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Abstract  
Climate change (in the absence of mitigation and adaptation) could potentially have significant impacts on 
Australia’s agricultural production and trade competitiveness through changes in domestic and international 
agricultural productivity and through changes in demand for agricultural products. Given the potential impacts of 
climate change across all sectors of the economy there is recognition that both mitigation and adaptation 
measures must be undertaken. Adaptation measures will be fundamental in coping with the impacts of climate 
change in the agriculture sector. In the past the Australian agriculture sector has been able to adjust and adapt 
successfully to external drivers, such as changes in the natural resource base and climate variability. Continuing 
improvement in agricultural productivity and international competitiveness in Australian agriculture will be 
integral as Australia potentially faces more extreme impacts of climate change than its competitors. 

 
Introduction 
Agriculture plays an important role in Australia’s economy. Agriculture directly contributes around 2 per 
cent of gross domestic product (GDP) in Australia and employs around 308 000 people (ABARE 2008). In 
addition, the food manufacturing industry contributes a further 2 per cent of GDP and the industry employs 
an additional 192 000 people (ABARE 2008). Around two-thirds of Australian agricultural production is 
exported (DAFF 2007) and exports of agricultural products account for about 18 per cent of total Australian 
merchandise exports (ABARE 2008). In 2006-07, Australia was the world’s second largest exporter of 
cotton, beef and sheep meat, the third largest exporter of skim milk powder and the fourth largest wheat 
exporter (ABARE 2007). The food manufacturing industry had an export value of around $13.8 billion in 
2005-06 which is equivalent to about 1.5 per cent of Australia’s GDP (ABS 2007). 
 
Scientific projections indicate that changes in temperature, precipitation and extreme weather events are 
likely to occur in the coming century and that these changes will vary between regions of the world 
(IPCC 2007a). These projected changes in climate are likely to have significant impacts on global 
agricultural production (see Cline 2007) and trade patterns. In this paper some of the projected changes in 
Australian climate and their potential impacts on Australian agricultural production and exports are 
examined. Finally, a brief discussion of potential mitigation and adaptation measures in the agriculture sector 
is provided. 
 
Projected changes in climate 
Temperatures 
Given a range of potential future global greenhouse gas emissions pathways, as reported in the 
Intergovernmental Panel on Climate Change (IPCC) Special Report on Emission Scenarios (SRES) 
(IPCC 2000), the average temperature in Australia is projected to increase by 1–5°C at 2070 compared with 
1990 (CSIRO and Bureau of Meteorology (BoM) 2007, table 1). The increase in temperature is expected to 
vary between regions in Australia. Warming is expected to be greatest in inland areas and least in coastal and 
mountainous regions. 
 
Table 1. Projected future increases in average temperatures (°C) in Australia, compared with 1990. 

 2030 2050 2070 
Australia 1 0.8 – 2.8 1.0 – 5.0 
 Coastal 0.7-0.9   
 Inland 1-1.2   

Source: CSIRO & BoM (2007) 
 
Precipitation  
Best estimate projections from CSIRO and BoM (2007) indicate potentially little change in precipitation for 
northern Australia and decreases of around 10 per cent in southern areas by 2070, relative to 1990 levels. 
Changes in precipitation levels are also expected to vary widely across regions and seasons in Australia. 
Although northern Australia is projected to experience little change in rainfall levels over the next sixty 
years, south western areas in Australia are projected to experience decreased rainfall of up to 40 per cent by 
2070 in winter and spring relative to 1990 levels (table 2). 
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Table 2. Projected future percentage change in precipitation in Australia, compared to 1990. 

 2030 2050 2070 
Annual    
 Northern (and central 

and eastern for 2050 
and 2070) 

-10 – 5 -20 – 10 -30 – 20 

 Southern areas -10 – 0 -20 – 0 -30 – 5 
Winter & spring    
 South-east -10 – 0 -20 – 0 -35 – 0 
 South-west -15 – 0 -30 –0 -40 – 0 
 Eastern areas -15 – 5 -20 – 10 -40 – 15 
Summer & autumn -15 – 10 -20 – 15 -40 – 30 

Source: CSIRO & BoM (2007) 
 
Extreme events 
CSIRO and BoM (2007) project that there will be up to 20 per cent more drought months over most of 
Australia by 2030 relative to 1990 levels. By 2070, up to 40 per cent more drought months are projected in 
eastern Australia and up to 80 per cent more in south western Australia. Extreme daily precipitation events 
are expected to become more frequent in the north but less frequent in the south. Throughout Australia 
precipitation events are projected to become heavier and be followed by longer dry spells. This is expected to 
lead to an increased occurrence of floods and erosion of soils (CSIRO and BoM 2007).  
  
Climate change: implications for agriculture 
Potential changes in key climate variables in Australia are projected to result in a loss of agricultural 
productivity, declines in crop yields, pasture growth and livestock production returns and a rise in 
agricultural production costs, relative to what would otherwise be. The relative impacts of climate change on 
Australian agriculture will be potentially more severe than in other countries which is likely to lead to a loss 
in competitiveness and, hence overall output relative to what would otherwise be (Cline 2007; 
Crimp et al. 2002; Heyhoe et al. 2007; Preston and Jones 2006). 
 
Furthermore, a slowdown in global economic activity driven by climate change related impacts is likely to 
result in a decline in the demand for some agricultural products in some regions, relative to what would 
otherwise be. The magnitude of the likely declines in demand for agricultural commodities will vary 
depending on the degree of demand responsiveness to changes in income and prices in different economies 
with respect to different farm products. 
 
According to illustrative ABARE analysis (see Gunasekera et al. (2007a) for more details), expected future 
climate changes and associated declines in agricultural productivity and global economic activity are likely 
to affect production of key farm commodities globally and in Australia. In this illustrative analysis, estimates 
of potential impacts of climate change on regional agricultural productivity from a recent study by Cline 
(2007) were used assuming no carbon fertilisation (table 3). It should be noted that this analysis assumes no 
planned adaptation or mitigation. The assumed climatic changes which underlie Cline's (2007) projections 
are based on the SRES A2 emissions pathway (IPCC 2000). According to Stern (2006), potential changes in 
climate can affect long term global economic activity through at least three processes: through market 
impacts (for example, through impacts on the energy sector and coastal regions); through nonmarket impacts 
(impacts on the environment); and through the risk of catastrophic impacts (such as cyclones). Given this 
background, and based on Stern (2006), in this ABARE modelling analysis it has been assumed that in 
developed and developing economies economic activity will decline by 5 per cent and 10 per cent 
respectively by 2050, relative to what would otherwise be the case, as a result of the economy-wide impacts 
of potential changes in climate. Further details about the modelling assumptions and methodology can be 
found in Gunasekera et al. (2007a). 
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Table 3. Projected changes in agricultural productivity due to climate change without carbon fertilisation at 
2050, relative to what would otherwise be. 
 % 
Australia -17 
Japan -4 
New Zealand 1 
Canada -1 
United States -4 
European Union -4 
rest of Europe -4 
Brazil -10 
Argentina -7 
China -4 
India -25 
ASEAN -12 
least developed economies -18 
rest of the world -13 
Source: based on Cline (2007) 
 
Illustrative ABARE modelling results (Gunasekera et al. 2007a) indicate that, with potential changes in 
climate, Australia’s production of key agricultural products are likely to decline relative to what would 
otherwise be: wheat by an estimated 9.2 per cent at 2030 and 13 per cent at 2050; beef by 9.6 and 19 per 
cent; sheep meat by 8.5 and 14 per cent; dairy by 9.5 and 18 per cent; and sugar by 10 and 14 per cent 
respectively (figure 1, box 1). 
 

 
Figure 1. Per cent change in Australian agricultural production as a result of climate change impacts, relative to 
what would otherwise be. 
 

Box 1. Projected agricultural production in Australia between 2006 and 2050. 
 
The results of the illustrative ABARE analysis are all reported as a percentage change relative to what 
would otherwise be. However, it is important to recognise that total agricultural output continues to 
increase, relative to today, in the climate change with impacts scenario – albeit at a slower rate of 
growth compared with what would otherwise be. In the business as usual (without climate change 
impacts) scenario, agricultural output is projected to double between 2006 and 2050 (figure 2). 
Incorporating climate change impacts reduces agricultural output by about 11.5 per cent at 2050, 
relative to what would otherwise be, which is about a 77 per cent increase on 2006 levels.  
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Figure 2. Index of Australian agricultural output from 2006 to 2050, business as usual and climate change 
impacts scenario (2006 = 1).  
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Australia is projected to be one of the most adversely affected regions from declines in agricultural 
production driven by climate changes. The slowdown in economic activity combined with regionally 
differentiated declines in productivity resulting from potential changes in climate will also have important 
implications for international trade patterns in agricultural commodities. Illustrative ABARE modelling 
results (Gunasekera et al. 2007a) indicate that, with potential changes in climate, Australia’s exports of key 
agricultural products are likely to decline relative to what would otherwise be: wheat by an estimated 11 per 
cent at 2030 and 15 per cent at 2050; beef by 29 and 33 per cent, sheep meat by 15 and 21 per cent; dairy by 
19 and 27 per cent; and sugar by 63 and 79 per cent respectively (figure 3). 
 

  
Figure 3. Per cent change in Australian agricultural exports as a result of climate change impacts, relative to 
what would otherwise be. 
 
It is important to recognise that the illustrative ABARE analysis reported above assumes that no planned 
adaptation or mitigation measures are taken. If planned mitigation and adaptation measures are implemented, 
it is likely that the scale and scope of the adverse impacts would be reduced. 
 
Agriculture: responding to climate change and climate change response policies 
There are two key ways of responding to climate change: adapting to the unavoidable changes and trying to 
reduce climate change through mitigation measures, which include emissions abatement and sequestration. 
The right balance between these activities at an economy-wide level is found by equating the marginal costs 
of adaptation, abatement and sequestration. By spreading effort across adaptation and mitigation activities, 
the costs of responding to climate change can be minimised. 
 
Mitigation 
Measures to mitigate greenhouse gas emissions domestically and globally will be integral to lessening the 
projected adverse impacts of climate change, including those affecting the agriculture sector in the medium 
to long term. A portfolio of measures including market based policy instruments and adoption of cleaner and 
more energy efficient technologies will be needed across all sectors to reduce greenhouse gas emissions and, 
at the same time, achieve continuing economic growth and development.  
 
Mitigation measures will be required in agriculture to make a significant contribution to the reduction of 
greenhouse gas emissions. Reducing emissions from agriculture in Australia could be particularly important 
given that agriculture currently accounts for about 17 per cent of Australia’s greenhouse gas emissions 
(NGGI 2007). 
 
In Australia, the introduction of an emissions trading scheme will be a significant step in reducing 
greenhouse gas emissions. An emissions trading scheme is expected to present both costs and opportunities 
to the agriculture sector. Opportunities will depend on the specifics of the design and implementation of an 
emissions trading scheme and, in particular, the treatment of offsets and when the agriculture sector will be 
covered by the scheme. Even if agriculture is excluded from the scheme, agricultural enterprises are expected 
to face higher input prices flowing from increases in the price of goods from emission intensive sectors that 
are included in the scheme (box 2). Agricultural producers, however, may have the opportunity to benefit 
from supplying carbon sequestration credits to the market. If agriculture is excluded from the emissions 
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trading scheme in the first instance, complementary policies to incentivise mitigation in agriculture will still 
be required such as the use of best farm management practices. 
 
The inclusion of agriculture in an emissions trading scheme will provide incentives to mitigate emissions 
from agriculture and opportunities for carbon sequestration, particularly in forestry. If the agriculture sector 
is covered under an emissions trading scheme, farmers will undertake abatement activities to reduce their 
carbon emissions and, therefore, their need for carbon permits up until the point where the cost of additional 
abatement activities is greater than the carbon permit price.  
 

Box 2. Potential impacts of an emissions trading scheme on agriculture in Australia. 
 
Illustrative ABARE analysis which assumes a unilateral carbon penalty of $40 a tonne of carbon 
dioxide equivalent emissions in Australia is estimated to result in:  
– agricultural production costs rising by 3 per cent for livestock and 4.5 per cent for cropping in 

Australia if agriculture is excluded from the scheme; and  
– agricultural production costs rising by 18 per cent for livestock and 6 per cent for cropping in 

Australia, if agriculture is included in the scheme. 
 
Some abatement activities could be achieved at no or minimum cost and could possibly lead to an increase in 
net revenue (Gunasekera et al. 2007b). These are referred to as ‘no-regrets’ or win-win abatement 
opportunities as they increase farm net revenue while reducing greenhouse gas emissions. Examples of such 
win-win abatement activities include minimum-tillage cropping, improved grazing regimes and improved 
fertiliser and manure management.  
 
Abatement costs and opportunities will vary both between regions and industries and will also be impacted 
upon by changing energy, transportation and material costs over the medium to long term 
(Gunasekera et al. 2007b). Further research in this area is important as the abatement cost curve will 
influence the potential profits, at a given emissions permit price, that will be available to the agriculture 
sector. 
 
Adaptation 
There are many adaptation options and strategies available to the agriculture sector to respond to climate 
change. Some of these can be considered autonomous responses that occur during the course of normal 
business operations in response to realised climate events or trends. These generally involve the 
implementation of existing technologies or knowledge (IPCC 2007b). Planned adaptations on the other hand 
are mainly strategic responses in anticipation of expected changes. Planned adaptation generally involves 
enhancing adaptive capacity by developing new technologies, processes or infrastructure or making changes 
to the policy environment to strengthen conditions for effective adaptation (IPCC 2007b). Examples of 
adaptation options include: altering the variety or species planted to those with more appropriate thermal 
time and vernalisation requirements and/or with increased resistance to heat, frosts or drought; altering 
application times and amount of fertiliser or irrigated water to maintain growth and quality; altering pasture 
rotations and modifying grazing times; and providing supplementary feeding to livestock. 
 
From an economic perspective, the optimal use of different adaptation options on farm will depend on the 
costs and benefits of adaptation activities relative to ‘doing nothing’. The use of particular adaptation options 
will be influenced by a range of factors, including the expected extent and timing of climatic changes, 
current degree of industry profitability, current enterprise mix, regional location, access to capital and new 
technologies, degree of risk aversion, access to and expected impacts of alternative nonfarming activities, 
changes in input and output prices and changes in domestic and international agricultural policies. Farmers’ 
adaptive capacity will also be influenced by their level of education and training, diversity of on- and off-
farm income sources, and levels of income (Brooks and Adger 2005).  
 
ABARE analysis indicates that the uptake of adaptation measures to improve agricultural productivity in 
response to climatic changes can reduce the projected economic impacts of climate change by about half in 
selected agricultural regions in Australia (Gunasekera et al. 2007a; Heyhoe et al. 2007). The extent to which 
farmers adapt, however, will depend on the net benefits of adapting.  
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Concluding remarks 
There is a continuing need for the agriculture sector to improve productivity to cope with the potential 
pressures emerging from climate change and any associated policy responses. In this context, there is a need 
for appropriate policies designed to encourage rather than impede structural adjustment in vulnerable areas in 
the agriculture sector, including already marginal farming enterprises. 
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