 266 215 187 178 184 211 254 296 329
HG 2012-2052 349 341 314 267 222 191 176 179 211 252 294 332
IN 2012-2052 35.6 34 319 276 222 189 183 188 219 259 30 34.1
IP 2012-2052 357 355 321 276 224 191 179 185 216 256 312 342
MM 2012-2052 35.4 35 314 272 229 197 182 186 219 26.2 304 347
MR 2012-2052 348 345 313 266 22 189 18 18.1 21 254 293 326
NC 2012-2052 353 341 318 271 219 179 172 189 219 254 30.6 33.1
NP 2012-2052 359 359 327 278 239 196 182 191 219 265 316 35
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Table B.3 Mean rainfall: SILO and 18 GCM projections: by month: Cunderdin

mm Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Observed 1971 - 2011 16.3 151 194 241 432 543 576 469 304 168 149 107
BC 2012-2052 16.7 164 223 242 444 549 457 453 309 214 124 17
CM 2012-2052 172 269 241 199 417 489 545 421 244 174 112 112
CN 2012-2052 16.5 132 165 258 451 473 512 393 309 116 141 134
S12012-2052 143 112 154 212 436 528 596 385 285 144 158 83
S2 2012-2052 82 124 313 272 378 597 507 53 338 167 94 54
EC 2012-2052 181 163 289 239 595 496 382 49 316 186 6.1 116
EG 2012-2052 255 303 22 18 489 474 432 482 252 143 148 83
G12012-2052 15 221 12 194 49 466 438 428 229 109 127 267
G2 2012-2052 6.8 165 154 288 39.7 425 393 356 279 153 231 87
GH 2012-2052 241 19 153 249 555 589 544 40 332 185 113 97
HA 2012-2052 75 134 151 313 599 541 51 541 287 157 134 6.2
HG 2012-2052 103 111 215 273 569 558 702 499 267 161 112 116
IN 2012-2052 191 149 166 319 455 607 472 398 30 171 131 10
IP 2012-2052 6.8 473 169 17 361 452 578 494 252 138 73 66
MM 2012-2052 221 205 199 224 42 522 543 454 283 134 128 158
MR 2012-2052 13 183 239 21 541 551 637 531 341 147 131 146
NC 2012-2052 295 207 223 249 493 723 594 444 281 198 171 111
NP 2012-2052 16.9 186 232 265 464 611 508 501 262 168 164 109
Table B.4 Mean minimum daily temperature: SILO and 18 GCM projections: by month:
Katanning

°C Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Observed 1971 - 2011 13.8 142 130 107 81 62 55 56 64 7.6 103 123
BC 2012-2052 143 151 141 113 95 77 67 66 75 84 114 135
CM 2012-2052 146 149 139 111 85 66 59 62 70 84 115 135
CN 2012-2052 141 146 137 114 87 68 58 6.0 68 80 108 128
S12012-2052 143 148 140 115 90 72 63 66 68 79 113 140
S2 2012-2052 146 155 139 116 97 75 64 66 71 81 112 139
EC 2012-2052 140 141 132 110 83 65 54 63 63 79 107 129
EG 2012-2052 141 146 137 108 87 70 58 59 68 82 106 126
G12012-2052 144 149 133 108 88 67 61 62 68 83 113 13.1
G2 2012-2052 142 148 136 111 84 69 53 61 71 80 11.0 129
GH 2012-2052 141 144 132 113 87 70 60 62 69 80 107 133
HA 2012-2052 143 148 139 115 89 70 57 62 67 84 112 13.1
HG 2012-2052 142 142 139 111 88 67 65 59 65 81 106 128
IN 2012-2052 142 144 138 118 90 73 59 58 67 83 108 130
IP 2012-2052 146 153 140 116 89 68 63 64 638 85 116 135
MM 2012-2052 151 163 145 123 97 85 68 67 76 91 126 142
MR 2012-2052 143 144 136 110 93 73 64 641 65 77 104 13.1
NC 2012-2052 142 151 139 114 87 67 59 69 75 84 114 133
NP 2012-2052 130 128 117 93 71 53 43 48 57 65 90 110
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Table B.5 Mean maximum daily temperature: SILO and 18 GCMs: by month: Katanning

°C Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Observed 1971 - 2011 301 297 271 231 19.0 159 149 156 176 21.0 250 284
BC 2012-2052 309 305 28.0 240 205 169 16.1 165 19.0 219 273 301
CM 2012-2052 30.8 303 279 241 201 166 155 165 186 212 258 30.6
CN 2012-2052 31.0 303 284 245 198 165 155 163 182 219 251 293
S12012-2052 30.7 304 279 244 201 169 158 165 183 217 264 299
S2 2012-2052 31.3 309 274 238 210 167 158 164 181 213 262 304
EC 2012-2052 304 296 278 239 189 163 154 161 178 214 262 29.0
EG 2012-2052 30.8 296 273 240 201 166 156 16.0 184 221 262 28.6
G12012-2052 309 303 277 240 200 166 158 164 186 218 26.1 29.2
G2 2012-2052 306 306 277 232 195 16.7 153 165 184 220 26.3 28.7
GH 2012-2052 307 297 276 236 199 163 154 160 180 214 262 303
HA 2012-2052 313 302 281 236 19.0 163 155 166 18.0 222 253 294
HG 2012-2052 305 304 279 235 198 164 155 157 182 211 257 29.2
IN 2012-2052 314 303 287 252 201 168 16.1 168 189 220 26.7 30.2
IP 2012-2052 313 310 286 250 201 168 155 16.2 184 220 271 30.2
MM 2012-2052 316 322 285 249 209 177 16.0 16.7 193 228 275 316
MR 2012-2052 30.8 303 276 235 198 168 157 161 183 211 255 301
NC 2012-2052 306 305 286 244 202 162 153 164 19.0 218 26.3 295
NP 2012-2052 318 320 292 253 212 171 161 168 189 224 278 3141
Table B.6 Mean annual rainfall: SILO and 18 GCM projections: by month: Katanning

mm Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Observed 1971 - 2011 191 145 185 301 559 643 711 622 470 307 26.7 139
BC 2012-2052 212 135 186 281 412 606 66.2 650 508 350 214 20.0
CM 2012-2052 117 284 180 228 531 543 66.6 557 377 303 239 107
CN 2012-2052 205 131 157 304 499 521 631 523 482 226 348 114
S12012-2052 9.7 93 136 344 560 607 726 574 445 254 291 128
S2 2012-2052 108 142 312 437 495 676 648 670 573 288 214 86
EC 2012-2052 278 155 242 272 710 56.2 524 670 456 324 155 122
EG 2012-2052 253 284 156 214 454 579 551 616 411 211 254 117
G12012-2052 176 186 128 228 542 532 570 56.3 344 210 201 254
G2 2012-2052 76 131 164 364 505 466 511 461 398 279 392 133
GH 2012-2052 273 192 167 366 578 68.7 69.7 56.7 505 358 187 938
HA 2012-2052 105 14.0 143 357 794 564 559 610 46.7 275 258 64
HG 2012-2052 186 75 267 326 643 564 760 679 409 293 241 108
IN 2012-2052 191 103 16.2 40.0 57.7 644 615 534 412 300 224 119
IP 2012-2052 9.1 219 106 147 473 508 709 631 404 269 138 4.9
MM 2012-2052 356 19.2 144 263 474 549 606 576 425 231 181 16.6
MR 2012-2052 156 185 198 285 594 623 779 622 501 298 249 10.2
NC 2012-2052 26.2 164 166 283 488 639 739 56.0 424 325 247 116
NP 2012-2052 173 183 176 325 606 621 681 627 418 295 289 134

EverFarm® — Climate adapted perennial-based farming systems for

dryland agriculture in southern Australia 139



Table B.7 Mean minimum daily temperature: SILO and 18 GCM projections: by month:

Wagga Wagga

°C Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Observed 1971 - 2011 167 169 141 1041 71 44 34 42 59 83 115 145
BC 2012-2052 193 190 153 117 75 49 42 51 71 90 122 160
CM 2012-2052 177 189 152 113 80 50 48 44 65 85 118 150
CN 2012-2052 179 191 163 105 80 48 34 51 69 90 124 155
S12012-2052 180 179 150 112 90 54 48 46 71 87 120 153
S2 2012-2052 180 193 161 121 83 55 40 55 68 94 131 163
EC 2012-2052 183 178 150 113 82 46 41 48 6.0 89 121 163
EG 2012-2052 184 181 154 104 77 52 35 49 65 86 124 158
G12012-2052 171 182 152 115 77 51 39 46 68 88 128 154
G2 2012-2052 172 175 158 118 77 53 41 48 71 93 126 146
GH 2012-2052 184 181 155 106 86 51 42 53 66 86 119 157
HA 2012-2052 176 177 156 106 78 48 37 44 69 88 129 158
HG 2012-2052 178 178 146 108 77 50 37 48 63 86 120 151
IN 2012-2052 176 179 148 108 76 46 44 43 59 86 122 157
IP 2012-2052 188 186 16.0 117 90 52 39 46 66 93 127 16.6
MM 2012-2052 189 194 146 111 88 57 47 50 7.0 92 131 159
MR 2012-2052 178 175 146 108 81 51 43 50 68 90 121 153
NC 2012-2052 187 180 155 108 84 55 43 56 71 88 124 153
NP 2012-2052 145 143 120 77 49 29 18 30 47 71 94 125
Table B.8 Mean maximum daily temperature: SILO and 18 GCMs: by month: Wagga

Wagga

°C Jan Feb Mar Apr May Jun  Jul Aug Sep Oct Nov Dec
Observed 1971 - 2011 312 309 274 224 174 135 125 143 173 212 257 292
BC 2012-2052 322 323 284 239 181 148 136 154 182 219 27.0 303
CM 2012-2052 325 324 275 227 177 148 133 154 184 210 260 304
CN 2012-2052 332 326 282 234 180 142 136 159 185 230 278 30.1
S12012-2052 31.9 316 279 237 183 148 140 162 185 213 26.1 30.0
S2 2012-2052 322 330 291 238 188 153 138 16.1 182 226 27.0 30.7
EC 2012-2052 335 320 283 236 182 139 133 161 176 225 271 307
EG 2012-2052 329 318 279 233 181 143 139 152 179 228 272 30.1
G12012-2052 323 313 287 237 180 145 136 157 184 224 266 29.8
G2 2012-2052 318 314 287 235 181 146 133 157 184 223 269 30.1
GH 2012-2052 334 323 287 236 181 140 135 161 176 218 27.8 304
HA 2012-2052 31.8 319 281 231 179 145 133 151 182 225 266 31.0
HG 2012-2052 325 315 283 229 181 14.0 135 146 176 226 26.8 30.0
IN 2012-2052 332 329 284 238 182 146 140 166 187 236 273 305
IP 2012-2052 351 327 293 245 186 150 135 153 187 239 278 317
MM 2012-2052 342 321 281 236 185 152 139 155 19.2 231 280 30.8
MR 2012-2052 31.9 308 279 222 177 139 132 16.0 185 220 26.1 295
NC 2012-2052 31.8 311 282 234 183 148 134 155 19.0 220 26.0 296
NP 2012-2052 346 336 297 244 187 153 140 163 189 233 292 319
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Table B.9 Mean annual rainfall

: SILO and 18 GCM projections: by month: Wagga

Wagga

mm Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Observed 1971 - 2011 454 419 369 504 524 524 573 546 540 582 455 477
BC 2012-2052 456 383 262 361 383 514 46.6 659 600 658 353 620
CM 2012-2052 345 521 464 66.1 649 577 729 513 520 778 456 383
CN 2012-2052 418 498 489 392 594 394 459 468 454 40.0 445 364
S12012-2052 371 461 268 304 502 485 612 389 498 754 371 350
S2 2012-2052 51.6 238 241 454 275 501 404 493 545 479 40.7 434
EC 2012-2052 314 389 284 437 502 414 539 387 495 495 342 514
EG 2012-2052 438 495 436 328 432 488 416 603 493 364 448 73.1
G12012-2052 63.9 607 40.8 412 413 472 478 441 483 470 33.7 389
G2 2012-2052 39.8 377 230 375 455 462 56.0 37.7 47.0 476 37.8 469
GH 2012-2052 36.1 541 248 353 822 595 604 477 59.7 472 345 351
HA 2012-2052 50.3 312 457 380 63.7 500 433 461 495 482 463 418
HG 2012-2052 403 456 271 431 519 517 508 667 616 544 442 528
IN 2012-2052 446 401 303 365 461 46.3 619 37.9 440 579 495 67.9
IP 2012-2052 26.3 507 179 231 435 392 47.0 482 402 288 513 64.8
MM 2012-2052 421 60.0 351 423 642 452 46.6 599 412 634 358 474
MR 2012-2052 572 587 349 510 620 526 492 508 583 599 437 546
NC 2012-2052 50.7 517 359 440 499 489 637 613 46.9 609 432 567
NP 2012-2052 619 367 402 395 720 716 630 584 602 768 508 426
Table B.10 Mean minimum daily temperature: SILO and 18 GCM projections: by

month: Hamilton

°C Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Observed 1971 - 2011 106 111 99 80 65 48 44 49 57 64 78 92
BC 2012-2052 124 123 111 89 68 53 50 56 68 73 84 101
CM 2012-2052 14 123 108 84 74 53 53 56 66 71 83 100
CN 2012-2052 14 118 114 79 75 55 46 56 6.6 70 8.1 9.2
S12012-2052 112 117 106 9.1 81 62 56 58 67 68 85 95
S2 2012-2052 11 120 112 9.1 74 61 56 60 69 75 86 98
EC 2012-2052 111 111 102 87 70 47 48 52 56 65 7.8 99
EG 2012-2052 120 120 112 85 72 56 48 55 59 66 82 97
G12012-2052 113 116 107 88 71 55 50 52 62 69 84 93
G2 2012-2052 14 111 106 85 69 57 52 51 67 714 82 94
GH 2012-2052 11 113 110 82 72 55 51 55 61 68 82 97
HA 2012-2052 119 121 109 88 72 54 49 52 67 69 88 101
HG 2012-2052 17 111 105 82 73 54 51 53 62 70 81 9.5
IN 2012-2052 116 119 105 88 73 60 53 53 641 65 84 101
IP 2012-2052 126 115 108 85 71 53 51 58 62 69 83 102
MM 2012-2052 119 126 105 88 76 60 52 55 66 73 9.0 100
MR 2012-2052 113 118 100 84 71 52 52 53 65 67 78 97
NC 2012-2052 121 120 105 88 76 59 52 53 70 69 81 101
NP 2012-2052 86 90 87 67 54 32 29 40 45 54 64 78
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Table B.11 Mean maximum daily temperature: SILO and 18 GCMs: by month: Hamilton

°C

Jan

Feb Mar Apr May Jun Jul Aug Sep Oct Nov

Dec

Observed 1971 - 2011

BC 2012-2052
CM 2012-2052
CN 2012-2052
S12012-2052

S2 2012-2052

EC 2012-2052
EG 2012-2052
G12012-2052
G2 2012-2052
GH 2012-2052
HA 2012-2052
HG 2012-2052
IN 2012-2052

IP 2012-2052

MM 2012-2052
MR 2012-2052
NC 2012-2052
NP 2012-2052

253
274
26.3
27.0
258
256
26.2
26.8
26.1
26.5
255
26.7
26.2
271
28.0
27.6
26.7
26.7
284

260 233 192 156 128 122 132 150 173 201
269 244 205 162 135 13.0 144 156 176 20.7
274 242 196 167 134 132 145 162 174 213
278 246 202 16.0 132 126 141 16.0 181 20.9
264 236 209 166 137 131 146 16.0 176 21.0
277 246 206 168 140 131 150 162 182 214
262 237 202 159 131 127 140 151 173 201
273 246 203 162 133 128 138 155 178 21.0
263 240 201 163 136 13.0 14.0 159 179 205
258 240 206 161 134 126 141 16.0 181 21.2
262 240 198 16.0 131 127 143 156 17.7 20.7
276 239 206 163 134 13.0 140 161 185 21.2
266 241 204 163 133 13.0 136 154 18.0 201
278 243 210 165 138 132 151 161 186 21.6
274 248 211 168 136 13.0 13.8 16.2 185 20.9
281 246 206 168 143 131 141 161 184 220
269 232 202 165 132 128 135 158 178 20.0
269 239 206 169 135 128 146 164 179 215
288 258 215 168 139 132 150 163 188 223

23.0
241
24.6
241
23.3
24.6
23.7
241
23.7
23.9
241
24.8
23.8
253
254
250
234
245
256

Table B.12 Mean annual rainfall:

SILO and 18 GCM projections: by month: Hamilton

mm

Jan

Feb Mar Apr May Jun Jul Aug Sep Oct Nov

Dec

Observed 1971 - 2011

BC 2012-2052
CM 2012-2052
CN 2012-2052
S12012-2052

S2 2012-2052

EC 2012-2052
EG 2012-2052
G12012-2052
G2 2012-2052
GH 2012-2052
HA 2012-2052
HG 2012-2052
IN 2012-2052

IP 2012-2052

MM 2012-2052
MR 2012-2052
NC 2012-2052
NP 2012-2052

35.8
41.4
29.5
28.6
36.1
40.9
49.0
42.0
39.8
34.0
44.8
29.9
443
38.3
271
37.2
35.5
44.2
354

264 39.0 498 579 697 784 821 768 636 535
302 414 441 527 740 733 854 797 77.0 457
246 424 543 588 658 822 733 729 743 46.5
26.0 427 439 573 647 669 583 70.6 574 457
37.0 405 382 595 753 794 677 66.1 557 526
181 316 516 417 672 744 755 784 689 535
278 342 579 633 615 661 69.8 701 556 47.8
177 382 413 545 725 688 622 726 50.0 4938
318 37.7 525 533 606 693 736 67.7 586 49.6
229 379 482 535 694 837 60.0 60.7 665 455
237 330 459 687 792 853 733 731 577 534
202 434 478 640 698 717 733 77.7 556 543
222 361 435 640 696 821 828 88.8 585 529
231 355 547 587 712 717 579 735 498 494
216 340 278 481 553 684 720 56.0 36.3 40.7
287 325 511 463 732 633 76.6 735 505 46.8
32.7 457 448 507 712 687 792 759 654 514
204 427 396 486 628 781 69.1 702 60.0 499
248 385 496 735 737 767 819 69.0 613 68.6

47.3
445
34.2
29.7
441
35.0
56.2
41.5
37.6
43.8
33.7
41.4
41.3
44.8
211
354
39.0
36.3
45.8
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