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Executive Summary

The role of the National Climate Change Adaptation 
Research Facility (NCCARF) is to support climate change 
adaptation decisions and policy by governments, 
organisations and individuals by facilitating the generation 
of information, knowledge and the tools they need.
Development of National Climate Change Adaptation Research Plans (NARPs) for each major 
sector is a key activity in this role. As national research plans, NARPs focus on identifying 
the research required for national policy purposes and national industry development and 
management, but they also provide a key sectoral research investment framework and 
prioritisation for all stakeholders at regional and local scales.

The Primary Industries NARP is concerned with climate adaptation research priorities for 
agricultural, forestry and freshwater aquaculture producers and industries, associated 
industries and organisations, rural communities, and governments. This research aims to 
ensure that Australia’s primary industries will continue to be sustainable by taking advantage 
of opportunities and benefits and reducing unavoidable climate change impacts.

Climate change will affect Australia’s primary industries sector in highly variable ways 
depending on the type and location of climate impacts and primary production activities. 
Adaptation responses to climate change impacts will be taken by individual producers and 
industries throughout Australia in line with their circumstances, awareness, knowledge and 
capacity, guided and facilitated by government policies and programs.

The Primary Industries NARP identifies a research program for a five to seven year time-
frame, and outlines a framework for longer-term climate change adaptation research and 
response.

Adaptation research is fundamentally about generating the information, knowledge and tools 
concerned with determining:

 � why, and to what extent, primary industry systems or parts of systems (e.g., producers) 
are vulnerable to climate change;

 � what their adaptive capacity is;
 � how this adaptive capacity can be increased;
 � how stakeholders can move from adaptive capacity to adaptation actions;
 � what adaptation technologies, options and understanding are needed in order to 

implement these actions.

Adaptation research is therefore interdisciplinary. It needs to address stakeholder awareness, 
social and cultural factors, management practices, production technologies, production 
systems and industry transformation, as well as the biophysical and technical aspects of 
climate change adaptation.

This NARP identifies three broad areas of research:

1. What is adaptive capacity in the primary industry sector and how can it be measured 
and increased?

Image: JJ Walsh.
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2. How can governments, producers and other stakeholders identify the type of adaptation 
response that is most appropriate to the circumstances of a producer, industry or region?

3. What options are available for:

 – adjusting current production practices and technologies;
 – changing production systems;
 – transforming enterprises or industries?

There is already considerable excellent research being undertaken to develop and test 
options that will adjust current primary industry production practices and technologies to 
maintain or improve productivity, profitability and sustainability under projected climate 
change conditions. This NARP proposes that this type of research should be progressed as 
required for specific regions and commodities (or industries). However, this NARP specifically 
promotes aspects of the research agenda that are essential for ensuring that Australia’s 
primary industries sector can adapt to climate change over the medium to longer term, 
when the adjustment of current practices may not be sufficient to support primary industries’ 
adaptation to climate change. These aspects of the research agenda (understanding 
adaptive capacity, understanding the appropriate type of adaptation response, changing 
production systems, and transforming primary industries) are likely to rely, at least initially, 
primarily on public support.

Climate change adaptation research will build on past and current research, particularly 
research concerned with responses to climate variability or to other external changes. 
Research outlined in this NARP will also contribute to a considerable body of knowledge 
about the adaptation responses available to primary industries. Potential advantages arising 
from climate change are a key priority for this NARP, including potential complementary 
benefits such as reducing net greenhouse gas emissions while also increasing the adaptive 
capacity of the primary industries sector or individual producers, industries or regions.

Research will gain the greatest stakeholder acceptance and use where individual primary 
producers, through their industry and community organisations and related industries are 
involved in the research process. Stakeholder involvement is also likely to enhance the 
relevance of research projects and the capacity of stakeholders to understand how research 
outputs can best be applied to their concerns, thus increasing their capacity to adapt 
successfully.

This NARP thus proposes three principles to guide climate change adaptation research for 
primary industries:

 � emphasis on local and regional scales;
 � participatory research and adaptive learning;
 � building on national and international research.

Considerable resources, including funding and scientific capacity, will be required to deliver 
the research agenda outlined in this NARP. Some resources will be provided by institutions 
that have their own funding sources, modus operandi and priorities. For these groups, and 
for primary industries as a sector, the NARP provides a conceptual framework of research 
priorities to encourage a higher level of coherence and effectiveness in the implementation 
of adaptation research than would otherwise be possible. More detailed information 
about the research capacity available and needed for this NARP is provided in a separate 
Implementation Plan developed by NCCARF in consultation with the research, funder, and 
end-user communities.

The NARP identifies a set of priority research questions. As with all NARPs, these research 
questions were prioritised according to:

 � the severity of the potential impact to be addressed;
 � the immediacy of the response required;
 � the degree to which research will lead to practicable interventions or responses;
 � the potential for the research to produce benefits beyond informing climate adaptation 

strategies;
 � the extent to which the research addresses more than one issue or sector;
 � the extent to which the research addresses the needs of the most vulnerable groups.



The following priority research questions were identified as high priority through 
applying these criteria.

In the area of Understanding and expanding adaptive capacity

In the area of Levels of adaptation

In the area of Adjusting primary production practices and technologies

 � What factors define the effectiveness of different levels of adaptation response: adjusting practices, 
changing production systems, and transforming enterprises, industries and regions?

 � What information, knowledge, tools, programs and policies are necessary for primary producers and 
industries to identify the range of potential climate change adaptation responses and understand their 
benefits, costs, risks and opportunities?

 � What types of improvements to production practices and technologies exist or could be developed to 
increase the adaptive capacity of Australia’s primary industries, and what practical issues need to be 
addressed for implementation?

 � What adaptations could yield benefits from changing atmospheric and climate conditions, such as 
increased atmospheric CO2 and changes in temperature and water availability?

 � What is adaptive capacity in the primary industries sector and how can it be measured and increased at the 
individual, industry, regional and national levels?

In the area of Transforming primary production

 � What characteristics of transformational change in primary industries are likely to provide advantage under 
changed climate conditions?

 � What information, knowledge, tools, programs and policies are needed to support effective transformative 
adaptation in primary production systems?

 � How can the well-being of individuals and communities unable to undertake transformational changes  
be maintained?

In the area of Changing primary production systems

 � What characteristics of production system change in primary industries are likely to provide advantage 
under changed climate conditions?

 � What information, knowledge, tools, programs and policies are needed to support effective changes in 
primary production systems?
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In the area of Integrating, implementing and reviewing adaptation

 � How can integrated climate change adaptation response plans be developed at the local, landscape and 
regional scales?

 � How can climate change adaptation requirements, options, benefits and costs be integrated with other 
information critical to primary producers and industries, and communicated to support successful 
adaptation being determined and implemented?

 � How can adaptation by primary industries be monitored and measured, including assessing synergies, 
maladaptation and interactions with other sectors, to support ongoing improvements to adaptation 
approaches and initiatives?

7National Climate Change Adaptation Research Plan    Primary Industries
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1. Context and objectives

1.1 Background

There is widespread scientific and political 
acceptance that human activities are contributing 
significantly to climate change that has numerous 
effects on the Earth system. It is generally 
acknowledged that some of these effects are 
now either present or inevitable and that they 
will become more severe if we do not modify our 
behaviour. Two main types of modification are 
required.

 � Mitigation initiatives involve actions that are 
intended to reduce the magnitude of our 
contribution to climate change (e.g., reducing 
greenhouse gas emissions) or to offset or 
reverse its effects.

 � Adaptation initiatives involve actions taken in 
response to climate change that are inevitable 
or at least likely. Adaptation seeks to take 
advantage of new opportunities resulting from 
climate change and to reduce vulnerability to 
detrimental climate change impacts.

The National Climate Change Adaptation 
Research Facility (NCCARF), established by 
the Australian Government, aims to coordinate 
and lead the Australian research community to 
generate the biophysical, social and economic 
information, knowledge and tools needed to 
adapt to climate change. Research will focus on 
the needs of decision-makers in government, 
industries and communities, as they adapt to 
existing or likely climate change.

A key role of NCCARF is to coordinate the 
development of National Climate Change 
Adaptation Research Plans (NARPs). 
NARPs identify critical gaps in the information 
needed by sectoral decision-makers and 
set national priorities for research to assist in 
adaptation to the expected impacts of climate 
change. These NARPs have been developed 
in partnership with governments, stakeholders 
and researchers.

Adaptation is the focus of this NARP. The NARP 
identifies research which will assist Australian 
governments, primary industries stakeholders 
and associated communities to adapt to climate 
change.

1.2 National policy context for 
this National Climate Change 
Adaptation Research Plan

This NARP and other NCCARF initiatives are 
closely integrated with Australian Government 
policies and programs. These policies and 
programs aim primarily to support market 
processes with minimal intervention except 
where there is market failure, a clear need to 
intervene to protect or maintain a public good, 
or a high risk to assets of national significance. 
The Australian Government’s response to 
climate change adaptation in primary industries 
is therefore to focus on providing fundamental 
information, knowledge and tools, including 
technologies to assist primary producers in 
managing the risks of climate change. There is 
also a clear role for government in ensuring 
consistent policies, regulation and incentives to 
facilitate adaptation, support transparent market 
signals, address market failures, and avoid 
adverse adaptation responses.



9National Climate Change Adaptation Research Plan    Primary Industries

The Primary Industries NARP relates to several key national policies, plans and 
programs, as indicated in Figure 1 and summarised below.

Figure 1. The role of the CCRSPI, the Primary Industries NARP and other 
programs in adaptation and mitigation responses to climate change.

Mitigation Adaptation

 – Networks

 – Plans

 – Strategies

 – Strategic funding  
and other programs

National Climate Change 
Adaptation Framework

CSIRO 
Climate Adaptation Flagship

CSIRO 
Sustainable Agric Flagship

NCCARF Primary Industries 
Adaptation Research Network

NCCARF Primary Industries  
NARP

Climate Change Research Strategy for Primary Industries (CCRSPI)

DAFF Climate Change R&D Program

Rural Research and Development Corporations

State Governments and Agencies

Universities and CRCs

The Australian Government’s response to climate change adaptation 
in primary industries is to focus on providing fundamental information, 
knowledge and tools, including technologies to assist primary producers 
in managing the risks of climate change.
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1. Context and objectives

1.	The	National	Climate	Change	Adaptation	
Framework (the Framework) was endorsed 
by the Council of Australian Governments 
(COAG) in April 2007 as the basis for 
government action on adaptation over five to 
seven years.

2.	NCCARF was established by the 
Commonwealth Government as part of 
implementing the Framework.

3.	The	National	Climate	Change	Research	
Strategy	for	Primary	Industries (CCRSPI) is a 
cross-sectoral R&D strategy in climate change 
developed for primary industries under the 
mandate of the R&D Subcommittee of the 
Commonwealth Standing Committee for 
Primary Industries in 2008. This research 
strategy was established to guide research 
into adaptation to climate change, greenhouse 
gas mitigation, emissions accounting and 
trading, and the consequences for primary 
industries and rural communities. It is a high-
level overarching R&D framework under which 
more targeted R&D plans, such as this NARP, 
fit (see Figure 1).

4.	Australia’s	Farming	Future is a four-year 
initiative (2008–2012) established to help 
primary producers adapt to and manage the 
impacts of climate change, while increasing 
productivity through:

 – a Climate	Change	Research	Program 
(CCRP), funding RDCs, state governments, 
universities and RDCs, providing $46.2 
million for research projects and on-farm 
demonstration activities focusing on 
reducing greenhouse gas pollution, on 
better soil management, and on climate 
change adaptation;

	– FarmReady, which will help industry and 
primary producers develop skills and 
strategies to help them deal with the 
impacts of climate change;

 – a Climate	Change	Adjustment	Program 
to assist farmers in financial difficulties to 
manage the impacts of climate change;

 – transitional income support linked to the 
Climate	Change	Adjustment	Program;

	– Community	Networks	and	Capacity	
Building (CNCB) activities which focus on 
increasing the leadership and representative 
capacity of target groups including women, 
youth, Indigenous Australians and people 
from culturally and linguistically diverse 
backgrounds.

5.	The	Rural	Research	and	Development	
(R&D)	Council, which is the Commonwealth 
Government’s key advisory body on rural R&D.

Peanut silos.  
Image: Sherwin Huang.
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6. Fifteen	Rural	Research	and	Development	
Corporations (RDCs), which bring industry 
and researchers together to establish strategic 
directions for research and development and 
to fund projects that provide industry with the 
innovation and productivity tools to compete 
in global markets.

7. The National	Climate	Change	and	Commercial	
Forestry	Action	Plan lists adaptation as its 
first focus area to enable successful adaption 
to climate change by the forest and wood 
products industry.

8. The National	Framework	for	Climate	Change	
Science addresses fundamental climate 
system-related priorities for climate change 
and sets out ways to harness Australia’s 
scientific capacity to address them over the 
coming decade.

9. International scientific collaborations, such as 
the Global	Research	Alliance	on	Agricultural	
Greenhouse	Gases, which enable Australia 
to benefit from research carried out in other 
nations and to contribute to global primary 
industry sustainability under climate change 
impacts. 

State and territory government climate-
related research programs have also invested 
significantly in developing and communicating 

research and information about adaptation to 
climate variability and change.

Further information about national policies 
to which this NARP is related is included in 
Appendix 3.

1.3 The scope of this National 
Climate Change Adaptation 
Research Plan

The Primary Industries NARP identifies:

 � important gaps in the information, knowledge 
and tools needed by the agriculture, 
forestry and freshwater aquaculture sectors, 
processors, associated industries, service 
providers, and decision-makers at all levels 
of government and industry organisations to 
support effective climate change adaptation;

 � adaptation research priorities based on these 
gaps;

 � capacity that can be harnessed or needs 
to be developed in order to perform priority 
adaptation research.

The Primary Industries NARP identifies a research 
program for a five to seven year time-frame, and 
outlines a framework for longer-term climate 
change adaptation research and response.
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1. Context and objectives

Research will gain greatest stakeholder 
acceptance and use where primary producers as 
individuals, through their industry and community 
organisations and related industries, are involved 
in the research process. Stakeholder involvement 
is also likely to enhance the relevance of 
the research projects and the capacity of 
stakeholders to understand how the research 
outputs can best be applied to their concerns 
and thus increase their capacity to adapt. 
The NARP therefore sets out several principles 
to guide the research approach and process.

The NARP focuses on research to inform 
adaptation to climate change impacts. Research 
on the nature of climate change impacts and 
vulnerability per se is not emphasised unless 
such research is considered essential to fill a void 
in understanding adaptation options. Climate 
research is the responsibility of the Australian 
Climate Change Science Program and is not the 
focus of this NARP.

Primary industry decision-makers will need to 
understand the interactions between climate 
change risks and adaptation responses and 
other factors that affect the sustainability of 
Australia’s primary industries. These factors 
include land degradation and trends in social 
factors such as consumer preferences, 
international markets and economic factors such 
as the costs of inputs and outputs. The effects 
of climate change on overseas primary industries 
production and demand will also have profound 
implications for Australia’s primary industries.

1.4 Links, interactions and 
synergies with other National 
Climate Change Adaptation 
Research Plans

There are many links, interactions and potential 
synergies between the sectoral issues and 
research priorities outlined in this NARP and 
other NARPs. These links, interactions and 
synergies offer opportunities for collaborative 
climate change adaptation research and 
initiatives, as well as the potential for perverse 
outcomes and maladaptation where adaptation 
in one sector detrimentally affects other sectors. 
Primary industry has particularly strong links, 
interactions and potential synergies with the 
terrestrial and freshwater biodiversity, human 
health, and social, economic and institutional 
dimensions of adaptation thematic areas. 
Collaborative activities between several thematic 
areas are likely to both increase the efficiency 
and productivity of research investment and 
also reduce the likelihood of maladaptations and 
perverse outcomes.

The Implementation Plans for NARPs seek to 
avoid duplication of research effort by promoting 
collaboration between researchers and research 
programs.

Further information about links, interactions 
and potential synergies between the Primary 
Industries NARP and other NARPs is provided in 
Appendix 4.
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Image: Australian Fisheries Management and Authority.
Image: .

2. The need for adaptation

2.1 Australia needs a sustainable 
primary industry sector

Australia’s primary industries sector, including 
primary producers, associated industries and 
other parts of the primary production value-
chain, contributes significantly to Australia’s 
economic, social and environmental well-being, 
and to Australian and global food security. 
Australia’s primary industries directly or indirectly 
employ about 360,000 people, around one-third 
of the nation’s rural and regional residents.

The combined gross value of production of the 
agriculture, forestry and freshwater fisheries 
industries in 2007/8 was $48.1 billion, which 
represents about 2% of Australia’s gross 
domestic product (GDP) (ABARE, 2009). The 
food manufacturing industry comprises a further 
2% of GDP and employs about 205,000 people 
(ABARE, 2009). When the supporting service 
industries are included, the total farm-dependent 
economy has been estimated at approximately 
11% of GDP (Econotech, 2005).

Further information about the economic 
importance of Australia’s primary industries 
sector is provided in Appendix 5.

2.2 Australia’s primary industries 
will be affected by climate 
change

Climate is one of the fundamental factors that 
determine where different types of agriculture, 
forestry and freshwater aquaculture can be 
successfully pursued. For some primary 
industries, climate conditions, including variability, 
determine seasonal or annual production and 
actual profitability.

Because of this strong link between the 
profitability of primary industry and climate, many 
of Australia’s current primary industries can 
potentially benefit from, or may be vulnerable to, 
changes in climate conditions. Climate change 
will affect Australia’s primary industries sector 
in highly variable ways depending on the type 
and location of climate impacts and primary 
production activities.

Primary industries will be affected directly 
by changes to climate parameters. In some 
locations and for some industries these direct 
impacts will yield improved productivity and 
profitability. Detrimental climate change impacts 
are most likely where water availability is already 
a limiting factor or where significant temperature 
increases occur. Increased atmospheric CO2 
concentrations will affect the productivity of 
primary industries directly and also through 
interactions with changed temperature, frost, and 
water availability conditions, about which there is 
currently limited understanding.

Climate change is likely to improve profitability 
where increasing temperatures or changes 
to water availability enable higher productivity 
or allow a primary industry to expand 
geographically, become more diverse, or 
introduce more profitable production or 
processing options. CO2 fertilisation effects are 
expected to increase plant growth. The amount 
of this increase will be limited by projected 
increases in temperature, changes in rainfall, and 
feedbacks such as nutrient cycling. Where plant 
growth is not water-limited, warming may expand 
the length of the growing season in southern 
Australia.

Reduced rainfall or increased rainfall variability 
will limit irrigation water availability and allocations 
for key intensive irrigated enterprises such 
as horticulture, cotton, sugar, dairy, livestock 
and viticulture. Increased mean and extreme 
temperatures will exacerbate drought and heat 
stress for primary production systems such as 
cotton and intensive livestock industries. Other 
possible detrimental impacts include more severe 
tropical cyclones (wind impacts, storm surges 
and flooding), increased waterlogging during the 
summer growing season in northern Australia, 
increased risks of erosion and land degradation, 
rising water tables, and reduced water quality 
including increased salinity.

Changed climate conditions will also alter the 
spread and impact of weeds, pests, diseases 
and predators. Some pests and disease already 
present in a region are likely to become more 
virulent and more widespread, geographically 
and seasonally. New pests and diseases are 
likely to emerge as a consequence of natural 
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dispersal or because of pressure on biosecurity 
systems.

Climate change could also reduce productivity 
loss due to pests and diseases, such as where 
higher temperatures and lower rainfall reduce 
fungal infections or preferentially promote pest 
predators.

Second-order effects of climate change impacts 
are likely to be complex and far-reaching. For 
example, climate change (among other factors) 
is likely to increase demand for services, 
commodities and resources such as water, 
energy, land, fertiliser and oil by both the primary 
industries and the wider economy. This will 
expose primary producers to cost increases 
and therefore reduce profit margins. Similarly, 
changes in the incidence and scale of forest 
and plantation fires will result from changes 
to vegetative growth and litter decomposition 
caused by changes in CO2, temperature and 
water availability.

Primary industries are also affected by climate 
change impacts in remote parts of the world, 
such as the influence that climate change might 
have on world production of and markets for 
agricultural products. For instance, if grain 
production became possible in the enormous 
boreal forest areas of northern North America 
and parts of the former USSR, world meat and 
cereal markets would be profoundly affected. 
In this way, altered world trade patterns in 
agricultural commodities could significantly affect 
the profitability and adaptive capacity of many 
Australian primary producers.

While climate change may yield productivity 
benefits for at least some Australian primary 
industries, these may peak by the middle of 
this century and negative impacts may become 
more significant thereafter (Stokes and Howden, 
2008). This suggests that detrimental impacts 
will become increasingly and progressively 
stronger as atmospheric concentrations of 
greenhouse gases increase during the 21st 
century. Initial minor positive impacts of climate 
change in some regions may therefore mask and 
provide potentially false indications of the total 
and longer-lasting impacts of climate change 
in Australia (Stokes and Howden, 2008). In 
addition, potentially serious interactions between 

rising atmospheric CO2 concentrations and 
climatic extremes, such as frost, remain poorly 
understood.

Climate change impacts on primary production 
and the resultant adaptive responses will 
affect community well-being and the viability of 
dependent industries and thus undermine the 
long-term sustainability of many rural townships 
and the associated social and physical 
infrastructure (Everingham et al., 2001; Muchow 
et al., 2002).

Further information about the likely impacts of 
climate change on Australia’s primary industries 
is provided in Appendix 6.

2.3 The role of research and 
innovation in primary industries’ 
adaptive capacity

2.3.1 The role of science 

Climate change adaptation research is 
fundamentally about ensuring primary industry 
sustainability under climate change through 
generating information, knowledge and tools 
concerned with determining:

 � why, and to what extent, primary industry 
systems or parts of systems (e.g., producers) 
are vulnerable to climate change;

 � what their adaptive capacity is;
 � how this adaptive capacity can be increased;
 � how stakeholders can move from adaptive 

capacity to adaptation actions;
 � what adaptation technologies, options 

and understanding are needed in order to 
implement these actions.

Research also aims to avoid poorly considered 
responses to climate change which could result 
in maladaptation or perverse outcomes of 
adaptation. In the biophysical science domain 
there is a need to better understand how climate 
change could affect primary production and 
associated industries. This information will also 
enable industry and government planners and 
policy analysts to understand the vulnerability 
of primary industries to climate change and the 
implications of climate change for production 
systems and value-chains, including costs and 

2. The need for adaptation
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benefits, trade-offs, the limitations of the available 
technical and other options, and the potential for 
new production systems.

In the social science domain there is a need 
to better understand what factors most affect 
the adaptive capacity of primary industries and 
regions and how adaptive capacity in this sector 
can be increased (see Section 4.1). This will 
enable decision-makers to implement and gain 
the benefits from adaptation. A fundamental 
research need is to enable stakeholders 
to better understand what climate change 
adaptation options they should be considering 
(see Section 4.2).

This interdisciplinary research therefore addresses 
stakeholder awareness, social and cultural factors, 
management practices, production technologies, 
production systems, and industry transformation 
as well as research into biophysical and technical 
aspects of climate change adaptation.

More specifically, science can:

 � help design robust agricultural and forestry 
systems that meet triple bottom line goals;

 � provide effective technological adaptation 
options for primary producers, as well as risk 
assessments to guide their introduction;

 � support policy research to ensure that 
institutional settings will support transformative 
or other adaptive responses;

 � undertake social research to improve the 
understanding of all stakeholders about the 
key personal and other factors that support or 
hinder effective adaptation responses;

 � establish monitoring programs for all 
adaptation responses, to provide the 
information required for fine-tuning those 
responses and for planning new adaptation 
actions.

2.3.2 Adaptive capacity and its limits

Adaptation, when used in conjunction with 
climate change responses, means adjustment in 
natural or human systems in response to actual 
or expected climatic stimuli or their effects, 
which moderates harm or exploits beneficial 
opportunities.

Adaptive capacity (in relation to climate 
change impacts) is the ability of a system to adjust 
to climate change (including climate variability 
and extremes) in order to moderate potential 
damages, to take advantage of opportunities, 
or to cope with the consequences  
(see http://www.ipcc.ch/pdf/assessment-report/
ar4/wg2/ar4-wg2-app.pdf)

The adaptive capacity of the primary industry 
sector is determined by many factors that 
operate at differing scales, from individual to 
global. The most direct determinants are the 
individual characteristics and circumstances 

Tea plantation, North Queensland.  
Image: Frank Stadler.
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2. The need for adaptation

of primary producers and industries within 
Australia. Less direct influences include 
government policies in Australia at the national 
to local scales, including taxation, insurance, 
planning and occupational health regulations. 
Other influential factors are international policies 
and agreements and the impacts of climate 
change on overseas regions that do, or could, 
compete with Australian producers or industries. 
Adaptive capacity can thus vary in response 
to a variety of individual, local, national and 
international factors.

Australian primary producers have a long 
history of innovation and adaptation to gain the 
benefits and limit the damages from the nation’s 
highly variable climate. Primary producers and 
industries have also successfully responded 
to, and adapted to, many other pressures, 
including changes to market access and 
preferences, changing terms of trade, 
and weed, pest and disease occurrence. 
Productivity gains from innovations have buffered 
primary producers against vagaries in demand 
and declines in many commodity prices. 
Adaptability and flexibility have also enabled 
producers to remain highly competitive and to 
take advantage of emerging markets despite 
receiving few subsidies compared with other 
OECD nations (OECD, 2009).

Australia’s primary producers and their 
enterprises and industries have exhibited 
significant levels of adaptive capacity and 
have achieved considerable adaptation; 
characteristics which will support ongoing 
effective responses to climate change. However, 
while each sector of Australia’s primary industries 
has adaptation strengths, each also faces 
barriers to adaptation. In addition, maladaptation 
and perverse outcomes need to be avoided.

Further information about the adaptive capacity 
of different elements of Australia’s primary 
industries is provided in Appendix 7.

2.3.3 Research to support innovation: the 
mainstay of Australian primary industries

The capacity of Australia’s primary industries 
to adapt to seasonal and interannual 
climate variability and other present-day 
challenges has been increasingly supported 
by structured, industry-driven research 
programs, often developed and funded, or 
partly funded, by Commonwealth, state and 
territory government agencies and industry 
research corporations. This is part of a larger 
research program in which ‘at least $1 billion 
is invested in agriculture and food research 
and development each year by Australian 

Image: Rae Allen.
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governments, higher education institutions, rural 
research and development corporations and 
companies and the private sector’ (Agriculture 
and Food Policy Reference Group, 2006). These 
research activities are augmented by ongoing 
experimentation by individual primary producers 
who are seeking to optimise current production 
activities or develop new production systems or 
opportunities for their properties and regions.

Research and development corporations 
(RDCs) and industry-owned companies are the 
Australian Government’s primary funding bodies 
for rural research and development (R&D) in 
Australia. There are 15 RDCs, covering all the 
major agricultural, forestry and fisheries industries 
(see Box 1). They are funded by industry 
levies on primary producers and processors 
which are largely matched by the Australian 
Government. The RDCs invest in research and 
development and innovation to improve the 
productivity and delivery of high-quality products 
in order to underpin the competitiveness and 
profitability of Australia’s agricultural, forestry and 
fisheries industries. Research and development 

corporations’ R&D and innovation also support 
the sustainability of primary production and the 
natural resource base. The government–industry 
partnership model that supports the RDCs has 
been operating for more than 20 years and now 
provides more than $460 million in annual R&D 
expenditure for primary industries research.

Recognising the pace of climate change and its 
impact on primary industries and associated rural 
communities, the Commonwealth Government 
has committed $130 million for primary 
producers to adapt and respond to climate 
change, including significant additional funding 
for R&D, through Australia’s Farming Future.

State and territory government primary industry 
agencies are also major contributors to research 
investment and research activities and outcomes.

The university sector is also a major contributor 
to research and research capacity-building 
within the primary industries sector, undertaking 
approximately 30% of all research as well as 
postgraduate research training.

 � Australian Egg Corp Ltd

 � Australian Livestock Export Corp

 � Australian Meat Processor Corp

 � Australian Pork Limited

 � Australian Wool Innovation

 � Cotton Research & Development Corp

 � Dairy Australia Ltd

 � Fisheries Research & Development Corp

 � Forest and Wood Products Australia

 � Grains Research & Development Corp

 � Grape & Wine Research & Development Corp

 � Horticulture Australia Ltd

 � Meat & Livestock Australia

 � Rural Industries Research & Development 
Corp

 � Sugar Research & Development Corp

Box 1. Rural Research and Development Corporations
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3. Key stakeholders

Australia’s primary industries are essential for 
the nation’s health, well-being and lifestyle. 
They provide food of all types, fibres such as 
cotton and wool, wood, wood products, fuel and 
medicinal plants. Primary industries also shape 
Australia’s landscapes and the nation’s sense 
of place, and they support industries as diverse 
as tourism and transport. Ongoing primary 
industry productivity and profitability are 
therefore important not only to the people and 
organisations that depend directly on primary 
industries for their livelihood but also to virtually 
every Australian resident.

Three stakeholder groups and their needs 
are discussed in this section. While these 
stakeholders have distinct roles, they will need 
to collaborate closely in order to ensure that 
research is relevant to adaptation priorities and 
is effectively communicated and implemented.

3.1 Research funders and 
providers

Industry organisations such as rural research and 
development corporations (RDCs) are important 
funders of industry-relevant research and also 
provide a key link between producers, research 
providers and government policy and other 
programs. For instance the Grains Research 
and Development Corporation (GRDC), the 
major grain industry research funder, is already 
supporting climate change related research 
and provides information about climate change 
adaptation to grain producers and associated 
industries. Similarly, the Australian Centre for 
International Agricultural Research (ACIAR) has 
a portfolio of climate change related research 
that will yield benefits for both Australian and 
overseas primary producers and consumers. 
Dairy Australia has recently completed an 

innovative Confidence to Grow research program 
that took a wider look at the social, economic 
and biophysical issues associated with dairy 
farming in a climate-change world.

Industry associations such as the Cattle Council, 
Australian Dairy Corporation, Wool Growers 
Association and the Australian Plantation 
Products and Paper Industry Council, regional 
authorities (e.g. CMAs), livestock improvement 
cooperatives, breeders’ associations and 
many companies that support or use primary 
production can help inform primary producers 
about important industry challenges and 
opportunities. These groups can also support 
research and provide communication and other 
interactions between researchers, producers and 
governments.

Commonwealth, state and territory governments 
are significant research funders through a range 
of national and other programs.

State and territory primary industry departments, 
CSIRO (Commonwealth Scientific and Industrial 
Research Organisation) and universities are key 
research providers for the primary industries 
sector. The private sector also undertakes 
significant targeted or applied research, much 
of which could be relevant to climate change 
adaptation. Most rural producers undertake 
research, often on an informal basis, that is 
directly relevant to their needs, interests and 
geographical and personal circumstances.

Funders and providers of primary industry 
research require information about priority climate 
change adaptation research needs for the 
primary industry sector. Funders also need timely 
access to emerging research results and advice 
about how best to communicate the information, 
knowledge and tools to primary producers.
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3.2 Policy-makers

Commonwealth, state and territory government 
agencies and local governments develop and 
implement plans and policies to support and 
guide primary industries. Legislation, regulations, 
policies and programs aimed at supporting 
climate change adaptation need to be based 
on current information and knowledge and 
developed with tools that enable adaptive 
capacity to be assessed and effective adaptation 
responses developed and communicated to 
other key stakeholders. These stakeholders 
thus require relevant and timely information, 
knowledge and tools to underpin sound 
decisions on climate change adaptation policy 
and program development.

Research needs to provide information about 
climate-mediated changes to production in order 
to support planning for national food security, 
regional industry development, and infrastructure 
and natural resource management (e.g. water 
resource planning, soil protection, and weed, 
pest and disease control). Governments 
also develop and implement climate change 
adaptation policies and other initiatives to reduce 
barriers to adaptation by primary producers 
and other stakeholders. Governments need 
to anticipate many possible impacts on, and 
responses by, primary industries to support 
industry sustainability and to avoid perverse 
outcomes or maladaptation.

3.3 Individuals and organisations 
engaged in primary industries

Primary producers, owners of land and 
infrastructure used for primary production, 
owners and workers in downstream processors 
and associated industries want information 
about effective adaptation responses to 
climate change impacts on primary industries. 
Industry associations, producer groups, natural 
resource management groups, landcare and 
similar organisations have a key role in organising 
and communicating the needs of primary 
producers and industries and emerging research. 
Primary producers will seek to implement 
changes to the way they operate depending 
on their adaptive capacity and the adaptation 
options available to them. Processors, transport 
and other providers may need to adjust their 
operations accordingly.

The industries that service primary industries are 
also major stakeholders These include local and 
export agri-businesses, including commodity 
traders, manufacturers of agricultural products, 
machinery and infrastructure including fertiliser 
and chemicals, farm and financial consultants, 
the transport and import–export sectors, the 
banking sector, and rural communities reliant on 
the agricultural sector, particularly where primary 
industries are the main source of employment.

Image: Peter Hayward.



20 National Climate Change Adaptation Research Plan    Primary Industries

Different scales and types of information are 
required to support effective climate change 
adaptation by the primary industries sector, 
dependent businesses, governments and 
industry organisations. This section outlines 
the stakeholder needs and research priorities 
required for effective climate change adaptation 
responses.

Sections 4.1 and 4.2 form the decision-
framework aspect of the research program. 
Section 4.1 is concerned with how adaptive 
capacity varies between primary producers, 
industries and regions and how it can be 
expanded. Section 4.2 is concerned with 
exploring the nature of adaptation responses that 
will be most effective in different situations and 
the factors that will affect decisions to adopt one 
type of response rather than another. There is 
a very close nexus between these two matters 
(e.g., adaptive capacity is one of the key factors 
that determine the most appropriate adaptation 
responses) but they are discussed separately 
because each is complex.

 � Section 4.1 focuses on factors which affect 
a primary producer’s, industry’s or region’s 
adaptive capacity.

 � Section 4.2 focuses on the types of 
adaptation responses (i.e., adjusting activities, 
changing the mix of activities or changing 
the type of activities) available to primary 
producers, industries and regions.

Sections 4.3, 4.4 and 4.5 are concerned with 
the information needs and research priorities 
to support effective adjustment, system and 
transformational adaptation responses.

 � Section 4.3 is concerned with how the 
techniques and technologies used for primary 
industries production or their associated value 
and supply chains can be adjusted to maintain 
productivity as climate change occurs.

 � Section 4.4 is concerned with how primary 
production and associated systems might be 
changed to enable an enterprise to maintain 
its viability as greater impacts of climate 
change are felt.

 � Section 4.5 is concerned with identifying 
transformations for primary industries that 
will maintain or improve profitability or 
sustainability under climate change. This 
includes developing new industries to replace 
existing ones or relocating industries to more 
suitable areas.

There is already considerable excellent 
research being undertaken to develop and 
test options that will adjust current primary 
industry production practices and technologies 
to maintain or improve productivity, profitability 
and sustainability under projected climate 
change conditions (Section 4.3). This NARP 
proposes that this type of research should 
continue for specific regions and industries. 
However, the NARP highlights the need for 
system and transformation-related research, 
which is essential to ensure that Australia’s 
primary industries sector can adapt to climate 
change over the medium to longer term, when 
adjusting current practices may no longer be a 
sufficient response to climate change (Sections 
4.4 and 4.5).

Section 4.6 is concerned with the uptake, 
implementation and review of the information, 
knowledge and tools generated by other parts of 
this research program.

Climate change adaptation research will build on 
past and current research, particularly research 
concerned with adaptation to climate variability 
or to other external changes. Research priorities 
outlined in this NARP will further contribute to a 
considerable body of knowledge about potential 
adaptation responses available to primary 
industries. Potential advantages arising from 
climate change are a key priority for this NARP, 
including potential complementary benefits such 
as reducing net greenhouse gas emissions while 
also increasing the adaptive capacity of the 
primary industries sector or individual producers, 
industries or regions.

4. Information needs and research priorities
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4.1 Understanding and 
expanding adaptive capacity 

The objective of research under this topic is for 
stakeholders to understand what factors affect 
adaptive capacity in the primary industry sector 
and how adaptive capacity can be enhanced.

The IPCC defines adaptive capacity as ‘the ability 
of a system to adjust to climate change (including 
climate variability and extremes) to moderate 
potential damages, to take advantage of 
opportunities or to cope with the consequences’ 
(IPCC, 2007: 869). Adaptive capacity is thus the 
potential to implement actions that moderate 
potential negative impacts and take advantage of 
opportunities.

Adaptive capacity in the primary industry 
sector is highly context-specific and changes 
over time. It is the expression of a complex, 
interconnected, and sometimes volatile, group 
of factors (e.g. personal, natural, physical, 
regulatory and financial), operating over several 
scales (e.g. individual, community, regional, 
national and international) that support or hinder 
responses to anticipated or experienced climate 
change impacts. Some of these factors do not 
directly address climate change, yet indirectly 
affect (e.g. support, enable or hinder) climate 
change adaptation responses. Access to the 
resources that enable a primary producer or 
other stakeholder to benefit from adaptation is 
affected by a range of social, cultural, institutional 
and economic influences. Consequently, the 
resources on which adaptive capacity is based 
are inherently unequally distributed across 
individuals, enterprises, regions and sectors in 
primary industries, giving rise to variations in 
vulnerability.

An important influence on adaptive capacity 
relates to the way in which primary producers 
think about the system they are managing, 
how they understand the basic behaviour or 
dynamics of their production and value system, 
and how the system will change in response to 
their decisions as well as to other forces internal 
or external to the sector. A better understanding 

of these interactions may enhance their 
capacity to successfully adapt, enabling them 
to reframe their challenges and opportunities 
and develop solutions which are suitable to their 
circumstances (Sterman, 2008).

Adaptive capacity is often assessed and 
compared by constructing indices. However, 
such indices have several limitations. These 
include the lack of a strong conceptual 
framework to guide indicator selection, an 
incomplete understanding of the relationships 
between the multiple dimensions of adaptive 
capacity, the limited availability of suitable data, 
the indiscriminate combination of data from 
different sources reducing explanatory power, 
low spatial resolution, the cost of primary data 
collection, and lack of consistency over time 
(Nelson et al. 2010). Indices often provide only a 
static representation of a dynamic situation.

Better tools to assess adaptive capacity would 
support more effective personal, industry or 
government investment in adaptive capacity. 
These tools will need to enable vulnerability 
assessments in the context of physical and 
biological climate change impacts, while 
facilitating robust assessments of managerial, 
technical, social and institutional factors that 
affect the capacity of an enterprise or industry 
to respond. This information will need to be 
provided in terms that are directly relevant to 
decision-makers (e.g. costs, benefits, trade-offs, 
limits etc).

Key research areas

Some important types of knowledge include:

 � the impacts that climate change is likely to 
have on social, economic and environmental 
conditions important to primary industry 
profitability and sustainability;

 � the factors that enable individual, industry, 
regional, management and governance 
systems to self-adapt to changing climate 
conditions, and indicators for these factors;

 � case studies which provide insight into 
successful climate change adaptation in 
the primary industry sector and to potential 
synergistic and maladaptive outcomes.
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4. Information needs and research priorities

Priority research question

 � What is adaptive capacity in the primary 
industries sector and how can it be measured 
and increased at individual, industry, regional 
and national levels?

4.2 Levels of adaptation: 
adjusting current activities, 
changing production systems or 
transforming industries or regions 

The objective of research under this topic is for 
stakeholders to identify the potential costs and 
benefits of different types of adaptation response 
in relation to their particular circumstances.

Australia’s primary industries have always 
experienced highly variable climate conditions. 
Most types of agriculture and freshwater 
aquaculture have annual or relatively short 
rotation periods which have enabled the 
development and application of adaptive 
production and management systems in 
response to this climate variability. Forestry and 
perennial horticulture developments in regions 
experiencing climate insecurity have developed 

short rotation options which enable a similar 
level of adaptability. Consequently, when 
primary producers begin to experience the 
impacts of climate change, they are likely to 
initially implement the types of adaptations 
which they have already applied within existing 
production systems in response to climate 
variability. These may include introducing 
breeds, genotypes or species more likely to be 
productive under the new climate conditions 
and production and management practices. 
For moderate levels of climate change, these 
responses will reduce unwanted impacts and 
enable primary producers to take advantage of 
many opportunities. There are hundreds of such 
adaptations, many of which are being identified 
and tested with farmers (Stokes and Howden, 
2010).

While adjusting current production activities 
by implementing incremental, within-system 
adaptations provides substantial benefits when 
moderate climate change is experienced, the 
benefit declines rapidly when greater climate 
change occurs (see, e.g. Howden and Crimp, 
2005; Howden et al., 2007). Thus there are limits 
to the effectiveness of the types of incremental 

Image: Ross Thompson.
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adaptations which have proven useful in 
maintaining or increasing primary production 
in the face of highly variable Australian climate 
conditions.

Australia has already experienced a 0.7°C 
temperature rise (CSIRO & BoM, 2010). Ongoing 
climate change may expose existing agricultural 
systems to conditions which are outside 
the coping ranges of incrementally adaptive 
management techniques and technologies. 
For this reason, a range of non-incremental 
responses to climate change need also to 
be considered, which could be applied to 
complement incremental adaptations. These 
responses would comprise changes to the 
production system or transformative changes 
to an enterprise or industry, as outlined below 
and in Box 2. Primary industries need to actively 
engage in the research required to support 
system and transformative change in the future 
so as to avoid institutionalising incremental 
adaptations to climate as the sole adaptation 
option. This will ensure that Australia’s primary 
industries are able to continue adapting to 
climate change impacts in the longer term.

The nature of different scales of climate 
change response is set out in Box 2. In short, 
incremental changes involve adjusting how 
activities are continued at a location, production 
system changes involve changing the mix of 
land uses at a location, and transformational 
changes involve moving industries to new 
locations or introducing new industries or 
products to established primary industry regions. 
The relationship between climate change 
impacts, different scales of adaptation response, 
and the potential benefits from adaptation is 
shown schematically in Figure 2.

Primary industries need to actively engage in the research required 
to support system and transformative change in the future so as 
to avoid institutionalising incremental adaptations to climate as the 
sole adaptation option.
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4. Information needs and research priorities

Differentiating climate adaptation response types 
is helpful for guiding private and public sector 
investment in research and in implementing 
effective adaptation responses. However, 
each specific enterprise will determine its 
own response to its particular climate change 
exposure in accordance with the many 
social and economic factors at the personal, 
community, regional and global scales that 
together define the adaptive capacity of the 
enterprise. The role of adaptive capacity in 
shaping and limiting adaptation responses is 
discussed in Section 4.1.

Australian primary industries are already making 
production system and transformative changes 
in response to climate change. For instance, in 
some parts of southern Australia, cropping has 
been increased in response to longer seasons, 
reduced rainfall and reduced waterlogging 
during key seasonal production periods. In some 
regions, carbon sequestration is emerging as a 
farm income source.

As primary industry responses to climate change 
impacts move from adjusting current practices 
to changing production systems or transforming 
industries, the complexity, cost and risk of 
climate-driven enterprise changes will increase 
(Howden et al., 2010). Experience in undertaking 
production system and transformational changes 
is limited, and many transformational changes 
will involve unknown and unpredictable risks 
to the personal and financial well-being of the 
people and communities directly involved, and 
to investment in land development, production 
infrastructure and public infrastructure. 
Understanding these risks will be important for all 
affected by transformational changes.

This section outlines some of the key factors 
involved in supporting successful climate change 
induced adaptation responses by primary 
industry production systems.

Figure 2. Relationship between climate change impacts, adaptation responses and the 

potential benefits from adaptation (after Howden et al., 2010).
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Can we learn from the past?

Adjusting production practices and technologies 
occurs on an ongoing basis in all primary 
industry sectors and is a relatively well developed 
and understood management response to 
changes in climate and other factors. While there 
are few contemporary examples of climate-driven 
production system or transformational changes 
in Australian primary industries, there are some 
historical examples (e.g., McKeon et al., 2003). 
For instance, in certain circumstances the forest 
plantation industry has been able to adapt its 
practices in response to recurrent droughts 
(Harper et al., 2009). The lessons from responses 
of this type might inform future climate change 
adaptation strategies.

While the factors that foster effective production 
system and transformational change are 
not yet known, it is likely they are related to 
social networks, problem-solving skills, and 
financial assets. Insights and understanding 
about climate-induced production system or 
transformational changes could be gained from 
studying changes to the primary industries sector 
that have resulted from economic, political or 
institutional factors. The comparatively high risk, 
high cost and greater knowledge-management 

demands of transformational changes mean 
that the most vulnerable people, industries and 
regions may not be in a position to undertake 
transformational changes, thus increasing their 
long-term vulnerability.

What are the broad guidelines and 
boundaries for production system and 
transformational changes?

The key concept behind production system 
changes and transformations driven by climate 
change is that there are better matches between 
the prospective climate, other environmental 
resources (e.g., soil) and human assets than 
exist with current farming systems and their 
locations, and that these improvements cannot 
be achieved through incremental adjustments to 
current practices alone. Theoretically, there is an 
infinite range of possible adaptations to climate 
change. However, individual primary producer 
or industry responses to essentially identical 
situations can be highly divergent due to their 
specific circumstances. In addition, the range 
of options is constrained by market access, 
production system knowledge, available genetic 
material, infrastructure, customer preferences 
and other factors.

Image: Vernon Fowler.
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4. Information needs and research priorities

Climate change adaptation options for Australia’s  
primary industries
 
Primary industries have a range of adaptation options that can be applied, depending upon the scale 
of adaptation which is desired or required. These include (i) minor and incremental adjustments to 
existing activities, (ii) changing the production system or mix of activities undertaken in a locality, or (iii) 
transforming primary industries by removing an activity from one location to another or by introducing 
new activities to a region. Many of these changes can generate benefits in addition to climate change 
adaptation. These changes constitute an ongoing and scaled response to climate change, in the context 
of many other factors, all aimed at maintaining or increasing the profitability and sustainability of primary 
production and related industries and communities.

Adjusting primary production practices and technologies
 
Australia’s primary industry producers have extensive experience and expertise in adjusting production 
practices, genotypes and breeds without the need for significant new infrastructure and expertise. 
Adjusting practices and technologies will, however, require regional research and validation. Attention to 
specific market requirements, such as those relating to taste, texture, protein and starch levels or GM 
status, need to be well understood. This type of response will be a continuous activity, even if changes to 
production systems or transformative responses are required.

Changing primary production systems
 
Where climate change reduces productivity or quality to the point where current primary production 
systems are likely to become unsustainable despite adjustments to production practices, production 
system responses will be required. Production system changes will also occur where climate change 
results in new production systems becoming more profitable than existing production systems under 
changed climate conditions. Examples of this type of response include producing alternative plant or 
animal species or changing the mix of production activities on a farm or in a region. While this can often 
be achieved with little change to enterprise infrastructure, increasing the suite of species raised within any 
primary production unit is likely to increase the complexity of managing markets, weed control, machinery, 
production practices and other factors.

Production system changes may be tactical, in response to seasonal or annual conditions, or ongoing, 
representing a permanent change to the farm or forest plan and to regional production. These changes 
may require a different set of skills and new capital investment, including new machinery and other 
infrastructure. Successful production system changes will require a sophisticated understanding of the 
relative risks and benefits of different combinations of primary production activities and climate conditions. 
An example of production system change is the continued opportunistic expansion of grain cropping 
into western districts of Victoria, which were previously too wet in winter to sustain cropping, but are 
now dry enough for profitable cropping. In this type of adaptation response, the risks are to some extent 
limited because the primary producer is likely to have some experience or knowledge of the new options 
being introduced. The potential for maladaptive impacts on other sectors such as water resources and 
biodiversity will need to be anticipated and avoided, and the potential for synergies should be exploited. 
Should this climate change response be necessary, incremental adjustments will continue to be useful as 
primary producers seek to maintain productivity under ongoing climate change.
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Transforming primary production enterprises and industries
 
Where climate change results in new regions or industries becoming more profitable or sustainable 
than current regions or industries, a fundamental redesign or transformation of enterprises, regions 
or industries is likely to occur. Similar changes will occur where existing primary industries in a region 
become unsustainable because of climate change. Transformative changes could involve changing 
from existing activities to production approaches or products that have previously been rare or unknown 
in the affected region, or transferring a production system to another region that has become more 
suitable. There are considerable risks associated with transformative changes because primary producers 
and regional businesses that provide goods and services to the primary industries are likely to have 
little or no experience with, or knowledge of, the new options being introduced. Likewise, for new 
regions, transformation may involve not only the establishment of a new primary industry but also new 
and specialised support businesses. Consequently, transformation is likely to require significant new 
infrastructure, a new skills base and an understanding of new markets. Even an experienced primary 
producer in one climate region is likely to face different challenges and opportunities in a new region, such 
as weather extremes, worker availability or expectations, pest and disease cycles, and social services 
availability. Should this climate change response be necessary, incremental adjustments and even 
production system changes will continue to be useful as primary producers seek to maintain productivity 
under ongoing climate change. With careful planning and management, transformative changes might 
yield multiple natural resource benefits at the local and regional scales.
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4. Information needs and research priorities

Key research areas

Primary producers and industries, related 
industries, communities and governments at 
all levels need to be able to understand the 
potential benefits, costs and risks of different 
types of adaptation responses over various time-
scales. This requires information, knowledge and 
tools such as:

 � barriers and enablers to awareness and 
effective decision-making about climate 
change adaptation of all types;

 � decision-making processes at the individual/
enterprise, industry and government levels;

 � implications of climate change trajectories, 
prices for inputs and outputs, institutional 
changes such as mitigation policy, 
demographic changes and other factors;

 � integrative economic approaches which are 
capable of evaluating and comparing highly 
diverse climate change adaptation response 
options such as changing production 
opportunities versus altering livelihood 
strategies;

 � possible synergies, maladaptation or perverse 
outcomes resulting from climate change 
adaptation responses, including implications 
for water resources, greenhouse gas 
emissions or unwanted impacts on ecosystem 
services or biodiversity;

 � approaches and information that would 
help assist individuals or industries to 
determine the relative costs and benefits of 
applying incremental, production system, or 
transformative adaptations;

 � physical, social and ecological factors and 
institutional and governance arrangements 
and policy settings that will best support 
the implementation of effective incremental, 
systems, or more transformative changes, and 
how they can be fostered;

 � factors that will constrain the success 
of incremental, production system, or 
transformational climate change adaptation.

Priority research questions

 � What factors define the effectiveness of 
different levels of adaptation response: 
adjusting practices, changing production 
systems, and transforming enterprises, 
industries and regions?

 � What information, knowledge, tools, programs 
and policies are necessary for primary 
producers and industries to identify the 
range of potential climate change adaptation 
responses and understand their benefits, 
costs, risks and opportunities?

4.3 Adjusting primary production 
practices and technologies 

The objective of research under this topic is 
to ensure that stakeholders have access to, 
and understand the benefits and costs of, 
adjustments to current primary production 
practices as effective adaptation responses to 
climate change.

Australia’s primary industry producers have 
extensive experience and expertise in responding 
to highly variable climate conditions by adjusting 
their production practices. These attributes 
provide a basis for effective adaptation to climate 
change in order to maintain productivity or gain 
benefits from a changing climate.

Most current climate change adaptation 
research for the primary industries sector 
focuses on better understanding the utility of 
adjusting practices and technologies in response 
to current and anticipated regional climate 
conditions. Practices that might be targeted for 
adjustment include row spacing, planting density 
and stocking rates, sowing and breeding times, 
and water management. Adaptive technologies 
include new varieties or breeds that have 
characteristics that are more suited to emerging 
or projected climate conditions such as disease 
and pathogen resistance, greater tolerance to 
heat stress or frost impact, and increased water 
use efficiency. Adaptation to changing climate 
conditions could also result in primary producers 
developing innovative business models and 
plans to both ameliorate and benefit from 
changed climatic conditions. These plans could, 
for instance, integrate a number of adaptation 
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responses to redesign the layout of shelterbelts, 
woodlots, paddocks and firebreaks, and alter 
drainage patterns to provide shade and shelter 
and to minimise the loss of moisture under hot, 
dry, and/or windy conditions.

In addition to understanding the options for, and 
the costs and benefits of, potential adjustments 
to current practices and technologies, it will be 
important to understand the key quality traits 
of existing and new cultivars or breeds and 
whether they are beneficial under the projected 
climate conditions and suitable for the major soil 
types. Potential adjustments to practices and 
technologies will also need regional research and 
validation. Where adaptive adjustments could 
affect specific market requirements, such as 
those relating to taste, texture, protein and starch 
content or GM status, primary producers will 
need to understand the possible implications for 
markets.

Key research areas

The key information requirements to support 
primary industry adjustments to climate 
change impacts are concerned with industry- 
and location-specific development and the 
assessment of new technical and practice 
options, such as understanding:

 � how current production practices could be 
adjusted to offset risks and take advantage of 
climate change;

 � what new management practices could be 
deployed or developed to offset risks and take 
advantage of climate change;

 � how new germplasm, genes and breeding 
technologies can contribute to supporting 
primary industries adaptation to climate 
change, and the limitations they may have;

 � what changes in the management of pests 
and diseases are likely to be needed;

 � the limits of primary industries practices to 
meet the challenge of climate change.

Priority research questions

 � What types of improvements to production 
practices and technologies exist or could be 
developed to increase the adaptive capacity 
of Australia’s primary industries, and what 
practical issues need to be addressed for 
implementation?

 � What adaptations could yield benefits from 
changing atmospheric and climate conditions, 
such as increased atmospheric CO2 and 
changes in temperature and water availability?

4.4 Changing primary production 
systems 

The objective of research under this topic is to 
ensure that stakeholders have access to, and 
understand the benefits and costs of, changes to 
current primary production systems as effective 
adaptation responses to climate change.

Where climate change reduces enterprise 
productivity or product quality to the point 
where current production systems become less 
profitable and/or sustainable than alternative 
production systems, changes to the plant or 
animal species being used, or changes to the 
current mix of productive activities, may enable 
enterprises to remain viable or become more 
profitable or sustainable. These changes may 
be tactical, responsive to seasonal or annual 
conditions, or ongoing, representing a permanent 
change to the farm, forest or aquaculture plan 
and to regional production.

Different production systems may or may 
not require significant changes to enterprise 
or regional infrastructure. However, primary 
producers who decide to alter their production 
systems, such as by using new species or 
producing new commodities, will need to 
understand the markets, weeds, pests, diseases, 
machinery, and operational practices associated 
with these alterations. In other words, system 
change will require a sophisticated understanding 
of the relative risks and benefits of different 
combinations of primary production activities 
and climate conditions. The risks of initiating this 
type of adaptation response can be moderated 
through provision of information, effective 
sharing of experience and knowledge among 
primary producers, and a good understanding 
of markets.

This type of adaptation response could be an 
option where drought is undermining the financial 
sustainability of existing industries. For instance, 
grain producers affected by frequent drought 
could reduce their risks by growing more 
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drought-tolerant species such as mustard, or 
water-efficient grain legumes such as lentil or 
peas on soils where cereal yields have become 
too frequently compromised. Cattle and lamb 
producers might grow water-efficient forages 
from Africa to replace drought-sensitive forage 
species from temperate regions, or might change 
from dairy to beef production. Similarly, vegetable 
producers might respond to reduced certainty of 
water availability by changing the mix of perennial 
and annual crops to gain greater flexibility. Some 
landholders may find it effective to more precisely 
identify the soils, landscapes and topographical 
features on which primary production is 
differentially affected. Aquaculture producers 
might seek to reuse irrigation or other water in 
situations where water supplies become limited, 
focusing on species that are suited to recycled 
water. In some cases new specialised machinery 
may be required.

Because this type of adaptation response 
will need some level of financial investment 
and new knowledge, changes will need to 
be initiated before the primary producer and 
the industry have become too detrimentally 
affected by climate change or other factors. 
Anticipatory adaptation planning processes will 
require a sound understanding of the options 
relevant to potentially affected regions and 
enterprises. The kind of information required 
will include region-specific production system 
options under projected climate conditions, 
combined with tools which enable primary 
producers to determine what options best suit 
their circumstances. Knowledge about the 
risks and opportunities of different production 
system options and potential synergies between 
them will also be essential, as will insights into 
potential maladaptive impacts on other sectors 
such as water resources and biodiversity. 
Finally, understanding what factors limit or 
promote suitable production system changes 
would help to ensure that related industries 
and governments are in a position to support 
production system change where and when it 
becomes necessary.

Key research areas

The key information requirements to support 
primary industry adaptation in order to moderate 
climate change impacts are concerned with 
industry- and region-specific assessments of 
new production systems, such as understanding:

 � what new or altered production systems 
could support ongoing enterprise and regional 
sustainability and maintain overall Australian 
primary industries productivity;

 � the risks and benefits of introducing new 
production systems which would be favoured 
by climate change impacts, including risks 
and benefits to other sectors such as water 
resources and biodiversity;

 � what factors are likely to promote or hinder 
the adoption of new production systems 
which would be favoured by climate change 
impacts;

 � what synergies might exist or emerge within 
the primary industries sector or between 
primary industries and other sectors as a 
result of new production systems being 
introduced.

Priority research questions

 � What characteristics of production system 
change in primary industries are likely to 
provide advantage under changed climate 
conditions?

 � What information, knowledge, tools, programs 
and policies are needed to support effective 
changes in primary production systems?

4.5 Transforming primary 
production enterprises and 
industries

The objective of research under this topic is 
to ensure that stakeholders have access to, 
and understand the benefits and costs of, 
transformations to primary industry as effective 
adaptation responses to climate change.

A fundamental redesign of an agriculture, forestry 
or freshwater aquaculture activity will need to 
occur where climate change renders existing 
activities unprofitable or new activities more 
profitable than existing activities.

4. Information needs and research priorities
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On the one hand, transformation of farming, 
forestry and freshwater aquaculture systems 
may occur unplanned and unaided as primary 
production activities become less viable due to 
the effects of regional climatic change. On the 
other hand, transformation may be pursued more 
actively as primary producers see entrepreneurial 
opportunities arising from new markets or new 
climate conditions. This may involve reframing 
business models. For example, sugar cane 
farmers may diversify their operations to take 
advantage of the demand for renewable energy, 
biofuel feedstock and horticultural mulch in 
addition to producing sugar.

Other opportunities may emerge as climate 
change adaptation and mitigation initiatives 
alter the relative value of various options for 
primary industry activities. The emerging low 
carbon economy, with market values for carbon 
sequestration, is likely to favour enterprises that 
capture and store carbon or produce renewable 
carbon-neutral energy. Increasing concern for 
sustainable water supplies could similarly result 
in financial values being attached to water 
production. Through these and other potential 
changes, the protection of native vegetation 
and its integration into primary production plans 
could buffer natural systems from direct and 
indirect climate impacts, protect biodiversity, and 
provide carbon sequestration or other income 
streams. Such innovative business models could 
improve producer capacity to rapidly respond to 
variable market or environmental conditions, or to 
intensify production practices during favourable 
periods.

Transformative changes involve significant 
risks for primary producers, enterprises and 
associated businesses and industries, local 
and regional communities, and governments. 
New types of enterprises inherently involve 
new activities, products or locations about 
which stakeholders are likely to have relatively 
limited experience and understanding. New 
activities and industries may require considerable 
investment for infrastructure, worker training and 
industry development. In past primary industry 

transformations, some producers have exited 
the industry or the sector, to be replaced by 
new entrants. Knowledge about new markets, 
pests and diseases, and other production risks 
will be required. The plants or animals on which 
the new activities are based could themselves 
become pests or weeds. A shift by many primary 
producers to the same new activity could 
flood markets, drive prices down, and render 
enterprises less profitable.

Some of these risks might be reduced by 
developing and communicating best-practice 
options for transforming primary industries and 
regions. Similarly, building up an understanding 
about what factors limit or promote effective 
transformative adaptation would help industry 
bodies and governments to support primary 
producers and industries which are making this 
type of major change. This will be essential in 
order to avoid detrimental indirect or unintended 
effects from transformative adaptive changes.

Key research areas

The key information requirements to support 
the transformation of primary industries are 
concerned with industry- and region-specific 
assessments of long-term sustainability and 
opportunities, such as understanding:

 � what new or altered industries might support 
ongoing enterprise and regional sustainability 
in the face of significant climate change;

 � the risks and benefits involved in developing 
new primary industries or regions likely to be 
favoured by climate change impacts, including 
risks and benefits to other sectors;

 � what factors are likely to promote or hinder 
the introduction of new industries or the 
development of new regions likely to be 
favoured by climate change impacts;

 � the implications and response options 
for communities and regions affected by 
transformational change;

 � what synergies might exist or emerge within 
primary industry sectors, or between primary 
industries and other sectors, as a result of 
new industries or regions being developed.
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4. Information needs and research priorities

A culture of continuous improvement will be required to ensure 
that primary industries remain profitable as climate change occurs.

Priority research questions

 � What characteristics of transformational 
change in primary industries are likely to 
provide advantage under changed climate 
conditions?

 � What information, knowledge, tools, 
programs and policies are needed to support 
effective transformative adaptation in primary 
production systems?

 � How can the well-being of individuals 
and communities unable to undertake 
transformational changes be maintained?

4.6  Integrating, implementing 
and reviewing adaptation
The objective of research under this topic is 
to ensure that adaptation research for primary 
industries is effectively integrated with research 
for other sectors, that research outputs are 
effectively communicated to stakeholders, and 
that adaptation initiatives are monitored to enable 
ongoing learning and improvement.

Primary industries operate within a context 
comprising many environmental, social and 
economic factors at local, regional, national and 
international scales. Sections 4.1 and 4.2 are 

concerned with how these factors may affect 
primary industries’ adaptive capacity (Section 
4.1) and options for different types of adaptation 
response by primary industries (Section 4.2). 
Many factors which operate primarily at the 
national and international scales are not likely to 
be affected by the specific response of a primary 
producer or a local or regional industry. However, 
adaptation responses by primary industries on a 
local or regional scale can affect and be affected 
by climate change impacts and adaptation 
responses in many other sectors. For instance, 
there is a close nexus between management 
activities by primary industries, the water sector, 
and conservation at the local and regional scales. 
Similarly, the nature of emergency management 
responses to increased climate-mediated forest 
and grass fire risk may also affect the vulnerability 
of primary producers and associated industries. 
Moreover, there is a direct link between land 
management and farming practices and bushfire 
risk. Thus the development of integrated climate 
change adaptation response plans at the local, 
landscape or regional level is likely to help 
increase the effectiveness of plans for each 
individual sector while reducing the likelihood of 
maladaptation or perverse outcomes.
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This complex interaction of many factors also 
raises a significant challenge for ensuring 
that climate change adaptation requirements, 
options, benefits and costs are communicated 
to primary producers, industries, governments 
and other stakeholders in ways that result in 
successful adaptation being determined and 
effectively implemented.

There is merit to traditional information transferral 
processes, such as industry or government 
extension programs. However, for changes that 
are greater than adjustments, other approaches 
are required, including supporting producer- 
and industry-driven research and closely linked 
research partnerships between producers, 
industry and researchers. Wherever possible, 
such combined research, interpretation and 
communication approaches should be integrated 
with existing research and communication 
activities.

As climate change will be an ongoing issue 
for primary industries, it will also be critical to 
effectively monitor and evaluate the costs and 
benefits of adaptation initiatives. A culture of 
continuous improvement will be required to 
ensure that primary industries remain profitable 
as climate change occurs.

Priority research questions

 � How can integrated climate change 
adaptation response plans be developed at 
the local, landscape and regional scales?

 � How can climate change adaptation 
requirements, options, benefits and costs 
be integrated with other information critical 
to primary producers and industries, and 
communicated to support successful 
adaptation being determined and 
implemented?

 � How can adaptation by primary industries be 
monitored and measured, including assessing 
synergies, maladaptation and interactions 
with other sectors, to support ongoing 
improvements to adaptation approaches and 
initiatives?

Hydroponic lettuce.  
Image: Frank Stadler.
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5. Research prioritisation

5.1 Criteria and considerations 
for prioritising research activities

Actions aimed at addressing the likely impacts of 
climate change span many sectors. The COAG 
National Climate Change Adaptation Framework 
2007 identifies eight sectoral areas, including 
primary industries, for implementing adaptation 
actions. NCCARF has developed a set of six 
criteria for prioritising research topics within 
each theme area (see Appendix 2 for details). 
These criteria are used in all the research plans 
developed by NCCARF.

The criteria are:

1. The severity of potential impact or degree of 
potential benefit (essential)

2. Immediacy of required intervention or 
response (essential)

3. Need to change current intervention and 
practicality of alternative intervention (essential)

4. Potential for co-benefit (desirable)
5. Potential to address multiple, including cross-

sectoral, issues (desirable)
6. Equity considerations (desirable).

5.2 Climate change adaptation 
research priorities for primary 
industries

Ranking research questions into high and low 
priority is difficult, given that many aspects of 
research are not directly comparable and time-
frames for research vary. Nonetheless, the six 
prioritisation criteria have been applied to the 
research questions identified under each of the 
six sub-themes in Section 4.

Applying the criteria outlined above, priority 
research questions were ranked from low to high. 
From this, all the research questions identified in 
this NARP were determined to be high priority.

Plantation forest. 
Image: Griffith University.
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Image: .

High priority research questions.

In the area of Understanding	and	expanding	adaptive	capacity
 � What is adaptive capacity in the primary industries sector and how can it be measured and increased 

at individual, industry, regional and national levels?

In the area of Levels	of	adaptation
 � What factors define the effectiveness of different levels of adaptation response: adjusting practices, 

changing production systems, and transforming enterprises, industries and regions?
 � What information, knowledge, tools, programs and policies are necessary for primary producers and 

industries to identify the range of potential climate change adaptation responses and understand their 
benefits, costs, risks and opportunities?

In the area of Adjusting	primary	production	practices	and	technologies
 � What types of improvements to production practices and technologies exist or could be developed to 

increase the adaptive capacity of Australia’s primary industries, and what practical issues need to be 
addressed for implementation?

 � What adaptations could yield benefits from changing atmospheric and climate conditions, such as 
increased atmospheric CO2 and changes in temperature and water availability?

In the area of Changing	primary	production	systems
 � What characteristics of production system change in primary industries are likely to provide advantage 

under changed climate conditions?
 � What information, knowledge, tools, programs and policies are needed to support effective changes in 

primary production systems?

In the area of Transforming	primary	production
 � What characteristics of transformational change in primary industries are likely to provide advantage 

under changed climate conditions?
 � What information, knowledge, tools, programs and policies are needed to support effective 

transformative adaptation in primary production systems?
 � How can the well-being of individuals and communities unable to undertake transformational changes 

be maintained?

In the area of Integrating,	implementing	and	reviewing	adaptation
 � How can integrated climate change adaptation response plans be developed at the local, landscape 

and regional scales?
 � How can climate change adaptation requirements, options, benefits and costs be integrated with other 

information critical to primary producers and industries, and communicated to support successful 
adaptation being determined and implemented?

 � How can adaptation by primary industries be monitored and measured, including assessing synergies, 
maladaptation and interactions with other sectors, to support ongoing improvements to adaptation 
approaches and initiatives?
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Image: Julius Cruikshank.

6. Implementation issues

This section highlights the broad strategy 
required for effective implementation of this 
NARP and outlines the principles on which 
effective adaptation research should be carried 
out, rather than being a detailed blueprint for 
specific adaptation projects and programs.

The Primary Industries NARP provides a strategic 
framework for priority research for a five to 
seven-year period. Some of this research will be 
supported directly by Commonwealth funding 
allocated for this purpose. However, the breadth 
of research required is so vast that significant 
further resources will be required, none of which 
had been specifically allocated at the time 
this NARP was finalised. It is anticipated that 
further resources will be available from a wide 
range of sources including primary industries 
organisations, agencies and programs. For 
these groups, the NARP provides a conceptual 
framework of research requirements that 
can enable a higher level of coherence and 
effectiveness in the implementation of adaptation 
research than would have otherwise been 
possible. Nevertheless, each of these research 
funders will have its own priorities. Similarly, most 
research projects will focus on a context-specific 
issue, ensuring that the broad high-priority 
research questions will be explored at scales 
that will generate information, knowledge and 
tools that are meaningful at the local and regional 
scales as well as being relevant to national and 
sub-national policy development.

Implementation of this NARP will be supported 
by the NCCARF Adaptation Research Network 
for Primary Industries. The Network brings 
together people from diverse sectors and 
disciplines relevant to primary industries 
adaptation. The Network also provides a focus 
for synthesis, communication and distribution 
of knowledge, experience, data resources and 
information.

Given that climate adaptation research raises 
new and challenging areas of work, this NARP 
focuses on learning-by-doing, with ongoing 
assessment of success/failure and a redirection 
of research based on these assessments. This 
section also provides a brief overview of the 
resourcing issues – both financial and human – 
that are likely to arise in the implementation of 
this NARP.

6.1 Research principles

6.1.1 Emphasis on local/regional scale 
‘bottom-up’ approaches

Adaptation to climate change is firmly based on 
physical climate science and impact studies. 
However, it is widely recognised that the 
mere knowledge of impacts and adaptation 
options is not sufficient for adaptation to occur. 
The capacity to adapt (adaptive capacity) is 
determined by a complex interplay between 
economic, social and other factors which 
are individually, locally or regionally specific. 
Practical adaptation in the field is therefore 
inevitably driven by individual landholders and 
primary producers, key sector groups, peak 
bodies, natural resource-based industries, local 
government, local communities, and regional 
associations. Groups able to contribute to 
adaptation include those that have traditionally 
been concerned with primary industries, but 
also an increasing number of groups from 
other sectors, such as conservation, water 
management and tourism, whose activities affect 
or can be affected by primary industries.

A bottom-up approach to research brings a 
broad community of both practitioners and 
scholars to bear on the climate adaptation 
problem, some of whom have not previously 
been connected with the sustainability of primary 
industries, adaptation research or climate 
change research. These groups include business 
managers, natural resource managers, regional 
planners, water engineers, political scientists, 
lawyers, economists, sociologists, geographers, 
conservation biologists and others.

Bottom-up research approaches, such as 
learning from regional and local adaptation 
initiatives, may in many circumstances 
be the most effective way to inform best-
practice adaptation strategies, at least initially. 
Understanding the needs and capacities of 
stakeholders and their preferred engagement 
tactics will be essential in order to refine future 
adaptation communication methods. Such an 
approach is also the starting point for successful, 
problem-focused and solution-driven ‘adaptation 
science’, helping to overcome a major bottleneck 
for the implementation of successful adaptation 
action (Meinke et al., 2009).
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6.1.2 Participatory research and adaptive 
learning

Stakeholders concerned with primary industries 
need to be involved in key research to ensure 
that it generates the new information, knowledge 
and tools required to support adaptation action 
and that these research products can be easily 
and promptly taken up by users. Stakeholder 
involvement should begin with the identification 
of impacts and vulnerability and continue with 
the formulation of research questions, research 
projects and the implementation of results. 
This type of research is commonly termed ‘co-
production of knowledge’.

Many of the issues important for effective climate 
change adaptation by primary industries are 
relevant at the regional or state level, and involve 
changes such as those to crop and livestock 
genotypes or management. At this scale of 
change, there is considerable opportunity for 
primary producers to learn from each other and 
for locally developed adaptation initiatives to be 
scientifically tested. However, where production 
system changes or industry transformation 
occurs, the nature of primary industry in a region 
is, in all likelihood, going to change significantly. 
Making these changes successfully will rely on 
knowledge of broader regional circumstances, 
including social and economic information, 
in addition to climate projections. Involving 
stakeholders in research to inform these changes 
will also be essential.

While traditional academic publication is critical 
for quality control and scientific progress, other 
communication options will be required for 
most stakeholders. These include toolkits, short 
targeted publications, presentations, workshops, 
interactive web-based material, CDs and DVDs. 
Involving key stakeholders from the start of a 
research project will help to focus researchers’ 
attention on how best to communicate the 
results to their clients, whether they are primary 
producers or policy-makers.

6.1.3 Dealing with uncertainty

Flexible, risk-based approaches to climate 
change adaptation will be required in response 
to uncertainties about direct and indirect climate 
impacts on primary industries in Australia. 

Even with more locally and temporally specific 
climate projections, there remains a significant 
level of uncertainty regarding climate change 
impacts on the Australian and overseas primary 
industries sectors. Therefore, risk management 
will need to play a major role in the climate 
change adaptation response by Australian 
and international producers, associated 
and supportive industries, and dependent 
communities.

Primary producers will make individual and 
independent decisions about climate change 
adaptation, including potential decisions about 
changing the nature of their enterprise and about 
investing in new infrastructure or in new regions. 
Research will therefore need to provide not only 
the best possible information about impacts 
and adaptation options but also a range of tools 
which will enable stakeholders to understand 
the level of certainty that research can provide 
and what uncertainties and risks remain. This 
will enable producers and other stakeholders 
to make informed decisions about the risks of 
adapting, the risks of failing to adapt, and ways 
of managing these risks.

6.1.4 Building on national and 
international research

The approach to adaptation research described 
above (Sections 6.1.1 and 6.1.2) carries an 
emphasis on engagement with non-scientist 
stakeholders, often at the local or regional level. 
However, Australian producers supply global 
markets and they are exposed to changing 
terms of trade. This role as a major exporter 
of commodities provides Australia with the 
opportunity to contribute to, and benefit from, 
research initiatives in other parts of the world. It is 
likely that some of Australia’s adaptation options 
will come from primary industry developments 
initiated overseas, such as new strains of 
grasses, grains or livestock. Similarly, Australian 
researchers can advise on overseas adaptation 
responses and thus contribute to global food 
security. Therefore, it is important for Australia 
that national initiatives contribute to international 
primary industry climate change adaptation 
research and that developments overseas are 
monitored for potential application in Australia.
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6.2 Research capacity

A number of climate change adaptation research 
activities are already responding to the needs 
of primary industries. The Commonwealth 
Government supports a wide range of climate 
change research initiatives, several CRCs are 
also engaged in research on climate change 
impacts and adaptation, and state and 
territory government agencies have committed 
considerable financial and scientific resources 
to adaptation research. In addition, successful 
farmers and other primary producers experiment 
continually to maintain or improve productivity, 
profits and sustainability.

However, a wide range and large number 
of biophysical and social research scientists 
will be required to implement this NARP. The 
Australian Council of Deans of Agriculture (ACDA) 
has identified a growing skills deficit in the 
area of agricultural sciences and other related 
professions. This situation is likely to be reflected 
in other relevant disciplines.

Many university-led projects are funded through 
either the state, territory and Commonwealth 
governments or the Australian Research Council 
(ARC) and various research and development 
corporations that are targeting climate change 
impacts or responses. In some states and 
territories, government agencies are working 
together to develop targeted outcome-based 
regional research programs to address climate 
change in primary industry, conservation, and 
water management.

State and territory agencies have key roles in 
the development and sustainability of primary 
industries throughout Australia. These agencies 
have staff strategically located in regional areas 
providing a close link between government, 
primary producers, industries and communities. 
State and territory government primary industry 
agencies also have extensive and world-
leading research programs including policy, 
institutional, economic, systems, biophysical, 
communication and integrative research. 
This regional-based approach enables effective 
research and extension to address industry 
needs and priorities, efficient management of 
industry issues, and good communication and 

working relationships between government and 
all sectors of the primary industries. Ongoing 
state and territory research and communication 
capacity is essential for effective climate change 
adaptation in primary industries.

CSIRO has established a Climate Adaptation 
Flagship which includes a specific theme 
on Adaptive Primary Industries, Enterprises 
and Communities. This theme is developing 
adaptation options for Australia’s primary 
industries and resource sectors to reduce their 
vulnerability and enhance strategic opportunities 
created by climate change.

This CSIRO Flagship theme:

 � provides practical adaptation strategies 
that will sustain livelihoods by ensuring the 
long-term viability of rural enterprises and 
communities threatened by climate change;

 � uses participatory engagement to build 
improved management of uncertainty into 
management and governance systems, and 
to support transformative change where 
necessary;

 � explores adaptation options and tools for 
agriculture, forestry and marine industries 
that can help policy-makers and industry 
to minimise the negative consequences of 
climate change and take advantage of new 
opportunities;

 � develops new management techniques 
or technologies that enable industries and 
enterprises to adapt to climate change (e.g., 
degradable polymer films to manipulate 
intensive crop micro-climates).

All these activities signal increasing capacity 
and focus in Australia on research to support 
climate change adaptation, either directly or 
indirectly. The vast majority of this work has 
been concerned with biophysical information 
needs, with relatively little focus so far on the 
many important social and economic aspects 
of climate change adaptation in the primary 
industries sector. This raises an important 
research capacity issue: the need for a mix 
of disciplinary and interdisciplinary skills to 
investigate the complex issues raised and to 
engage in participatory research. Researchers 
who focus on a single discipline will be required, 

6. Implementation issues
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but are unlikely to be able to address the 
complex issues inherent in adaptation research 
and extension.

As the funding and research capacity available 
for adaptation research will never be sufficient 
to satisfy all information needs, duplication of 
both research effort and capability development 
needs to be avoided. Ensuring clear links 
between these many processes and activities will 
ensure greater effectiveness in delivering priority 
information and efficiency in the allocation of 
limited research funds.

The Primary Industries NARP has identified the 
most important adaptation research to assist 
the management of primary industries in a 
changing climate, and seeks to align research 
priorities relevant to climate change adaptation 
across all or most of the above initiatives. The 
Adaptation Research Network for Primary 
Industries plays a significant role in implementing 
the NARP through information dissemination and 
collaboration among its growing membership, 
which includes researchers, state and federal 
government biodiversity and climate change 
units, major NGOs and interested individuals.

Finally, there is scope to enhance Australia’s 
adaptation research capacity through 
international collaboration, as has happened 

with climate change science. Research institutes 
and programs focusing on climate adaptation 
have been established in many parts of the 
world. Interaction with these institutes, and the 
international community more broadly, ensures 
that Australian adaptation research maintains its 
position at the forefront of the international effort.

Further information about the research capacity 
available and needed for this NARP is provided in 
its Implementation Plan.

6.3 Additional funding sources

Adaptation research includes both research to 
support innovation and adaptation by individual 
producers, industries, communities, and also 
research to support government policy and 
planning. Industry has a greater interest in 
supporting the former type of research, and 
does so through the funding of rural research 
and development corporations and other means. 
Government has a critical role in supporting the 
latter type of research, in which industry funding 
is likely to be limited. The higher-order cross-
sectoral adaptation research priorities outlined in 
this Research Plan will require more investment 
from government, but this investment could 
attract further co-investment from the RDC 
sector.
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Mango orchard, Kununurra region.  
Image: Peter Nijenhuis.

Further funding and/or co-funding opportunities 
in higher-order cross-sectoral issues may be 
available in the natural resource management 
agencies concerned with water and landscape 
management, such as the National Water 
Commission, the Murray–Darling Basin Authority 
and perhaps the Department of Environment, 
Water, Heritage and the Arts. The landscape 
questions raised in this Research Plan could 
well be addressed through the Caring for 
Country program

The conceptual aspects of these research 
priorities are suitable for the Australian Research 
Council (ARC) Discovery and Linkage programs, 
and applications by suitably qualified researchers 
may receive support. Research undertaken by 
Indigenous students or early-career scientists 
may also attract funding from the ARC Discovery 
Indigenous Researchers Development grant 
program.

Further information about research funders is 
provided in Appendix 3.

6. Implementation issues

6.4 Information, knowledge and 
tools transfer

Successful adaptation will require both sound 
research and the communication of research 
findings to stakeholders who need them. 
Research uptake by stakeholders will be 
encouraged by the bottom-up, integrated 
approach outlined in Section 6.1, and will be 
supported by the research activities outlined in 
Section 4.6. This matter remains a significant 
challenge and will be a major component of 
future reviews of this NARP (see Section 6.5).

6.5 Review of this National 
Climate Change Adaptation 
Research Plan

The Primary Industries NARP provides a 
strategic framework for priority research for a 
period of five to seven years. During this period, 
which will involve a rapidly changing research, 
knowledge and policy environment, the NARP 
will be reviewed to assess its effectiveness. 
Information about the process of the review 
will be available on the NCCARF website  
(http://www.nccarf.edu.au/).
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Adaptation

Adjustment in natural or human systems 
in response to actual or expected climatic 
stimuli or their effects, which moderates harm 
or exploits beneficial opportunities. Various 
types of adaptation can be distinguished, 
including anticipatory, autonomous and planned 
adaptation.

Adaptive capacity

The ability of a system to adjust to climate 
change (including climate variability and 
extremes) so as to moderate potential damages, 
take advantage of opportunities, or to cope with 
the consequences.

Maladaptation

Climate change adaptation initiatives that have 
negative or detrimental impacts elsewhere 
are termed maladaptations. This also includes 
adaptation activities that over time become less 
beneficial and more of a hindrance.

Perverse outcomes

Detrimental results of actions intended to yield 
beneficial outcomes. Perverse outcomes often 
result from actions applied to systems that are 
so complex or unknown that the results of the 
actions cannot be fully predicted.

Resilience

The widely accepted definition of resilience, 
originally derived from the ecological literature, is 
the capability of a system to experience shocks 
while retaining essentially the same function, 
structure, feedbacks, and therefore identity. This 
so-called ‘ecological’ definition of resilience is 
relevant at various scales, including biodiversity, 
ecosystems, landscapes, and integrated natural 
resource management systems. It can also be 
applied to social systems.

Appendix 1 

Terms used in this NARP

Sensitivity

The degree to which a system is affected, either 
adversely or beneficially, by climate variability 
or change. The effect may be direct (e.g., a 
change in crop yield in response to a change in 
the mean, range or variability of temperature) or 
indirect (e.g. damages caused by an increase in 
the frequency of coastal flooding due to sea-level 
rise).

Transformation

When change exceeds the adaptive capacity 
of a system, it may be appropriate to reduce 
the resilience of that system to facilitate 
transformation, for example of species 
composition and even ecological function. 
Transformation at one scale (e.g., change 
of species composition and even ecological 
function locally) may be necessary to enhance 
resilience at a broader scale (e.g. persistence of 
those species somewhere in Australia).

Vulnerability

The degree to which a system is susceptible 
to, and unable to cope with, adverse effects 
of climate change, including climate variability 
and extremes. Vulnerability is a function of the 
character, magnitude, and rate of climate change 
and variation to which a system is exposed, its 
sensitivity, and its adaptive capacity.
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The criteria listed below will guide the research 
planning process to set research priorities.

Essential

1.  Severity of potential impact or degree 
of potential benefit

What is the severity of the potential impact to 
be addressed or benefit to be gained by the 
research? Potentially irreversible impacts and 
those that have a greater severity (in social, 
economic or environmental terms) will be 
awarded higher priority.

2.  Immediacy of required intervention or 
response

Research will be prioritised according to the 
timeliness of the response needed. How 
immediate is the intervention or response needed 
to address the potential impact or create the 
benefit? Research that must begin now in order 
to inform timely responses will receive a higher 
priority than research that could be conducted at 
a later date and still enable a timely response.

3.  Need to change current intervention 
and practicality of intervention

Is there a need to change the intervention used 
currently to address the potential impact being 
considered. If yes, what are the alternatives and 
how practical are these alternative interventions? 
Research that will contribute to practicable 
interventions or responses will be prioritised. 
Does research into the potential impact of the 
intervention being considered contribute to the 
knowledge base required to support decisions 
about these interventions?

Appendix 2 

Criteria for setting research priorities

Desirable

4. Potential for co-benefit

Will the research being considered produce any 
benefits beyond informing climate adaptation 
strategies?

5.  Potential to address multiple, including 
cross-sectoral, issues

Will the research being considered address more 
than one issue, including cross-sectoral issues?

6. Equity considerations

Will research priorities recognise the special 
needs of particular groups in Australia?
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Introduction

The Australian Government has a strong 
preference for markets to operate with minimal 
intervention, concentrating on situations where 
there is market failure, where there is a clear 
need to intervene to protect or maintain a 
public good, or where there is a high risk to 
assets of national significance. The Australian 
Government’s response to climate change 
adaptation in primary industries is therefore to 
focus on providing fundamental knowledge and 
the technology to assist primary producers to 
manage the risks of climate change. There is also 
a clear role for government in ensuring consistent 
policies, regulation and incentives to facilitate 
adaptation, support transparent market signals, 
address market failures, and avoid adverse 
adaptation responses.

National policies and programs

The National Climate Change Adaptation 
Framework (the Framework) was endorsed by 
the Council of Australian Governments (COAG) 
in April 2007 as the basis for government 
action on adaptation over five to seven years. 
The Framework identifies possible actions to 
assist vulnerable sectors and regions, such 
as agriculture, irrigation water supply, forestry, 
fisheries, coasts and biodiversity, to adapt to 
the impacts of climate change. It also identifies 
actions to enhance the knowledge base 
underpinning climate change adaptation and 
improve national coordination of climate change 
adaptation research.

The National Climate Change Adaptation 
Research Facility (NCCARF) was established 
by the Australian Government in 2007 as part of 
the implementation of the Framework. NCCARF 
is a multi-partner institution that is hosted by 
Griffith University. NCCARF’s role is to coordinate 
and lead the Australian research community in 
generating the biophysical, social and economic 
information, knowledge and tools needed to 
adapt to climate change. Up to $30 million 
is being invested in priority research for key 
sectors as identified in the National Adaptation 
Research Plans (NARPs). Nine NARPs are 
being developed by the Facility, in partnership 
with relevant government, community, industry 
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and research stakeholders. The NARPs set 
national priorities for adaptation research and will 
be implemented by the NCCARF, with assistance 
from NCCARF’s National Adaptation 
Research Networks. The Networks work with 
the Facility to advance regional and sectoral 
knowledge about climate change impacts and 
vulnerability and adaptation options and to 
foster an inclusive and collaborative research 
environment.

The National Framework for Climate 
Change Science (NFCCS) identifies national 
climate change science priorities for the 
coming decade and sets out ways to harness 
Australia’s science capacity to address them. 
The focus of NFCCS is fundamental climate 
system science, which provides essential 
system knowledge to understand climate 
change impacts, develop adaptation strategies, 
and manage carbon emissions. The scientific 
research proposed under the auspices of 
NFCCS is designed to interact closely with the 
adaptation response agenda, with mitigation 
science and technology, and with efforts to 
develop more effective policy to deal with the 
climate change challenge. NFCCS will build on 
the achievements of Australia’s climate change 
science community and enhance future efforts 
by focusing Australia’s climate science expertise 
on an agreed set of national priorities. NFCCS 
comprises four main elements critical for climate 
change research: challenges, capabilities, 
people and infrastructure, and implementation. 
NFCCS involves considerable collaboration with 
international climate science providers, which 
also informs its products.

Primary industries climate change 
adaptation policies and programs

Industry and individual primary producers are 
very experienced in responding to market 
drivers and other external influences by making 
decisions that are appropriate for their individual 
circumstances. However, their preparedness 
and decision-making for climate change impacts 
needs to be informed also by the outcomes of 
sound research that is integrated with effective 
information transfer and uptake systems, 
such as extension services. Primary industries 
stakeholders throughout the value-chain need 
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to extend their existing adaptive capacity by 
building a greater understanding and knowledge 
of the implications of climate change so that they 
can minimise risk, adequately manage threats, 
and maximise opportunities. Similarly, scientists 
need to ensure that their research is contextually 
relevant. Many programs and activities which 
have already been established, including some 
primarily focusing on other objectives or sectors, 
will serve primary industry’s information needs. 
Government research, extension and training 
programs to assist primary producers in adapting 
to climate change while increasing productivity 
include a framework aimed at finding innovative 
solutions to adapt to a changing climate, 
manage agricultural emissions, and improve soil 
management.

The National Climate Change Research 
Strategy for Primary Industries (CCRSPI) was 
established to guide research into issues related 
to adaptation to climate change, greenhouse 
gas mitigation, emissions accounting and trading 
and the consequences for primary industries and 
rural communities. Its aim is to reduce risks and 
maximise opportunities for primary industries 
(agriculture, fisheries and forestry). CCRSPI 
involves a collaborative research, development 
and extension (RDE) program between state, 
territory and Commonwealth government 
agencies, RDCs, CSIRO and universities to link 
research efforts on issues that apply across 
industries and jurisdictions. This arrangement 
enables a collaborative, cross-sectoral approach 
to coordinate and leverage research in areas 
of common interest. CCRSPI operates under a 
mandate from the Primary Industries Standing 
Committee. CCRSPI was initiated in 2007, it 
reported initially in 2008, and further revisions of 
CCRSPI will seek to harmonise with adaptation 
research outlined in this Research Plan.

Australia’s Farming Future is a four-year 
Australian Government initiative (2008–2012) to 
help primary producers adapt to and manage 
the impacts of climate change while increasing 
productivity. The initiative comprises several 
elements:

 � a Climate	Change	Research	Program (CCRP);
	� FarmReady, which will help industry and 

primary producers develop skills and 
strategies to help them deal with the impacts 
of climate change;

 � a Climate	Change	Adjustment	Program to 
assist farmers in financial difficulty to manage 
the impacts of climate change;

	� transitional	income support linked to the 
climate change adjustment program;

	� Community	Networks	and	Capacity	Building 
activities which focus on increasing the 
leadership and representative capacity of 
target groups, including women, youth, 
Indigenous Australians, and people 
from culturally and linguistically diverse 
backgrounds. 

The Rural Research and Development 
Council is the Commonwealth Government’s 
key advisory body on rural research and 
development (R&D). The principal goal of the 
council is to provide high-level advice and 
coordination to better target and improve the 
effectiveness of the government’s investment 
in rural R&D. This enhanced focus on R&D 
will improve the productivity, profitability, 
sustainability and global competitiveness of 
Australia’s agriculture, fisheries, forestry and 
food industries, with benefits for individual rural 
businesses, the environment and the wider 
community. The Council has a central role in 
facilitating more effective use of public resources 
to address priority issues of importance to 
Australia’s primary industries and associated 
value-chains, to enhance the speed of delivery 
and uptake of research outputs to Australia’s 
primary producers, and to enhance domestic 
and international cooperation and collaboration. 
The Council will work closely with the rural 
research and development corporations and 
companies, industry sectors, research providers, 
state and territory jurisdictions, and relevant 
Australian government agencies.
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The National Climate Change and 
Commercial Forestry Action Plan 2009–2012 
(DAFF, 2009) ‘identifies knowledge gaps in the 
area of forestry and climate change, pinpoints 
potential obstacles that industry may face in its 
efforts to respond to climate change, identifies 
areas which require attention and provides a 
series of actions classifying areas of work which 
are fundamental in the context of addressing the 
impacts of climate change’.

There are 15 Rural Research and 
Development Corporations (RDCs) covering 
all of the agricultural industries. The RDCs 
bring industry and researchers together to 
establish strategic directions for research and 
development and to fund projects that provide 
industry with the innovation and productivity tools 
to compete in global markets. The RDC model of 
joint industry and government funding has been 
a vital element in the success of Australia’s R&D 
effort. In the agriculture, fisheries and forestry 
sectors, R&D has helped Australian agriculture 
double its productivity over the past 25 years. 
Productivity growth in broadacre agriculture 
averaged about 2.0% annually during the period 
1953–2004 (Mullen, 2010).

Several Cooperative Research Centres 
(CRCs) have programs directly focusing on 
climate change adaptation research for primary 
industries. These CRCs are listed below:

Agriculture	and	rural-based	manufacturing	CRCs

 – Cotton Catchment Communities CRC
 – CRC for Beef Genetic Technologies
 – CRC for Forestry
 – CRC for Sheep Industry Innovation
 – CRC for National Plant Biodiversity
 – Poultry CRC
 – Future Farm Industries CRC
 – Dairy Futures CRC

Service	CRCs

 – Bushfire CRC
 – eWater CRC
 – Invasive Animals CRC.

Australian Research Council

The Australian Research Council grants program 
is likely to be the first port of call for many 
researchers and research institutions that seek 
additional support. Relevant grants offered by the 
ARC include:

Appendix 3 continued
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 � Discovery Projects. A variety of fellowships 
are offered under the scheme to nurture the 
talents of Australia’s most promising early-
career researchers and support established 
researchers.

 � Discovery Future Fellowships. Future 
Fellowships are offered to promote research in 
areas of critical national importance by giving 
world-class researchers incentives to conduct 
their research in Australia.

 � Linkage Infrastructure, Equipment and 
Facilities. The scheme fosters collaboration 
through its support of the cooperative use of 
national and international research facilities. 
Essentially, the scheme provides funding for 
large-scale cooperative initiatives so that 
expensive infrastructure, equipment and 
facilities can be shared by researchers in 
partnered organisations. However, the ARC 
may fund single-organisation proposals in 
some circumstances.

 � Linkage Projects. The scheme supports 
collaborative research and development 
projects between higher education 
organisations and other organisations, 
including within industry, to enable the 
application of advanced knowledge to 
problems. In recommending funding for 
proposals under Linkage Projects, the ARC 
may take into consideration the likely benefit 
of the research to Australian regional and rural 
communities.

 � Linkage International Projects. The scheme 
encourages networks and collaborations 
between researchers, research teams and 
research centres of excellence in Australia 
and overseas. Researchers awarded Linkage 
International funding may participate in 
national and international exchanges between 
research organisations. 

State and territory programs

States and territories have also invested 
significantly in developing and communicating 
research and information about adaptation 
to climate variability and change. Further 
information about these activities is available from 
the websites listed in Table 1.

International scientific collaborations

International scientific collaborations are very 
useful for all aspects of Australia’s rural research 
program, including climate change adaptation 
for primary industries. Australia is one of very 
few nations having highly developed climate 
and primary industries research capacity plus 
extensive and diverse primary production in 
many climate zones. It might be the only such 
nation having these features under the climatic 
conditions generally found in developing 
countries. International collaboration and 
cooperation on agricultural research will yield two 
important outcomes. First, it will assist Australia’s 
efforts to address the key issues of agriculture 
productivity, food security and greenhouse gas 
emissions within Australia. Second, it will enable 
Australia to contribute to effective climate change 
adaptation by primary industries in tropical, 
subtropical and semi-arid zones worldwide. 
This means that Australia is ideally placed to 
export its current and future knowledge to 
both developing and developed countries, 
potentially contributing to the nation’s export 
base and providing an international platform for 
Australian science. To increase opportunities 
for international collaboration and cooperation 
on research, Australia has joined the Global 
Research Alliance on Agricultural Greenhouse 
Gases. The Alliance will identify and provide 
opportunities to reduce the emissions intensity 
of agricultural production, build the adaptive 
capacity of current systems and increase the 
potential for soil carbon sequestration, while 
ensuring global food security.

Summary

This NARP will play a key role in informing 
current research coordination processes and 
in identifying knowledge and research gaps to 
guide ongoing and future research effort for the 
primary industries. The NFCCS and the Primary 
Industries NARP together provide a strategic 
framework for investment in research concerned 
with primary industry climate change adaptation. 
CCRSPI, the Rural Research and Development 
Council and the National Adaptation Research 
Network for Primary Industries have key roles 
in coordinating this research by universities, 
state and territory government agencies, 
CSIRO and others.
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Appendix 3 continued

Table 1. State and territory climate change adaptation programs for primary industries

Jurisdiction/agency 
websites

Key websites for climate change 
adaptation programs

Australian Capital Territory
http://www.environment.act.gov.au/climate_change

Weathering	the	Change	–	The	ACT	Climate	Change	
Strategy	2007–2025
http://www.environment.act.gov.au/climate_change/
weathering_the_change 

New South Wales
http://www.dpi.nsw.gov.au/

Current	climate	change	research	projects:	adaptation
http://www.dpi.nsw.gov.au/research/topics/climate-
change/projects-adaptation 

Northern Territory
http://www.nt.gov.au/d/Primary_Industry/

NT	Pastoral	Industry	and	Climate	Change	Overview
http://www.nt.gov.au/d/Content/File/p/Climate_Change/
CCFS01.pdf 

Queensland
http://www.dpi.qld.gov.au/

ClimateQ	Initiative:	Helping	Primary	Producers	to	Adapt	
to	Climate	Change
http://www.climatechange.qld.gov.au/pdf/
factsheets/5primind-n4.pdf  

South Australia
http://www.pir.sa.gov.au/

Adapting to Climate Change
http://www.pir.sa.gov.au/pirsa/nrm/adapting_to_
climate_change 

Tasmania
http://www.dpiw.tas.gov.au/

Tasmanian	Institute	of	Agricultural	Research:	Climate	
Change
http://www.tiar.tas.edu.au/research/climatechange/
index.html 

Victoria
http://new.dpi.vic.gov.au/

Victorian	Climate	Change	Adaptation	Program	(VCCAP)
http://www.dpi.vic.gov.au/dpi/vro/vrosite.nsf/pages/
climate_vccap 

Western Australia
http://www.agric.wa.gov.au/

Climate	Risks	and	Opportunities	Project	(CROP)
http://www.agric.wa.gov.au/PC_92246
html?s=1213769058
Climate	Change	Response	Strategy
http://www.agric.wa.gov.au/objtwr/imported_assets/
content/lwe/cli/bn_climatechangestrategy.pdf
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Appendix 4 

Links, interactions and synergies with other National Climate Change 
Adaptation Research Plans

There are many links, interactions and potential 
synergies between the sectoral issues and 
research priorities outlined in this NARP 
and other NARPs. These links, interactions 
and synergies offer beneficial opportunities 
for collaborative climate change adaptation 
research and initiatives as well as potential for 
perverse outcomes and maladaptation, where 
adaptation in one sector detrimentally affects 
other sectors. Primary industry has particularly 
strong links, interactions and potential synergies 
with the terrestrial and freshwater biodiversity, 
human health, and social, economic and 
institutional dimensions of adaptation thematic 
areas. Collaborative activities involving several 
thematic areas will both increase the efficiency 
and productivity of research investment and 
also reduce the likelihood of maladaptations and 
perverse outcomes.

Significant areas of potential synergy, common 
interest, duplication or conflict are set out below. 
The Implementation Plans for NARPs seek to 
avoid duplication of research effort by promoting 
this kind of collaboration between researchers 
and research programs.

Terrestrial Biodiversity

Primary industries and natural systems can at 
times compete for the same resources, namely 
land/habitat and water. Primary production 
landscapes also provide multiple resources 
and benefits. Forest ecosystems, for example, 
provide timber and biomass, honey, water, 
flowers and amenity values, such as appearance 
and biodiversity, important to tourism. The role 
of primary producers and other rural landholders 
as managers of land for biodiversity objectives is 
expected to become more important as climate 
change affects Australia’s reserve system, 
and landscape-scale conservation planning is 
required. Climate change will amplify the need 
for careful management, and possibly trade-
offs, as the demand for some resources – such 
as water – increases and primary producers 
in some regions seek to relocate to regions of 
higher rainfall. For example, relocating cropping 
enterprises to higher-rainfall regions will need 
to avoid or minimise the impacts of large-scale 
landscape change, habitat destruction and 
loss of terrestrial biodiversity, both on farms 

and neighbouring ecosystems. Conversely, 
rehabilitation of marginal agricultural land 
or revegetation in rural areas may result in 
vegetation corridors which enhance habitat 
connectivity and thus increase biodiversity values 
and landscape resilience. Similarly, increasing 
on-farm biodiversity may promote the resilience 
of both productive and conservation systems 
through the provision of ecosystem services such 
as water conservation, pest control, soil fertility 
and wildlife refuges.

Freshwater Biodiversity

Water management, allocation, distribution 
and governance issues are key considerations 
for both primary industries and freshwater 
biodiversity sectors. Competition for water in 
areas which become drier is set to intensify and, 
where flooding increases, water management 
could result in intersectoral conflict. Capturing 
water in dams and extracting water from rivers 
and groundwater can interfere with natural river- 
and groundwater-dependent ecosystems. Forest 
and plantation development may also reduce 
water availability for freshwater ecosystems. 
Climate change adaptation initiatives by primary 
industries can affect freshwater ecosystems. 
Examples include the drainage of wetlands to 
create arable land, fertiliser or soil runoff into 
streams, the discharge of freshwater aquaculture 
effluent, and changes to the water catchment 
function. Changed forest fire behaviour can 
also affect catchment health and water quality. 
New pests or diseases, such as aquatic weeds, 
could pass between freshwater aquaculture and 
freshwater ecosystems. Aquatic ecosystems and 
primary production compete for water but can 
each benefit from conservation and adaptation 
activities in the other sector.

Marine Biodiversity and Resources

The adaptation research needs of marine 
fisheries and aquaculture (excluding freshwater 
aquaculture) were included in the Marine 
Biodiversity and Resources NARP. However, 
because the adaptation strategies for fisheries 
and aquaculture will be heavily dependent on 
the impacts of climate change on overall marine 
ecosystem health, management strategies 
in the marine environment will be likely to 
involve integrated responses across fisheries, 
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aquaculture, conservation management and 
tourism. The principal links between this 
Research Plan and the Marine NARP therefore 
relate to the minimisation of climate-exacerbated 
stressors on the marine environment, including 
land-based marine pollution such as sediments 
and agricultural run-off.

Emergency Management

Climate already causes various emergencies to 
which public authorities and private citizens must 
respond. More frequent occurrences of extreme 
weather events, such as severe tropical cyclones 
or other major storms (wind impacts, storm 
surges and flooding) or long hot and dry periods, 
will correspondingly increase the scale, intensity 
and frequency of climate-induced emergencies.

Where climate adaptation by primary producers 
results in water capture, improved flood 
management may be an important secondary 
benefit.

Australian forests, both native and exotic, are 
likely to become more prone to fire, especially in 
regions which become warmer and drier. Where 
production forests are planted or maintained in 
close proximity to urban settlements or where 
urbanisation extends into forested areas, fire 
has to be taken into account as a major climate-
mediated threat to settlements, infrastructure 
and the safety of people. For example, in the 

Canberra bushfires of 2003, the close proximity 
of the peri-urban environment to forestry 
plantings contributed to property loss. Factors 
responsible for the death of 173 people during 
the 2009 Victorian bushfires are currently being 
investigated. Decision-makers at all levels 
of government, forest managers, urban and 
regional planners, developers and residents need 
information that will support climate change-
adapted forestry and urban design practices 
likely to decrease fire risks and vulnerabilities that 
could result from climate change.

Settlements and Infrastructure

Infrastructure such as processing, road, rail 
and port facilities may need to be built or 
modified in order to accommodate changes 
in primary industry production systems or the 
transformation and relocation of industries. 
It is critical to consider projected long-term 
climate change impacts on existing and future 
infrastructure developments. For example, new 
rail and road infrastructure will need to take into 
account the frequency and severity of flooding 
and extreme heat events, just as the expansion 
of port facilities needs to pay attention to sea-
level rise.

In many areas, primary industries and urban 
settlements compete for land and water. The 
peri-urban zone is often home to forestry and 

Where production forests are planted or maintained in close 
proximity to urban settlements or where urbanisation extends 
into forested areas, fire has to be taken into account as a major 
climate-mediated threat to settlements, infrastructure and the 
safety of people.

Appendix 4 continued
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to many intensive primary industries such as 
market gardens. Increasing land prices on one 
hand, and the need to reduce transport costs on 
the other, present producers and town planners 
with significant challenges. Climate change could 
exacerbate conflicts between settlements and 
primary industries about the use of chemicals, 
pest deterrents (such as noise guns), household 
pets and controlled burn-offs, to name a few.

Social, Economic and Institutional 
Dimensions of Adaptation (SEID)

Climate change adaptation responses by primary 
industries and rural communities will be shaped 
significantly by social and economic factors. The 
adaptive capacity of many industries and regions 
will depend on responsive institutions. While 
this NARP is concerned with some social and 
economic aspects of effective climate change 
adaptation by the primary industries sector, these 
matters are the key focus of the SEID NARP, 
and its research outputs will inform all sectors, 
including primary industry.

Human Health

Climate change is likely to make farming 
increasingly difficult on marginal and more 
drought-prone country and could threaten the 
livelihood of surrounding communities that 
depend on primary industries. The Human Health 

NARP proposes research to address potential 
climate change impacts on the physical and 
mental health of rural Australians, including 
impacts on rural industries, communities and 
individuals. The Human Health NARP also 
proposes research into potential climate-induced 
risks to food quality and safety. Complementary 
aspects of the Human Health and Primary 
Industries NARPs include changes in the 
distribution and epidemiology of plant, animal 
and human vector-borne diseases.

Indigenous Communities

Indigenous communities have a considerable 
interest in the primary industries sector. 
Substantial parcels of farming country, pastoral 
land and conservation estate are under 
Indigenous management. There is a growing 
bush food industry providing Indigenous 
communities with employment and income 
opportunities. Traditional knowledge is critical 
to this fledgling industry. Primary industries 
transformation could also see individual 
producers or entire industries relocate to remote 
areas of the country, bringing employment 
opportunities to remote Indigenous communities. 
The Indigenous Communities NARP will discuss 
these and other key cross-cutting adaptation 
issues relevant to primary industries and other 
NARPs.

Image: Griffith University.
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Appendix 5 

The need for adaptation: Australia needs a  
sustainable primary industries sector

Australia’s primary industries, industries 
associated with primary production, and 
the people they employ make a significant 
contribution to Australia’s economic, social and 
environmental well-being. They also contribute 
to Australian and global food security. Australia’s 
primary industries directly or indirectly employ 
about 359,000 people, around one-third of the 
nation’s rural and regional residents.

The combined gross value of production of 
agriculture, fisheries and forestry industries in 

Table 2. Gross value of production and export in 2008/9 ($’000,000)

2007/8 was $48.1 billion, about 2% of Australia’s 
gross domestic product (GDP) (ABARE, 2009). 
The food manufacturing industry comprises a 
further 2% of GDP and employs about 205,000 
people (ABARE, 2009). When the supporting 
service industries are included, the total farm-
dependent economy has been estimated at 
approximately 11% of GDP (Econotech, 2005). 
Production and export figures for 2008/9 are 
shown in Table 2.

Agriculture Production Export

Grains and oilseeds, etc 10.6 7.8

Cotton, sugar cane and rice 1.7 1.9

Livestock 10.2 7.2

Pigs and poultry 2.8 0.17

Wool 1.8 2.3

Milk, dairy 4.0 (milk only) 2.7 (incl. dairy products)

Horticulture 7.9

Wine grapes 0.9 2.4

Other agriculture (NEI) 2.2 7.6

Total agriculture 42.0 32.1

Forestry 1.7 2.3

Fisheries (incl. aquaculture) 2.1 1.5

Total 45.9 35.9

Source: ABARE 2010
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Agriculture

Australia is one of the world’s largest agricultural 
export nations in terms of wheat, beef, dairy 
products, wine and wool. More than two-thirds 
of agricultural production is exported each year, 
generating $27.5 billion in 2007/8. For large 
industries, the average proportion of production 
exported ranges from 98% for wool through 
to 51% for dairy products. Australia is a net 
importer of horticultural products. During the 
past 20 years, beef, wine and dairy product 
exports have increased significantly in response 
to growing overseas demand for higher-value 
products (DAFF, 2008).

Australia’s main agricultural export destination 
was Europe in the early 1990s but is now 
Asia. As Australia has a comparatively small 
population, most future growth in Australian 
agriculture production is expected to depend on 
exports. However, agriculture also supports a 
wide range of local cultural, economic and social 
activities, such as festivals and tourism based 
on wineries, cheese production, and specialty 
fruit and vegetables. The nascent bush foods 
industry is of growing economic importance in 
arid Australia, particularly for Indigenous primary 
producers, harvesters, and communities.

Forestry

Forestry has a significant economic, social 
and cultural role in many regions of Australia. 
In 2007/8, the gross value of log production 
was $1.8 billion and the export value of forest 
products in 2007/8, including paper and 
paperboard products, was nearly $2.5 billion. 
Total direct employment in forest and wood 
product industries in 2006/7 was estimated to 
be 83,400, and total national employment in 
businesses dependent on growing and using 
wood was estimated to be 120,000 FTEs. 
The sector provides significant employment 
in several regional centres, such as the Green 
Triangle (south-eastern South Australia and 
western Victoria), Tasmania and south-west 
Western Australia.

Non-wood forest product industries, such 
as the forest-based honey and sandalwood 
oil industries, deliver substantial value to the 
Australian economy. Many of the services 
provided by forests, such as regulating water 
flow, maintaining water quality and conserving 
biodiversity, have little or no explicit financial value 
as recognised in markets, but are fundamental to 
human well-being and highly valued by society. 
Carbon sequestration credits are an emerging 
economic and financial contributor to the value 
of forestry.

Freshwater aquaculture

Freshwater aquaculture is a locally important 
industry. The total value of all aquaculture 
products in Australia in 2006/7 was $805.7 
million, of which freshwater finfish and crayfish 
contributed 3,022 tonnes, valued at $28 
million. Freshwater trout production was 1,990 
tonnes, valued at nearly $13 million, and native 
freshwater fish aquaculture was valued at $9.7 
million.

Land use

Agriculture and forestry occupy 63% of 
Australia’s 7.6 million km2 landmass. Agriculture 
(livestock grazing, dryland and irrigated 
agriculture – excluding timber production) 
occupies 4.3 million km2 or just over 57% of 
the continent. Dryland livestock grazing, which 
is largely in arid and semi-arid regions, is the 
dominant land use, accounting for 3.8 million 
km2 or 51% of the continent (see Figure 3; BRS, 
2009).

In 2008/9, the 2.02 million ha of plantation 
forests in Australia comprised 1.02 million ha of 
pine plantations and 0.98 million ha of eucalypt 
plantations. The area of Australian plantation 
forests has increased significantly in recent 
years, mainly due to the expansion of eucalypt 
plantations.

Public owned multiple-use forests, which 
comprise around 6% of Australia’s forests, 
continue to provide most of Australia’s native 
timber and wood products. Harvesting is subject 
to a regulatory framework designed to maintain 
environmental values and the productive capacity 
of forests.
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Appendix 5 continued

Source. BRS 2009

Figure 3. Land use in Australia, 2000/1.
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Appendix 6 

Expected impacts of climate change on Australian  
primary industriess

This section outlines, in broad terms, our current 
understanding about how climate change 
is likely to affect different primary industry 
sectors. Understanding climate impacts is an 
important step in the process of identifying a 
suite of effective adaptation options and the 
development of supportive Implementation 
Plans. The likely residual risk and cost (or benefit) 
after such adaptations have been implemented 
can then be used to inform either R&D into 
further adaptations or to inform policy about 
mitigation activities (Howden et al., 2007).

Land-extensive plant industries

Australia’s land-extensive plant industries 
produce crops including grains and oilseeds for 
food, fibre or fuel through broadacre agriculture 
processes.

There is increasing evidence that yields from core 
cropping regions such as south-west Western 
Australia, southern South Australia, and Victoria 
and southern New South Wales, will be strongly 
impacted by climate change, primarily through 
a large reduction in rainfall. Lower projected 
autumn/winter rainfall is likely to reduce ‘winter 
wheat’ yields and overall regional productivity 
in the temperate, cool-season, wet regions of 
south-east and south-west Australia and eastern 
Tasmania.

Cropping systems in moist subtropical regions 
of eastern Australia will be affected mainly 
by competition for water from users other 
than agriculture (Stokes and Howden, 2008). 
Reduced growing-season rainfall and increased 
summer temperatures are likely to result in even 
more pronounced reductions in crop yield and 
quality in major sub-humid subtropical cereal 
production regions, especially in northern areas.

Other possible impacts include more severe 
tropical cyclones (wind impacts, storm surges 
and flooding), increased waterlogging during the 
summer growing season in northern Australia, 
more and more widespread pests and diseases, 
increased risks of erosion, land degradation and 
salinity and rising water tables in affected areas, 
and greater soil erosion.

Land-extensive animal industries

Climate change will bring both challenges and 
opportunities for land-extensive animal industries 
such as pastoralism and grazing. The most 
arid and least productive rangelands may be 
the most severely impacted by climate change 
because they are already marginal economically 
and environmentally. However, the more 
productive eastern and northern rangelands may 
provide some opportunities for slight increases in 
production.

Climate change in Australian rangelands is likely 
to result in lower and more variable pasture 
productivity, reduced forage quality, increased 
livestock heat stress, greater pest and weed 
effects, more frequent droughts, more intense 
rainfall events, and greater risks of soil erosion. 
The combination of these effects will generate 
major challenges for grazing industries in many 
areas. Feed grain security could be reduced by 
lower Australian or global feed grain production, 
greater demand, or increased use of grain and 
grain-producing regions for alternative purposes 
such as energy or carbon sequestration (Stokes 
and Howden, 2010).

The grazing industry is likely to be affected 
by large warming trends and reduced rainfall 
in southern inland areas. Climate change will 
tend to increase the frequency of heat-stress 
days, which will reduce productivity, decrease 
reproductive rates, and increase concerns about 
animal welfare in locations where stock are 
concentrated, such as saleyards and transport 
vehicles. As conditions in Australian rangelands 
become harsher, pastoralists could increasingly 
use hardier breeds such as zebu cattle (Bos	
indicus) and their crosses, or sheep such as 
the Dorper breed. Heat-stress-tolerant breeds 
generally, but not always (e.g. the Dorper breed), 
tend to be less productive, have lower fecundity, 
and have lower meat quality and value. Changed 
climate conditions are likely to alter management 
thresholds in regard to ‘safe’ carrying capacities 
(Hall et al., 1998), with key climatic variables 
being rainfall and potential evaporation (Stokes 
and Howden, 2008).
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Pests, feral animals, diseases and weeds will 
have altered distribution patterns, particularly a 
southward range shift of tropical pests resulting 
from warmer conditions. For instance, large 
increases in diseases and pests (e.g. ticks) 
are likely in areas of southern Queensland and 
northern New South Wales. Under climate 
change, some desirable forage plants may be 
replaced by hardier but less suitable species. 
However, reduced nutritional value may be more 
than offset by reliable forage production during 
heatwaves, droughts or prolonged inundation, 
for example. Hence, it might be more productive 
to recognise, facilitate and direct climate-induced 
changes in species distributions rather than 
trying to completely prevent such changes.

Climate change could also increase productivity 
and reduce existing challenges in many 
regions. In subtropical regions, lower rainfall 
and increasing frequency and persistence of 
drought in savannah areas may be partially 
offset by benefits of higher CO2 levels and 
associated increased length of growing season. 
In northern areas, such as the Kimberley region, 
increased rainfall could result in greater pastoral 
productivity. Similarly, less cold stress is likely 
to reduce lamb and other stock mortality in 
southern and inland regions. Wetter areas 
traditionally used for grazing may shift to 
cropping if rainfall decreases, a trend already 
observed in south-west Victoria.

Land-intensive plant industries

Intensive plant industries produce tropical, 
subtropical, temperate and cool-climate fruit 
including tree crops, vegetables and amenity 
horticulture products, cotton and sugar. Many of 
these industries are highly vulnerable to climate 
change impacts, especially those based on 
plants that are sensitive to heat stress, loss of 
winter chilling requirements, or extreme events 
such as heatwaves, frost, drought, high winds 
and hail.

Cotton

Ancestors of cotton are found in arid regions, 
often with high temperatures, and so have 
naturally adapted to surviving long periods of dry 
weather (Stokes and Howden, 2008).

Water availability is the key factor for cotton 
yields using modern cultivars in core irrigated 
cotton-growing regions. Water stress on 
cotton significantly restricts vegetative and fruit 
growth. To optimise yield, cotton crops require 
enough water, on average, to allow 700 mm of 
evapotranspiration (Tennakoon and Milroy, 2003). 
Additionally, regardless of soil water availability, 
there is an increase in plant stress associated 
with higher evaporative demand resulting from 
already occurring and prospective temperatures 
(Neilsen, 2006). Temperature has two main 
influences on cotton growth and development: 
it determines the rates of morphological 
development and crop growth and it determines 
the start and end of the growing season 
(Hearn and Constable, 1984). A doubling in the 
frequency of extremely hot days during flowering 
and boll development could significantly impact 
on the long-term viability of cotton-growing 
enterprises, but this might be partially offset by 
higher temperatures after sowing, which would 
reduce the time to emergence, increase cotton 
seedling vigour, and decrease disease risk (Hearn 
and Constable, 1984).

Higher atmospheric concentrations of CO2 will be 
likely to increase both water use and water use 
efficiency, resulting in greater growth and cotton 
yields.

Rice

Rice is grown in a paddy cultivation system in 
Australia and is very dependent on the availability 
of low-cost irrigation water. In southern Australia, 
where the industry is currently located, rice 
production has become an opportunistic crop 
as water availability dwindles in the southern 
Murray–Darling Basin and the price of irrigation 
water rises.

Rice requires (on average) 1,000 mm of 
irrigation water to meet net evaporative demand 
(Humphreys, 1999). Falling water tables due 
to drought may increase rice irrigation water 
requirements, especially on more marginal 
rice soils where the presence of shallow water 
tables limits percolation. As most of Australia’s 
current rice is grown in conditions of shallow 
(10 cm) ponded water, total rice production has 
a strong linear relationship with total irrigation 
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water allocation. Thus, decreased precipitation in 
core rice growing areas and/or the headwaters 
of rice irrigation water sources such as the 
Murrumbidgee River would reduce rice 
production in affected areas.

Opportunities to establish another rice industry 
may arise in warm tropical regions which are less 
affected by reduced water availability. Greater 
use of alternative wet-and-dry culture methods 
and more opportunistic cropping systems could 
extend the life of the industry in current locations 
under drying climate conditions.

Viticulture and horticulture

Perennial horticulture and viticulture occupy 
climatic niches throughout Australia that are 
related to water availability, desired maturity 
dates and product quality. Thus these industries 
are highly sensitive to changes in both 
temperature and water availability at critical 
growth stages. Higher temperatures are likely 
to cause phenological shifts including earlier 
ripening and consequent reductions in wine 
grape and fruit quality (Webb et al., 2007), for 
example. Quality impacts can occur with extreme 
temperatures, such as sunburn in apples 
(Piskolczi et al., 2004) and, depending on the 
timing of extreme events, yields can be adversely 
affected. Increasing night temperatures might 
lead to poor fruit colouring in many current apple 
cultivars. Some potential benefits of a warming 
climate may include shorter frost seasons 
and fewer severe frosts, which may permit 
earlier planting opportunities (Deuter, 1995). 
Similarly, some wine-growing regions previously 
considered too cool for many grape varieties may 
become more suitable for wine grape production, 
or new areas suitable for horticulture may 
develop under changed climate conditions.

Most deciduous fruit and nut trees need sufficient 
accumulated chilling (vernalisation) to break 
winter dormancy. Inadequate chilling, resulting 
from warmer winter temperatures, would result 
in prolonged dormancy or an uneven dormancy 
break, leading to reduction in fruit quality and 
yield with existing cultivars (Lavee and May, 
1997).

Reduced rainfall and runoff to farm dams, 
streams and rivers, and higher evaporation, will 

be likely to have a larger impact than will rainfall 
reduction itself (Potter et al., 2008) because most 
viticulture and horticulture is irrigated. Even where 
sufficient water is available, increased irrigation 
combined with higher evapotranspiration 
could increase the risk of salinisation on highly 
productive land. These risks are compounded if 
water needs to be taken from degraded sources 
(Green, 2010). However, as horticultural and 
viticultural crops generate more product value 
per unit of water than do many other crops, this 
sector may still be able to profitably access these 
irrigation supplies at least in the shorter term 
(Stokes and Howden, 2010). Increased severe 
weather events, especially hail, severe storms 
and extreme heat events, which are already 
common in south-east Queensland and northern 
New South Wales, may also cause increased 
losses in localised production regions.

Reduced cold-season suppression of some pest 
species may enable them to form an additional 
threat to crops, requiring an increased need for 
pesticides (Aurambout et al., 2006). Decreasing 
rainfall and humidity may reduce fungal pressure 
in some regions. In other regions, increased 
summer rain may favour fungal growth, as will 
increases in extreme rainfall. The efficacy of 
biocontrol organisms may also change in a future 
climate.

Impacts of increasing concentrations of CO2 
vary by crop type and also are affected by the 
base temperature and the rate of temperature 
increase.

Sugar

The Australian sugar cane industry will be 
affected by projected changes in the amount, 
frequency, and intensity of rainfall in sugar-
growing regions combined with increased 
water demand due to greater rates of 
evapotranspiration linked to atmospheric 
warming. Increased sunshine associated with 
reduced rainfall may enhance sugar content 
and yields in sugar crops in northern and north-
eastern cropping regions, but reduced rainfall in 
winter/spring and early summer would be likely 
to impact on irrigation scheduling and overall 
irrigation and water supply.
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Intensive animal industries

Intensive animal industries include highly 
managed activities such as dairies, beef and 
sheep feedlots, poultry production, piggeries 
and aquaculture production systems (Miller 
et al., 2010). Climate change will result in 
direct impacts from an increased incidence or 
intensity of extreme events such as heatwaves 
and perhaps frosts in some regions. Indirect 
impacts may be more significant because many 
management inputs to maintain a healthy, low-
stress and productive environment may become 
more expensive. For instance, the energy 
demand for climate control in indoor production 
units is likely to increase. In addition, energy 
prices are projected to increase due to climate 
change mitigation policies, and competition 
with residential users and other industries for 
peak supply could result in power cuts and 
brown-outs, with implications for animal health 
and productivity. Moreover, passive and partially 
free-range systems may need to move towards 
climate control, as modern pigs and poultry are 
not well adapted to extremely hot weather.

Increased temperatures accompanied by 
reduced rainfall will increase water demand for 
drinking, irrigation, or evaporative cooling. The 
cost of water is likely to increase in a political 
and market environment where water allocations 
are more strictly regulated than in the past and 
where agriculture competes with industry, energy 
generators and urban users for water. Reduced 
reliability and poorer quality of water supply, 
particularly in inland regions, is a potential threat 
to livestock health.

The dairy, pig and poultry industries rely heavily 
on feed produced off-farm to supplement diets. 
Global feed demand, climate change impacts on 
productive areas, and demand for biofuels will 
increase competition and costs for purchased 
feed. The quality of feed produced on-farm is 
also likely to change when produced under 
significantly changed climate conditions.

Dairy industry production in southern Australia 
is likely to be heavily impacted by reduced 
irrigation water allocations and heat stress. 
Dairy producers in warmer regions will be at 
a comparative disadvantage to the industry in 
cooler areas except where these regions have 

adequate rainfall for pasture growth. Where 
water supplies may remain adequate, such 
as in Tasmania, dairying and other industry 
sectors may benefit from warmer temperatures. 
However, where rainfall is significantly 
decreasing or becoming more variable and 
temperatures are significantly rising, such as 
in parts of central, near-coastal Queensland, 
climate change impacts may be considerable 
and possibly exacerbated due to recent 
development of feedlots (Stokes and Howden, 
2008; Stone, 2005). Livestock could be injured 
by more intense storms and hail, particularly in 
intensive production systems where animals are 
concentrated in a small area.

Freshwater aquaculture will be affected by 
water quality changes, particularly increasing 
water temperatures, decreasing oxygen levels, 
more suspended solids, increased incidence 
and severity of algal blooms, higher pH and 
higher ammonia concentration, and increased 
variability in water supplies. The production costs 
of coldwater species such as rainbow trout 
(Oncorhynchus	mykiss) could be significantly 
affected because they require high-quality water 
and have narrow temperature tolerance ranges 
and low optimal temperatures for survival and 
growth. In comparison, the production costs 
of warm-water species such as silver perch 
(Bidyanus	bidyanus) and tropical species 
such as barramundi (Lates	calcarifer) will 
be less impacted because they can tolerate 
relatively poor water quality and have wide 
temperature tolerance ranges and higher optimal 
temperatures. The production systems for native 
warm-water fish and crayfish, which consist 
of static earthen ponds and which reuse fish 
effluent water, will more easily adapt to more 
variable and limited future water resources than 
will the constant, flow-through systems used for 
trout. Climate change will influence the spatial 
distribution of aquaculture industries, with the 
land-based trout industry being further restricted, 
and the number of regions suitable for native fish 
increasing. The presence of wild populations of 
cultured native fish and crayfish will provide an 
important resource for genetic improvement and 
selection in response to changing environmental 
conditions. Such resources are lacking, or 
at least are very limited, for exotic coldwater 
species.

Appendix 6 continued
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Forestry

Decreased water availability, increased 
temperatures and CO2, and changed incidence 
of extreme weather events are likely to directly 
affect the geographical range and productivity 
of plantations and native forest systems, and to 
alter fire regimes and pest and disease dynamics. 
There are likely to be both positive and negative 
impacts for forest industries.

In Australia’s dry environment, water limitations 
and the possibility of increasing water shortages 
are the greatest future concern for plantations. 
Reduced rainfall, coupled with increased water 
requirements in a warmer climate, is likely to 
lead to increased tree mortality unless trees have 
access to sufficient water reserves. Tree deaths, 
especially of Eucalyptus	globulus, are already 
occurring in some plantations.

Many large commercial pine and eucalypt 
plantations in Western Australia, South Australia, 
New South Wales and Victoria are vulnerable 
to climate change. Likewise, plantation 
forest systems in the Brigalow Belt of central 
Queensland and similar areas are believed to be 
vulnerable to climate change impacts (Booth et 
al., 2010). This is also the case for many native 
forest systems, due to the very narrow climatic 
ranges of key species, including Eucalyptus.

Dominant species such as E.	camaldulensis, 
which are well adapted and widely distributed, 
are unlikely to be at risk from climate change 
despite suffering some local decline in the 
recent drought . Similarly, primary species in 
most hardwood plantations in subtropical moist 
areas do not appear to be vulnerable in the 
short term to direct impacts from changes to 
water availability or increased temperatures. 
Nevertheless, forestry systems could be 
vulnerable to combinations of warmer and drier 
conditions coinciding with increased mean wind 
speeds and more gusty wind conditions.

Changed fire regimes are expected to affect 
most Australian plantations and native forest 
systems, and more frequent and/or more 
intense fire regimes have already been observed 
(Hennessy et al., 2006; Pitman et al., 2007). 

Increased fuel load is expected under higher 
CO2 levels because of increased plant growth 
and lower litter decomposition rates (Howden 
et al., 1999). Changes in flora distribution and 
vegetation structure will also affect fire risk in 
native forests (Bushfire CRC, 2006). Changes 
in fuel load and fire behaviour could alter forest 
system composition or forest soil moisture. Dry, 
peaty soils will be more likely to burn and will 
be harder to extinguish under drier and warmer 
conditions.

Most plantation types and native forest systems 
are likely to be affected by pests and diseases 
which change their geographical range, 
incidence and seasonal activity patterns. For 
instance, increased summer temperatures are 
likely to accelerate the development rate and 
reproductive potential of insect pests, while 
warmer winters will increase over-winter survival 
(Old and Stone, 2005). Similarly, an increased 
incidence of wetter summers in southern 
Australia would increase the activity of root rot 
pathogens (e.g. Phytophthora	cinnamomi).

In addition to affecting forest distribution and 
productivity, climate change is also likely to affect 
the capacity of forests to deliver other ecosystem 
services such as carbon sequestration and water 
catchment services.

Image: .
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Appendix 7 

Adaptive capacity of Australia’s primary industries

This section describes our current understanding 
about some of the factors affecting the capacity 
of the primary industries sectors to adapt to 
anticipated climate change impacts.

Land-extensive plant industries

Many Australian farms have initiated continuous 
cropping and scaled down animal enterprises 
during the last decade. While, in some regions, 
this change in enterprise mix has correlated 
with changes to climate conditions that have 
been favourable to them, they have been 
driven primarily by economics, as cropping has 
provided greater profit margins than alternative 
types of land-extensive agriculture. However, 
cropping without an intervening pasture phase 
is unsustainable on many soils without major 
fertiliser inputs and it may be a riskier strategy 
than mixed enterprises. The long-term adaptive 
capacity of many farmers is likely to be reduced 
by financial hardship, which itself might be 
increased by the incremental impacts of climate 
change on farm sustainability. A major barrier 
to adaptation in this sector is the substantial 
capital investment in machinery, fencing, water 
management, infrastructure and buildings as well 
as land. This ‘asset fixity’ can create entry and 
exit barriers for many types of land-extensive 
plant industry.

Extensive animal production

Producers have selected well-adapted plant 
and animal breeds to maximise production 
under specific and defined environments. For 
instance, pastoral and similar animal industries 
in northern Australia have selected plant and 
animal traits which suit their climate conditions, 
such as a movement by the beef industry away 
from European breeds and towards cross-
breeding or replacement with Bos	indicus, a 
heat-tolerant species that thrives in tropical 
conditions. Primary industries in southern 
Australia may need to consider a similar strategy 
as climate conditions change. However, it will 
be important to evaluate the potential trade-offs 
and unintended consequences of adaptation. 
For instance, a farmer may accept lower rates of 
livestock productivity but seek to offset losses in 
production by increasing herd size, which may 
lead to overstocking and overgrazing.

Intensive plant production

Horticulture will be affected by changes in 
temperature regimes, rainfall, water availability, 
extreme weather events and consequent 
increases in pest and disease activity, which will 
vary across Australia’s horticultural and viticultural 
regions. Consequently, the adaptive capacity 
of viticulture and horticulture industries will vary 
both by region and plant type. Some regions will 
become more suitable and some plants may be 
grown more broadly as temperatures increase. 
For instance, lower chill-requiring varieties of 
pome and stone fruits will replace existing 
varieties in areas where winter chill accumulation 
will decline. The area suitable for subtropical 
crops might expand. Increased temperatures 
will advance phenology (the timing of crop 
developmental stages) with likely effects on 
flowering, pollination and harvest dates and the 
nexus between crop growth and pest–pathogen 
activity. Adaptation responses will be required 
where temperature thresholds are exceeded 
or water availability is reduced. Barriers to 
successful adaptation for this sector include the 
cost of relocating industries or producers, the 
cost of the infrastructure required for new types 
of crops, and difficulties in finding future climate-
suitable regions for some crops. For instance, 
specific regional combinations of climate, soils 
and management practices for wine grape 
production produce unique conditions (terroirs) 
that can enable the production of premium to 
ultra-premium products, which may no longer 
be possible if such a region’s climate changes 
significantly.

Intensive animal production

Some intensive livestock industries are starting to 
address the climate challenge through innovative 
research programs and helping producers to 
develop new ways of thinking about the issues 
and opportunities (e.g., Dairy Australia’s recent 
Confidence to Grow program) (Miller et al., 
2010). One of the immediate challenges for 
the intensive livestock industry will be avoiding 
maladaptive but potentially populist strategies. 
Some previous adaptations, such as irrigation, 
have sought to minimise the effects of climate 
variability and have enabled industry expansion 
(e.g., dairy in dry regions). But these adaptations 
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Image: .

have subsequently increased regional industry 
vulnerability as climate variability has shifted, 
reducing the supply of water. Using energy 
sourced from coal-fired power stations and 
water to keep stock cool may also prove to be 
maladaptive (Miller et al., 2010). Many producers 
will need to make trade-offs when determining 
adaptation responses. For instance, high-
producing dairy cows are particularly susceptible 
to heat stress (Hansson, 2007; Kadzere et al., 
2002) and genetic selection for heat tolerance 
may reduce the total amount of milk produced 
per cow. Alternatively, a producer may accept 
the risk of heat stress rather than opt for lower-
producing cows, but will invest in infrastructure 
to keep cows cool and thus increase production 
costs. Adaptive capacity in the intensive animal 
production sector is constrained by fixed assets, 
high capital costs, and declining terms of trade.

The capacity of freshwater aquaculture to adapt 
to climate change will vary between species and 
locations. In general, warm-water fish have a 
higher capacity to adapt, whereas coldwater fish 
are likely to be negatively impacted. Native fish, 
barramundi, and crayfish (except marron) are 
hardy species with large temperature tolerance 
ranges that provide a buffer against some 
effects of climate change, particularly increasing 
temperatures and poorer water quality. Adaptive 
capacity for industries producing coldwater 
species such as trout is limited because of their 
requirement for high water quality, large volumes 
of water, and their restriction to colder regions of 
southern Australia. Aquaculture is infrastructure- 
and capital-intensive and requires ready access 
to feed supplies and markets.

Forestry

Adaptation by forest producers will be 
constrained by the long rotation period of many 
species and the levels of uncertainty inherent in 
current climate projections. Where competition 
for water is increased by climate change or 
adaptations to it, the costs of production for 
Australia’s forest industries will tend to increase. 
The capacity of Australia’s forestry industry to 
establish in new regions will be constrained by 
the significant infrastructure the sector requires. 
This includes roads, bridges, power and 
processing plants. Competition for land will also 
hinder forestry being established in new regions. 
The adaptive capacity and broader financial 
sustainability of the forest industry will also be 
significantly affected by global factors, particularly 
the impacts of climate change on other regions 
which do or could compete with Australian 
forest producers, and policies introduced in 
those regions. Global timber markets may also 
be affected by policies (e.g. REDD ) that lead to 
reduced harvesting, whereas carbon mitigation 
policies may result in the establishment of new 
forests and future timber supplies, including 
in areas that would otherwise be marginal or 
unprofitable. Forest managers will need to 
understand the impacts of domestic and global 
climate change policies on markets for the 
various forest and forest-related products

REDD – Reducing Emissions from Deforestation and forest Degradation in developing countries – is a UN program seeking 
to create a financial value for the carbon stored in forests by offering incentives for developing countries to reduce emissions 
from forested lands and to invest in low-carbon paths to sustainable development.
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