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Australian farmers face high levels of risk due largely to Australia’s extremely variable climate. Recently, the Australian government established the Future Drought Fund to invest in drought resilience projects, with the goal of helping farmers better manage the impacts of drought risk. To support this new policy, ABARES has been commissioned by the Department of Agriculture, Water and the Environment to analyse the effects of drought on Australian farms. In this study, the ABARES model farmpredict is used to generate quantitative measures of farm drought risk for Australian broadacre farms.
Measuring drought risk
In this report farm drought risk refers to the difference in farm outcomes (e.g., profits) between ‘normal’ and ‘drought’ conditions. Farm drought risk depends both on a farm’s exposure to climate variability and the sensitivity of its production systems to that variability. 
ABARES farmpredict is a bio-economic model of Australian broadacre farms which can simulate detailed farm outcomes (including production and profitability) at an individual farm business level conditional on prevailing climate conditions and commodity prices (Hughes et al. 2019a). The model based on a sample of over 40,000 farm observations drawn from ABARES broadacre farm survey, each linked to site-specific climate data (such as rainfall, temperature, and soil moisture). In this study, farmpredict is used to isolate the effects of climate variability from other factors that also affect farm outcomes, such as prices, technological change or farm characteristics.
Using farmpredict, drought risk for each farm is measured as the difference in outcomes between a ‘drought’ year (1-in-10 poor climate year) and ‘normal’ year (5-in-10 / median year). Drought risk is assessed using two farm financial measures: farm profit at full equity (farm profit adjusted for change in stocks) and household income (farm cash income plus off-farm income).
Drivers of drought risk
Farm drought risk varies significantly across industries, with cropping farms more sensitive to drought than livestock farms. Crop yields are directly linked to weather conditions, leading to large, immediate declines in revenue during drought years. In contrast, livestock producers can smooth climate impacts over multiple years through increased turn-off (sales) of livestock in drought years, which helps maintain revenues in the short-term and offset lower prices received and higher costs. As a result, farm cropping intensity (the percentage of land devoted to crops) is a key driver of drought sensitivity and risk.
Previous research has shown that larger farms tend to be more profitable than smaller farms. This study shows that farm profitability and incomes of larger farms are also less sensitive to drought than small farms. Similarly, farms with younger (less than 50 years of age) managers are also generally less sensitive to drought.
The results reveal differences between larger, more ‘profit driven’ farm businesses and smaller farms. These smaller farms tend to have older managers and also rely on off-farm income to a greater degree. For these farms, profits are highly sensitive to drought, but household income is relatively stable due to their relatively high off-farm incomes.
Agricultural commodity prices can also affect farm profit and income drought sensitivity through their effects on farm incomes and behaviour. In years of high crop prices, drought risk tends to increase as farmers plant more crops and apply more inputs in order to maximise potential profits. However, this also leaves farms more exposed to drought risk. Conversely, in years of high livestock prices farms are less sensitive to drought as any forced livestock sales generate higher revenue. 
Drought risk by region
This study presents estimates of drought risk by ABARES farm survey regions. In general, regions with both a higher proportion of cropping activity (high sensitivity) and more variable climates (high exposure) tend to display greater drought risk. Some of the regions with the highest drought risk include central New South Wales, northern Victoria, as well as the South Australia Eyre Peninsula and the Western Australia North and East Wheat Belt regions.
Other regions were identified as having relatively low household incomes, but limited drought risk (small differences in outcomes between ‘normal’ and ‘drought’ years’) including the New South Wales Coastal, Queensland South Coastal, and Queensland Central North regions.
Trends in drought risk
This report also presents trends in farm drought risk between 1988–89 and 2018–19 for different farming sectors, holding drought exposure fixed at the farm level (based on the climate conditions observed between 1950–51 and 2019–20). These results do  not reflect changes in climate over time, but rather long-term changes in farm technology and in farm characteristics (e.g., size, location, mix of cropping and livestock) which affect farm sensitivity to drought.
Over the period since 1988–89 improvements in technology and increases in farm scale have led to significant increases in average farm productivity and profitability. However, the results also show that farm drought risk has increased slightly over this period, driven in part by a trend towards greater cropping activity (a shift toward intensive crop farming and away from more diversified mixed cropping-livestock farm systems). In the cropping sector, farm drought risk has decreased in recent years, due largely to improvements in technology, along with some shifts in the location of cropping activity. Farm household income drought risk has remained stable over time, with increases in farm size helping to offset more variable farm profits.
Limitations and future research
The methodology developed for this study, drawing on the farmpredict model, offers a detailed understanding of the effects of drought on farms and the key trends and drivers. However, there remain some important limitations. Firstly, while the approach could be used to measure future trends in drought risk and sensitivity, it would not be able to isolate the effects of government programs (such as those related to the Future Drought Fund). In practice, this would require with more targeted analysis tracking the outcomes of specific interventions (this remains a potential subject for future research).
Further, the drought resilience of farming communities depends not just on the sensitivity of farm outcomes, but also on regional adaptive capacity, including factors like the strength of the local economy, social networks, and access to services. Future research could examine community resilience by extending the methodology to include economic and social adaptive capacity indicators.
[bookmark: _Toc430782150][bookmark: _Toc54259447]Introduction
The Australian Government’s recently established Future Drought Fund (the Fund) will invest in drought resilience projects, with the aim of helping Australian farms and rural communities better manage the impacts of drought. This study has been undertaken for the Department of Agriculture, Water and the Environment to help develop drought risk and sensitivity indicators to support the implementation of the Fund.
This report presents estimates of farm drought risk, which in this report refers to the change in farm outcomes (e.g., profits) between ‘normal’ (median climate year) and ‘drought’ (1-in-10 climate year) conditions. Farm drought risk depends both on a farm’s exposure to climate variability and the sensitivity of its production systems to that variability. Here exposure refers to the amount of external stress arising from climate variability that farms are exposed to at their location. While sensitivity refers to the effects on farm outcomes of given climate shocks.
The ABARES broadacre farm micro-simulation model farmpredict (Hughes et al. 2019a) is used to develop quantitative estimates of drought risk. These estimates measure the effect of drought on farm outcomes, holding all other factors (including world commodity prices and technology) fixed. 
ABARES farmpredict is a bio-economic model of Australian broadacre farms which can simulate detailed farm outcomes (including production and profitability) at an individual farm business level conditional on prevailing climate conditions and commodity prices (Hughes et al. 2019a). The model based on a sample of over 40,000 farm observations drawn from ABARES broadacre farm survey, each linked to site-specific climate data (such as rainfall, temperature, and soil moisture).
Two main measures of drought risk are presented: the effect of drought on farm profit at full equity (‘farm profit’) and on farm household income. Here farm profit measures annual farm cash income (farm receipts less cash costs) adjusted for changes in inventories, capital depreciation and imputed family labour as well as interest and rent, while farm household income measures annual farm cash income plus off-farm earnings.
This study considers some key drivers of differences in drought sensitivity, including: farm size; farmer age; and the mix and intensity of cropping and livestock activity. Estimates of trends in drought risk over time are presented for specific industry segments, along with estimates of current drought risk by region.
The drought risk indicators developed in this study could be used in future research to measure changes in farm drought risk over time, testing for example whether drought sensitivity decreases following the establishment of the Fund. 
While these measures of farm drought risk may help to inform and monitor drought programs, they are not sufficient on their own to assess the merits of specific projects (which requires detailed cost-benefit analysis) or to evaluate post-project outcomes (which requires project-specific monitoring and evaluation). 
Further, the drought risk indicators presented in this report focus on short-term (annual) farm business outcomes. In practice the resilience of regional communities to drought risk depends on a range of longer-term ‘adaptive capacity’ factors which are outside the scope of this study. A more detailed discussion of the limitations of the study and potential extensions are provided in the conclusions to this report.
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The terms 'resilience', ‘sensitivity’ and ‘vulnerability’ have a range of interpretations, making precise definition and quantification difficult (see for example Gallopin (2006); Nelson et al. (2007)).
In this report, we adopt a conceptual framework following that of Nelson et al. (2007) and Allen Consulting (2005). Under this framework (Figure 1), drought risk (impact) is a function of both drought exposure (i.e., climate variability) and sensitivity. Here sensitivity reflects the responsiveness of the farm production system to short-term (annual) climate variability, including both direct biophysical effects (e.g., declines in crop yield or pasture growth) and short-term farm management responses (such as planting fewer crops or destocking).
Drought vulnerability and resilience (which are related, though inverse concepts) are measures of a system’s ability to absorb, respond and recover to drought risk, which is a product both of the size of the farm drought risk, as well the capacity of the system to adapt in the long-term. In the context of farm businesses and households, adaptive capacity can reflect the availability of various forms of physical, natural, financial, human and social capital (Nelson et al. 2010) allowing a farm household / business to absorb and recover from drought risk. Vulnerability and resilience concepts are also often applied at broader scales than businesses, including for example regional communities. 
[bookmark: _Ref33196220][bookmark: _Toc54259480]Figure 1: Schematic of drought sensitivity, risk and resilience
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Source: Derived from Nelson et al. (2007) and Allen Consulting (2005).
The modelling approach presented in this report measures the farm drought risk of farm businesses and households in Australia. The development of resilience / vulnerability indicators for farm business or regional communities requires the measurement of adaptive capacity, which is beyond the scope of this study. This narrower focus on annual farm risk has the advantage of being amenable to quantification via the farmpredict model (as outlined below). Further, from the perspective of farm businesses at least, drought risk is an important policy indicator in its own right.
Firstly, exposure to drought risk has costs even if that risk doesn’t lead to farm failure. Climate-induced financial risk is a constraint on investment in the agriculture sector and in the longer-term a constraint on innovation and productivity. This risk makes it harder for farms to attract debt finance, requiring them to maintain much higher equity levels than most other industries. Further, drought-related financial shocks can have negative effects on farm households in the short-term: leading to low household income (and greater take up of social welfare programs like Farm Household Allowance) and to a range of individual and social impacts. 
Structural change is a consistent feature of Australian agriculture, although farm business failure rates still remain relatively low compared with many other sectors of the economy (see for example Hughes et al. 2019b). In the longer-term, some level of farm business closures are necessary to allow for farm consolidation (increases in farm size) and to allow farm capital (land, equipment etc.) to flow from the least productive to the most productive farm managers. Past research has shown that this sort of structural adjustment accounts for around half of industry productivity growth in the agriculture sector (Sheng et al. 2015). In this sense, notions of drought vulnerability / resilience can have more relevance at large scales of analysis such as the industry, region or community level. For example, structural adjustment can be viewed as contributing positively to adaptive capacity, helping the industry or region adapt to drought risk over the longer-term.
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The effects of climate on farms are complex and can vary greatly across locations and farm types. Recently, ABARES has developed a detailed farm model based on more than 30 years of data, farmpredict, which can identify the effects of price and climate variability on Australian broadacre farms.
ABARES farmpredict (Hughes et al. 2019a) is a statistical model developed using historical farm data from ABARES Australian Agricultural and Grazing Industry Survey (AAGIS) along with climate data from the Bureau of Meteorology (BoM). The model can predict the production of farm outputs (e.g., wheat, beef cattle, wool etc.), the use of farm inputs (e.g., fuel, fertiliser, labour etc.) and changes in farm stocks (e.g., livestock and grain), given information on farm fixed inputs (e.g., land and capital), input and output prices and prevailing climate conditions (e.g., rainfall and temperature) (Figure 2). 
ABARES farmpredict is a successor to ABARES Agricultural Farm Income Risk Model (AgFIRM) previously developed from AAGIS data by Kokic et al. (2007). farmpredict differs from AgFIRM and other previous models in using machine learning methods to establish direct relationships between climate variables and farm outcomes rather than linking with bio-physical simulation models. For a detailed description of the methodology see Hughes et al. (2019a).
The model provides coverage of all major broadacre farming regions and industries, including extensive cropping, livestock (beef and sheep), and mixed farming types. The model does not currently include dairy or horticulture farming operations. The model used in this report incorporates the latest ABARES farm survey data (to 2018–19) and price and climate data. The model also incorporates a change to reflect the impact of drought on fodder prices during drought, which better reflects the improved returns available to cropping farms that can produce fodder during these periods, and the higher input costs faced by livestock farms.
[bookmark: _Ref29538299][bookmark: _Toc54259481]Figure 2: An overview of farmpredict: ABARES broadacre farm micro-simulation model
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ABARES recent insights article (Hughes et al. 2019b), presents results from the model showing the effects of 1949–50 to 2018–19 climate conditions on broadacre farm profits. These results illustrate the volatility in farm profits generated by climate variability, particularly the decreases in average profit in years of widespread drought (such as 2002–03, 2006–07 and 2018–19). The results also show how changes in average climate conditions since 2000 (including increases in temperature and decreases in winter rainfall) have had a negative effect on farm profits relative to the period 1949–50 to 1999–2000.
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Drought risk can be difficult to measure given the many factors that influence farm outcomes beyond weather conditions, including commodity prices and changes in technology and management practices. Further, Australian broadacre farms are highly diverse and the effects of drought can vary greatly across locations, industries (e.g., beef, sheep, cropping, mixed farming etc.) and farm types (e.g. size).
ABARES farmpredict is used in this report to measure the effect of drought on farm outcomes, holding all other factors (including commodity prices and technology) fixed. In this way, the variation in farm outcomes can be attributed solely to changes in climate variables.
The range of scenarios undertaken for this report are described in Appendix A. The majority of results use simulated outputs from scenario 1, in which the model simulates production and profit for each climate year between 1950–51 and 2019–20 (holding farm characteristics, technology and commodity prices fixed at current levels). By running scenarios where only climate conditions are varied, and all others are held constant, the simulated variation in farm outcomes can be attributed solely to changes in climate parameters.
The individual farm results are then aggregated using ABARES farm weights (ABARES 2019a) to estimate farm outcomes by industry, region and nationally. For some results in the report, other parameters are varied to model their effect on farm sensitivity, as described in Appendix A.
Finally, it is important to note that resulting drought risk indicators reflect the combined effects of both drought sensitivity and exposure. While drought exposure is held fixed at the farm level (based on the climate conditions observed between 1950–51 and 2019–20), aggregated results can be affected by differences in drought exposure across farm locations. For example, in section 3 differences in regional drought risk reflect differences in climate variability across regions (along with differences in farm sensitivity). In the national level results (such as those presented in section 2 and 4) drought risk is driven mostly by farm sensitivity, however differences in drought exposure can still play a role. For example, long-term trends in drought risk (section 4) allow for changes in the distribution of farm locations over time (including the number and type of farms in more ‘marginal’ areas). 
Defining drought years
Traditional ‘meteorological’ definitions of drought are typically based on rainfall indicators (following the work of Gibbs and Maher 1967). This report defines drought based on the impact of a wide range of climate factors on farm outcomes, such as rainfall volume, timing and variability; seasonal temperature ranges and heat accumulation, seasonal root zone soil moisture and exposure to temperature extremes (see Hughes et al. 2019a). This model-based approach provides a more precise measure of drought, tailored to the context of each specific farm.
This alternative method for defining drought is discussed in detail in a separate ABARES report (Hughes et al. 2020). As expected, drought conditions identified by the model are still driven mostly by reductions in rainfall (see Appendix B). As such, these model-based drought measures generate similar aggregate results to more traditional (i.e., rainfall percentile) drought measures, with common climate years 2006–07, 2002–03, 2018–19 identified as droughts for most farms, although some significant differences exist between the measures at a regional and farm level (see Hughes et al. 2020).
In this report, drought risk is defined as the percentage change in farm outcomes between a simulated ‘normal’ (median or 50th percentile) and ‘drought’ (1-in-10 or 10th percentile) climate year (this definition of drought is equivalent to that adopted in Hughes et al. 2020)
[bookmark: _Ref33438286]Here, higher estimated impact values (i.e., larger differences between ‘normal’ and ‘drought’ conditions) imply higher drought risk. A range of farm outcomes are used in this report to measure drought risk, including farm profit, farm household income, wheat yield and beef net birth rate as described below.
Farm profit measure
The farm profit drought risk measure is based on farm profit at full equity and is a comprehensive measure of the economic performance of farm businesses. Here farm profit is defined as farm cash income (farm receipts less cash costs) plus rent and interest payments, less deductions for depreciation and the value of family labour, plus changes in stocks including changes in livestock holdings (see ABARES farm survey documentation for more detail).
Accounting for changes in stocks is particularly important for livestock farms. As shown in Hughes at al. (2019b), the effects of drought on livestock farms are transmitted mostly through stock effects: drought leads to reductions in birth rate and increases in death and turn-off rates, which lead to reductions in herd size. Farm revenue and income, however, are largely determined by livestock turn-off and sales, rather than stock levels at a point in time. As such, livestock farms may experience limited reduction in farm cash income in a drought year, but will (due to reduced herd size) have lower income in subsequent years. The farm profit measure accounts for these flow-on drought effects by placing a financial value on lower stock holdings.
Figure 3 shows average simulated farm profit (across all regions and industries) for annual climate conditions between 1950–51 to 2019–20, holding farm characteristics, technology and prices fixed at current levels (referred to below as ‘current farms’; see Appendix A for details) and the resulting estimates of ‘normal’ and ‘drought’ outcomes. Over the simulation, national average farm profit fluctuated between about $40,000 and $200,000. The median farm profit was estimated at around $110,000. Farm drought risk is then defined as the percentage change in profit between the median and 10th percentile outcome (39% in this national average case). Note that drought risk is not a measure of overall financial performance or health. For example, it is possible for a farm to have low average profitability (but face limited drought risk) and vice versa. 
[bookmark: _Ref30511180][bookmark: _Toc54259482]Figure 3: Simulated farm profit (national average), broadacre farms, 1950–51 to 2019–20
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Source: ABARES farmpredict, Scenario 1 (see Appendix A).
Note that while this farm profit measure accounts for key farm stocks included in the farmpredict model (e.g., beef cattle and sheep and grain holdings) it does not account for some other forms of farm capital. Firstly, stocks of fodder (livestock feed) and other livestock holdings (pigs, goats etc.) are not modelled. Secondly, other forms of natural capital (such as soil quality) may be adversely affected by drought conditions but remain difficult to measure.
Farm household income measure
While the farm profit measure above can show the effects of drought on farm businesses, it has limitations as an indicator of the effects of drought on farm households. Here we define farm household income as farm cash income plus off-farm income (see ABARES farm survey documentation for more detail).
This measure of farm household income differs from farm profit in two main respects. Firstly, this measure focuses on short-run (annual) variability in farm income which is most relevant for farm households. For example, while drought can have strong effects on livestock farm profits, these farms can use their livestock holdings as a buffer, helping to smooth variation in annual household income (by for example selling more livestock during drought periods).
Secondly, this measure includes sources of off-farm income which can account for more than half of total income on smaller broadacre farms (see Hughes et al. 2019b). Clearly, farm households with large amounts of off-farm income will be (all else held constant) less sensitive to drought shocks.
The farm household income drought risk measure is defined as the change in the proportion of farms with farm household income greater than $50,000 between the 'normal' and 'drought' years (as defined above). Figure 4 shows the simulated proportion of farms with household income greater than $50,000 (across all broadacre regions and industries) based on climate conditions from 1950–51 to 2019–20 (see Appendix A). This measure can indicate the relative exposure of a given farm group (i.e., region, industry, type etc.) to drought-related farm household financial distress.
For this simulation, the proportion of farms nationally recording a household income above $50,000 ranged between 67.2% and 75.2% over the analysis period. In the median (‘normal’) year, 72.2% of farms recorded a household income above $50,000, while, in the 10th percentile ('drought') year, this declined to 69.0%.
This farm household income measure has two key limitations. Firstly, the threshold of $50,000 is arbitrary and is intended to represent a threshold for household welfare. In practice the exposure of farm households to financial stress will also depend on household expenses, which amongst other things will depend on the household size and composition; but this information is not available from the AAGIS farm survey data. While household expenses could vary greatly at a farm level, they would likely show less variation at the scales (i.e. AAGIS regions) used in this report.
[bookmark: _Ref30511194][bookmark: _Toc54259483]Figure 4: Simulated proportion of farms (national) with household income greater than $50,000 (national average) 1950–51 to 2019–20
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Source: ABARES farmpredict, Scenario 1 (see Appendix A).
Secondly, off-farm income is taken directly from AAGIS data (not as a product of the farmpredict model) and is therefore assumed to be completely independent of climate. Hence, simulated changes in household income represent changes to on-farm income sources only. In practice, non-farm income may be affected by drought conditions, for example famers may seek to increase their off-farm income in drought years (by finding outside employment). However, farm survey data (see Appendix B) shows that in aggregate off-farm incomes have been relatively stable over time.
Physical measures
Physical measures of farm production (such as crop yield) are frequently used to measure the productivity of farms and the effects of drought. While these measures are an imperfect proxy for farm financial outcomes, they can be useful in understanding the effects of drought. In this study we consider two physical measures: wheat yield (wheat harvest volume relative to area planted) and beef net birth rate (beef cattle births less deaths relative to opening beef cattle holdings) (as shown in Figure 5 and Figure 6).
Figure 5 shows the simulated variation in wheat yield for current Australian farms (i.e., current technology and current commodity prices) resulting from the historical climate variation between 1950–51 and 2019–20. The results show that simulated wheat yields ranged between 1.21 and 2.80 tonnes per hectare, with the median wheat yield estimated at 2.28 tonnes per hectare. In contrast, the yield in the 'drought' year is 1.62 tonnes per hectare, 29% below the median. Again, it should be noted that, while many factors can affect wheat yield (such as input use and farming region), the variation presented here is attributable only to climatic factors, as other factors such as technology and price are kept constant.
[bookmark: _Ref30511210][bookmark: _Toc54259484]Figure 5: Simulated wheat yield (national average) 1950–51 to 2019–20 
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Source: ABARES farmpredict, Scenario 1 (see Appendix A).
Figure 6 presents the simulated variation in beef net birth rates for current Australian farms (current technology and current commodity prices) arising from historical changes to climate parameters. Beef net birth rates were estimated at 30.6% (net births as a percentage of opening stock) in the median year, and 29.9% in the 'drought' year.
[bookmark: _Ref30511212][bookmark: _Toc54259485]Figure 6: Simulated beef net birth rate (national average) 1950–51 to 2019–20
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Source: ABARES farmpredict, Scenario 1 (see Appendix A).
Example drought risk measures
National drought risk indicators (national averages for all broadacre farms, assuming current technology and prices) are shown in Table 1. Note that these measures are intended primarily as a measure of relative risk. For example, these measures can be applied to specific region or industry sub-sets to measure relative drought risk (e.g., to test whether region A faces more or less drought risk than region B).
In this report drought risk is estimated as a percentage change between 'drought' and 'normal' year values. To account for cases where farm profit in ‘normal’ years is close to zero, a maximum value for profit drought risk of 200% is applied in the tables (and no estimates are reported where normal year profits are negative).
Based on these results, on average in a drought year the profits of broadacre farms are 38.5% below median profits, and the proportion of farms with incomes above $50,000 is 4.5% lower. Wheat yields are on average 28.7% lower in drought years compared to median years, and beef net birth rates are 2.3% lower.
[bookmark: _Ref31562788][bookmark: _Toc54259466]Table 1: Example drought risk measures (national average, all broadacre farms)
	
	Normal year
	Drought year
	Risk (%)

	Farm profit ($'000)
	109.5
	67.3
	38.5

	Farm household income > $50,000 (%)
	72.2
	69.0
	4.5

	Wheat yield (tonnes per hectare)
	2.3
	1.6
	28.7

	Beef net birth rate (%)
	30.6
	29.9
	2.3


Note: Drought risk is defined as the percentage change between normal and drought years. Beef net birth rate is cattle births less deaths divided by total opening stock. 
Source: ABARES farmpredict, Scenario 1 (see Appendix A).
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[bookmark: _Toc54259453]This section outlines some of the key drivers of drought risk including farm industry (i.e., mix of cropping vs livestock activity), farm size, farm manager characteristics and commodity prices.  The results in this section compare drought risk levels across different groups or subsets of current farms (using data from the most recent farm survey years, 2016–17 and 2018–19).  Further information on the assumptions and results is provided in Appendix A and B.
Farm industry
Table 2 shows the estimated drought risk of farm profit and household income for each broadacre industry (Figure 2). Based on both measures, cropping farms exhibit the greatest drought risk, while beef farms have the lowest drought risk.
Drought has very different effects on cropping and livestock farms. On cropping farms, drought leads to large reductions in production, due to both smaller areas planted and lower yields. In contrast, livestock farms generally respond to drought by increasing livestock turn-off (sales). Despite some offsetting drought price effects (higher grain prices and lower livestock prices, see Hughes et al. 2019) cropping farms remain subject to larger declines in farm cash income (and in-turn household income) in drought years.
As a result, cropping farms show much higher drought risk under the farm household income measure, with a large (14.9%) decline in the proportion of farms with household income above $50,000. Cropping farms also face more drought risk under the farm profit measure, although the differences across farm types are much smaller. This is because farm profit also accounts for changes in stock holdings, which tend to be negative for livestock farms in drought years (due to increased turn-off, lower birth and higher death rates).
[bookmark: _Ref31562871][bookmark: _Toc54259467]Table 2: Drought risk by industry (national)
	
	Normal year
	Drought year
	Risk (%)

	Farm profit ($'000)
	
	
	

	Cropping farms
	237.1
	115.5
	51.3

	Mixed farms
	149.1
	82.6
	44.6

	Sheep farms
	64.9
	41.7
	35.7

	Beef farms
	61.4
	46.2
	24.8

	Beef–Sheep farms
	89.8
	55.7
	38.0

	Farm household income > $50,000 (%)
	
	
	

	Cropping farms
	77.2
	65.6
	14.9

	Mixed farms
	77.7
	72.9
	6.1

	Sheep farms
	74.5
	72.2
	3.1

	Beef farms
	65.1
	63.3
	2.7

	Beef–Sheep farms
	80.0
	78.3
	2.1


Note: Drought risk is defined as the percentage change between normal and drought years. 
Source: ABARES farmpredict, Scenario 1. Model data includes farm characteristic, technology and price data from 2016–17 to 2018–19, and climate data from 1950–51 to 2019–20 (see Appendix A). 
[bookmark: _Toc54259454]Farm size
Smaller farms tend to be less profitable, with lower rates-of-return than large farms (see for example Hughes et al. 2019b). The modelling results show that smaller farms are also more sensitive to drought (based on the farm profit measure, Table 3). Note that as in Hughes et al. (2019b), farm size here is defined based on capital holdings relative to other farms in the same region and industry group (see Table 3).
On average, small farms have close to zero profits in drought years, giving an estimated drought risk of almost 100%. Medium and large farms exhibit progressively less drought risk. As expected, the proportion of farms with household income above $50,000 increases with farm size. However, while the vast majority of large farms maintain household income above $50,000 even in drought years, their sensitivity to drought (relative change between normal and drought years) is similar to that of small farms. This result partly reflects the fact that smaller farms generally have a much higher percentage of income from non-farm sources.
[bookmark: _Ref31563116][bookmark: _Toc54259468]Table 3: Drought risk by farm size (national, all industries)
	
	Normal year
	Drought year
	Risk (%)

	Farm profit ($'000)
	
	
	

	Small farms
	21.7
	0.4
	98.2

	Medium farms
	143.1
	90.8
	36.5

	Large farms
	514.0
	406.6
	20.9

	Farm household income > $50,000 (%)
	
	
	

	Small farms
	66.1
	62.8
	5.0

	Medium farms
	82.6
	79.5
	3.7

	Large farms
	85.4
	81.3
	4.8


Note: Drought risk is defined as the percentage change between normal and drought years. Farm size is defined based on highest, middle and lowest terciles (33rd percentiles) of opening capital stock conditional on farm industry and region.
Source: ABARES farmpredict, Scenario 1 (see Appendix A and Table 2).
[bookmark: _Toc54259455]Farmer management capacity
As previous studies using ABARES survey data have detailed factors such as age, education, training and health can affect the management capacities of farm managers and in-turn their productivity and profitability levels (ABARES 2019b; Nossal & Lim 2011).  For example, past results show that farms with older managers tend to have lower productivity and profitability (Nossal & Lim 2011).
Management capacities will affect many aspects of the farm enterprise, including output choice, the use of inputs and adoption of technologies, and attitudes to risk. Hence, these factors could also influence estimated drought risk.  Appendix B (see Table 4) presents a simple regression analysis, examining correlation between farm drought risk and two common proxies for farmer management capacity: age and education. The results suggests that, holding other factors constant, farm profit drought risk tends to be higher for older farm managers (greater than 65 years) relative to younger managers (less than 50 years old).  Higher education levels are found to have a negative effect on drought risk (more educated farm managers tend to take on greater drought risk) although this correlation is relatively weaker.
[bookmark: _Ref31979884]Measuring the effects of management capacity on drought risk is difficult, due to associations with other factors such as farm size, and further research would be required to confirm the extent of these effects. However, these and past results suggest some general differences between larger and more ‘profit driven’ farm businesses and smaller farms with higher relative levels of non-farm income and older farm managers. These smaller farms tend to have lower and more variable farm profits; although their household income remains relatively insensitive to drought given their higher off-farm incomes.
[bookmark: _Toc54259456]Cropping intensity	
Cropping intensity refers to the proportion of total farmland that is planted to crops (relative to land devoted to grazing or non-agricultural use). Higher cropping intensity is often associated with larger fluctuations in farm returns as a result of climate variability. As explained above, livestock enterprises have less variability in revenue because sales of livestock can help offset losses in cropping revenue. 
The household income measure shows higher drought risk at higher levels of cropping intensity, while farm profit drought risk is also high for farms with high cropping intensity (Table 5). Note however that normal year farm profits are also positively correlated with cropping intensity, meaning that these farms outperform others during relatively good climate years. This highlights the risky nature of cropping operations in variable climates. In practice, decisions over cropping intensity (as with many other aspects of farm production) involve trade-offs between risk and return: farms may be willing to tolerate high levels of drought sensitivity in order to increase average profitability (see the conclusions for further discussion).
[bookmark: _Ref31563190][bookmark: _Toc54259470]Table 5: Drought risk by cropping intensity (national, cropping farms)
	
	Normal year
	Drought year
	Risk (%)

	Farm profit ($'000)
	
	
	

	Low (<50% area)
	150.0
	72.2
	51.8

	Medium (50–80% area)
	205.0
	115.6
	43.6

	High (>80% area)
	208.5
	105.1
	49.6

	Farm household income > $50,000 (%)
	
	
	

	Low (<50% area)
	81.1
	76.4
	5.8

	Medium (50–80% area)
	81.3
	73.7
	9.4

	High (>80% area)
	71.6
	62.4
	12.8


Note: Drought risk is defined as the percentage change between normal and drought years.
Source: ABARES farmpredict, Scenario 1 (see Appendix A and Table 2).
[bookmark: _Toc54259457]Livestock holdings
Table 6 shows the effects of higher livestock holdings (higher stocking rates – number of livestock per unit area) on drought risk. As expected, higher opening livestock holdings lead to higher farm profits and incomes in the short-term. These higher stock holdings also tend to reduce drought risk: they lead to smaller percentage reductions in profit between normal and drought years.
As the sale of livestock can provide an additional revenue source in drought years, starting the year with higher stocks can help to reduce drought risk of farm profit (at least on an annual time scale). Similarly, having low farm stocks (as might occur after an extended period of drought) can make farm profit more sensitive to drought.
[bookmark: _Ref31982093][bookmark: _Toc54259471]Table 6: Drought risk with 10% increase in herd size (national, livestock farms)
	
	Normal year
	Drought year
	Risk (%)

	
	Baseline
	+10% herd size
	Baseline
	+10% herd size
	Baseline
	+10% herd size

	Farm profit ($’000)
	
	

	Sheep farms
	64.9
	89.4
	41.7
	64.8
	35.7
	27.5

	Beef farms
	61.4
	89.1
	46.2
	73.6
	24.8
	17.4

	Beef-Sheep farms
	89.8
	124.0
	55.7
	87.8
	38.0
	29.2

	Farm household income >$50,000 (%)
	
	

	Sheep farms
	74.5
	77.8
	72.2
	76.4
	3.1
	1.9

	Beef farms
	65.1
	69.4
	63.3
	68.4
	2.7
	1.4

	Beef-Sheep farms
	80.0
	85.4
	78.3
	83.9
	2.1
	1.9


Note: Drought risk is defined as the percentage change between normal and drought years.
Source: ABARES farmpredict, Scenario 5 (see Appendix A and Table 2).
However, given the nature of the farmpredict model these results exclude some negative aspects of higher livestock herd sizes. In practice, higher livestock holdings may leave farms exposed to a form of ‘capital depreciation’ where drought-affected livestock deteriorate more quickly in quality (and value). Further, in the longer-term high stocking rates could also have negative effects on pasture and soil quality which would make farms more drought sensitive (i.e., make pasture less resilient to low rainfall conditions). Such effects may not be captured fully by the farmpredict model due to the short-run (annual) timescale (this remains a potential subject for future research).
[bookmark: _Toc54259458]Commodity prices
Commodity prices also have effects on the sensitivity of farms to drought. On one hand, higher commodity prices lead to higher farm profits and income which will tend to reduce sensitivity to drought. On the other hand, high prices tend to encourage farmers to take on additional risk, which will increase drought sensitivity. For example, high crop prices may encourage some farms to increase crop intensity and expand into more marginal areas; both of these behaviours may increase drought sensitivity and reduce average yields.
Table 7 shows that the net effects of higher prices depends on the commodities involved. In years of high crop prices (such as 2008) drought risk is higher, as farms have an incentive to plant more land area to crops (increase cropping intensity), which increases their sensitivity to adverse climate events. In contrast, in years with higher livestock prices (such as 2018) drought risk tends to be relatively lower, as any drought-induced livestock sales generate higher revenue.
[bookmark: _Ref39854137][bookmark: _Toc54259472]Table 7: Drought risk by price year (national, all industries)
	

	Normal year
	Drought year
	Risk (%)

	1989 Prices
	
	
	

	Farm profit ($'000)
	37.3
	-9.8
	126.4

	Farm household income > $50,000 (%)
	56.3
	51.5
	8.5

	Wheat yield (t / ha)
	1.9
	1.4
	29.7

	Beef net birth rate (%)
	30.1
	29.4
	2.3

	2008 Prices (high crop prices)
	
	
	

	Farm profit ($'000)
	31.2
	-25.3
	181.0

	Farm household income > $50,000 (%)
	47.6
	40.6
	14.8

	Wheat yield (t / ha)
	1.9
	1.3
	32.9

	Beef net birth rate (%)
	30.1
	29.3
	2.4

	2018 Prices (high livestock prices)
	
	
	

	Farm profit ($'000)
	112.0
	74.4
	33.6

	Farm household income > $50,000 (%)
	73.2
	70.5
	3.8

	Wheat yield (t / ha)
	2.3
	1.7
	27.5

	Beef net birth rate (%)
	30.7
	29.9
	2.4


Note: In real terms, 2007–08 wheat prices were 33% above 1988–89 levels (while beef prices were 16% lower). In 2017–18 beef prices were 23% higher than 1988–99 (and wheat prices 24% lower). 
Source: ABARES farmpredict, Scenario 4 (see Appendix A). Model data includes farm characteristics and technology data from 2016–17 to 2018–19, price data from 1988–89 to 2018–19 and climate data from 1950–51 to 2019–20. 
[bookmark: _Toc54259459]Drought risk by region
This section presents regional results, showing differences in drought risk across ABARES AAGIS (Australian Agricultural and Grazing Industry Survey) regions (see Appendix B) given current farms and technology (Scenario 1, see Appendix A). Regional differences reflect both differences in farm drought sensitivity (driven by the factors outlined in the previous chapter including the mix of cropping and livestock activity, and other farm / farmer characteristics) and regional differences in exposure to climate variability (e.g., variation in rainfall).
The results are summarised below, with further detail in Appendix B. Figure 7 presents the farm profit drought risk of all farms within each region, with detailed results in Table 8. For the average of all industries, seven regions are estimated to have drought risk greater than 100: two in New South Wales, two in Victoria, and one each in Queensland, South Australia and Western Australia. Tasmania and Northern Territory have no regions with estimated drought risk exceeding 100.
[bookmark: _Ref32585455][bookmark: _Toc54259486]Figure 7: Estimated drought risk by region – farm profits
[image: ]
Note: Drought risk is defined as the percentage change in farm profit between normal and drought years.
Source: ABARES farmpredict, Scenario 1 (see Appendix A). See Appendix B for region definitions and results by industry.
Generally, regions with a higher proportion of cropping activity display greater drought risk, particularly regions in the lower (and more variable) rainfall areas of the cropping zone (with both high sensitivity and high exposure to drought). For example, in the WA cropping zone, drought risk is highest in the more inland and lower rainfall North and East Wheat Belt region and lower in livestock grazing regions such as Pilbara and the Central Pastoral region. Similarly, in Victoria higher drought risk is observed in the Central North and Mallee regions, where cropping intensity is higher.
As discussed above, estimated drought risk is lower based on the household income measure. There are some similarities in the regional incidence of drought risk under the profit and household income measures: Victoria Mallee, South Australia Eyre Peninsula and Western Australia North and East Wheat Belt exhibit relatively high risk under both measures (Figure 8). However, the household income measure also reveals some alternative regions with relatively high risk: Northern Territory Top End Darwin and the Gulf; Victoria Wimmera and South Australia Murray Lands and Yorke Peninsula. Drought risk also tends to be relatively lower across much of northern Australia under the farm income measure due in part to the larger farm sizes.
A large number of regions exhibit low drought risk (below 10%). In some of these regions household income levels are also relatively low. For example, New South Wales Coastal and Queensland South Coastal have a relatively low percentage of farms with household income above $50,000 (due both to low profitability and small farm scale); however this proportion shows little variation between normal and drought conditions. 
[bookmark: _Ref32585467][bookmark: _Toc54259487]Figure 8: Estimated drought risk by region – household income
[image: ]
Note: Drought risk is defined as the percentage change in proportion of households with greater than $50,000 household income between normal and drought years.
Source: ABARES farmpredict, Scenario 1 (see Appendix A). See Appendix B for region definitions and results by industry.
[bookmark: _Ref31968132]Appendix B presents household income drought risk estimates by region and industry. The results highlight that cropping generally has high drought risk, while livestock industries such as beef have relatively low risk. Table 8 also shows that some states have a large proportion of regions with high estimated average drought risk. In particular, three regions in New South Wales have negative average profits in drought years, which is also the case for two regions in both Victoria and Queensland, and one region in both South Australia and Western Australia.

[bookmark: _Ref46926167][bookmark: _Toc54259473]Table 8: Estimated average drought risk, profit and household income measures (by region, all industries)
	
	Farm profit ($000)
	Household income >$50,000 (%)

	Region
	Normal year
	Drought year
	Risk (%)
	Normal year
	Drought year
	Risk (%)

	NSW: Far West
	152.9
	67.4
	55.9
	75.8
	70.7
	6.8

	NSW: North West Slopes and Plains
	108.6
	10.9
	90.0
	73.0
	67.2
	8.0

	NSW: Central West
	68.7
	-20.8
	130.2
	82.5
	75.6
	8.3

	NSW: Riverina
	57.3
	-11.3
	119.7
	70.2
	65.9
	6.1

	NSW: Tablelands 
	62.5
	29.9
	52.1
	67.7
	64.9
	4.0

	NSW: Coastal
	-29.4
	-33.1
	n.a.
	51.7
	49.9
	3.5

	VIC: Mallee
	122.8
	-5.0
	104.1
	69.6
	51.3
	26.3

	VIC: Wimmera
	173.1
	47.7
	72.5
	76.4
	64.8
	15.2

	VIC: Central North
	18.5
	-17.9
	196.6
	60.4
	57.2
	5.3

	VIC: Southern and Eastern Victoria
	38.3
	29.5
	23.0
	66.4
	62.5
	5.9

	QLD: Cape York and the Queensland Gulf
	856.6
	699.5
	18.3
	86.4
	83.2
	3.6

	QLD: West and South West
	338.4
	265.9
	21.4
	81.9
	75.5
	7.8

	QLD: Central North
	336.6
	251.1
	25.4
	60.4
	59.3
	1.8

	QLD: Charleville – Longreach
	149.2
	80.3
	46.2
	83.5
	80.0
	4.2

	QLD: Eastern Darling Downs
	18.2
	-3.4
	118.9
	61.4
	58.1
	5.5

	QLD: Darling Downs and Central Highlands
	137.2
	85.1
	38.0
	75.9
	73.0
	3.8

	QLD: South Coastal – Curtis to Moreton
	13.3
	0.2
	98.4
	58.1
	57.0
	1.9

	QLD: North Coastal – Mackay to Cairns
	-4.4
	-23.2
	n.a.
	71.7
	68.7
	4.2

	SA: North Pastoral
	225.3
	119.5
	46.9
	86.8
	80.0
	7.9

	SA: Eyre Peninsula
	141.7
	-11.3
	107.9
	86.6
	64.9
	25.1

	SA: Murray Lands and Yorke Peninsula
	156.4
	90.3
	42.3
	68.9
	58.7
	14.9

	SA: South East
	106.1
	88.7
	16.4
	80.9
	78.1
	3.4

	WA: The Kimberley
	1,120.4
	776.6
	30.7
	85.6
	80.8
	5.6

	WA: Pilbara and the Central Pastoral
	381.6
	266.9
	30.1
	88.2
	84.8
	3.8

	WA: Central and South Wheat Belt
	366.0
	272.8
	25.5
	91.7
	88.6
	3.4

	WA: North and East Wheat Belt
	223.3
	-30.1
	113.5
	86.8
	67.5
	22.3

	WA: South West Coastal
	46.8
	40.9
	12.6
	82.8
	81.2
	1.9

	TAS: Tasmania
	75.6
	68.3
	9.7
	76.2
	73.8
	3.2

	NT: Alice Springs Districts
	772.4
	571.6
	26.0
	97.9
	97.9
	0.0

	NT: Barkly Tablelands
	3,868.3
	2,990.9
	22.7
	94.0
	87.5
	6.9

	NT: Victoria River District – Katherine
	1,076.0
	875.0
	18.7
	62.2
	56.5
	9.2

	NT: Top End Darwin and the NT Gulf
	393.8
	339.4
	13.8
	55.4
	43.6
	21.2


Note: Drought risk defined as percentage change between normal and drought years. Maximum estimated risk set to 200. n.a. not applicable because normal year profits are negative.
Source: ABARES farmpredict, Scenario 1 (see Appendix A). See Appendix B for region definitions.
[bookmark: _Toc46925945][bookmark: _Toc46925998][bookmark: _Toc46926314][bookmark: _Toc46926367][bookmark: _Toc32586703][bookmark: _Toc32586704][bookmark: _Toc54259460]Trends in drought risk
This section considers how farm drought risk has changed over time. Here the farmpredict model is applied to simulate the effects of climate variability on farm outcomes, allowing for changes to technology and farm characteristics (i.e., farm location , size, activity mix) while holding commodity prices fixed at current levels (Scenario 2 as described in Appendix A). These results take into account a wide range of industry trends over the period 1989 to 2019, including: improvements in technology and productivity growth; changes in farm management practices; changes in farm scale and industry composition (such as the mix and intensity of cropping and livestock activity); and changes in the regional distribution of farms across Australia. 
Figure 9 and Table 9 compare the trends in national average farm drought risk for different farm outcome measures. Overall, the results show that average drought risk has increased slightly over time based on the farm profit measure (Figure 9), while the household income measure has remained relatively stable (Table 10). As discussed, these trends reflect the combined (and in some cases offsetting) effects of multiple structural changes in the farm sector since 1989. In general, long-term increases in farm size and improvements in productivity have led to increases in average farm profits over the period (Table 10). However, structural changes including a shift towards increased cropping activity relative to livestock have contributed to increases in drought risk, particularly since the mid-1990s. 
[bookmark: _Ref39751970][bookmark: _Toc54259488]Figure 9: Estimated farm drought risk trend, 1989–2019 farm technology (for the fixed climate sequence 1950-51 to 2019-20), 5-year moving average – farm profit measure (national, all industries)
[image: ]
Note: Drought risk is defined as the percentage change between normal and drought years.
Source: ABARES farmpredict, Scenario 2 (see Appendix A). See Table 9 for related results.

[bookmark: _Ref39758310][bookmark: _Toc54259474]Table 9: Average farm outcomes and drought risk based on trends in technology and farm characteristics (Scenario 2), selected time periods (national, all industries)
	
	Farm/
technology year:
	Farm profit ($'000)
	Household income > $50,000 (%)
	Wheat yield (t / ha)
	Beef net birth rate (%)

	Normal year
	1989–93
	89.7
	73.8
	2.0
	29.1

	
	1994–98
	112.3
	80.8
	2.1
	29.3

	
	2004–08
	135.3
	75.6
	2.2
	27.8

	
	2014–19
	134.2
	76.1
	2.3
	30.0

	Drought year
	1989–93
	65.4
	69.8
	1.4
	28.4

	
	1994–98
	84.2
	77.1
	1.6
	28.6

	
	2004–08
	94.1
	71.1
	1.5
	27.2

	
	2014–19
	81.8
	72.6
	1.6
	29.4

	Risk (%)
	1989–93
	27.0
	5.5
	29.6
	2.2

	
	1994–98
	25.1
	4.6
	27.5
	2.5

	
	2004–08
	30.5
	6.0
	31.3
	2.3

	
	2014–19
	39.0
	4.6
	30.3
	2.2


Note: Drought risk is defined as the percentage change between normal and drought years. 
Source: ABARES farmpredict, Scenario 2 (see Appendix A).
Table 10, Figure 10 and Figure 11 present trends in drought risk by major industry / region groups. While these results are subject to a degree of noise[footnoteRef:2], they highlight some broad industry differences. In livestock industries, drought risk has shown some increase since 2008, while the Northern and Western cropping regions have shown general declines in drought risk over all time periods, In contrast, increases in farm profit risk have been strongest in the southern-Australian cropping sector, particularly between the late 1990s and early 2000s, with signs of a reduction in drought in risk post-2014. This trend reflects an increase in cropping intensity, with a significant increase in the percentage of farmland being planted to crops in southern Australia (on farms within the cropping and mixed-cropping livestock sectors)[footnoteRef:3]. This shift towards increased cropping intensity was driven initially by declines in wool prices following the closure of the wool price reserve scheme in the early 1990s. [2:  In particular, drought risk is especially high at the beginning of the period as average year profits approach zero for several of these farm groups under 1989 technology / management practices. Significant gains in farm size and technology in the early 1990s led to improvements in average profits and reductions in drought risk.]  [3:  Farm survey data show that cropping intensity has also increased (to a lesser extent) in the northern cropping zone where drought risk has shown some slight downward trend. However, livestock (sheep) holdings have remained relatively steady amongst northern cropping farms (while they have more than halved on average among southern and western cropping farmers).
] 

This pattern is similar to that observed in past research. In particular, Hughes et al. (2017) observe an increase in the sensitivity of cropping farm productivity and yields during the 1990s, followed by a decline post-2007 driven largely by improvements in technology (including the adoption of conservation tillage) which have helped to improve crop yields in dry periods. At an industry level, this recent decline in drought risk has also been supported by some migration of cropping activity away from regions with lower and more variable rainfall and into higher rainfall zones (Hughes et al. 2017). The results in this study are similar, with evidence of slight reductions in drought risk for both cropping farm profits and wheat yields in recent years.
In the livestock sector, the results show some slight increases in farm profit drought risk over time (Figure 10). Potential explanations for these trends include an increase in cropping activity on livestock farms over this period (particularly for sheep and sheep-beef farms) along with some migration of cropping activity (i.e., the conversion of mixed/cropping farms into livestock farms within lower rainfall / marginal parts of Australia). 
Figure 11 shows that household income risk has remained relatively stable over time across most farming groups. This partly reflects increases in farm size which have contributed to decreases in the proportion of farms with low household incomes both in normal and in drought years (at least within the western and northern cropping sectors, Table 10). Another relevant (although less important) trend has been increased use of on-farm crop storage silos, which help to smooth variation in farm cash incomes and hence farm household income, by allowing farms to store grain in good years and sell it in drought years.
Overall, the results demonstrate how farm drought risk is affected by changes in farm characteristics, particularly the mix of crop and livestock activity, farm size and location. While new technologies and increases in scale have helped to increase farm productivity and profits, some industry structural adjustments have also led to increases in drought risk. In the long-term, farm investment decisions are driven both by risk and return, and farms will be willing to make adjustments that increase drought risk where the gains in average profits are sufficient.
[bookmark: _Ref39852916][bookmark: _Toc54259475]Table 10: Average farm outcomes and drought risk based on trends in technology and farm characteristics (Scenario 2), 1994–2019, selected 5-year periods, by region/industry
	
	Normal year
	Drought year
	Risk (%)

	Farm/technology year:
	1994
–1998
	2004
–2008
	2014
–2019
	1994
–1998
	2004
–2008
	2014
–2019
	1994
–1998
	2004
–2008
	2014
–2019

	Farm profit ($'000)
	
	
	

	Beef
	27.2
	71.6
	40.1
	13.5
	55.3
	24.5
	50.4
	22.8
	38.9

	Sheep & Sheep-beef
	154.6
	157.8
	119.4
	135.6
	136.6
	94.7
	12.3
	13.4
	20.7

	Cropping & mixed – Northern
	73.5
	111.7
	161.3
	18.8
	39.7
	59.4
	74.4
	64.4
	63.2

	Cropping & mixed – Southern
	147.1
	133.4
	205.8
	76.9
	33.4
	66.2
	47.7
	75.0
	67.8

	Cropping & mixed – Western
	176.0
	330.1
	442.7
	103.1
	212.9
	274.8
	41.4
	35.5
	37.9

	Farm household income > $50,000 (%)
	
	
	

	Beef
	71.4
	66.9
	65.7
	70.0
	65.7
	64.4
	1.9
	1.8
	1.9

	Sheep & Sheep-beef
	88.2
	81.1
	83.4
	87.2
	80.1
	82.5
	1.1
	1.2
	1.1

	Cropping & mixed – Northern
	73.2
	74.8
	77.0
	62.5
	62.5
	65.6
	14.6
	16.5
	14.8

	Cropping & mixed – Southern
	83.6
	78.5
	80.3
	76.9
	66.1
	70.0
	8.0
	15.8
	12.9

	Cropping & mixed – Western
	84.4
	87.6
	94.4
	74.7
	76.4
	83.6
	11.5
	12.7
	11.5


[bookmark: _Hlk50712904]Note: Drought risk is defined as the percentage change between normal and drought years. n.a. not applicable because normal year profits are negative. Cropping regions: Northern (New South Wales, Queensland); Southern (Victoria, South Australia, Tasmania); Western (Western Australia).
Source: ABARES farmpredict, Scenario 2 (see Appendix A).
[bookmark: _Ref41570505][bookmark: _Toc54259489]Figure 10: Estimated farm profit drought risk, 1989–2019, 5-year periods, by industry/region
[image: ]
Source: ABARES farmpredict, Scenario 2 (see Appendix A). Values over 100% not shown (see Table 10). Cropping regions: Northern (New South Wales, Queensland); Southern (Victoria, South Australia, Tasmania); Western (Western Australia).
[bookmark: _Ref41570506][bookmark: _Toc54259490]Figure 11: Estimated household income drought risk, 1989–2019, 5-year periods, by industry/region
[image: ]
Source: ABARES farmpredict, Scenario 2 (see Appendix A). Cropping regions: Northern (New South Wales, Queensland); Southern (Victoria, South Australia, Tasmania); Western (Western Australia).
[bookmark: _Toc54259461]Conclusions
This report presents a framework for measuring the exposure and sensitivity of Australian farms to drought risk. The analysis presented here focuses on short-term financial aspects of drought risk for Australian broadacre farms. These estimates are made using ABARES farmpredict model, based on data from the Australian Agricultural and Grazing Industry Survey (AAGIS) and other market and climate datasets. These results could be used to inform government programs such as the Future Drought Fund which seek to improve farm and community resilience.
The report provides an indication of the key drivers of drought sensitivity and risk. In particular, the results show that cropping industries are more sensitive to drought than beef and sheep farms, as the latter are able to buffer returns during drought periods by selling stock. Similarly, cropping intensity is positively related to drought sensitivity, while higher stocking rates are associated with lower sensitivity (at least in the short-term).
Farmer age is also found to be correlated with drought risk. Here the results reveal some general differences between larger and more ‘profit driven’ farm businesses and smaller farms (with on average older farm managers) which tend to have high farm business drought risk but relatively stable household income (due to their greater reliance on off-farm incomes).
As expected, drier regions with variable rainfall (high exposure), and a larger proportion of cropping activity (high sensitivity) face higher drought risk. The more inland (lower rainfall) areas of the New South Wales, Victorian and Western Australian cropping zones are identified as having particularly high levels of farm drought risk.
[bookmark: _Hlk41636535]Over the period since 1988–89 improvements in technology and increases in farm scale have led to significant increases in average farm productivity and profitability. However, the results also show that farm drought risk has increased slightly over this period, driven in part by a trend towards greater cropping activity (a shift toward intensive crop farming and away from more diversified mixed cropping-livestock farm systems). In the cropping sector, farm drought risk has decreased in recent years, due largely to improvements in technology, along with some shifts in the location of cropping activity. Farm household income risk has remained more stable over time, with increases in farm size helping to offset more variable farm profits.
[bookmark: _Toc54259462]Applications, limitations and future research
The methods developed in this study could be applied on an ongoing basis to measure trends in farm drought risk. This model-based approach could provide a detailed understanding of long-term drought risk trends, while controlling for short-term climate variability. However, this approach still has some important limitations that need to be considered.
[bookmark: _Hlk41637035]Firstly, as with more common industry indicators, such as measures of total factor productivity (TFP) drought risk remains only a partial measure of industry (or region) performance and needs to be interpreted carefully. For example, increases in drought risk are not always necessarily undesirable, particularly if they are associated with increases in profitability (of which the same can be said for TFP; see O’Donnell 2010).
This means that some positive industry developments such as better farming technologies (which increase average profitability) could lead to increases in drought risk (if the gains are larger in average and wetter conditions than in drought). Further, even technologies or other adaptations designed to mitigate farm risk (such as drought tolerant crops or new drought insurance products) are not guaranteed to decrease farm risk in the longer-term. For example, further uptake of drought insurance has the potential to reduce volatility in farm profit and household income, but could also enable farmers to accept more production risk by adopting more aggressive (i.e., higher risk and higher return) farming systems. As such the benefits of improved risk management may be observed as much through increased industry productivity / profits as through reduced drought risk.
Secondly, while model results can isolate some external factors (such as climate, prices and farm characteristics) they are not able to identify the effects of specific government programs (such as those related to the Future Drought Fund). Similar to Total Factor Productivity, measures of drought risk assess general industry trends, but offer limited guidance on the influence of specific causes (such as R&D activity). In practice, ex-post assessments of government drought resilience investments would require more targeted analysis tracking the outcomes of specific interventions. This could include collecting panel data on farms participating in specific programs (both pre and post the intervention) to support statistical analysis of causal effects.
Third, the methodology developed in this study focuses narrowly on short-term farm business drought risk, ignoring broader longer-term concepts of adaptive capacity and drought resilience, which become more relevant at the farm industry and regional community levels. In practice, drought resilience depends heavily on regional adaptive capacity, including the extent of off-farm and non-agricultural economic activity and the strength of local infrastructure, social services and networks. The farmpredict analysis cannot account for these broader aspects of adaptive capacity and resilience. The drought risk measures developed in this study could however be combined with economic and social adaptive capacity indicators as has been attempted in previous studies (Nelson et al. 2010).
[bookmark: _Toc430782160][bookmark: _Ref31561352][bookmark: _Toc54259463]Appendix A: farmpredict scenarios
The results in this report are generated using five farmpredict scenarios as detailed below (Table 11). Each scenario involves different assumptions for four aspects of the model: farm characteristics, technology, prices and climate as described below:
· farm characteristics – the farm characteristics and farm fixed input variables in the model including farm location, industry, farm size, capital, opening livestock holdings, opening grain stocks and farmer characteristics (age and education) (see Hughes et al. 2019a for more detail).
· technology – technology refers to the model time trend variable (Z_year see Hughes et al. 2019a) which captures ‘disembodied’ technical change over time, such as changes in management practices (such as crop tillage) or crop/livestock genetics or any other time related changes not captured by model variables.
· prices – prices include the prices of all modelled output commodities (wheat, barley, sorghum, oilseeds, beef, wool, lamb, sheep) and modelled inputs (chemicals, fertiliser, fodder, fuel).
· climate – climate refers to all model weather variables (see Hughes et al. 2019a), including rainfall volume, timing and distribution, soil moisture, maximum and minimum temperatures and temperature extremes.
Each scenario simulates an historical climate sequence (the period 1950–51 to 2019–20), typically holding one or more of the first three factors (farm characteristics, technology and prices) constant at ‘current’ levels (based on the period 2016–17 to 2018–19). In some scenarios, a combination of climate and one or more of the other factors are simulated (for example scenario 4 simulates the historical climate sequence separately for each price year, holding farm characteristics and technology fixed at current levels.
[bookmark: _Ref51936054][bookmark: _Toc54259476]Table 11: farmpredict scenario definitions
	Scenario 
	Fixed at current values
	Simulated 

	1 
	farm characteristics, technology, prices
	climate (1950–51 to 2019–20)

	2 
	prices
	climate (1950–51 to 2019–20) by farm characteristics / technology (1988–89 to 2018–19)

	3
	-
	climate (1950–51 to 2019–20) by farm characteristics / technology / prices (1988–89 to 2018–19) 

	4
	farm characteristics, technology
	climate (1950–51 to 2019–20) by prices (1988–89 to 2018–19)

	5
	farm characteristics, technology, prices
	climate (1950–51 to 2019–20) +10% increase in beef and sheep holdings


[bookmark: _Ref32564793][bookmark: _Toc54259464]Appendix B: Detailed results
[bookmark: _Toc54259491]Figure 12: Farm cash income and non-farm income, national, all industries, 1989–2019
 [image: ]
Source: AAGIS farm survey data.

[bookmark: _Toc54259492]Figure 13: ABARES AAGIS regions
[image: ]
[bookmark: _Toc54259493]Figure 14: Interpolated map of drought risk (farm profit measure) 
[image: ]
Note: Drought risk is defined as the percentage change between normal and drought years. 
[bookmark: _Toc54259494]Figure 15: Estimated drought risk by region and industry: farm profits
[image: ]
Note: Drought risk is defined as the percentage change between normal and drought years.
[bookmark: _Toc54259495]Figure 16: Estimated drought risk by region and industry: household income
[image: ]
[bookmark: _Ref31624799]Note: Drought risk is defined as the percentage change between normal and drought years.
[bookmark: _Toc54259477]Table 12: Estimated drought risk by region and industry – farm profits
	Region
	Cropping
	Mixed
	Sheep
	Beef
	Sheep-Beef

	NSW: Far West
	88.5
	46.2
	57.2
	n.e.
	200.0

	NSW: North West Slopes and Plains
	80.3
	70.9
	200.0
	n.a.
	200.0

	NSW: Central West
	141.8
	122.4
	112.0
	95.7
	190.1

	NSW: Riverina
	n.a.
	97.9
	78.6
	36.3
	22.5

	NSW: Tablelands 
	n.e.
	61.2
	40.3
	100.2
	37.6

	NSW: Coastal
	n.e.
	n.e.
	n.e.
	n.a.
	n.e.

	VIC: Mallee
	102.3
	140.2
	n.e.
	167.5
	n.e.

	VIC: Wimmera
	78.7
	82.5
	15.8
	n.e.
	n.a.

	VIC: Central North
	109.1
	200.0
	117.2
	n.a.
	n.e.

	VIC: Southern and Eastern Victoria
	38.4
	18.5
	18.1
	n.a.
	10.9

	QLD: Cape York and the Queensland Gulf
	n.e.
	n.e.
	n.e.
	18.3
	n.e.

	QLD: West and South West
	n.e.
	n.e.
	n.e.
	21.1
	90.5

	QLD: Central North
	n.e.
	n.e.
	n.e.
	25.4
	n.e.

	QLD: Charleville - Longreach
	n.e.
	n.e.
	200.0
	44.4
	59.2

	QLD: Eastern Darling Downs
	64.0
	n.a.
	n.e.
	200.0
	n.e.

	QLD: Darling Downs and Central Highlands
	70.6
	48.5
	n.e.
	32.1
	n.e.

	QLD: South Coastal – Curtis to Moreton
	n.a.
	n.a.
	n.e.
	67.2
	n.e.

	QLD: North Coastal – Mackay to Cairns
	n.e.
	n.e.
	n.e.
	n.a.
	n.e.

	SA: North Pastoral
	96.5
	91.2
	56.0
	48.8
	n.e.

	SA: Eyre Peninsula
	128.6
	85.6
	155.8
	n.e.
	n.e.

	SA: Murray Lands and Yorke Peninsula
	47.0
	45.2
	169.3
	n.e.
	n.e.

	SA: South East
	36.0
	55.6
	6.5
	50.3
	7.4

	WA: The Kimberley
	n.e.
	n.e.
	n.e.
	30.7
	n.e.

	WA: Pilbara and the Central Pastoral
	n.e.
	n.e.
	n.e.
	30.0
	n.e.

	WA: Central and South Wheat Belt
	38.8
	19.1
	12.4
	n.e.
	n.e.

	WA: North and East Wheat Belt
	122.4
	74.6
	n.e.
	n.e.
	n.e.

	WA: South West Coastal
	n.e.
	12.9
	n.a.
	12.7
	n.e.

	TAS: Tasmania
	n.e.
	10.4
	14.0
	6.0
	n.e.

	NT: Alice Springs Districts
	n.e.
	n.e.
	n.e.
	26.0
	n.e.

	NT: Barkly Tablelands
	n.e.
	n.e.
	n.e.
	22.7
	n.e.

	NT: Victoria River District – Katherine
	n.e.
	n.e.
	n.e.
	18.4
	n.e.

	NT: Top End Darwin and the NT Gulf
	n.e.
	n.e.
	n.e.
	n.e.
	n.e.

	All regions
	51.3
	44.6
	35.7
	24.8
	38.0


Note: Drought risk defined as percentage change between normal and drought years. Maximum estimated risk set to 200. n.a. not applicable because normal year profits are negative; n.e. insufficient sample to estimate drought risk.
Source: ABARES farmpredict, Scenario 1 (see Appendix A). See above for region definitions.


[bookmark: _Ref31624809]

[bookmark: _Ref31905789][bookmark: _Toc54259478]Table 13: Estimated drought risk by region and industry – household income
	Region
	Cropping
	Mixed
	Sheep
	Beef
	Sheep-Beef

	NSW: Far West
	n.e.
	n.e.
	10.8
	n.e.
	8.9

	NSW: North West Slopes and Plains
	22.2
	10.4
	6.7
	7.9
	7.1

	NSW: Central West
	33.9
	15.3
	4.5
	1.5
	9.5

	NSW: Riverina
	8.8
	3.8
	16.1
	0.1
	2.6

	NSW: Tablelands 
	n.e.
	7.1
	9.0
	0.2
	4.6

	NSW: Coastal
	n.e.
	n.e.
	n.e.
	3.9
	n.e.

	VIC: Mallee
	34.7
	19.9
	n.e.
	6.5
	n.e.

	VIC: Wimmera
	33.4
	9.0
	3.3
	n.e.
	n.a.

	VIC: Central North
	28.4
	10.4
	3.6
	n.a.
	n.e.

	VIC: Southern and Eastern Victoria
	40.7
	19.1
	0.2
	11.1
	1.4

	QLD: Cape York and the Queensland Gulf
	n.e.
	n.e.
	n.e.
	3.6
	n.e.

	QLD: West and South West
	n.e.
	n.e.
	n.e.
	10.9
	n.a.

	QLD: Central North
	n.e.
	n.e.
	n.e.
	1.9
	n.e.

	QLD: Charleville – Longreach
	n.e.
	n.e.
	n.a.
	5.1
	9.1

	QLD: Eastern Darling Downs
	3.6
	51.0
	n.e.
	3.3
	n.e.

	QLD: Darling Downs and Central Highlands
	18.8
	9.0
	n.e.
	2.4
	n.e.

	QLD: South Coastal – Curtis to Moreton
	0.6
	23.4
	n.e.
	1.9
	n.e.

	QLD: North Coastal – Mackay to Cairns
	n.e.
	n.e.
	n.e.
	4.6
	n.e.

	SA: North Pastoral
	20.1
	15.4
	10.3
	11.9
	n.e.

	SA: Eyre Peninsula
	45.4
	11.6
	10.6
	n.e.
	n.e.

	SA: Murray Lands and Yorke Peninsula
	14.4
	20.5
	8.7
	n.e.
	n.e.

	SA: South East
	3.7
	11.1
	0.2
	5.0
	10.3

	WA: The Kimberley
	n.e.
	n.e.
	n.e.
	5.6
	n.e.

	WA: Pilbara and the Central Pastoral
	n.e.
	n.e.
	n.e.
	3.9
	n.e.

	WA: Central and South Wheat Belt
	8.9
	4.0
	0.6
	n.e.
	n.e.

	WA: North and East Wheat Belt
	39.4
	15.9
	n.e.
	n.e.
	n.e.

	WA: South West Coastal
	n.e.
	5.7
	n.a.
	3.6
	n.e.

	TAS: Tasmania
	n.e.
	7.8
	8.5
	4.0
	23.4

	NT: Alice Springs Districts
	n.e.
	n.e.
	n.e.
	n.a.
	n.e.

	NT: Barkly Tablelands
	n.e.
	n.e.
	n.e.
	6.9
	n.e.

	NT: Victoria River District – Katherine
	n.e.
	n.e.
	n.e.
	n.e.
	n.e.

	NT: Top End Darwin and the NT Gulf
	n.e.
	n.e.
	n.e.
	n.e.
	n.e.

	All regions
	14.9
	6.1
	3.1
	2.7
	2.1


Note: Drought risk defined as percentage change between normal and drought years. n.a. not applicable because normal year profits are negative; n.e. insufficient sample to estimate drought risk.
Source: ABARES farmpredict, Scenario 1 (see Appendix A). See above for region definitions.







[bookmark: _Toc54259479]Table 14: Annual rainfall variability, by region
	Region
	Rainfall variability (%)

	
	

	NSW: Far West
	32.1

	NSW: North West Slopes and Plains
	28.9

	NSW: Central West
	26.9

	NSW: Riverina
	27.0

	NSW: Tablelands 
	28.7

	NSW: Coastal
	32.6

	VIC: Mallee
	32.5

	VIC: Wimmera
	26.7

	VIC: Central North
	31.8

	VIC: Southern and Eastern Victoria
	22.3

	QLD: Cape York and the Queensland Gulf
	41.6

	QLD: West and South West
	29.7

	QLD: Central North
	36.4

	QLD: Charleville – Longreach
	35.0

	QLD: Eastern Darling Downs
	27.6

	QLD: Darling Downs and Central Highlands
	28.8

	QLD: South Coastal – Curtis to Moreton
	30.1

	QLD: North Coastal – Mackay to Cairns
	37.2

	SA: North Pastoral
	34.0

	SA: Eyre Peninsula
	25.5

	SA: Murray Lands and Yorke Peninsula
	26.7

	SA: South East
	18.0

	WA: The Kimberley
	50.8

	WA: Pilbara and the Central Pastoral
	41.4

	WA: Central and South Wheat Belt
	23.4

	WA: North and East Wheat Belt
	27.2

	WA: South West Coastal
	18.5

	TAS: Tasmania
	23.8

	NT: Alice Springs Districts
	56.1

	NT: Barkly Tablelands
	53.3

	NT: Victoria River District – Katherine
	32.9

	NT: Top End Darwin and the NT Gulf
	27.5


Note: Rainfall variability defined as percentage change between normal and drought years. See above for region definitions.








Table 15 presents the results of a simple linear regression model, measuring the correlation between farm drought risk (at the farm business level) the key drivers identified in section 2 along with measures of farmer age and education.  Note that the farmer age statistic collected in ABARES surveys refers to the designated 'farm operator-manager' and there may be others also involved in the management of the farm. Based on this measure, 22% of farm managers in the sample are under 50 years of age, 50% are 50 to 65 years of age, and 27% are older
Consistent with section 2, the below results show that higher farm drought risk is associated with cropping (rather than livestock) farms, higher cropping intensity,  lower livestock holdings and smaller farm sizes. The below regression also suggests a positive relationship between farm drought risk and older farm managers. Education is found to have a weak negative correlation with drought risk (more educated farm managers tend to take on greater drought risk). 
These results need to be treated with a degree of caution given the high levels of noise in the drought risk indicators at the unit record level. Further examination of the farm-level drivers of drought risk remains a potential subject for future research.

[bookmark: _Ref54962278]Table 15: Regression of farm drought risk (profit measure) against key drivers
	                    
	Coefficient
	P value

	Constant
	405.1177
	0.000

	Farm size (small)
	6.4405
	0.000

	Farm size (medium)
	11.0094
	0.000

	Farmer age 50 to 65 
	5.8858
	0.000

	Farmer age > 65
	9.3511
	0.000

	Industry (Mixed farms)
	-11.4334
	0.000

	Industry (Sheep farms)
	-31.9029
	0.000

	Industry (Beef farms)
	-33.0085
	0.000

	Industry (Beef-Sheep farms)
	-30.8506
	0.000

	State (Vic.)
	-13.5358
	0.000

	State (QLD)
	-29.5439
	0.000

	State (SA)
	-18.8698
	0.000

	State (WA)
	-59.5156
	0.000

	State (TAS)
	1.3621
	0.701

	State (NT)
	-56.4245
	0.000

	Farmer education (Primary)
	-11.0513
	0.045

	Farmer education (Year 10)
	-4.0878
	0.009

	Farmer education (Year 11-12)
	-2.4079
	0.076

	Latitude
	3.1591
	0.000

	Longitude
	-1.2135
	0.000

	Average rainfall
	-0.6291
	0.000

	Opening Beef cattle stock
	-0.0006
	0.000

	Opening Sheep stock
	-0.001
	0.000

	Crop land area
	0.0019
	0.000

	Total land area
	3.92E-06
	0.464

	R2
	0.165
	

	N
	10,521
	 



[bookmark: _Toc430782162][bookmark: _Toc54259465]References
ABARES 2019a, Farm surveys definitions and methods, November, https://www.agriculture.gov.au/abares/research-topics/surveys/farm-definitions-methods#sample--weighting.
ABARES 2019b, Productivity drivers, November, https://www.agriculture.gov.au/abares/research-topics/productivity/productivity-drivers#management--skill-and-labour.
ABS (Australian Bureau of Statistics) 2004, Yearbook Australia 2004, Cat. No. 1301.0, https://www.abs.gov.au/ausstats/abs@.nsf/46d1bc47ac9d0c7bca256c470025ff87/81a2e2f13aa7994bca256dea00053932!OpenDocument.
Allen Consulting 2005, Climate change risk and vulnerability, report to the Australian Greenhouse Office, Department of the Environment and Heritage, Canberra, available at http://www.sfrpc.com/Climate%20Change/4.pdf (pdf 1.86mb).
[bookmark: _Hlk54170813]Boult, C & Chancellor, W 2019, ‘Productivity of Australian broadacre and dairy industries 2017–18’, ABARES Agricultural Commodities March 2019, pp 155-168, https://www.agriculture.gov.au/sites/default/files/sitecollectiondocuments/abares/agriculture-commodities/AgCommodities201903_v1.0.0.pdf (pdf 16.6mb).
Gallopin, GC 2006, 'Linkages between vulnerability, resilience, and adaptive capacity', Global Environmental Change, 16: 293–303, http://doi.org/10.1016/j.gloenvcha.2006.02.004.
Gibbs, W & Maher, J 1967, ‘Rainfall deciles as drought indicators’, Bureau of Meteorology Bulletin.
Hughes, N, Lawson, K, & Valle, H 2017, Farm performance and climate: climate adjusted productivity on broadacre cropping farms, Australian Bureau of Agricultural; Resource Economics; Sciences, https://www.agriculture.gov.au/abares/research-topics/climate/farm-performance-climate.
Hughes, N, Soh, W, Boult, C, Lawson, K, Donoghoe, M, Valle, H, & Chancellor, W 2019a, ‘farmpredict: A micro-simulation model of Australian farms’, ABARES working paper, https://www.agriculture.gov.au/abares/research-topics/working-papers/farmpredict.
Hughes, N, Galeano, D, & Hatfield-Dodds, S 2019b, The effects of drought and climate variability on Australian farms, Australian Bureau of Agricultural and Resource Economics and Sciences, Canberra. CC BY 4.0. http://doi.org/10.25814/5de84714f6e08.
Hughes, N (in press), Defining drought from the perspective of Australian farmers, ABARES working paper.
Kokic, P, Nelson, R, Meinke, H, Potgieter, A & Carter, J 2007, From rainfall to farm incomes – transforming advice for Australian drought policy. I. Development and testing of a bioeconomic modelling system, Australian Journal of Agricultural Research, 58, pp. 993-1003, https://doi.org/10.1071/AR06193.

Laurie, A, Curtis, M, Heath, R, Darragh, L & McRobert, K 2019, Australian agriculture: an increasingly risky business, Research Report, Australian Farm Institute (AFI), April, http://www.farminstitute.org.au/publications-1/research-reports/research-report-australian-agriculture-an-increasingly-risky-business.
Nelson, DR, Adger, WN & Brown, K 2007, Adaptation to environmental change: contributions of a resilience framework, Annual Review of Environmental Resources, 32:1, pp. 395-419.
Nelson, R, Kokic, P, Crimp, S, Martin, P, Meinke, H, Howden, SM, de Vail, P & Nidumolu, U 2010, The vulnerability of Australian rural communities to climate variability and change: Part II – Integrating impacts with adaptive capacity, Environmental Science & Policy, 13:1, pp. 18-27, February, https://doi.org/10.1071/AR06195.
Nossal, K & Lim, K 2011, Innovation and productivity in the Australian grains industry, ABARES research report 11.06, Canberra, July, https://grdc.com.au/__data/assets/pdf_file/0023/170285/innovation-and-productivity-in-the-australian-grains-industry.pdf.pdf (pdf 605kb).
O’Donnell, CJ 2010, ‘Measuring and decomposing agricultural productivity and profitability change’, Australian Journal of Agricultural and Resource Economics, vol. 54, no. 4, pp. 527–60.
Sheng, Y, Jackson, T, & Davidson, A 2015, Resource reallocation and its contribution to productivity growth in Australian broadacre agriculture. Canberra: Australian Bureau of Agricultural and Resource Economics and Sciences, http://data.daff.gov.au/data/warehouse/9aap/2015/rrcpgd9aap_20150417/ResReallocContribProdGrowth_20150417_v1.0.0.pdf (pdf 881kb).
ABARES
19
image1.png




image2.png




image3.jpeg
Drought exposure
» Rainfall volume & timing

» Soil moisture
» Min & max temperature ~ ——

Drought impact ) Adaptive capacity
(risk) » Physical capital
. 3 o 0 Change in farm ) » Natural capital
Drought sensitivity outcornes (e.g. profit, ZI\_ »Financial capital

household income) » Human capital

» Social capital

» Technology
» Management practices
» Farm fixed inputs |

(e.g. land, livestock, [
equipment) l
» Farm & farmer C .t
characteristics * Drought vulnerability & resilience

Ability to absorb, respond, and recover from drought





image4.emf

image5.emf
 $-

 $20,000

 $40,000

 $60,000

 $80,000

 $100,000

 $120,000

 $140,000

 $160,000

 $180,000

 $200,000

1950

–

51

1953

–

54

1956

–

57

1959

–

60

1962

–

63

1965

–

66

1968

–

69

1971

–

72

1974

–

75

1977

–

78

1980

–

81

1983

–

84

1986

–

87

1989

–

90

1992

–

93

1995

–

96

1998

–

99

2001

–

02

2004

–

05

2007

–

08

2010

–

11

2013

–

14

2016

–

17

2019

–

20

Profit at full equity

Annual simulated farm profit 50th Percentile (normal) 10th Percentile (drought)
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Proportion of farms 

>$50,000 household income

Annual simulated household income (% above $50,000) 50th Percentile (normal) 10th Percentile (drought)
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Simulated wheat yield (t/ha)

Annual simulated wheat yield 50th Percentile Wheat Yield 10th Percentile Wheat Yield
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Simulated beef net birth rate (%)

Annual simulated beef net birth rate 50th Percentile beef net birth rate 10th Percentile beef net birth rate
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