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foreword

The incomes of Australian crop farmers are highly sensitive to climate 
variability. Using data provided each year by Australian farmers, 
ABARE provides analysis and forecasts of farm incomes to support the 
implementation of drought policy, including exceptional circumstances 
determinations. Recent modeling advances have allowed ABARE to 
measure the sensitivity of farm incomes to climate variability across 
regions of Australia’s wheat–sheep zone. It is also possible to show how 
crop models and seasonal climate forecasting can be used to improve 
forecasts of farm income risk for the coming fi nancial year.

The sensitivity of farm incomes to climate variability is strongly related 
to the diversity of on-farm and off-farm income sources. With Austra-
lian drought policy focused on enhancing the self reliance of farmers, 
enhancing the diversity of farm income sources could be one of the 
most effective policy options for reducing the vulnerability of farm 
households to climate variability.

BRIAN S. FISHER

Executive Director

December 2004
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summary

Background
Analytical support for developing policies to enhance the resilience of 
Australian farm households to drought has been heavily dominated by 
rainfall analysis, whereas the impact of climate variability that matters 
to farmers and the community generally is the impact on farm incomes. 
A focus on historical rainfall analysis has left a relevance gap between 
supply driven science and the information demands of policy makers. 
There are few policy mechanisms for infl uencing rainfall, whereas there 
is strong community demand for policies to anticipate and moderate the 
effects of climate variability on farm incomes. With farm income as the 
key decision variable, analytical support for policy development domi-
nated by rainfall analysis may not effectively enhance the resilience of 
farm households to the impacts of climate variability.

This report to the GRDC is an intermediate step in a body of research 
by ABARE aimed at improving analytical support for policy makers 
seeking to reduce the vulnerability of Australian farm households to 
climate variability. Kokic et al. (2004) developed and tested a hybrid 
modeling system, the Agricultural Farm Income Risk Model (AgFIRM), 
that brought together the best available biophysical models of Austra-
lian crop and pasture yield, with ABARE’s econometric model of farm 
incomes. The model provides a capacity to simulate the regional impact 
of climate variability on farm incomes. It can also provide conditional 
forecasts of the likely impact of climate variability on farm incomes 
one year into the future, using well established methods of seasonal 
climate forecasting.

Improved policies to enhance the longer term resilience of farm house-
holds to climate variability require a capacity to distinguish the effects 
of climate from other sources of income risk. Without a capacity to 
distinguish between sources of income variability, policies directed 
toward reducing the impact of climate risk may inadvertently reduce 
incentives to better manage other sources of risk. As recognised in the 
criteria for exceptional circumstances assistance in Australia, there may 
be little or no case for government intervention to reduce income risk 
arising from sources such as variability in prices or management skill. 
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Even if there were, inadvertently addressing other sources of risk via 
climate policy is likely to be ineffi cient. The development of analytical 
tools that distinguish climate from other sources of income risk will 
assist the development of relevant and effi cient policies to improve the 
management of climate variability.

ABARE’s AgFIRM model
Kokic et al. (2004) sought to apply the full historical climate record 
and distinguish climate variability from other sources of income risk 
by combining well established models of crop and pasture growth with 
ABARE’s farm income simulation model. The biophysical models of 
crop and pasture growth use historical climate data from 1900 onward 
to simulate crop and pasture yield given current management and 
productivity. Long term simulations of crop and pasture growth were 
then used to simulate average farm cash income from 1900 onward for 
each agricultural region.

AgFIRM was created by integrating three existing modeling systems:

■ ABARE’s farm fi nancial performance model (Kokic et al. 2000);

■ the Queensland Department of Primary Industries’ national shire 
scale crop forecasting system (described by Potgieter et al. 2002); 
and

■ Aussie Grass, the Queensland Department of Natural Resource 
Management’s national pasture growth model (described by Carter 
et al. 2000).

The results of the statistical linkage models were promising, explaining 
more than 63 per cent of the total variability of wheat yields across 
Australia’s broadacre cropping regions. An advantage of this approach 
is that it uses much longer records of climate data to better refl ect the 
range of climate variability that has been experienced by Australian 
farmers. Future versions of the model could also be used to simulate 
the impact on farm incomes of future trends in climate predicted by 
climate scientists. Another advantage is that it can be used to isolate the 
effect of climate variability on farm incomes from price and produc-
tivity changes.

AgFIRM has a modular design and can be easily modifi ed to incorpo-
rate new and improved crop and pasture models or seasonal climate 
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forecasting systems, including the long awaited benefi ts of global circu-
lation models.

Climate variability and Australian crop farms
The sensitivity of crop farm incomes to climate variability changes with 
season type, and this has important implications for future policy devel-
opment and implementation. Average crop farm incomes are much 
more sensitive to climate variability in years with negative or falling 
SOI (Southern Oscillation Index) phases at the end of May and June, 
than in years when the SOI is positive or rising. Furthermore, there is 
a much greater probability that incomes will fall below the median in 
years with a negative or falling SOI. In contrast, average national crop 
farm incomes are much less sensitive to climate variability and much 
more likely to exceed the median in years with a positive or rising SOI. 
In neutral SOI years, the sensitivity of farm cash income is similar to 
the sensitivity when all 103 years are considered.

The knowledge that climate variability has a different impact on farm 
incomes in years with different climate patterns, and that this is predict-
able, could alter the development and implementation of future climate 
policy. For example, considering the type of season could result in a 
more targeted application of the one in twenty year exceptional circum-
stances criteria. While there have been exceptions, most severe and 
prolonged droughts in Australia have been associated with a negative or 
falling SOI at the end of May and June. Seasonal climate variability is 
well understood, and the probability of poor seasonal conditions is now 
predictable using seasonal climate forecasts, and widely disseminated 
through the media. Self management could be enhanced by incorpo-
rating seasonal climate forecasting information into the interpretation 
of exceptional circumstances policy, and expecting that farmers will 
use this information to better manage climate risk.

Regional income variability
Regions with average incomes that are relatively sensitive to climate 
variability include the Mallee, the Eyre Peninsula and the northern and 
eastern wheat belt of Western Australia. Crop yields and pasture growth 
in these regions fl uctuate with low and uncertain rainfall, and sandy 
soils provide little stored soil moisture to sustain crop growth when 
in-crop rainfall is low. Crop farm incomes are also highly sensitive to 
climate variability across the central western slopes and plains of New 
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South Wales. Regions with the least sensitivity in crop farm incomes 
to climate variability include the central and southern wheat belt of 
Western Australia and the south eastern cropping regions stretching 
from the Yorke Peninsula in South Australia through central Victoria to 
the Riverina in southern New South Wales.

Farm households with incomes that vary greatly with seasonal condi-
tions, and have fewer opportunities to diversify income sources, are 
likely to be more vulnerable and less resilient to climate variability. 
This research shows that regions in which crop incomes are highly 
sensitive to climate variability also tend to have a low diversity of farm 
income sources and, for the Eyre Peninsula and Western Australia, a 
relatively low reliance on off-farm income. In contrast, regions with 
relatively low sensitivity of incomes to climate variability tend to have 
a high diversity of income sources, including moderate to high reliance 
on off-farm income.

Forecasting crop farm incomes
Linking models that provide seasonal forecasts of crop and pasture 
growth with ABARE’s farm income model enables forecasts of farm 
cash income to be produced at the beginning of the fi nancial year. 
Based on forecast crop yields, pasture growth and prices at the end 
of June 2002, AgFIRM forecast a less than 20 per cent probability of 
exceeding median farm cash income across all the southern areas of the 
wheat–sheep zone in 2002-03. In contrast, the model forecast a 60–70 
per cent chance of exceeding median farm cash income in 2001-02 
based on forecast crop yields at the end of June 2001. This strongly 
refl ects what actually happened to crop farm incomes in these two years 
in most regions.

An alternative is to model the probability of income exceeding the 
lowest one in twenty year value of income, the threshold used for excep-
tional circumstances determinations in Australia since 1997. The results 
for 2002-03 show an 11 to 25 per cent probability of incomes falling 
below the one in twenty threshold across most of the wheat–sheep zone. 
While this is only a moderate swing in the probability of low incomes 
occurring, its forecasting power is demonstrated by the sharp contrast 
to 2001-02, when the probability of falling below the 5 per cent income 
level was projected to be extremely low.
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Discussion and conclusions

Using seasonal climate forecasts to forecast income variability could 
enhance the development and implementation of drought resilience 
policy in Australian agriculture. Seasonal forecasting of income vari-
ability could improve the timing of, and better target the duration of, 
assistance. For example, it could be used to provide rapid and early 
assistance in those years in which unusually severe impacts on farm 
incomes are forecast. It may also assist in the ability to distinguish 
climate from other sources of risk that would help to focus scarce 
drought relief on the income effects of severe climate conditions, rather 
than on other sources of risk.

A key fi nding of this research is that the sensitivity of farm incomes 
to climate variability across Australia’s cropping regions is strongly 
related to the diversity of both on-farm and off-farm income sources. 
With Australian drought policy focused on self reliance, enhancing the 
diversity of farm income sources could be one of the most effective 
policy strategies for reducing the sensitivity of farm incomes in regions 
with high sensitivity to climate variability. However, income diversity 
is only one dimension of rural livelihoods that infl uences vulnerability 
to climate variability. The research reported in this paper suggests an 
opportunity to develop broader indexes of vulnerability to support pol-
icy development and implementation.

Also signaled here is an emerging capability to forecast farm income 
risk stemming from climate variability at the beginning of each fi nan-
cial year. However, to make this capability readily available to support 
policy processes, signifi cant investment is required to turn this proto-
type into an operational system. Forecasts of expected farm income risk 
stemming from the impact of climate variability on crop and pasture 
yields provide much more direct support to policy advisors than the 
rainfall analysis tools that are currently relied on. In the future, tools 
that support the development and implementation of climate vari-
ability policy will integrate the expected biophysical and socioeco-
nomic impacts of drought on farm households. The next logical step in 
researching these impacts is to explore the interaction between market 
and climate risk on farm incomes, including research on the impact of 
climate variability on world commodity prices.
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introduction

How sensitive are the incomes of crop farmers across Australia to climate vari-
ability? 

How does each region compare with others and the industry nationally? 

Which industries and regions should be the focus of government policy efforts to 
reduce the impact of climate variability and drought? 

Recent advances bringing together biophysical models of crop and pasture growth with 
economic models of farm income risk are enabling these questions to be addressed more 
directly than was previously possible. Analytical support for the development of policies to 
enhance the resilience of Australian farm households to drought has been heavily dominated 
by rainfall analysis (Laughlin and Clark 2000), whereas the impact of climate variability 
that matters to farmers and the community generally is the impact on farm incomes. A 
focus on historical rainfall analysis has left a relevance gap between supply driven science 
and the information demands of policy makers. There are few policy mechanisms for infl u-
encing rainfall, whereas there is strong community demand for policies to anticipate and 
moderate the effects of climate variability on farm incomes.

The sensitivity of farm incomes to climate variability differs between industries and 
geographic regions, and understanding these differences is essential for improving drought 
preparedness and improving coping mechanisms. Tools that analyse rainfall and crop yield 
variability provide only an indirect method of analysing the sensitivity of farm incomes to 
climate variability. Some Australian agricultural industries, for example, remain economi-
cally viable in regions with consistent but small amounts of seasonal rainfall. At the same 
time, existing systems for analysing farm income variability tend to be backward looking, 
and do not consider the full range of climate variability likely to be experienced by farmers. 
In addition, there is no capacity to link existing systems of income analysis to seasonal 
climate forecasts of rainfall and crop yields to improve the anticipation and management of 
climate variability. With farm incomes clearly being the key decision variable, analytical 
support for policy development dominated by rainfall analysis may not effectively enhance 
the resilience of farm households to the impacts of climate variability.

This report to the GRDC is an intermediate step in a body of research by ABARE aimed 
at improving analytical support for policy makers seeking to reduce the vulnerability 
of Australian farm households to climate variability. Kokic et al. (2004) developed and 
tested a hybrid modeling system, the Agricultural Farm Income Risk Model (AgFIRM), 
that brought together the best available biophysical models of Australian crop and pasture 
yields with ABARE’s econometric model of farm incomes. The model provides a capacity 

1
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to simulate the regional impact of climate variability on farm incomes. It can also provide 
conditional forecasts of the likely impact of climate variability on farm incomes one year 
into the future, using well established methods of seasonal climate forecasting.

In this report, ABARE’s AgFIRM model is used to compare the sensitivity of farm incomes 
to climate variability across the twelve regions of Australia’s wheat–sheep zone (map 1). 
The sensitivity of farm incomes is compared with the diversity of income sources to make 
inferences about the resilience and vulnerability of each region to climate variability. The 
model is then used to forecast the impact of very different climate conditions in 2001-02 
and 2002-03 on farm incomes, using information available at the beginning of the fi nancial 
year. While the model is designed to deal with price and climate risk simultaneously, prices 
are held constant for this application to demonstrate the capacity of the model to analyse 
and forecast climate risk. The distributions of farm income produced by the model show 
what farm incomes would have been if historical climate conditions were experienced 
given the environment, markets and management of the base period.

With the model still in the early stages of development, a secondary objective for the 
research team is to demonstrate a range of prototypical outputs for comment by GRDC’s 
clients and stakeholders. This will help to focus future development of AgFIRM on the 
needs of policy advisers and decision makers.

1 Australian broadacre regions in the wheat–sheep zone

322

321
522 121

521
122422

123221
222 223

1st digit: State

2nd digit: Zone

3rd digit: Region

Zone digit 1: Pastoral zone

Zone digit 2: Wheat–sheep zone

Zone digit 3: High rainfall zone
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policy options for managing 
climate variability
In a comprehensive review of sustainable rural livelihoods, Ellis (2000) showed that the 
vulnerability of farm households to external shocks such as climate variability depends 
on their relative exposure to external threats, and their internal coping capability. This is 
consistent with the view that managing risk in agriculture is about reducing the probability 
of income shocks occurring (if possible), and reducing the impact of shocks when they 
occur (Hardaker et al. 1997). The ability of farm households to cope with external infl uences 
such as climate variability depends on the diversity of assets owned, controlled, claimed 
and accessed by households. These assets can be broadly classifi ed in terms of human, 
social, natural, physical and fi nancial capital (Ellis 2000). A distinction between ex ante, 
voluntary strategies for anticipating the effects of income variability, and ex poste, invol-
untary strategies to cope with income shocks once they occur gives rise to the concepts of 
sensitivity and resilience. Sensitivity refers to the degree to which farm household incomes 
are affected by external shocks, while resilience refers to the ability of farm households to 
recover once a shock has occurred.

Self reliance has been a key pillar of drought related policy in Australian agriculture for 
over a decade (Drought Policy Review Task Force 1990). The dilemma of policy advisers 
is to reduce the short term sensitivity of farm incomes to severe climate events without 
undermining the incentives for self management of climate and other forms of risk that lead 
to greater resilience.

Policies such as income and price stabilisation schemes, production and income insurance, 
and income support aim to reduce the short term sensitivity of farm incomes to external 
shocks such as drought. However, they can also prove to be a disincentive to creating more 
resilient farming systems in the long term (Drought Policy Review Taskforce 1990). In 
contrast, policies that enhance the diversity of rural income sources tend to increase the 
longer term resilience of farm livelihoods. Greater diversity of income sources facilitates 
substitution between activities and assets in response to shocks such as drought, particularly 
if non-farm income sources less affected by climate variability are available (Ellis 2000). 
Policies of this kind include investment in production, transport and marketing infrastruc-
ture, education and training, regional development, and policies that have an impact on the 
cost and availability of rural credit (Anderson 2003).

Australian drought policy provides income support, interest rate subsidies and income 
smoothing mechanisms to farmers in regions that are drought declared. To qualify for this 
support, applications must demonstrate that climate conditions (DAFF 2004):

2
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■ were rare (a one in 20–25 year event) and severe;

■ resulted in a severe downturn in farm income over a prolonged period (for example, more 
than twelve months) for a signifi cant number of farmers in a region or industry; and

■ were not predictable or part of a process of structural adjustment (the policy does not 
cover downturns in commodity prices).

The intent of the policy is clear. The climatic event must be rare, unpredictable, of a severity 
that would occur in 5 per cent of years or less, and be severe in terms of the impact on farm 
incomes rather than rainfall or production. Policy advisers deciding whether to grant or 
continue assistance to drought affected regions constantly need to make subjective judg-
ments as to whether the impact of drought on incomes is likely to continue into the coming 
season. However, they are currently unable to use seasonal climate forecasts to assist in 
making these judgments, despite their potential to lead to earlier and better targeted assis-
tance to farmers. In addition, despite the focus of the policy on incomes, the assessment 
process has been heavily dominated by scientifi c analysis of rainfall and production of 
the type described by Laughlin and Clark (2000) and BRS (2004). Direct expenditure on 
scientifi c advice for exceptional circumstances determinations during the drought of 2002-
03 and 2003-04 is believed to have been around ten times greater than expenditure on 
economic advice.

A prerequisite for developing and evaluating the effectiveness of policies to reduce the 
vulnerability of Australian farm households to climate variability is a capability to monitor 
and forecast the sensitivity of farm incomes to climate. Data provided by Australian farmers 
through ABARE’s farm surveys enable direct study of the sensitivity of farm incomes to 
shocks such as drought since 1977-78. However, much longer records of historical climate 
data are available that capture a much greater range of climate variability potentially faced 
by farmers. In this project, economic and biophysical models are integrated in ABARE’s 
AgFIRM model to analyse the sensitivity of farm incomes to climate variability from 1900 
onward using historical climate data. Probability distributions of farm cash income are 
generated to show the sensitivity of farm incomes to climate variability across Australia’s 
broadacre cropping regions.

AgFIRM is an analytical tool designed to support the development of policies to enhance 
the resilience of farm households to climate variability. This capability is demonstrated 
using an index to compare the diversity of farm income sources with the sensitivity of 
Australian crop farm incomes to climate variability in each region. Ellis (2000) described 
how the vulnerability of farm households to external shocks can be reduced by increasing 
the capacity of farm households to substitute between human, social, natural, physical and 
fi nancial capital. Farms with a greater diversity of income sources are likely to be more 
resilient to the effects of climate variability because of a greater capacity to switch to alter-
native livelihood strategies in times of diffi culty. A simple measure of the capacity of farm 
households to substitute between alternative livelihood strategies is the diversity of on- and 
off-farm income sources.

For this analysis, an income diversity index was derived from seven sources of income 
— from beef, lamb, wool, wheat, other winter crops, summer crops and off-farm sources. 
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The value of this index ranges from 1 to 7, with the maximum value achieved only in the 
unlikely event that each of the seven income sources contributes an equal share of total 
income. An average diversity index for each cropping region was calculated for the ten 
years 1991-92 and 2000-01 using ABARE’s farm survey data. A similar index was previ-
ously applied to Australian agriculture by Kokic et al. (2000).
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monitoring and evaluating farm 
income risk
ABARE farm survey data
Through ABARE’s Australian agricultural and grazing industries survey, Australian 
farmers have provided a unique database of farm production and fi nancial performance for 
Australian broadacre agriculture. This is a large scale, stratifi ed sample survey conducted 
annually since 1978-79 for between 770 and 1654 farms in Australia’s broadacre cropping, 
beef and sheep industries. Each sample farm has a designated survey weight, and the sum 
of these weights is equal to the estimated broadacre farm population. The number of broad-
acre farms has gradually declined over the past twenty years or so from around 110 000 
farms in the early 1980s, to around 68 000 farms in 2002-03. A signifi cant part of this 
decline can be explained by increasing farm size as farmers have endeavored to improve 
productivity in response to a long term decline in terms of trade (Knopke et al. 2000).

A range of information is collected from each sample farm including its production and 
physical characteristics as well as its fi nancial performance. Information for individual 
farms is aggregated to provide industry, regional and national statistics. A description of 
how the survey is designed and the sample selected can be found in ABARE (2003).

Past attempts to establish a statistical correlation between farm incomes and climate were 
hindered by the variation of income between similar farms, and a spatial mismatch between 
farm income and climate data (Scoccimarro et al. 1994). While the 25 years (1978-79 to 
2002-03) of data in ABARE’s farm survey database are rare at a national scale, if not 
unique, 25 years is a relatively short period when it comes to analysing the effect of climate 
on farm income variability. This is partly because extremes of climate such as drought are 
only represented once or twice during this period, and partly due to the intrinsic heteroge-
neity between farms (Kokic et al. 2004).

The diffi culty of relating farm income from ABARE’s surveys to climate variability can 
be demonstrated by classifying each year according to climate using the SOI (explained in 
more detail below). Figure A shows that there is scant, if any, visible association between 
climate year types and average national crop farm income over this period. Over the past 
25 years, average crop farm incomes in 2003-04 dollars ranged from around $40 000 in 
1990-91 to over $150 000 in 2001-02, with both extremes occurring in years when the SOI 
was neutral (explained below) throughout May and June. There were two major droughts 
during this period, 1981-82 and 2002-03, but the lowest average farm income occurred in 
1990-91. The poor association between climate and farm incomes is partly because the 

3
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number of years is insuffi cient to reveal a longer term relationship with climate, and partly 
because of variability from other sources such as fl uctuating commodity prices and under-
lying productivity trends.

One method of enhancing the analysis of farm income variability has been to create 
smoothed probability distributions of farm income from limited sample data using Monte 
Carlo simulation (ABARE 2002). This technique has the advantage of enriching the histor-
ical data within the limits of the recorded range, assuming that the climate of the past 25 
years represents the full range of variability that farmers are likely to experience. The 
availability of much longer climate records across Australia reduces the validity of this 
assumption. The Monte Carlo simulation method also combines all sources of variability 
in farm incomes, including climate, pests and diseases, commodity prices and management 
induced changes in productivity and profi tability. This is an advantage from the practical 
perspective of implementing current exceptional circumstances policy, because the policy 
concerns all threats to farm incomes and not just climate variability.

However, from the perspective of moving the debate forward and developing improved 
policies to enhance the longer term resilience of farm households to climate variability, 
an inability to distinguish climate from other sources of risk is a distinct disadvantage. 
Without a capacity to distinguish between sources of income variability, policies directed 
toward reducing the impact of climate risk may inadvertently reduce incentives to better 
manage other sources of risk. As recognised in the criteria for exceptional circumstances 
assistance in Australia, there may be little or no case for government intervention to reduce 
income risk arising from sources such as variability in prices or management skill. Even if 
there were, inadvertently addressing other sources of risk via climate policy is likely to be 
ineffi cient. The development of analytical tools that distinguish climate from other sources 
of income risk will assist the development of relevant and effi cient policies to improve the 
management of climate variability.

A Mean farm cash income and SOI phases at the end of May 
and June  
Cropping and mixed cropping–livestock industries in the wheat–sheep zone 

1978
-79

1983
-84

1988
-89

1993
-94

1998
-99

2003
-04

$’000
2003-04

Median

14

12

10

8

6

4

2

Negative/falling
Positive/rising

May–June SOI

No signal
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ABARE’s AgFIRM model

Kokic et al. (2004) sought to apply the full historical climate record and distinguish climate 
variability from other sources of income risk by combining well established models of crop 
and pasture growth with ABARE’s farm income simulation model. The biophysical models 
of crop and pasture growth use historical climate data from 1900 onward to simulate crop 
and pasture yield given current management and productivity. Long term simulations of 
crop and pasture growth were then used to simulate average farm cash income from 1900 
onward for each agricultural region.

The AgFIRM model was created by integrating three existing modeling systems:

■ ABARE’s farm fi nancial performance model Kokic et al. (2000);

■ QDPI’s national shire scale crop forecasting system (described by Potgieter et al. 2002); 
and

■ Aussie Grass, QDNRM’s national pasture growth model (described by Carter et al. 
2000).

The critical step required to integrate these three modeling systems was to demonstrate a 
strong statistical relationship between crop and pasture growth simulated by the biophysical 
models, and the crop and livestock production data provided by farmers through ABARE’s 
surveys. QDPI’s shire crop forecasting system was used to simulate wheat and sorghum 
yields for each shire from 1977-78 to 2002-03, which were then related to crop yields 
reported by farmers using regression models. The same regression models also related the 
livestock component of farm incomes to a variety of pasture growth measures simulated 
using the Aussie Grass model. A number of regression models were fi tted at different 
scales, and the best statistical relationships were derived by aggregating shire and grid 
point data to ABARE survey regions.

The results of the statistical linkage models were promising, explaining more than 63 per 
cent of the total variability of wheat yields across Australia’s broadacre cropping regions 
(LHS of map 2). QDPI’s shire crop forecasting system was particularly effective in 
explaining the variability of wheat yields across the wheat–sheep zone, explaining 49 per 
cent on average across all regions (RHS of map 2). As many crop farms derive a portion of 
their incomes from livestock production, the model used in this report uses both simulated 
crop and pasture yields to explain the variability of the crop and livestock components 
of farm incomes. A more complete description of how these models were derived can be 
found in Kokic et al. (2004).

An advantage of this approach is that it uses much longer records of climate data to better 
refl ect the range of climate variability that has been experienced by Australian farmers. 
Future versions of the model could also be used to simulate the impact on farm incomes of 
future trends in climate predicted by climate scientists. Another advantage is that it can be 
used to isolate the effect of climate variability on farm incomes from price and productivity 
changes. Forecasts of crop yield and pasture growth are updated monthly, enabling income 
forecasts for the fi nancial year to be updated monthly with increasing reliability. AgFIRM 
has a modular design and can be easily modifi ed to incorporate new and improved crop and 
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pasture models or seasonal climate forecasting systems, including the long awaited benefi ts 
of global circulation models.

From an economic perspective, the current version of AgFIRM has a simplistic but robust 
representation of farm decision making. The current version of the model is constrained 
because it does not allow for any adaptation by farmers to seasonal climate forecasts, and 
provides only a simplistic representation of decisions by farm households to alter their mix 
of farm enterprises. The current simplistic model allows testing of a prototypical income 
forecasting system, which could be substantially enhanced if demand for an operational 
system emerges.

Forecasting farm incomes
The successful linkage by Kokic et al. (2004) of the biophysical and economic models 
indicates potential for the variability in Australian crop farm incomes due to climate to be 
forecast using techniques such as the analogue-phase forecasting approach of Stone et al. 
(1996). The term phase is used to describe both the value and direction of movement of the 
SOI over a two month period, which has been shown to explain more of the variability in 
rainfall over a three month period than simple averages of the SOI. Consistently positive 
or rapidly rising SOI phases during autumn generally correspond with above median rain-
fall during winter, particularly in eastern Australia, while consistently negative or rapidly 
falling SOI phases generally correspond with below median rainfall. Mixed or consistently 
neutral SOI phases in autumn tend to correspond with rainfall that varies consistently 
around the median. As the autumn SOI phases correlated with rainfall are known before 
the winter crop season, conditional forecasts can be produced at the beginning of the fi nan-
cial year (July–June). Conditional forecasts are created by analysing the distributions of 
rainfall, crop and pasture growth, or simulated farm cash income for years with the same 
SOI phases as the forecast year, known as analogue years.

2 Proportion of variation in wheat yields reported by farmers 
 

As explained by all variables As explained by QDPI’s shire wheat model
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Seasonal climate forecasting is an evolving science and any one of numerous similar 
systems could be used interchangeably, with potential in the long term to use forecasts 
from global circulation models (Kokic et al. 2004). For this study, the SOI phases of Stone 
et al. (1996) at the end of May and June have been used to defi ne analogue year types. Each 
year from 1900-01 to 2002-03 was classifi ed as positive/rising (negative/falling) if the SOI 
phases were consistently positive or rapidly rising (consistently negative or rapidly falling) 
at the end of both May and June. All other years were defi ned as SOI neutral. This results 
in a stricter classifi cation of year types than the use of an SOI phase at the end of a single 
month, with 26 years classifi ed as positive/rising, 14 years negative/falling, and 63 years 
considered SOI neutral (colored blue, red and green in fi gure B, in the following chapter).

To simulate farm incomes, the parameters of the econometric model in AgFIRM were 
calibrated to a base period (Kokic et al. 1993, 2004). Data in the base period defi ne the 
management and enterprise mix of the typical farm in each region, and the relationship 
between crop and pasture growth and farm incomes. Other parameters adjust output given 
expected commodity prices.

For this report, two different base periods were used to demonstrate different applications 
of the model. To demonstrate the utility of the model for analysing regional differences in 
the sensitivity of farm incomes to climate variability, an average of farm fi nancial perfor-
mance and other basic characteristics for the ten years from 1991-92 to 2000-01 were used 
for the base. This was done to reduce the infl uence of price and production variability from 
sources other than climate that may have affected individual regions, thus enabling a more 
effective longer term comparison of the sensitivity of farm incomes to climate variability. 
In contrast, 2000-01 was chosen as the base period to demonstrate the capability of the 
model to forecast high farm incomes in 2001-02, and low farm incomes during the drought 
of 2002-03.

The model simulates farm cash income for the base period 103 times using simulated crop 
yields and pasture growth for each year from 1900 onward. Each value of simulated farm 
income is an average for all crop farms across each broadacre cropping region (map 1), 
showing what average incomes would have been if the climate for each year since 1900 
was experienced in the base period. This isolates the variability in farm incomes due to 
climate by holding prices, technology, management and policy as they were in the base 
period. The simulated values of farm income provide a measure of the sensitivity of farm 
incomes to climate variability via its effect on crop yields and pasture growth. When inter-
preting the results for crop farms in this study, it is important to remember that the vari-
ability of livestock income caused by the impact of climate variability on pasture growth 
is also included.



abare  eReport  04.23

16

climate variability and Australian 
crop farms
National

Income variability
The sensitivity of the Australian cropping industry to climate variability can be analysed 
using average national farm incomes simulated with AgFIRM. Using 103 years of climate 
data, simulated national farm cash incomes averaged below $70 000 in poor seasons, to 
around $120 000 in favorable seasons, with a median for all years around $106 000 (fi gure 
B). Classifying the 103 years of simulated income using the SOI reveals a strong relation-
ship between income variability and season type. Figure B shows that most years with 
simulated farm cash income above the median had positive or rapidly rising phases of the 
SOI at the end of May and June. Conversely, most of the years with simulated farm cash 
income signifi cantly below the median had negative or rapidly falling SOI phases at the 
end of May and June. Years with neutral phases lie mostly, but not exclusively, somewhere 
in between.

4

Simulated mean farm cash income 
based on average farm financial performance and commodity prices 
between1991-92 and 2000-01 and simulated yields
Cropping and mixed cropping–livestock industries in the wheat–sheep zone 
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The downward sensitivity of Australian crop farm incomes to poor seasonal conditions is 
greater than their upward sensitivity in favorable seasons (fi gure C). This is evident from 
the spread of the distribution of all 103 years of simulated national income in the left-
most box plot of fi gure C. The whiskers of the box plot show that in 5 per cent of years 
with poor seasonal conditions, simulated average farm incomes were less than $80 000, 
or around $26 000 below the median. In contrast, simulated average farm incomes only 
exceed $118 000, or around $12 000 above the median, in the most favorable 5 per cent 
of seasons. The distribution of average national crop farm incomes is negatively skewed 
because incomes fall further below the median in poor seasons than they rise above it in 
favorable seasons.

C  Boxplots of simulated mean farm incomes 
 based on average farm financial performance and commodity prices 
 between1991-92 and 2000-01 and simulated wheat yields
Cropping and mixed cropping–livestock industries in the wheat–sheep zone 
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Box 1: What is a box plot?

A standard box plot, sometimes called a box and whisker 
plot, displays the median, mean, quartiles, and minimum 
and maximum observations of a data set. They provide 
a convenient way of illustrating the key properties of a 
probability distribution for a sample of data. Boxplots 
are particularly useful for comparing the location, spread 
and skewness of probability distributions.

The illustration shows the key statistics illustrated by the 
box plots used in this report. The box plots differ from 
the standard in that the ‘whiskers’ at the top and bottom 
of the box plot represent the 5th and 95th percentiles. 
Only 5 per cent of the data in the sample lie below or 
above these values. Similarly, only 25 per cent of the 
sample data lie either side of the interquartile range. 
The median, shown as a solid line, indicates the middle 
value with half the data lying above and half below. The 
mean, which is heavily infl uenced by occasional outliers 
is shown as a cross.
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The sensitivity of crop farm incomes to climate variability changes with season type, and 
this has important implications for future policy development and implementation. The 
three colored box plots on the right hand side of fi gure C classify simulated farm cash 
income for the 103 years since 1900 into the three year types defi ned earlier using SOI 
phases. A comparison of the box plots shows that average crop farm incomes are much 
more sensitive to climate variability in years with negative or falling SOI phases at the end 
of May and June, than in years when the SOI is positive or rising. In years when the SOI is 
negative or falling (red box plot), the spread of the distribution is wider than in years with 
a positive or rising SOI (blue box plot). This is true whether the spread of the distributions 
is measured by comparing the interquartile range (the box), or the spread of values between 
the 5th and 95th percentiles (the whiskers). Furthermore, there is a much greater prob-
ability that incomes will fall below the median in years with a negative or falling SOI. The 
red box plot in fi gure C shows that there is a greater than 75 per cent chance of farm cash 
income falling below the long term median in years when the SOI is negative or falling at 
the end of May and June.

In contrast, average national crop farms incomes are much less sensitive to climate vari-
ability and much more likely to exceed the median in years with a positive or rising SOI. 
The blue box plot in fi gure C shows that there is a less than 25 per cent chance of average 
incomes falling below the long term median in years when the SOI is positive or rising at 
the end of May and June.

In neutral SOI years, the sensitivity of farm cash income is similar to the sensitivity when all 
103 years are considered (fi gure C). This seasonal outlook is just as important as the other 
two for policy development and implementation, indicating years in which farm incomes 
are likely to be less affected by either poor or favorable extremes of seasonal conditions.

Policy implications
The criteria for exceptional circumstance assistance in Australia require that the downturn 
in income not be predictable. The knowledge that climate variability has a different impact 
on farm incomes in years with different climate patterns, and that this is predictable, could 
alter the development and implementation of future climate policy. For example, consid-
ering the type of season could result in a more targeted application of the one in twenty 
year exceptional circumstances criteria. While there have been exceptions, most severe 
and prolonged droughts in Australia have been associated with a negative or falling SOI 
at the end of May and June. Seasonal climate variability is well understood, and the prob-
ability of poor seasonal conditions is now predictable using seasonal climate forecasts, and 
widely disseminated through the media. Self management could be enhanced by incor-
porating seasonal climate forecasting information into the interpretation of exceptional 
circumstances policy, and expecting that farmers will use this information to better manage 
climate risk.

For example, exceptional circumstances policy could be targeted to provide income support 
in seasons when drought is expected to be unusually severe. This could include altering 
income thresholds and level of support based on forecast seasonal conditions. For crop 
farm incomes across Australia the one in twenty year level of income for all 103 years 
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since 1900 is around $80 000. However, this is likely to underestimate the extent to which 
farm incomes need to fall in years with a negative or falling SOI in order for it to represent 
an unusually severe drought. The red box plot in fi gure C shows that $80 000 is the level 
of income that crop farms across Australia average in one out of every four years with a 
negative or falling SOI. Average incomes need to fall signifi cantly lower than $80 000 to 
below $70 000 before the intent of the exceptional circumstances criterion is met for years 
in which drought is more likely to occur.

This analysis does not imply that exceptional circumstances criteria should be changed arbi-
trarily in response to forecast seasonal conditions. The groups of analogue years displayed 
in the boxplots of fi gure C are derived from simulations using long term historical climate 
records. This means that they are available well in advance of a coming drought to plan 
policy strategies for different types of season.

Regional

Median incomes
The above analysis can be repeated for all regions across the wheat–sheep zone to compare 
the sensitivity of farm incomes to climate variability between regions. It is well established 
that median farm incomes across Australia are generally higher in regions with larger 
average farm size, larger and/or more diverse cropping, and less livestock (fi gure D). For 
example, crop farms in the northern and eastern wheat belt of Western Australia (522) are 
roughly twice the size, with twice the crop area and with less sheep for the area operated 
than crop farms in the adjacent central and southern wheat belt (521) (see appendix A). 
Similarly, crop farms across the north western slopes and plains of New South Wales (121) 
are larger and able to grow a greater variety of crops, including summer crops, compared 
with crop farms in the adjacent central western slopes and plains (122). Fewer sheep and 
more cattle also contribute to the differences in median income between northern and 
central New South Wales.

D Average farm cash income simulated using AgFIRM
For all years from 1900-01 to 2002-03, wheat–sheep zone regions 
sorted by ascending median income
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Appendix A provides a summary of ABARE farm survey data between 2000-01 to 2002-
03 for each region in the wheat–sheep zone. The appendix also provides graphs of simu-
lated farm cash income for each region (equivalent to fi gure B), and box plots showing the 
relationship between SOI phase and the sensitivity of farm incomes to climate variability 
(equivalent to fi gure C).

Income sensitivity
The sensitivity of crop farm incomes to climate variability across Australia’s cropping 
regions can be compared using the distribution of simulated farm cash incomes relative to 
the long term median for each region (fi gure E). Figure E has been created by subtracting 
the median over all 103 years from each percentile of farm income, and dividing the differ-
ence by the median to create a percentage. The regions of the wheat–sheep zone have then 
been ranked in order of ascending interquartile range. This enables the sensitivity of farm 
cash income in regions with low median incomes to be compared with the sensitivity of 
regions with high median incomes. The result is a ranking of Australia’s cropping regions 
in order of ascending sensitivity to climate variability.

The sensitivity of crop farm incomes to climate variability can be explained by the agro-
nomic and economic characteristics of crop farms in each region, including the diversity 
of farm income sources and the extent to which farm households can access and rely on 
off-farm income. Regions with average incomes that are relatively sensitive to climate 
variability include the Mallee (221), the Eyre Peninsula (421) and the northern and eastern 
wheat belt of Western Australia (522). Crop yields and pasture growth in these regions 
fl uctuate with low and uncertain rainfall, and sandy soils provide little stored soil mois-
ture to sustain crop growth when in-crop rainfall is low. The sensitivity of farm incomes 
in these regions to climate variability is compounded by a low diversity of farm income 
sources and, for the Eyre peninsula and Western Australia, a relatively low reliance on 
off-farm income (fi gure F, map 3). Farm households in these regions are likely to be more 
vulnerable and less resilient to climate variability because of fewer opportunities to diver-
sify income sources.

E Sensitivity of crop farm incomes to climate variability
Wheat–sheep zone regions 
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Crop farm incomes are also highly sensitive to climate variability across the central western 
slopes and plains of New South Wales (122). Agronomic conditions vary greatly from east 
to west across this region, with much of the variability in farm incomes caused by incon-
sistent rainfall and low soil moisture storage in areas to the west. The diversity of farming 
incomes for this region as a whole is high (fi gure F, map 3), with moderate reliance on 
off-farm income. However, this probably refl ects the diversity of agricultural activities 
in the higher rainfall sheep and cattle districts to the east of this region. It is likely that 
there are fewer livelihood options in the pastoral and opportunistic cropping areas of the 

F Diversity of farm household income 
and proportion of total income from off-farm sources
Wheat–sheep zone regions, average 1991-92 to 2000-01 
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west, and further research is needed to confi rm this. Fisher (2004) highlighted the need 
to research structural adjustment issues affecting the sustainability of agriculture in the 
pastoral districts to the west of this region.

Regions with the least sensitivity in crop farm incomes to climate variability include the 
central and southern wheat belt of Western Australia (521) and the south eastern crop-
ping regions stretching from the Yorke Peninsula in South Australia (422) through central 
Victoria (223) to the Riverina in southern New South Wales (123) (fi gure E). All of these 
regions rely on relatively low but consistent winter rainfall to support crop production, and 
most have a high diversity of income sources, including moderate to high reliance on off-
farm income. The climate sensitivity of crop farm incomes was also low on Queensland’s 
eastern Darling Downs (321) because of soils with high moisture storage capacity, moderate 
income diversity and high reliance on off-farm income.

Overall, the Spearman rank correlation coeffi cient between the interquartile range of farm 
cash income and the diversity of income sources across the twelve cropping regions of 
Australia’s wheat–sheep zone was –45 per cent. Even with only twelve sample points, this 
fi nding was statistically signifi cant at the 10 per cent level. A similar correlation (–40 per 
cent) was derived by Kokic et al. (2000) from an earlier version of this model at the indi-
vidual farm scale with a very high level of statistical signifi cance (< 0.1 per cent). Map 3 
shows that many cropping regions with relatively high (low) variability of farm incomes 
due to climate variability also tend to have relatively low (high) income diversity.

Forecasting income sensitivity
The relationship between forecast seasonal conditions and the sensitivity of Australian 
crop farm incomes to climate variability can be compared for all regions using box plots for 
each season type (fi gure G, panels a–c). The regions are ranked in order of ascending inter-
quartile range for all years as in fi gure E. The sensitivity of farm cash income to climate 
variability is generally lower in years when the SOI is positive or rising at the end of May 
and June (fi gure G, panel a), with a smaller interquartile range and a 75 per cent probability 
of exceeding the long term median in most regions. In contrast, in years when the SOI is 
negative or falling (fi gure G, panel b), incomes are much more sensitive to climate vari-
ability, with a greater interquartile range and a 75 per cent chance of falling below the long 
term median in most regions. This is true even for regions with low income variability such 
as central and southern wheat belt of Western Australia (521), the eastern Darling Downs 
(321) and the Riverina (123).

Because the SOI is known at the end of June, the relationship between the SOI and the 
sensitivity of farm incomes to climate variability demonstrated in fi gure G enables fore-
casts of farm cash income to be produced at the beginning of the fi nancial year.
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G Proportional difference between simulated average farm 
cash income and long term median income for each
region, by year type defined using the SOI
Wheat–sheep zone regions sorted by ascending interquartile
range of simulated incomes for all years (figure E) 
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forecasting crop farm incomes

Probability of exceeding median
The utility of ABARE’s AgFIRM model for forecasting the impact of climate variability 
on farm incomes can be demonstrated by hindcasting known climate extremes in recent 
seasons. Australian crop farms experienced very different seasons in 2001-02 and 2002-
03. In 2001-02, favorable seasons led to near record crop production and high incomes, 
followed in 2002-03 by severe drought, low crop production and low incomes. To demon-
strate the capacity of ABARE’s AgFIRM model to forecast the impact of seasonal condi-
tions in 2001-02 and 2002-03 on crop farm incomes, a version of the model was set up with 
2000-01 as the base period. Forecasts of crop yields and pasture growth were combined 
with prices available at the end of June to forecast farm incomes for the coming year across 
the twelve regions of the wheat–sheep zone. As a further test, the model was used to predict 
the distribution of farm incomes for the 1982-83 drought, the next most recent widespread 
and severe drought prior to 2002-03.

Alternative graphical representations of the results for this application of the model are 
presented in maps 4, 5. Based on forecast crop yields, pasture growth and prices at the end 
of June 2002, AgFIRM forecast a less than 20 per cent probability of exceeding median farm 
cash income across all the southern areas of the wheat–sheep zone (map 4). In contrast, the 
model forecast a 60–70 per cent chance of exceeding median farm cash income based on 
forecast crop yields at the end of June 2001. This strongly refl ects what actually happened 
to crop farm incomes in these two years in most regions (fi gure A, appendix A).

The predicted outcome of the 2002-03 drought is similar to that for the 1982-83 drought, 
with a greater likelihood of low crop farm incomes in Queensland for 1982-83, and lower 
probability of low crop farm incomes in Western Australia (map 4). These differences in 
the regional impact of alternative ENSO events are consistent with the fi ndings of Potgieter 
et al. (2002), who found spatial and temporal patterns in crop yields resulting from different 
types of ENSO event across Australia.

One in twenty years
An alternative output from the model is the probability of income exceeding the lowest one 
in twenty year value of income. As discussed earlier, the one in twenty year level of income 
has been used as the threshold for exceptional circumstances determinations in Australia 
since 1997. The results for 2002-03 show an 11–25 per cent probability of incomes falling 
below the one in twenty threshold across most of the wheat–sheep zone (map 5). While 
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4 Probability that simulated farm cash income will exceed the median value
from 1900-01 to 2002-03
Cropping and mixed cropping–livestock industries in the wheat–sheep zone 
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5 Probability that simulated farm incomes will be in the lowest 5 per cent of values
from 1900-01 to 2002-03
Cropping and mixed cropping–livestock industries in the wheat–sheep zone 
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this is only a moderate swing in the probability of low incomes occurring, its forecasting 
power is demonstrated by the sharp contrast with 2001-02, when the probability of falling 
below the 5 per cent income level was projected to be extremely low. Early indications 
of the 1982-83 drought were much more severe, with a greater than 75 per cent chance of 
falling below the one in twenty year income level across most of the south east cropping 
regions. This stronger prediction resulted from a clearer pattern of SOI phases leading up 
to the 1982-83 drought.
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discussion and conclusions

ABARE’s AgFIRM model represents a signifi cant step forward in the analysis and fore-
casting of the sensitivity of Australian farm incomes to climate variability at a regional 
level. The incomes of Australian crop farms are highly sensitive to climate variability, and 
tend to fall more in years with unfavorable seasonal conditions than they rise in years with 
favorable seasonal conditions. The sensitivity of farm incomes to climate variability is 
related to movements of the SOI at the end of May and June, supporting forecasts of income 
risk for the coming fi nancial year. An ability to predict years in which farm incomes are 
more likely to be negatively affected by climate variability has important implications for 
the development and implementation of future climate policy. Applying seasonal climate 
forecasts to exceptional circumstance determinations could build more resilient farming 
systems by encouraging the self management of normal climate variability, and focusing 
relief payments on events that are likely to be exceptionally severe.

Using seasonal climate forecasts to forecast income variability could enhance the devel-
opment and implementation of drought resilience policy in Australian agriculture. The 
current policy of self reliance recognises that adverse seasonal conditions are a normal part 
of Australian agriculture, and is intended to provide assistance only for severe climatic 
events that are not predictable. The integration of seasonal climate forecasting with farm 
income modeling described in this study means that the income effects of forecast seasonal 
conditions can now be predicted at the start of the fi nancial year. Seasonal forecasting of 
income variability could improve the timing, and better target the duration of, assistance. 
For example, it could be used to provide rapid and early assistance in those years in which 
unusually severe impacts on farm incomes are forecast. It may also assist in the ability to 
distinguish climate from other sources of risk that would help to focus scarce drought relief 
on the income effects of severe climate conditions, rather than on other sources of risk.

Australian cropping regions most sensitive to climate variability include the Mallee, the 
Eyre Peninsula and the northern and eastern wheat belt of Western Australia, as well as the 
central western slopes and plains of New South Wales. Regions with low sensitivity in crop 
farm incomes to climate variability include the central and southern wheat belt of Western 
Australia, and a band of south eastern cropping regions stretching from the Yorke Penin-
sula through central Victoria to the Riverina. The relative sensitivity of crop farm incomes 
to climate variability across these regions can be explained partly by the well known agro-
nomic characteristics of these regions, and partly by the economic characteristics of farm 
households.

6
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A key fi nding of this research is that the sensitivity of farm incomes to climate variability 
across Australia’s cropping regions is strongly related to the diversity of both on-farm and 
off-farm income sources. Regions with the greatest sensitivity in farm incomes to climate 
variability have the least diverse sources of income and/or the lowest ability to rely on off-
farm income. Conversely, regions with low income sensitivity to climate variability, such 
as central Victoria, the Riverina, and the eastern Darling Downs, also tend to have highly 
diverse sources of income and/or a relatively high reliance on off-farm incomes.

With Australian drought policy focused on self reliance, enhancing the diversity of farm 
income sources could be one of the most effective policy strategies for reducing the sensi-
tivity of farm incomes in regions with high sensitivity to climate variability. However, 
income diversity is only one dimension of rural livelihoods that infl uences vulnerability to 
climate variability. The research reported here suggests an opportunity to develop broader 
indices of vulnerability to support policy development and implementation. These broader 
indexes would build on the measure of income diversity used in this research to include 
other measures of the human, social, natural, physical and fi nancial capital that farm house-
holds can draw on in response to climate and other external threats. Integrated indicators of 
vulnerability would highlight regions in most need of policy attention, and suggest strate-
gies for addressing specifi c constraints to the enhanced resilience of rural livelihoods.

This study also signals an emerging capability to forecast farm income risk stemming from 
climate variability at the beginning of each fi nancial year. However, to make this capability 
readily available to support policy processes signifi cant investment is required to turn this 
prototype into an operational system. Forecasts of expected farm income risk related to the 
impact of climate variability on crop and pasture yields provide much more direct support 
to policy advisers than do the rainfall analysis tools that are currently relied on. In the 
future, tools that support the development and implementation of climate variability policy 
will integrate the expected biophysical and socioeconomic impacts of drought on farm 
households. The next logical step in researching these impacts is to explore the interaction 
between market and climate risk on farm incomes, including research on the impact of 
climate variability on world commodity prices.
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appendix

regional results

Presented in this appendix are farm survey estimates for the cropping and mixed crop-
ping–livestock industries of the wheat–sheep zone of Australia for the twelve regions anal-
ysed in the study and listed below. Also included for each region are graphical results of 
the simulated mean farm cash income based on ABARE’s 2000-01 farm survey data, June 
2002 simulated wheat yields and expected commodity prices in 2002-03.

 Region 121: North Western Slopes and Plains, New South Wales

 Region 122: Central Western Slopes and Plains, New South Wales

 Region 123: Riverina

 Region 221: Mallee

 Region 222: Wimmera

 Region 223: Central Northern Victoria

 Region 321: Eastern Darling Downs

 Region 322: Darling Downs

 Region 421: Eyre Peninsula

 Region 422: Murraylands and Yorke Peninsular

 Region 521: Central and Southern Western Australian Wheatbelt

 Region 522: Northern and Eastern Western Australian Wheatbelt

A
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Region 121: North Western Slopes and Plains, New South Wales
Farm survey estimates: cropping and mixed cropping–livestock industries

  2000-01 2001-02  2002-03

Population no. 1 679 2 088  2 091
Sample contributing no. 42 34  45

Physical
Area operated at 30 June ha 2 890 3 120 (36) 3 971
Wheat area sown ha 629 456 (23) 474
Sheep fl ock at 30 June no. 1 214 1 087 (41) 1 027
Beef cattle at 30 June no. 305 303 (21) 277
Area harvested
–  wheat ha 488 456 (23) 300
–   barley ha 63 83 (27) 90
–  sorghum ha 95 78 (31) 118
Production
–  wheat t 694 1 185 (22) 468
–  barley t 153 233 (27) 149
–  sorghum t 318 242 (36) 311
Sheep turned off no. 175 119 (21) 139
Beef cattle turned off no. 1 0 (65) 0
Wool production kg 5 882 5 373 (43) 5 381

Financial
Sheep cash receipts $ 18 692 25 116 (39) 24 587
Beef cattle cash receipts $ 118 995 89 139 (20) 81 746
Wool cash receipts $ 24 391 21 692 (31) 35 126
Wheat cash receipts $ 110 258 199 333 (21) 185 785
Barley cash receipts $ 18 017 38 619 (27) 50 883
Oats cash receipts $ 344 2 (87) 731

Total cash receipts $ 523 475 633 120 (13) 597 155

Total cash costs $ 488 994 430 724 (16) 469 972

Farm cash income $ 34 481 202 396 (15) 127 183

Buildup in trading stocks $ –9 893 12 628 (156) 14 641
Depreciation $ 48 658 44 958 (14) 56 912
Operator/manager and family labor $ 47 308 47 169 (8) 54 364

Farm business profi t $ –71 378 122 898 (29) 30 549

na Not available.
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121A Simulated mean farm cash income
based on ABARE’s 2000-01 farm survey data, June 2002 
simulated wheat yields and expected commodity prices in 2002-03
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based on ABARE’s 2000-01 farm survey data, June 2002 
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Region 122: Central Western Slopes and Plains, New South Wales
Farm survey estimates – cropping and mixed cropping-livestock industries

  2000-01 2001-02  2002-03

Population no. 3 436 3 416  2 987
Sample contributing no. 40 37  46

Physical
Area operated at 30 June ha 1 198 1 156 (17) 1 415
Wheat area sown ha 275 288 (22) 294
Sheep fl ock at 30 June no. 1 881  (32) 1 444
Beef cattle at 30 June no. 123 87 (27) 59
Area harvested
–  wheat ha 269 288 (22) 270
–  barley ha 47 42 (34) 35
–  sorghum ha 2 1 (134) 1
Production
–  wheat t 665 688 (22) 212
–  barley t 118 94 (33) 40
–  sorghum t 8 7 (134) 5
Sheep turned off no. 50 54 (34) 34
Beef cattle turned off no. 2 8 (97) 1
Wool production kg 8 852 9 428 (31) 7 627

Financial
Sheep cash receipts $ 45 991 68 123 (24) 71 245
Beef cattle cash receipts $ 31 456 40 926 (38) 17 095
Wool cash receipts $ 35 648 44 567 (33) 49 178
Wheat cash receipts $ 96 336 108 555 (19) 95 534
Barely cash receipts $ 12 978 8 337 (39) 7 915
Oats cash receipts $ 536 327 (68) 1 609

Total cash receipts $ 284 592 349 936 (16) 278 360

Total cash costs $ 223 339 244 258 (15) 182 294

Farm cash income $ 61 253 105 679 (27) 96 067

Buildup in stocks $ 9 296 4 246 (158) –17 485
Depreciation $ 21 278 28 889 (14) 34 690
Operator/manager and family labor $ 38 712 38 185 (14) 40 431

Farm business profi t $ 10 559 42 851 (53) 3 461

na Not available.
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122A Simulated mean farm cash income
based on ABARE’s 2000-01 farm survey data, June 2002 
simulated wheat yields and expected commodity prices in 2002-03
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Region 123: Riverina
Farm survey estimates – cropping and mixed cropping–livestock industries

  2000-01 2001-02  2002-03

Population no. 4 184 4 004  4 497
Sample contributing no. 51 46  81

Physical
Area operated at 30 June ha 1 194 1 184 (13) 1 970
Wheat area sown ha 225 195 (10) 213
Sheep fl ock at 30 June no. 1 677 1 686 (11) 1 699
Beef cattle at 30 June no. 81 97 (30) 80
Area harvested
–  wheat ha 225 191 (11) 185
–  barley ha 59 61 (24) 37
–  sorghum ha 0 0 na 0
Production
–  wheat t 794 487 (10) 263
–  barley t 154 115 (22) 31
–  sorghum t 0 0 na 1
Sheep turned off no. 34 37 (30) 42
Beef cattle turned off no. 5 1 (20) 1
Wool production kg 9 506 8 679 (11) 9 697

Financial
Sheep cash receipts $ 37 026 57 531 (14) 75 012
Beef cattle cash receipts $ 21 037 27 788 (32) 20 366
Wool cash receipts $ 40 529 45 879 (13) 56 395
Wheat cash receipts $ 140 813 107 510 (12) 104 434
Barely cash receipts $ 20 053 23 035 (24) 7 202
Oats cash receipts $ 1 718 3 266 (55) 4 364

Total cash receipts $ 430 635 428 391 (11) 414 055

Total cash costs $ 284 588 283 794 (11) 316 249

Farm cash income $ 146 047 144 597 (16) 97 807

Buildup in stocks $ 6 055 –3 585 (157) –25 549
Depreciation $ 29 168 34 661 (12) 39 433
Operator/manager and family labor $ 43 886 41 292 (9) 44 868

Farm business profi t $ 79 047 65 059 (29) –12 043

na Not available



abare  eReport  04.23

37

123A Simulated mean farm cash income
based on ABARE’s 2000-01 farm survey data, June 2002 
simulated wheat yields and expected commodity prices in 2002-03
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Region 221: Mallee
Farm survey estimates – cropping and mixed cropping–livestock industries

  2000-01 2001-02  2002-03

Population no. 1 531 1 358  1 090
Sample contributing no. 35 32  44

Physical
Area operated at 30 June ha 1 388 1 668 (10) 2 061
Wheat area sown ha 288 415 (10) 554
Sheep fl ock at 30 June no. 925 891 (20) 768
Beef cattle at 30 June no. 19 16 (50) 15
Area harvested
–  wheat ha 288 415 (10) 503
–  barley ha 164 234 (19) 157
–  sorghum ha 0 0 na 0
Production
–  wheat t 726 809 (10) 267
–  barley t 393 396 (13) 88
–  sorghum t 0 0 na 0
Sheep turned off no. 17 8 (43) 11
Beef cattle turned off no. 1 2 (92) 2
Wool production kg 3 691 3 688 (20) 4 176

Financial
Sheep cash receipts $ 28 036 46 248 (20) 50 309
Beef cattle cash receipts $ 12 489 4 106 (41) 5 643
Wool cash receipts $ 11 823 13 799 (20) 25 234
Wheat cash receipts $ 142 301 215 898 (10) 202 024
Barely cash receipts $ 65 028 72 700 (16) 55 915
Oats cash receipts $ 48 44 (101) 0

Total cash receipts $ 325 752 420 520 (8) 384 338

Total cash costs $ 197 374 250 562 (12) 212 001

Farm cash income $ 128 379 169 958 (15) 172 338

Buildup in stocks $ –786 –1 369 (657) –33 746
Depreciation $ 17 409 37 498 (10) 43 860
Operator/manager and family labor $ 43 174 47 948 (8) 48 634

Farm business profi t $ 67 010 83 144 (27) 46 098

na Not available.
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221A Simulated mean farm cash income
based on ABARE’s 2000-01 farm survey data, June 2002 
simulated wheat yields and expected commodity prices in 2002-03
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Region 222: Wimmera
Farm survey estimates – cropping and mixed cropping–livestock industries

  2000-01 2001-02  2002-03

Population no. 1 886 1 829  1 840
Sample contributing no. 33 34  42

Physical
Area operated at 30 June ha 863 862 (11) 874
Wheat area sown ha 148 143 (11) 135
Sheep fl ock at 30 June no. 1 026 794 (19) 713
Beef cattle at 30 June no. 11 37 (66) 23
Area harvested
–  wheat ha 148 143 (11) 77
–  barley ha 136 149 (12) 107
–  sorghum ha 0 0 na 0
Production
–  wheat t 455 450 (11) 56
–  barley t 356 437 (13) 73
–  sorghum t 0 0 na 0
Sheep turned off no. 6 24 (69) 24
Beef cattle turned off no. 1 3 (56) 5
Wool production kg 5 377 3 704 (18) 3 130

Financial
Sheep cash receipts $ 24 086 37 744 (16) 23 063
Beef cattle cash receipts $ 3 333 14 472 (65) 11 728
Wool cash receipts $ 21 537 18 705 (21) 19 210
Wheat cash receipts $ 79 764 86 114 (10) 41 705
Barely cash receipts $ 57 806 85 442 (13) 28 217
Oats cash receipts $ 3 789 2 319 (78) 741

Total cash receipts $ 297 217 364 547 (10) 171 801

Total cash costs $ 187 243 196 409 (10) 149 972

Farm cash income $ 109 974 168 138 (12) 21 829

Buildup in stocks $ 2 826 13 831 (62) –26 691
Depreciation $ 24 684 27 656 (14) 31 591
Operator/manager and family labor $ 43 458 42 363 (10) 41 685

Farm business profi t $ 44 658 111 949 (21) –78 139

na Not available
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222A Simulated mean farm cash income
based on ABARE’s 2000-01 farm survey data, June 2002 
simulated wheat yields and expected commodity prices in 2002-03
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Region 223: Central Northern Victoria
Farm survey estimates – cropping and mixed cropping-livestock industries

  2000-01 2001-02  2002-03

Population no. 1 341 1 419  1 449
Sample contributing no. 24 26  34

Physical
Area operated at 30 June ha 724 708 (16) 711
Wheat area sown ha 109 108 (22) 101
Sheep fl ock at 30 June no. 1 516 1 546 (22) 1 023
Beef cattle at 30 June no. 10 4 (62) 28
Area harvested
–  wheat ha 109 108 (22) 76
–  barley ha 54 40 (23) 29
–  sorghum ha 0 0 na 0
Production
–  wheat t 355 306 (19) 65
–  barley t 136 109 (25) 20
–  sorghum t 0 0 na 0
Sheep turned off no. 15 8 (61) 19
Beef cattle turned off no. 3 1 (24) 1
Wool production kg 8 262 7 688 (29) 5 715

Financial
Sheep cash receipts $ 43 370 65 171 (16) 62 700
Beef cattle cash receipts $ 10 345 4 794 (58) 9 626
Wool cash receipts $ 26 591 40 398 (29) 29 234
Wheat cash receipts $ 62 512 83 211 (28) 39 019
Barely cash receipts $ 24 982 20 837 (30) 8 888
Oats cash receipts $ 2 781 8 702 (47) 10 076

Total cash receipts $ 241 308 306 337 (15) 227 679

Total cash costs $ 169 086 172 070 (16) 177 041

Farm cash income $ 72 221 134 267 (17) 50 638

Buildup in stocks $ –1 677 –11 891 (37) –20 732
Depreciation $ 16 849 18 963 (18) 20 267
Operator/manager and family labor $ 40 613 47 020 (15) 47 590

Farm business profi t $ 13 082 56 393 (22) –37 951

na Not available
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223A Simulated mean farm cash income
based on ABARE’s 2000-01 farm survey data, June 2002 
simulated wheat yields and expected commodity prices in 2002-03
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Region 321: Eastern Darling Downs
Farm survey estimates – cropping and mixed cropping–livestock industries

  2000-01 2001-02  2002-03

Population no. 979 1 021  1 251
Sample contributing no. 22 14  34

Physical
Area operated at 30 June ha 454 533 (17) 1 414
Wheat area sown ha 65 34 (58) 136
Sheep fl ock at 30 June no. 75 120 (0) 60
Beef cattle at 30 June no. 43 94 (20) 168
Area harvested
–  wheat ha 54 34 (58) 127
–  barley ha 31 62 (30) 59
–  sorghum ha 74 72 (21) 105
Production
–  wheat t 63 58 (56) 186
–  barley t 47 128 (27) 110
–  sorghum t 256 294 (28) 364
Sheep turned off no. 27 40 (12) 75
Beef cattle turned off no. 0 0 na 1
Wool production kg 230 687 (0) 368

Financial
Sheep cash receipts $ 1 460 0 na 579
Beef cattle cash receipts $ 14 528 24 885 (20) 36 598
Wool cash receipts $ 488 3 999 (0) 1 941
Wheat cash receipts $ 13 899 14 187 (61) 78 799
Barely cash receipts $ 7 368 21 006 (26) 23 236
Oats cash receipts $ 16 0 na 126

Total cash receipts $ 132 317 182 389 (13) 277 207

Total cash costs $ 104 207 122 859 (11) 206 031

Farm cash income $ 28 110 59 530 (23) 71 176

Buildup in stocks $ –626 17 153 (32) –2 516
Depreciation $ 23 340 23 732 (12) 33 012
Operator/manager and family labor $ 41 657 49 531 (11) 49 820

Farm business profi t $ –37 513 3 419 (416) –14 172

na Not available
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321A Simulated mean farm cash income
based on ABARE’s 2000-01 farm survey data, June 2002 
simulated wheat yields and expected commodity prices in 2002-03
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Region 322: Darling Downs
Farm survey estimates – cropping and mixed cropping–livestock industries

  2000-01 2001-02  2002-03

Population no. 1 077 930  1 019
Sample contributing no. 38 49  30

Physical
Area operated at 30 June ha 3 206 4 104 (22) 2 970
Wheat area sown ha 525 207 (20) 168
Sheep fl ock at 30 June no. 141 121 (94) 79
Beef cattle at 30 June no. 424 673 (21) 576
Area harvested
–  wheat ha 428 186 (20) 160
–  barley ha 9 42 (27) 16
–  sorghum ha 172 200 (25) 84
Production
–  wheat t 610 299 (22) 199
–  barley t 8 50 (26) 32
–  sorghum t 376 336 (28) 182
Sheep turned off no. 229 263 (16) 467
Beef cattle turned off no. 0 0 (66) 0
Wool production kg 758 780 (80) 446

Financial
Sheep cash receipts $ 1 253 2 180 (67) 1 688
Beef cattle cash receipts $ 146 793 218 722 (17) 162 549
Wool cash receipts $ 2 629 2 756 (82) 3 362
Wheat cash receipts $ 121 331 86 649 (17) 71 530
Barely cash receipts $ 1 240 7 984 (36) 9 177
Oats cash receipts $ 94 277 (143) 0

Total cash receipts $ 458 118 468 421 (11) 420 181

Total cash costs $ 376 120 348 494 (7) 413 556

Farm cash income $ 81 998 119 927 (27) 6 625

Buildup in stocks $ –16 105 18 814 (92) 12 718
Depreciation $ 33 588 39 538 (11) 29 719
Operator/manager and family labor $ 40 578 41 983 (9) 41 377

Farm business profi t $ –8 273 57 219 (59) –51 755

na Not available
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322A Simulated mean farm cash income
based on ABARE’s 2000-01 farm survey data, June 2002 
simulated wheat yields and expected commodity prices in 2002-03
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Region 421: Eyre Peninsula
Farm survey estimates – cropping and mixed cropping–livestock industries

  2000-01 2001-02  2002-03

Population no. 1 314 1 325  1 354
Sample contributing no. 29 21  43

Physical
Area operated at 30 June ha 2 117 2 885 (21) 2 773
Wheat area sown ha 638 595 (14) 654
Sheep fl ock at 30 June no. 1 214 2 036 (18) 1 896
Beef cattle at 30 June no. 24 51 (72) 28
Area harvested
–  wheat ha 638 595 (14) 645
–  barley ha 180 189 (20) 227
–  sorghum ha 0 0 na 0
Production
–  wheat t 1 052 1 227 (9) 613
–  barley t 341 400 (18) 268
–  sorghum t 0 0 na 0
Sheep turned off no. 11 26 (83) 11
Beef cattle turned off no. 0 0 (26) 0.649
Wool production kg 6 663 9 243 (10) 8 882

Financial
Sheep cash receipts $ 17 149 22 719 (23) 25 919
Beef cattle cash receipts $ 6 376 14 313 (72) 5 084
Wool cash receipts $ 23 721 50 345 (11) 56 157
Wheat cash receipts $ 205 147 248 058 (10) 247 556
Barely cash receipts $ 81 545 82 432 (22) 86 017
Oats cash receipts $ 2 002 1 492 (49) 1 705

Total cash receipts $ 363 974 466 560 (9) 462 848

Total cash costs $ 222 377 275 299 (9) 296 150

Farm cash income $ 141 596 191 261 (13) 166 698

Buildup in stocks $ –5 781 4 416 (80) 6 427
Depreciation $ 27 565 33 048 (10) 52 624
Operator/manager and family labor $ 47 798 53 690 (8) 54 715

Farm business profi t $ 60 453 108 939 (19) 65 785

na Not available
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421A Simulated mean farm cash income
based on ABARE’s 2000-01 farm survey data, June 2002 
simulated wheat yields and expected commodity prices in 2002-03
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Region 422: Murraylands and Yorke Peninsular
Farm survey estimates – cropping and mixed cropping–livestock industries

  2000-01 2001-02  2002-03

Population no. 3 398 3 338  3 355
Sample contributing no. 49 43  56

Physical
Area operated at 30 June ha 1 212 1 170 (14) 1 282
Wheat area sown ha 263 274 (22) 271
Sheep fl ock at 30 June no. 987 924 (12) 887
Beef cattle at 30 June no. 18 24 (35) 50
Area harvested
–  wheat ha 261 274 (22) 257
–  barley ha 186 200 (18) 184
–  sorghum ha 0 0 na 0
Production
–  wheat t 590 780 (15) 258
–  barley t 430 519 (16) 279
–  sorghum t 0 0 na 0
Sheep turned off no. 9 9 (35) 22
Beef cattle turned off no. 10 1 (45) 4
Wool production kg 5 463 4 641 (14) 4 103

Financial
Sheep cash receipts $ 24 710 37 321 (35) 37 977
Beef cattle cash receipts $ 4 479 4 800 (35) 11 790
Wool cash receipts $ 19 863 19 687 (13) 24 440
Wheat cash receipts $ 97 282 156 962 (13) 123 176
Barely cash receipts $ 85 977 104 030 (26) 80 789
Oats cash receipts $ 970 1 590 (44) 721

Total cash receipts $ 312 257 414 799 (11) 346 915

Total cash costs $ 192 447 239 816 (11) 220 700

Farm cash income $ 119 811 174 984 (14) 126 214

Buildup in stocks $ –4 255 5 492 (38) 59
Depreciation $ 33 148 28 019 (10) 35 084
Operator/manager and family labor $ 40 059 40 894 (9) 43 138

Farm business profi t $ 42 349 111 562 (19) 48 052

na Not available
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422A Simulated mean farm cash income
based on ABARE’s 2000-01 farm survey data, June 2002 
simulated wheat yields and expected commodity prices in 2002-03
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Boxplots of simulated mean farm cash income
based on ABARE’s 2000-01 farm survey data, June 2002 
simulated wheat yields and expected commodity prices in 2002-03
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Region 521: Central and Southern Western Australian Wheatbelt
Farm survey estimates – cropping and mixed cropping–livestock industries

  2000-01 2001-02  2002-03

Population no. 3 910 3 703  3 746
Sample contributing no. 46 43  58

Physical
Area operated at 30 June ha 2 102 2 253 (8) 2 304
Wheat area sown ha 511 530 (10) 539
Sheep fl ock at 30 June no. 2 687 3 146 (11) 3 968
Beef cattle at 30 June no. 14 65 (39) 79
Area harvested
–  wheat ha 501 527 (10) 532
–  barley ha 131 177 (16) 203
–  sorghum ha 0 0 na 0
Production
–  wheat t 693 1 072 (10) 705
–  barley t 155 399 (15) 260
–  sorghum t 0 0 na 0
Sheep turned off no. 6 18 (43) 28
Beef cattle turned off no. 1 1 (40) 0
Wool production kg 15 635 14 680 (13) 18 282

Financial
Sheep cash receipts $ 48 536 65 403 (17) 71 291
Beef cattle cash receipts $ 2 928 12 720 (44) 15 322
Wool cash receipts $ 61 144 77 212 (15) 103 267
Wheat cash receipts $ 139 093 194 373 (11) 228 232
Barely cash receipts $ 22 149 75 926 (16) 62 474
Oats cash receipts $ 4 341 11 880 (53) 6 417

Total cash receipts $ 330 281 535 681 (8) 590 450

Total cash costs $ 319 045 384 899 (8) 436 697

Farm cash income $ 11 236 150 782 (15) 153 753

Buildup in stocks $ –13 654 13 100 (81) 21 431
Depreciation $ 44 328 42 047 (8) 47 660
Operator/manager and family labor $ 41 469 44 030 (7) 48 209

Farm business profi t $ –88 214 77 806 (28) 79 315

na Not available
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521A Simulated mean farm cash income
based on ABARE’s 2000-01 farm survey data, June 2002 
simulated wheat yields and expected commodity prices in 2002-03
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Region 522: Northern and Eastern Western Australian Wheatbelt
Farm survey estimates – cropping and mixed cropping–livestock industries

  2000-01 2001-02  2002-03

Population no. 1 601 1 523  1 635
Sample contributing no. 32 28  42

Physical
Area operated at 30 June ha 3 794 4 074 (9) 3941.353
Wheat area sown ha 1 321 1 395 (11) 1 323
Sheep fl ock at 30 June no. 2 256 2 441 (12) 2 165
Beef cattle at 30 June no. 9 21 (20) 32
Area harvested
–  wheat ha 1 290 1 383 (11) 1 184
–  barley ha 154 312 (22) 140
–  sorghum ha 0 0 na 0
Production
–  wheat t 1 557 2 291 (10) 691
–  barley t 206 660 (25) 99
–  sorghum t 0 0 na 0
Sheep turned off no. 3 1 (55) 11
Beef cattle turned off no. 2 – (14) 2
Wool production kg 12 820 11 551 (12) 10 898

Financial
Sheep cash receipts $ 31 470 41 626 (15) 55 260
Beef cattle cash receipts $ 2 606 1 412 (25) 5 920
Wool cash receipts $ 53 475 58 849 (16) 67 059
Wheat cash receipts $ 309 182 387 755 (8) 343 759
Barely cash receipts $ 27 233 107 918 (24) 27 941
Oats cash receipts $ 1 184 7 100 (80) 1 316

Total cash receipts $ 519 409 714 724 (6) 562 509

Total cash costs $ 436 901 569 756 (9) 449 606

Farm cash income $ 82 509 144 969 (23) 112 902

Buildup in stocks $ –15 628 32 686 (58) –14 097
Depreciation $ 79 090 70 259 (11) 77 087
Operator/manager and family labor $ 49 193 47 242 (8) 54 009

Farm business profi t $ –61 403 60 153 (50) –32 291

na Not available
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522A Simulated mean farm cash income
based on ABARE’s 2000-01 farm survey data, June 2002 
simulated wheat yields and expected commodity prices in 2002-03
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