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4 EXECUTIVE SUMMARY
4.1

CONTEXT

Since the industrial revolution, the concentration of atmospheric carbon dioxide and other
greenhouse gases is the highest in over 800,000 years. The Intergovernmental Panel on Climate
Change (IPCC) Fourth Assessment Report (FAR)(IPCC 2007) stated that the warming of the
climate system in response to the increased greenhouse gases is now “unequivocal”, and it is
also likely that despite current mitigation policies the level of greenhouse gases in the
atmosphere will continue to increase over the next few decades. As a result, the global climate
system will very likely see changes that exceed those observed over the past century (IPCC
2007).
As a result, South Australia is likely to experience continued increases in average temperature,
changes in rainfall (likely reductions in winter and spring), an increase in daily rainfall intensity
but longer dry spells between rainfall events, an increase in evapotranspiration (the combined
effects of evaporation and plant transpiration), an increase in very hot days and nights, a
reduction in the frequency of frosts and a likely increase in the number of extreme fire danger
days (Suppiah, Preston et al. 2006). In addition, ocean acidification as a result of dissolved
carbon dioxide in sea water will continue and sea level rise will exacerbate storm surge events
and coastal erosion.
A regional climate change forum in April 2008 to increase understanding of climate change and
its relevance for these communities highlighted the need for close collaboration between key
regional bodies and identified a lack of information available on the vulnerability of the region to
climate change. As a result, a ‘Regional Climate Change Steering Committee’ was formed and
included key regional partners that represent local government, economic development and
natural resource management. Funding for this study was sought with the aim of developing a
locally relevant, regionally coordinated climate change vulnerability assessment that considers
the economic, social and environmental implications for the Central Local Government Region.
4.2

STUDY AREA

The Central Local Government Region of South Australia comprises approximately a quarter of
the land area of the state and 27% of the State’s population outside the capital of Adelaide. The
region is diverse in terms of population, geography and issues, and extends from the Adelaide
Plains and Barossa Valley in the south to the Southern Flinders Ranges in the north and Yorke
Peninsula in the west (Figure 4) and includes 15 of the State’s Councils.
Councils in the study area include:
Barossa sub-region:- the Barossa Council,
Light Regional Council, District Council of
Mallala;
Mid-North sub-region: Clare and Gilbert
Valleys Council, Wakefield Regional
Council, Port Pirie Regional Council,
Northern Areas Council, Goyder Regional
Council.
Yorke Peninsula sub-region: District Council
of Barunga West, District Council of Copper
Coast, District Council of Yorke Peninsula,
Southern Flinders sub-region: Flinders
Ranges Council, District Council of Mount
Remarkable, District Council of
Orroroo/Carrieton, District Council of
Peterborough.

Executive Summary Figure 1: Study region.
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4.3

METHODOLOGY

The methodology for the study was based on the Australian and New Zealand Standard for Risk
management (AS/NZ 4360:2004) as modified by the Australian Greenhouse Office in 2006 (now
the Australian federal Department of Climate Change and Energy Efficiency) and includes a
vulnerability assessment as defined by the IPCC to analyse and evaluate the risk. Vulnerability
assessments build upon the simpler risk analysis by considering not only the impact but also the
adaptive capacity of the variable to overcome stress. Vulnerability in this context is defined as
‘the degree to which a system is susceptible to, or unable to cope with, adverse effects of climate
change’ (IPCC 2007) and is a function of exposure, sensitivity and adaptive capacity:
Exposure relates to the influences or stimuli
that impact on a system. In this study,
exposure is a measure of the predicted
changes in the climate for the year 2030.
Sensitivity reflects the responsiveness of a
system to climatic influences, and the degree
to which changes in climate might affect that
system in its current form. Sensitive systems
are highly responsive to climate and can be
significantly affected by small climate changes.
Adaptive capacity is 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. The more
adaptive a system, the less vulnerable it is.

Executive Summary Figure 2: Exposure,
sensitivity, potential impact and adaptive capacity
are all considered in the evaluation of vulnerability
to a defined climate change stressor such as
temperature increases (Allen Consulting Group
2005).

To ensure the vulnerability of the region was determined in an integrated way, a ‘Triple Bottom
Line’ approach was implemented to consider the environmental, economic and social capitals of
the region.
The natural or environmental capital includes the biotic and abiotic, renewable and nonrenewable resources of the earth and includes plants, animals, minerals, gases, water and the
interrelated systems of a healthy ecosystem such as recycling, pollution extraction, water
collection and management of soil erosion. Environmental capital can be defined as the “total of
renewable and non-renewable natural resources” (The Business Directory 2011).
The economic or financial capital is the real economic value of an organisation and is defined as
the profit “after deducting the cost of all inputs including the cost of the capital tied up” (Wikipedia
2010).
Human capital refers to the stock of competences, knowledge and personality attributes
embodied in the ability to perform work to produce economic value. It includes the skills
accumulated by a worker through education and experience (Smith 1776). Human capital is
defined by the United Nations as "the productive wealth embodied in labour, skills and
knowledge" (United Nations 2010).
A team of technical experts including an applied climatologist, ecologist, hydrologist, social
scientist, economist and agricultural researchers was employed on the project and worked
closely with the steering committee throughout the length of the study. An initial detailed literature
review to assess the likely climate changes for the region and the current status of a range of
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indicators for the each of the three triple bottom line capitals was supplemented by regional
knowledge collected at a one day workshop in Clare.
The expected climate changes in the region for the year 2030 were quantified on the basis of the
literature review and input from the CSIRO, BOM and Coastal Protection Board of SA. Each of
the stressors considered in the body of the report and the climate change vulnerability
assessment are summarised below in Executive Summary Table 1.
Executive Summary Table 1: Climate change expected for the Central Local Government Region of
South Australia by the year 2030.
Variable
May - Oct temp increases:
Southern Flinders
May - Oct temp increases: MidNorth, Yorke Peninsula and
Barossa sub-regions
Nov - Apr temp increases:
Southern Flinders, Mid-North
sub-regions
Nov - Apr temp increases: Yorke
Peninsula, Barossa sub-regions

Description
May - Oct temperature predicted by the four models to increase by an average of 0.81oC for the Southern Flinders
sub-region by 2030 compared to 1990 (CSIRO 2011)
May - Oct temperature predicted by the four models to increase by an average of 0.76, 0.66, 0.72oC for the MidNorth, Yorke Peninsula and Barossa sub-regions respectively by 2030 compared to 1990 (CSIRO 2011)

Exposure score
3
2

Nov - Apr temperature predicted by the four models to increase by 0.87 and 0.81oC for the Southen Flinders and
Mid-North sub-regions respectively by 2030 compared to 1990 temperatures(CSIRO 2011)

3

Nov - Apr temperature predicted by the four models to increase by an average of 0.69 to 0.75oC for the Yorke
Peninsula and Barossa sub-regions respectively by 2030 compared to 1990 temperatures (CSIRO 2011)

2

May - Oct rainfall predicted by the four models to decrease by an average of 10.4% below 1990 levels by 2030
(CSIRO 2011). Globally there is an increased chance of intense precipitation although for South Australia GCM
calculations of rainfall increase are very low - perhaps only 2% (pers.comm. Darren Ray, Climatologist, BOM,
2011 ).
May - Oct rainfall reductions: Mid- May - Oct rainfall predicted by the four models to decrease by an average of 8.8%, 8.7 and 8.4% for the Mid-North,
North, Yorke Peninsula, Barossa Yorke Peninsula and Barossa sub-regions respectively below 1990 levels by 2030 (CSIRO 2011). Globally there is
an increased chance of intense precipitation although for South Australia GCM calculations of rainfall increase are
sub-regions
very low - perhaps only 2% (pers.comm. Darren Ray, Climatologist, BOM, 2011 ).
Nov - Apr rainfall reductions: All Nov - Apr rainfall predicted by the four models to decrease by an average of 3.3% to 3.7% below 1990 levels by
2030 (CSIRO 2011). Globally there is an increased chance of intense precipitation although for South Australia
sub-regions
GCM calculations of rainfall increase are very low - perhaps only 2% (pers.comm. Darren Ray, Climatologist, BOM,
2011 ).
Increased inundation and coastal Sea level has been rising at about 4.5 mm/year in South Australia since the 1990s. Levels by 2030 are projected to
be between 15-20 cm above the 1990 levels at the high end of the IPCC AR4 predictions. This equates to 10 - 20
erosion from sea level rise and
m recession of a sandy shore as a result of erosion. The frequency of storm surge events will increase as a result
storm surge
of increased sea levels and possible increased intensity of storm driven wind events (DCCEE 2009), although
changes in the frequency and intensity of low pressure systems (the primary weather pattern producing storm
surge events in South Australia) may decrease in South Australia (pers.comm. Darren Ray, Climatologist, BOM,
2011 ) and so most of the storm surge effect will be a result of sea level rise.

3

Sea surface temperatures in the Spencer Gulf have risen by about 0.11oC per decade since 1950 (0.66oC to 2010).
By the year 2030 sea surface temperatures in the region are expected to increase by up to 0.92oC compared to
1990 levels (Ozclim 2011).
The pH of the oceans has already dropped by 0.1 from pre-industrial levels and represents an increase in acidity of
30%, the most acid in 25 million years. It is expected that by 2030 that average ocean pH will have dropped by 0.13
and be close to levels that are unfavourable for coral formation in some parts of the world.
Increase in CO2 from 280ppm in 1900 up to 450ppm in 2030 - a 61% increase (IPCC 2007).

3

Reduced frost incidence

The incidence of frost has not been modelled for the A1FI scenario for the year 2030 but is is expected to decrease
as temperatures increase. However, the reduction in frost risk across southern Australia is not expected to happen
as quickly as the increase in minimum temperature increases (CSIRO 2010). Across the region there is expected
to be a reduction in frost risk in every season except autumn (pers.comm. Darren Ray, Climatologist, BOM, 2011 ).

1

Increased heatwave frequency
and intensity
Increased bushfire frequency
and intensity

In Adelaide the number of days above 35oC will increase from 17 in 1990 to 26 in 2030 under a high emissions
scenario - a 52% increase (CSIRO 2007).
Bushfire exposure is based on the projected increases in the number of high, very high and extreme fire danger
days. For Adelaide there is expected to be a 22% increase in the number of very high fire days and a 55% increase
in the number of extreme fire days by 2030 (Lucas et. al. 2007).
This score considers stress due to all the factors of climate change rolled into one and is used for some varialbes
where it is not possible or there is not enough information to separate out the individual components of climate
change. The score is calculated as the average for all the other exposures.

3

May - Oct winter rainfall:
Southern Flinders

Increased ocean temperatures

Increased ocean acidity

CO2 increases

Combined climate change
impacts

2

1

2

5

4

3

1 to 5

Price on carbon

It is likely that a Carbon Trading Scheme or tax will be introduced to reduce carbon emissions in the near future.
The policy would to increase jobs in green energy technologies and decrease jobs in fossil fuel intensive industries.
The cost of fuel, electricity and carbon intensive products and services would be expected to increase. Carbon
sequestration from forest plantations and other relevant agricultural practices would be increasingly viable (OCC
2009). However, the price signal from the cost on carbon is not expected to be significant when compared to other
price signals such as exchange rates etc.

1

Secondary Climate Change
Stressors

Secondary climate change stressors are relevant to the social, economic and agricultural areas and describe
changes that incorporate a number of different climate variables (e.g. reduced rainfall and increased temeratures
together) or secondary flow on effects (e.g. increased drought incidence leading to financial stress that then flows
onto social and health impacts). In each of these cases the variable will be listed, described and given an exposure
score unique to the defined stressor.

1 to 5

Exposure to weed invasion

Exposure to weed invasion (secondary exposure): Based upon expert opinion on whether the vegetation
community is likely to be exposed to increased levels of weed invasion or incursion of new weeds as a result of
indicatorschanging
and variables
are Score
summarised
in indices
Executive
over. A
climatic conditions.
as per qualitative
(very low,Summary
low, moderate,Table
high, very2high).

1 to 5

A selection of
Exposure to in
feralthe
animals
(secondary
Based
upon expert
opinion on
the vegetation
community
full
description
of each variable
context
of exposure):
the study
region
is given
inwhether
the results
section
of
Exposure
to feral animals
is likely to be exposed to increased levels of feral animals as a result of changing climatic conditions. Score as per
the full report.
qualitative indices (very low, low, moderate, high, very high).

1 to 5
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Executive Summary Table 2: Indicators and variables considered in the Central Local Government Region climate change vulnerability assessment.
Environmental Bottom Line

Economic Bottom Line

Social Bottom Line

Indicator

Variable

Indicator

Variable

Indicator

Variable

Landscape fragm entation

Native vegetation cover

Mining

Gross regional product

Com m unity Planning and
Developm ent

Internet usage

Regional Native Vegetation

Vegetation communities

Manufacturing

Gross regional product

Employment

Vegetation com m unities

Coastal Mangroves

Construction and engineering

Gross regional product

Regional occupation and industries

Coastal Samphire Shrublands

Tourism

Number of visitors

Household income

Coastal Dune and Cliff Shrublands

Tourist expenditure
Retail Trade

Gross regional product

Inland Samphire Shrublands

Gross regional product

Leadership

Sw amp Paper-bark Shrublands

Business and personal
services
Roads

Kilometers of roads and condition

Perceived level of crime

Thatching Grass Sedgelands

Rail

Kilometers of rail and condition

Actual level of crime

Bulrush/Comon Reed Sedgelands

Ports and jetties

Number of ports and jetties and condition

Riparian Woodlands

Telecom m unications

Extent of telecommunications infrastructure and condition Em ergency Managem ent

Populations of aboriginal and other minority cultural
groups
Volunteerism

Temperate Shrubby Woodlands

Electricity supply

Level of demand and constraints

Temperate Grassy Woodlands

Surface w ater

Water dependant ecosystem s

Water infrastructure

Water netw orks and infrastructure

Mallee and Woodlands Dense Shrub Understorey

Buildings

Condition of housing

Mallee and Woodlands Chenopod Shrub Understorey

Condition of schools

Inland (Semi-arid) Tall Shrublands

Condition of hospitals

Sense of belonging to community

Changes in the community being served, and the services
provided.
Resourcing and governance
Education

Level of education
Access to education facilities
Retaining young people

Health

Access to medical care

Northern Arid Woodlands

Broadacre crops

Level of production

Age

Northen Arid Shrublands

Livestock: Beef, sheep and
w ool production
Viticulture

Level of production

Activity/outputs

Quantity and quality of production of high quality grape
production
Level of production

Mental w ellbeing and suicide

Surface w ater quantity and flow s

Groundw ater quantity and recharge

Horticulture, tree crops and
forestry
Com m ercial fisheries

Groundw ater quality

Aquaculture

Surface w ater dependent ecosystems
Groundw ater dependent ecosystems

Dem and constraints

Social Inclusion

Levels of renew able energy production

Temperate Grasslands

Surface w ater quality
Groundw ater

Household size

Coastal Mallee

Amount of w ater required by humans
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Commercial catch and effort
Level of production

A vulnerability assessment matrix was developed to provide a framework within which to score the
aspects of sensitivity, impact, adaptive capacity and vulnerability to climate change for the year 2030 for
each of the indicators selected for the analysis. The matrix methodology aimed to provide a rigorous,
transparent framework on which to base the allocation of scores for exposure, sensitivity and adaptive
capacity so that the resulting vulnerability of the selected variables might be comparable. In addition, the
scores allocated were based on an extensive literature review, technical input and local knowledge.
However, the scores are still subjective in nature and variables may easily have been allocated different
scores on another day by the same group or by other individuals replicating the process. In addition,
limitations in knowledge and the complexity of interrelationships between various variables means that
nobody has a complete understanding of the full ramifications of climate change across such a diverse
geographical area.
It is also important to note that the analysis was focussed on changes in the climate that are expected by
the year 2030. Between 2011 and 2030, the changes in the climate relative to what might be expected
by the end of the century are not expected to be as large as those we will see in later decades due to
the non-linear nature of climate changes. For this reason a simple extrapolation of the results for this
analysis may not hold true when considering longer time frames. For example sea level rise in the region
is expected to be about 15-20 cm compared to 1990 levels and so there is limited impact by 2030 on
road infrastructure because of historical and current planning constraints. However, a sea level rise of
over one metre by the end of the century (or more) will have significantly larger impacts on existing
infrastructure and so will need to be considered now as the relocation of existing and construction of
new infrastructure may well have a life span that means it will be subjected to future inundation. In
addition, the capacity of a system to adapt to the greater impacts may not be as good as it is to smaller
changes. For example, an animal has a certain capacity to adapt to increased temperature by changing
some of its behavioural patterns but beyond a certain level it will be constrained by its genetic makeup.
Changes to the frequency of an event will also at some point bring about a tipping point that results in
ecological, social or economic collapse due to the failure of the system to adapt. An example of this type
of change is a persistent drought extends long enough to require a change to the underlying agricultural
enterprise from cropping to grazing with the associated reduction in income to the farmer and
community. Or, a series of intense bushfires that come too frequent for the original woodland to reestablish and results in the conversion of the area to a different ecosystem, potentially one that is more
grass dominant. The timing of these tipping points is impossible to predict and can be the result of a
smaller incremental change in the climate or an extreme event made worse by climate change.
Finally, it is not possible at a regional scale to identify isolated spatial areas of high or low variability
within the same indicator. For example, buildings generally have a low sensitivity to climate change.
However, if the building is sited close to an erosive cost then its sensitivity to sea level rise will be very
high. It is important therefore when considering the results to bear in mind that within the same indicator
there will be some spatial areas that are more vulnerable than others. Likewise, within an economic
sector or vegetation community, there will be some specific industries or species that will be more
vulnerable than others, both because of their spatial location within the region but also because of the
sensitivity and adaptive capacity to the climate change stressors. Again, without determining the
responses of each and every component of the system it is difficult to allocate a score that is
representative of all the variables within each of the three capitals. It is recommended that the specific
sections of the report that describe each of the indicators is read in conjunction with the results
described here so as to get a more comprehensive understanding of the issues involved.
Although providing a measure of vulnerability for each indicator, the matrix assessment also does not
provide a measure of the importance community in the region puts on each of the indicators considered.
As a way of determining priorities for action and expenditure, an assessment of community values
attributed to each of the indicators by sub-region was also undertaken at the regional workshop.
Participants were asked to allocate one value point to each of five indicators they felt were most

important in the sub-regions in which they lived in (Yorke Peninsula, Southern Flinders, Mid-North or
Barossa).
Finally, to ensure that the allocation of priorities for action would lead the region towards a future that
they were keen to create, a visioning exercise was also undertaken where participants at the workshop
were provided the opportunity to imagine and describe how they would like their sub-region to be in the
year 2030. The likely barriers and knowledge gaps that might hinder adaptive action and so reduce
vulnerability were also identified and are described in the full report.
The outputs of the study are grouped according to each of the triple bottom line capitals and include a
review of the current status and context for each of the indicators considered across the region, a table
of identified sensitivities, impacts and adaptive capacity for each indicator, the vulnerability assessment
matrix results that provide a comparative score for each indicator and capital and the findings from the
regional values and priorities exercises. A list of identified knowledge gaps and key recommendations
are also provided in the results section of the full report. Here we summarise the key findings from each
of these steps in the project across the three capitals. It is recommended that readers refer to the main
body of the report including the results section for the full details of the analysis and adaptation options
identified.
4.4

REGIONALLY INTEGRATED OUTPUTS

The integrated results described here compare the vulnerability matrix assessment scores and values
analysis for each of the three capitals across the study region.
4.4.1 Vulnerability matrix assessment
Scores from the vulnerability matrix assessment are shown below in tabular and graphical format. The
Venn diagram shows the integrated nature of the study and highlights how although there are issues
specific to the environmental, economic and social capitals, there will be numerous issues that interact
with each other within the context of climate change. The area of each circle represents the relative size
of the vulnerability for each dimension according to the allocated score. All vulnerability scores are out of
a potential maximum score of 19.
Executive Summary Table 3: Vulnerability assessment scores for the year 2030 for the environmental, economic
and social dimensions of the Central Local Government Region of South Australia.
Bottom line

Exposure Sensitivity Potential Adaptive Vulnerability
Impact Capacity

Environmental
Economic
Social

3.04
2.51
2.41

Score description:

Very low
0 -1
Im pact
0-2
Adaptive capacity
0-2
Vulnerability
0-3

Exposure and sensitivity
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3.73
3.11
2.99
Low
>1 - 2
>2 - 4
>2 - 4
>3 - 7

6.77
5.57
4.97
Medium
>2 - 3
>4 - 6
>4 - 6
>7 - 11

3.20
6.23
5.48
High
>3 - 4
>6 - 8
>6 - 8
>11 - 15

13.58
9.35
9.92
Very high
>4 - 5
>8 - 10
>8 - 10
>15 - 19

Exposure
14
12
10
Vulnerability 8
6
Vulnerability
4
2
0

Exposure
14
12
10
8
6
4
2
Sensitivity
0

Sensitivity

Environmental
EnvironmentalEconomic
Economic

Social

Social

Adaptive
Capacity

Adaptive
Capacity

Potential
Impact

Potential
Impact

16.00

14.00

12.00

10.00

Exposure
Sensitivity

8.00

Potential Impact
Adaptive Capacity

6.00

Vulnerability

4.00

2.00

0.00
Environmental

Economic

Social

Executive Summary Figure 3: Vulnerability assessment plots for the year 2030 for the environmental, economic
and social dimensions of the Central Local Government Region of South Australia.

Because of a high sensitivity and low adaptive capacity, the environmental capital of the region is
considered to be highly vulnerable to climate change, in particular native fauna, flora and water
dependant ecosystems. Results indicate that the environmental capital of the region will need the most
support to survive the coming changes. Because of the comparatively lower sensitivity and high adaptive
capacity of the economic bottom line, the economy of the region is considered to have a medium
vulnerability. Industries, and services that are currently struggling economically, in particular
manufacturing, commercial fisheries , aquaculture and retail trade, or infrastructure in need of repair,
particularly water and rail, should be the first priority for assistance. The social capital of the region was
also considered to have a medium vulnerability to climate change but marginally more than the
economic capital. Those sectors of the community that are already under stress, and the lack of
advanced education options in the region would be obvious areas for priority support over the coming
decades.
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It is important to remember that these results are describing the vulnerability of each of the indicators to
the climate change stresses for the year 2030. Long-term decisions that will be affected by climate
changes beyond this period will need to be assessed on the basis of the changes in the climate over
longer time frames. Additionally, these results do not take into account the economic, environmental or
social value or structural importance of these indicators – a necessary component of deciding priorities
for action in the region. For example, an indicator may score as highly vulnerable but if it does not
contribute a large amount to the economy of the region, or is not valued by the residents of the area for
environmental or cultural reasons then it may not be a priority for action. For example, while mining is
recorded as having as marginally higher degree of vulnerability relative to viticulture, one should
arguably give more weight to impacts on the viticulture sector due to the relative larger contribution that
viticulture activities presently make to the region’s economy in terms of employment and gross
production, and its strategic importance to the winemaking sector as a supply industry.
4.4.2 Values analysis
The number of value points allocated to each capital by participants at the regional workshop is shown in
the graph below adjusted for the numbers of total scores. The number of value points for each indicator
by sub-region is provided in the main body of the report.
60
50
40

Environmental

30

Economic
Social

20
10

0
Southern
Flinders

Mid-North

Barossa

Yorke
Peninsula

Executive Summary Figure 4: Values analysis scores for the environmental, economic and social dimensions of
the Central Local Government Region of South Australia.

For the environmental capital, vegetation communities, in particular mangroves, riparian woodland and
grassy woodlands scored highest followed by ground and surface water. When standardised against the
other capitals for the number of participants from each sub-region, the scores for the environmental
capital were highest for the Barossa (55) and the same for the other three sub-regions (34). The
Barossa also scored the environmental capital higher than social or economic.
Within the economic capital, broadacre crops were valued highest (16) followed by viticulture (14) and
tourism (13). The result is no doubt a reflection of the economic value of each of the industries and
highlights the rural nature of the region and its inhabitants. Roads were given the next highest score and
perhaps reflect concerns about connectivity within and out of the region. When compared with the other
capitals, the economic capital was rated highest in the Mid-North (43) and at a similar level for the other
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three sub-regions (Southern Flinders:34, Barossa: 23, and Yorke Peninsula: 28). The economic capital
ranked higher than the other two capitals in the Barossa.
For the social capital, the indicators of education ranked by far the highest, followed by emergency
management, and then health and social inclusion equally. The social capital scored highest in the
Yorke Peninsula sub-region.
Across all sub-regions, the environmental capital scored the most value points overall (82) and possibly
reflects a general appreciation for nature and the aesthetics and lifestyle associated with living in a rural
area. Ranked second in value by the participants at the workshop was the economic capital (72) and
thirdly the social capital (60).
Although capturing the values of only a small number of residents in the region, in conjunction with the
visioning exercise summarised for each of the three capitals briefly in the sections below, these results
provide some indication of the capitals considered important in the region when determining priorities for
action.
4.4.3 Whole of region recommendations
A number of recommendations from the study spanned both sub-regions and capitals and so are
presented here as whole of region recommendations:
1. It is recommended that the Central Local Government Region of Councils, Northern and Yorke
NRM Board and Regional Development Australia Yorke and Mid-North continue to work
collaboratively to provide coordination and leadership and promote a 'whole of community', interagency approach to managing and mitigating climate change across the Mid-North and Yorke
region.
2. Undertake a concept and feasibility study as the first step towards establishment of a 'Regional
Sustainability' Centre for the Mid-North and Yorke Region.
3. Provide regional coordination resources to establish a common point of contact, information and
coordination for climate change in the region.
4. Seek to more closely align and coordinate external and agency research projects with the priorities
identified in this vulnerability assessment to ensure that local needs are at the forefront of climate
change related research and investment in the region.
5. Review and update this regional vulnerability assessment as access to more precise and locally
relevant data and information on climate change becomes available.
6. Support development of adaptation plans that consider the projected impacts of climate change,
and case studies in areas of focus such as:
 Community capacity –change/increase in vulnerability of communities, total population and
demographic pattern affecting the structure and strength of community networks.
 Agriculture production capacity– soil condition and health to sustain continued viable production,
research into plant water use efficiency and impacts on production practices;
 Planning and development–change/expansion of bushfire prone zones, rising sea level in coastal
areas;
 Land use change pressure –impact on economic base of region, loss of productive agricultural land,
carbon farming initiatives potential impact;
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Ecosystem health –change/loss of habitat health leading to increase/loss endangered/threatened
species, expanded spread/new pests incursions, particularly water-dependent and coastal,
estuarine and marine ecosystems.

7. Seek financial, human and regulatory support for Councils to implement solutions for identified key
impact areas in relation to asset management, public health, management or fit for purpose public
open and recreational space, business continuity and loss of utilities, development and building
standards, bushfire management, coastal inundation, cool refuges, water resources, tree and
environmental management and loss or change of industry, as identified in the Local Government
Mutual Liability Scheme Climate Adaptation Plans.
8. Promote and showcase local initiatives aimed at addressing climate change impact or mitigation.
9. Prepare a comprehensive, high resolution Digital Elevation Model for the Northern and Yorke
coastline to assist future planning and risk management across environmental, economic and
community considerations.
10. Monitor and review studies and research that have relevance to climate change in the region,
promote findings to stakeholders and incorporate into government policy where appropriate, for
example the Northern and Yorke Demand and Supply Statement, CSIRO research on climate
change risks and adaptation strategies for the mining and exploration industries, and a product gap
audit of tourism development in the Barossa that is being conducted on behalf of the Department of
Resources, Energy and Tourism.

4.5

ENVIRONMENTAL CAPITAL

The environmental capital includes the water, soils, floral and faunal resources of an area. The region
supports a diverse selection of species, ecological communities and ecosystems. However, extensive
clearing for agriculture, housing and industry has left the landscape fragmented and resulted in species
decline and in some cases extinction.
4.5.1 Water
Much of the region struggles from a lack of reliable and sustainable water, a factor that is considered to
be “one of the most serious threats to the long term economic and environmental sustainability of the
region” (Regional Development Australia Yorke and Mid-North 2010). The Northern and Yorke Natural
Resource Management Plan estimates that most of the regional water resources are close to or have
already reached their sustainable limits.
4.5.2 Surface and ground water
Small changes in rainfall, will lead to considerable changes in water availability, due to the interaction
between rainfall and run-off / recharge. The vulnerability of surface water in the area to climate change is
considered to be high. Adaptive responses will require that the resource is managed within its
sustainable capacity, and may require reductions in use, development of alternative water sources and
reductions in losses.
4.5.3 Recycled water
Options for future expansion of water supply include increased use of treated effluent and stormwater,
desalination of existing groundwater or sea water or the extension of the mains water supply lines in an
efficient and integrated manner across the whole region (Tonkin Consulting 2005). These options ensure
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that the region has considerable adaptive capacity regarding the utilisation of recycled water in towns,
with a focus on stormwater management.
4.5.4 Water dependant ecosystems
Fresh water dependent ecosystems including wetlands, riparian areas and other aquatic ecosystems are
heavily reliant on the availability and quality of surface water, which in turn is dependent in many cases
on groundwater. Water course integrity and condition has been degraded in many areas and has
resulted in an increase in salinity and erosion. Rising sea levels may result in saline intrusion to coastal
groundwater supplies while reductions in rainfall and overland flows will reduce the quantity and quality
of surface and groundwater resources. Additional modelling and assessment is required to further
integrate the needs of the environment with water allocation planning under climate change scenarios.
Improvements to riparian zone health with revegetation and rehabilitation are considered important.
Because the current condition of rivers and riparian areas is degraded, these areas are highly sensitive
to changes in surface and ground water dynamics. As a result, the vulnerability of rivers and streams in
the area is very high.
4.5.5 Soil type and landscape
Soil types in the study region include loam over clay, shallow calcrete or calcareous loams, high
calcareous unconsolidated deposits, dune-swale and sand spread complexes. Wind erosion and dryland
salinity are major issues in the plains and on Yorke Peninsula while water erosion is a more significant
threat in the ranges. The root cause of many of these issues is the clearance of vegetation and
subsequent degradation of the soil cover and intensive farming. Warmer and drier conditions are likely to
change the soil’s capacity to support vegetation and dependent fauna. More intense rainfall events will
increase the likelihood of water erosion, and drier conditions will result in reduced vegetation cover and
increased erosion from wind and water. Minimum till cropping and careful management of land used for
livestock production will be required to avoid overgrazing and loss of cover as a result of wind erosion.
4.5.6 Biodiversity
The biodiversity of the region has been severely impacted by habitat loss as a result of native vegetation
clearance and invasions by pest plant and animal species. There are numerous threatened species and
ecological communities in the region as a result of these changes. The highly fragmented landscape and
numerous threatened species in the region pose significant conservation challenges in the context of
climate change.
4.5.7 Flora and fauna
Fauna
The native fauna of the region are highly sensitive to climate change, as they are already threatened by
past and current processes. Climate change will exacerbate the risks faced by these species,
particularly those that are reliant on free standing water, or species whose ecology will be impacted by
sea level rise and changes to marine systems. The adaptive capacity for fauna species is very low, and
in combination with high sensitivity leads to very highly vulnerable native fauna in the region.
Flora
The flora of the region is highly sensitive to climate change, as they are already threatened by past and
current processes. Climate change will exacerbate the risks faced by these species, particularly aquatic
species, eucalypts, grass species and orchids. Whilst assisted propagation and revegetation is a
possible adaptation strategy, the highly fragmented nature of the native vegetation of the region (and its
associated flora) means the inherent adaptive capacity of flora species is very low. The high sensitivity
to climate change, in combination with low adaptive capacity, leads to a highly vulnerable regional native
flora in the region.
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4.5.8 Vegetation Communities
Most vegetation communities of the region are considered to be highly sensitive to climate change
effects, especially aquatic communities, communities that are restricted in range and distribution, and
communities for which current stressors, such as weeds and fire, will increase as a result of climate
change. The adaptive capacity, both natural and assisted, is generally low, and so overall vulnerability is
high to very high for most vegetation community types.
4.5.9 Landscape Fragmentation
The highly fragmented landscape of the Northern and Yorke NRM region limits the adaptive capacity of
the native species of the region, and thus increases the risk of localised and regional extinctions as a
result of climate change.
4.5.10 Coastal ecosystems
All types of coastal ecosystems in the study region are considered to be sensitive to climate change
effects, whether tide-dependent or otherwise. Dune and near-coastal communities are considered to be
sensitive to fire and would be adversely affected by bushfire or control burning. Dune vegetation is
sensitive to increased aridity, and could result in the destabilisation of dunes that would, in turn, have
further impacts on vegetation. The tide-dependent ecosystems, mangroves and saltmarshes, are highly
sensitive to relative water levels and will be affected by sea level rise. For these communities to adapt,
higher ground landward of them will need to be reserved to allow for migration. Failure to allow for this
will first cause the progressive loss of saltmarshes as they are squeezed between natural and built
barriers and encroaching mangroves, that colonise quickly. Weeds are not expected to be a major issue,
as these communities thrive in harsh, saline environments. However, the key short-term climate stress
for mangroves is likely to be heat waves as they cease photosynthesis when leaf temperatures reach
38-40 degrees Celsius.
4.5.11 Marine Ecosystems
The Spencer and St. Vincent Gulfs are already warm and more saline than the open ocean and so are
likely to be particularly vulnerable to increases in temperature and salinity. Many species are already at
the limit of their temperature tolerance (e.g. many large brown algae) and so could move southwards,
leading to large shifts species range and abundance that will have impacts on commercial fishing and
aquaculture and the temperate reefs in the area. Decreasing pH in the oceans is also likely to have a
significant impact in the future. The impacts of these changes to commercial fisheries and aquaculture
are described as part of the economic capital.
4.5.12 Pest plants and animals
Climate change will alter the risks posed by weed species in the region. The spread and proliferation of
weeds will be significantly affected by other climate change effects on ecosystems, such as changes in
fire regimes, and changes in disturbance levels.
4.5.13 Fire in the ecosystem
Sclerophyll dominated vegetation types, such as the eucalypt forests and woodlands of the region, will
be significantly impacted by changes in fire regimes, including managed burning for risk mitigation.
4.5.14 Vulnerability Assessment Results – environmental capital
The results of the vulnerability matrix assessment for the environmental capital for the year 2030 are
summarised in tabular and graphical format below.
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Executive Summary Table 4: Vulnerability assessment scores for the year 2030 for the environmental indicators
assessed in the Central Local Government Region of South Australia.
Indicator

Exposure Sensitivity

Potential
Impact

Adaptive Vulnerability
Capacity

Landscape fragm entation
Regional Native Vegetation Com m unities
Regional Native Fauna
Regional Native Flora
Surface w ater
Groundw ater
Water dependant ecosystem s
Dem and constraints

2.62
3.44
2.62
2.62
4.00
3.00
3.50
2.50

5.00
3.65
3.77
3.20
3.75
3.50
3.50
3.50

7.62
7.09
6.39
5.82
7.75
6.50
7.00
6.00

1.00
4.06
1.00
2.00
4.00
4.25
3.25
6.00

16.62
13.03
15.39
13.82
13.75
12.25
13.75
10.00

Final score for bottom line

3.04

3.73

6.77

3.20

13.58

Low
>1 - 2
>2 - 4
>2 - 4
>3 - 7

Medium
>2 - 3
>4 - 6
>4 - 6
>7 - 11

High
>3 - 4
>6 - 8
>6 - 8
>11 - 15

Very high
>4 - 5
>8 - 10
>8 - 10
>15 - 19

Score description:
18.0
16.0
14.0
12.0
10.0

Very low
0 -1
Im pact
0-2
Adaptive capacity
0-2
Vulnerability
0-3

Exposure and sensitivity

8.0
6.0

Exposure

4.0

Sensitivity

2.0

Potential Impact

0.0

Adaptive Capacity
Vulnerability

Executive Summary Figure 5: Vulnerability assessment plot for the year 2030 for the environmental indicators
assessed in the Central Local Government Region of South Australia.

The environmental capital of the region ranked as the most vulnerable due to the high sensitivity of
ecosystems to the climate changes that are expected to continue at a rate that exceeds the capacity of
most organisms to evolve. In addition, most ecosystems have a low adaptive capacity, particularly those
that are under additional pressure from other human impacts such as vegetation clearing, pollution,
water extraction and changes to weed, pest and disease incidence in response to climate change.
Natural ecosystems that are bounded by landscapes modified for urbanisation or agriculture have no
capacity to shift higher, landward or poleward to colonise areas that may be more climatically suitable. In
particular, fragmented landscapes separated by highly modified land that is not easily remediated do not
have the corridors required for movement of climatically stressed species and so are considered the
most vulnerable indicator of the analysis. The study region is characterised by its high level of
fragmentation.
Regional native fauna also ranked as very highly vulnerable because of their current poor conservation
status that leads to high sensitivity and very low adaptive capacity. Adaptive capacity is also constrained
by the extremely fragmented landscape of the study region. Human intervention, to support fauna
species of particular conservation concern, has to date had little success in halting the decline of fauna
species. This failure can be attributed to a variety of factors, including the scientific complexity of
managing species and associated ecosystems, and the high level of investment of time and resources
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required to recover species, issues that are expected to become even more pressing with future
climate changes.
Regional native flora also ranked as highly vulnerable to the expected climate changes, for similar
reasons as those detailed for fauna. The adaptive capacity of native flora is marginally higher than that
for fauna because of the options for appropriate propagation and revegetation, and other adaptive
techniques discussed in this report.
Regional native vegetation communities were also highly vulnerable, although as noted in the report, the
vulnerability amongst vegetation types varied widely. Some vegetation types, by their intrinsic nature,
are highly opportunistic and will adapt better to climate change. Assisted adaptation, through
revegetation programs, is restricted by a lack of capacity to recreate vegetation that performs the same
ecological function as naturally occurring remnant vegetation types.
Water dependent ecosystems were also highly vulnerable, particularly those reliant on surface water
that is currently highly limited and likely to be significantly reduced even in the next 20 years as a result
of reductions in rainfall and the compounding reductions in surface runoff. Whilst adaptive capacity for
these ecosystems was still rated as low, it was recognised that careful management of this resource
(through appropriate water allocation planning) may allow for a managed adaptive response. However,
the realisation of this response may be tempered by the conflicting demands of other water use,
especially in a climate change context.
As would be expected, because of the limited and degraded status of both surface water and to a lesser
extent ground water, and the expected decreases in rainfall and runoff over the assessment period,
these two indicators were also ranked as highly vulnerable to expected climate changes by 2030.
Demand constraints, or the amount of water demanded by humans was the environmental indicator with
the lowest vulnerability due to its relatively higher adaptive capacity. Demand for water for human use
can be reduced via improvements in water efficiency, recycling of storm water and use of water that has
been desalinated.
4.5.15 Visioning exercise environmental capital
Key points raised in the visioning exercise by participants at the workshop for the environmental capital
of the region included:








Protect the land and the local ecosystems;
Protect local icons (such as pygmy bluetongue lizards and dry land grapes);
Recognise that the landscapes we value, have value;
Integrate design and planning processes;
Protect remnant vegetation, increase biodiversity;
Manage coastal impacts of climate change; and
Create a healthy, vibrant natural environment.

4.5.16 Environmental capital recommendations
Water Resource Management
11. Develop a policy for re-apportioning the reduced capacity of water resources between human,
economic and environmental requirements under future climate scenarios so that there is a clear
understanding of future water resource allocations for the region.
12. Monitor and manage habitat change in near-coast wetlands in the region as a result of saline water
intrusion into groundwater.
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13. Research the effect on water demand in the region through changing land use and agricultural
practices in response to the changing climate and water resource constraints.
Species Management
14. Identify species that will fill equivalent ecological roles as existing endemic species move out of an
area due to changing climatic conditions; and evaluate whether native invaders are moving in
response to climate change and whether they should be allowed to persist.
15. Apply biosecurity policies to limit human-induced movement of invasive organisms into new areas
that may become habitable to them with changes in the climate.
16. Support the movement of beneficial or threatened species by providing appropriate structural
mechanisms including connected landscapes and appropriate cover or structural trees and choose
plant species and genetic provenance for restoration with climate change in mind.
17. Investigate gene banking and ex-situ conservation for species without current solutions where later
restoration may be possible and consider translocation of poorly dispersed and vulnerable species
to suitable bioclimatic zones.
Ecosystems and Biodiversity Management
18. Manage the landscape to accommodate uncertainties of climate change impact on biodiversity and
enhance the resilience and capabilities of ecosystems and their component species to self-adapt
and reorganise by identifying and prioritising key regional refugia and managing threats including,
pests, weeds, grazing, pollution, fire and fragmentation.
19. Manage natural ecosystems as large units across boundaries through collaborative programs to
ensure maximum possible biodiversity gains are made for investment effort and plan for reserves
that encompass heterogeneity to allow for ecosystem self-adaptation.
20. Identify and protect key natural assets and transition zones to accommodate future changes in
climatic conditions.
21. Ensure development and NRM plans minimise the impact of climate change on biodiversity by
including appropriate buffer zones for the movement of species under changed conditions.
22. Develop monitoring strategies that allow for adaptive management at species and community levels
and that build the capacity of local landholders to monitor and adaptively manage the ecosystems
on their land.
23. Develop multiple management strategies for any given environment to reduce the chance of
maladaptation, increase understanding of responses to management intervention and allow for
alternative species movements to occur.
Landscape management
24. Develop management scenarios and adaptation pathways to assist land and conservation
managers in appropriate intervention actions and practices.
25. Research and develop management plans for altered disturbance regimes within the landscape,
especially changes as a result of fire to decide which areas have a higher priority for protection.
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26. Improve and manage connectivity across the entire landscape mosaic to maintain species and
ecosystem diversity – including remnants of native vegetation, and monitor/learn from species
survival in unexpected combinations.
27. Capitalise on opportunities in the region from climate mitigation strategies such as carbon
sequestration and ensure programs deliver a beneficial biodiversity outcome.

4.6

THE ECONOMIC CAPITAL

The economic capital in the triple bottom line assessment takes account of the physical and financial
capitals in the region. Physical capital includes assets applied in production such as equipment, plant,
machinery and buildings, infrastructure and improvements in genetic materials such as crops and
livestock. Financial capitals include access to financial resources and the variability and diversity of
income sources. Rural and regional areas tend to have a relatively narrow economic base, which can
make them less resilient to change.
4.6.1 Business diversity and size
The study region’s relatively greater dependence on primary activities such as broad-acre cropping,
viticulture and livestock is significant since it is primary activities such as these that are generally
identified as being most directly vulnerable to the impacts of climate change. Adverse effects on these
sectors will tend to flow on to other sectors of the regional economy.
4.6.2 Agriculture
Agriculture is one of the largest industries in the region - it accounted for over 40% of all businesses in
mid-2007 (Australian Bureau of Statistics 2007) and in the 2006/07 financial year contributed close to
$1.2 billion or 13% of the Gross Regional Product (GRP) (Table 12). The industry represents a
significant proportion of the economy and includes broad acre farming, intensive livestock, feed lots,
horticulture (olives, vegetables etc.) and viticulture (for table grapes and wine) (Regional Development
Australia Yorke and Mid-North 2010).
Broad acre grain crops – wheat, barley, oats, canola, peas, beans and lentils
Cereal production is the most valuable commodity produced in the Central Local Government region.
Cereals are extremely rainfall dependant. A 15% reduction in growing season rainfall (max projection by
2030) will lead to a reduction in yields of a similar magnitude in the absence of adaptation options. A
warming and drying trend is likely to challenge the viability of grain production in the northern regions. In
these areas transformational changes may be necessary.
Livestock and pasture growth
Livestock in the region includes sheep, lambs, beef cattle, calves, dairy cattle, pigs and poultry. Together
these industries contributed $229 million or 19% to the gross value of agricultural production for the
region in the 2005/06 financial year. The gross value of sheep and lambs slaughtered was $79 million,
cattle and calves slaughtered $34 million, goats slaughtered $0.3 million, while other livestock
slaughtered was valued at $116 million (Australian Bureau of Statistics 2008).
Pasture growth
By 2030 existing pasture is likely to be available on ground for less time for livestock and there is likely
to be a reduction in the quality. Pasture production is highly rainfall dependant so a 10% reduction in
rainfall roughly correlates with a 10% reduction in pasture production depending upon the level of
temperature vulnerability. In temperature limiting environments a 2oC increase in temperature may help
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increase pasture growth over the cold winter months. Increased flexibility in livestock numbers and
movement is the key to successful adaptation by 2030.
Livestock
Livestock for meat and products was worth $316 million to the Central Local Government Region in the
2005/6 financial year. Temperature will have the biggest impact on livestock health and reduce meat
production and milk yields. Producers may be able to change stocking rates and lambing or calving
dates to increase production, but on high heat days there is little producers can do to reduce livestock
stress.
Wool production
Wool production in the study region was worth $55 million in the 2005/06 financial year. Impacts on wool
include a decline in production and clean wool yield, changes to wool quality as fibre diameter may
decrease, tender wool incidence may increase, and the number of lambs with impaired secondary
follicle production increases. Increased flexibility in stock management to move stock around, tactical
pesticide management and improvements in pasture management, and changes to both lambing and
weaning dates will all be necessary adaptations.
Grapes and wine production
Winemaking and grape production directly accounted for 10% of gross regional product in the 2006/07
financial year. Indirectly, the industry accounts for a larger proportion again when transport, packaging,
bottle making, engineering and tourism associated with the industry are included. The biggest threats to
viticulture are temperature increases and water availability. Warmer, drier conditions will ripen vines
earlier and affect quality, quantity and availability of grapes. Adaptation techniques include altering grape
maturity, continuing to improve water management and reconsidering some varieties.
Horticulture
Horticulture is currently worth about $92 million to the Central Local Government Region and may
increase by half this amount again in the near future. Temperature is currently the biggest threat to the
horticultural industry but water availability will be the greatest concern for the expansion of the industry.
Adaptations include careful selection of cultivars, changing planting and harvest dates and flexibility to
manage seasonal variability including pest outbreaks.
4.6.3 Fisheries and aquaculture
Wild fisheries
State-wide the wild fishery industry was worth approximately $202 million in 2009/10. Climate changes
will impact on different fisheries species in different ways. Tropical remnant species, such as blue crabs,
and those with a flexible life history, such as squid, could become more numerous and widespread.
However, unknown changes to the food chain, as a result of increased ocean acidity, means predicting
future species composition is difficult. An added pressure to the industry includes a possible increase in
the price of fuel as a result of the introduction of a price on carbon.
Aquaculture
The aquaculture industry in the study region is still emerging and is currently worth approximately $7
million. Onshore enterprises, such that at Louth Bay near Port Lincoln, would be more likely affected by
heat wave and other temperature changes compared to offshore aquaculture although there are no such
enterprises in the study area. Some species, such as kingfish, may be affected by ocean acidity more
than others. Climate change adaptation options for aquaculture include changes to farming methods and
species selection.
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4.6.4 Forestry
Forestry is a relatively small industry in the study region when compared to agriculture, and employs
about 50 people. Plantations will be sensitive to direct and indirect climate change impacts, particularly
heat waves and bushfire. There is good scope to moderate the impacts of other changes using adaptive
management techniques. There may be opportunities for carbon farming if a price on carbon is
implemented, particularly for farming mallee forests.
4.6.5 Manufacturing
Manufacturing activities are vital to the region’s economy, and account for approximately one-fifth of
gross regional product and one-sixth of employment in the region. Increases in temperature and in the
frequency and intensity of heatwaves have implications for temperature sensitive manufacturing
activities, occupational health and safety issues for workers, and may reduce the reliability and/or
volume of energy and water supplies. Carbon pricing represents a secondary stressor. Air conditioning
production spaces, improving energy and carbon efficiency, adopting renewable energy sources
including off the grid energy sources, and shifting production to cooler periods are potential adaptation
responses. However, some adaptations may be costly with negative implications for competitiveness.
The longer-term sustainability of upstream supplying industries such as agriculture is uncertain, and may
have significant implications for local manufacturing activities.
4.6.6 Business and professional service industries
A large number of businesses and organisations provide a range of business and personal services in
the region and together account for approximately one sixth of gross regional product and one fifth of
employment in the region. Adverse flow on effects associated with negative impacts from climate
change stressors on agricultural and manufacturing industries represents the main (indirect) threat to
service industries given the importance of these leading sectors to the region’s economy. The potential
for adaptation within service industries is considered limited, and is dependent on adaptations within
existing leading sectors of the economy and the emergence of other forms of economic activity, and at
the extreme may entail relocation to other regions. Service industries taken as a whole are considered to
have a medium degree of vulnerability by 2030, although there would be significant variations between
the large variety of services provided in the region.
4.6.7 Retail trade
Retail trade is the third largest employing sector in the region, and accounts for 13% of total
employment. An increase in heatwave frequency and intensity would have implications for the storage of
produce and affect visitation, while drought would adversely affect supply for certain retail activities such
as food retailing. Otherwise direct exposures to climate change stressors are limited for the retail sector.
Of greater concern are indirect exposures given the reliance of retail activities on the broader economic
performance of the economy and the potential for significant climate change impacts on agricultural and
manufacturing activities beyond 2030. As a consequence, direct vulnerability to climate change is less
significant than indirect vulnerabilities, and adaptation will be reliant on developments within other
industry sectors.
4.6.8 Construction and engineering
The construction and engineering sector accounts for approximately 6% of gross regional product and
7% of employment in the study region. Construction activities may be interrupted by an increase in the
number of heatwaves and extreme temperature days due to occupational health and safety issues for
workers and a decrease in the reliability of energy supplies. Adaptation options may be limited to
changes in working regimes. Vulnerability to direct climate change stressors over the period to 2030 is
considered modest. In the longer term, secondary stressors in the form of negative production impacts
on other leading primary industries in the region may flow into activity levels in the construction sector.
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4.6.9 Tourism and hospitality
Tourism based on the region’s landscapes, beaches, national parks and excellent food and wine
experiences provides an important source of income for the region. A deterioration of natural landscapes
and the viability of food and wine production due to lower rainfall, erosion of beaches due to sea level
rise, and an increased frequency and intensity of heatwaves and bushfires present significant threats to
existing tourism activities. At an aggregate level, tourism may adapt through a broadening of the tourism
product in terms of attractions and alternative seasonal opportunities, while businesses may adapt by
implementing measures that improve comfort levels for visitors and improve energy and water efficiency.
While the tourism sector has a medium degree of vulnerability over the period to 2030, vulnerability for
particular activities and regions may be significantly higher over more distant horizons (e.g. wine based
activities in the Barossa and beach activities in the Yorke Peninsula).
4.6.10 Mining
Mining activity is currently limited in the region, but there is strong potential for growth given identified
world class deposits of copper, lead, zinc, iron ore, nickel, chromium and mineral sands. An increase in
heatwave frequency and intensity, and a potential decrease in the reliability of water and energy
supplies present direct climate change threats to mining activities. These risks may be mitigated by
significant potential for autonomous technological, organisational and planning adaptations. However,
the potential for maladaptation may be high to the extent that adaptations involve greater energy use
and therefore higher carbon emissions. While workshop participants assessed the pricing of carbon
emissions as the greatest threat to mining activities, this ultimately is a secondary stressor that is
sensitive to policy developments in overseas markets.
4.6.11 Energy
Energy infrastructure in the Yorke and Mid-North regions has limited accessibility, capacity and
affordability and has been identified as significant barrier to business and economic growth in the area
(Regional Development Australia Yorke and Mid-North 2010).
Electricity and renewable energy
A reliable electricity supply is fundamental to modern human society, including the provision of vital
human services (e.g. medical services, water treatment, heating and cooling etc.). An increase in the
frequency and intensity of bushfires may damage energy infrastructure, while heatwaves and increases
in summer mean temperatures will increase peak demand loads, and increase the risk of supply failures.
Investments in energy infrastructure including renewable energy sources and demand management
strategies can be deployed to improve the resilience of the energy supply network. Given the potential
for adaptation, electricity supply is assessed as having a moderate level of vulnerability to climate
change by 2030, although vulnerability to bushfires, heatwaves and summer mean temperature
increases may be very high. An important consideration from a broader perspective going forward is the
extent to which adaptations in other areas may lead to an increased demand for energy.
4.6.12 Infrastructure
Road and rail
The region features an extensive network of roads and, to a lesser degree, rail lines that are vital for
connecting markets and transporting people, goods and equipment throughout the region. An increase
in the frequency and intensity of heatwaves and bushfires may lead to increased damage and/or
reduced durability of roads and rail lines. A number of operational and engineering adaptations may be
employed against climate change stressors, although physical solutions may prove costly. Rail lines are
considered to have a higher degree of vulnerability relative to roads due to a reduced scope for
adaptation. In the longer term beyond 2030, sea level rise will present an increasing threat to transport
infrastructure located adjacent to coastlines.
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Jetties and Wharves
Ports provide important transport links to overseas markets, particularly for grain exports, while jetties
provide significant recreational opportunities for the general population. Inundation associated with sea
level rise and high sea level storm activity will subject ports and jetties to increased physical impacts,
while heatwaves may interrupt port operations due to increased fire risks associated with operation of
machinery. Engineering solutions may provide to be effective though costly means of reducing
susceptibility to sea level rise and bush fire risks. Given the long time frames over which sea level rise
will occur, the potential impact will increase slowly over time while the long lead time will provide scope
for researching, identifying and implementing adaptive measures.
Buildings (housing, schools, hospitals)
Buildings provide shelter and security for people, storage for goods and equipment, host a variety of
economic activities including business and personal services, and represent the main source of wealth
held by many people. Inundation associated with sea level rise and an increase in the frequency and
intensity of bushfires will damage properties, while increases in temperature, heatwaves and increased
drying of soil may lead to more rapid deterioration of buildings. Adoption of higher construction
standards and building tolerances, the establishment of hard defences such as sea walls, and land use
planning regulations to prevent building in high risk areas are among a number of adaption options than
can be employed against climate change stressors.
4.6.13 Information and Communications Technology
Information and communication technology services are critical for the timely sharing of information upon
which government, business and communities depend. An increase in the intensity and frequency of
heat waves and bushfires together with sea level rise has the potential to damage fixed
telecommunications infrastructure and therefore interrupt telecommunications services. Improving the
quality and robustness of telecommunication services through investments in infrastructure including
new technologies such as wireless services would increase resilience against extreme events and sea
level rise. Given a high degree of adaptability, information and communications are considered to have a
low vulnerability to climate change.
4.6.14 Local government business
Local Government across the region provide a wide range of services to the community that will be
affected by climate changes. A climate risk assessment specific to Local Government Business was
recently undertaken by Local Government Association of South Australia Mutual Liability Scheme and is
recommended reading. The development of climate change adaptation action plans in collaboration with
community is considered critical for reducing Local Government risk across the state.
4.6.15 Vulnerability Assessment Results – economic capital
The results of the vulnerability matrix assessment for the economic capital for the year 2030 are
summarised in tabular and graphical format on the following page.
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Executive Summary Table 5: Vulnerability assessment scores for the year 2030 for the economic indicators
assessed in the Central Local Government Region of South Australia.
Indicator

Exposure Sensitivity

Potential
Impact

Adaptive Vulnerability
Capacity

Mining
Manufacturing
Construction and engineering
Tourism
Retail Trade
Business and personal services
Roads
Rail
Ports and jetties
Telecom m unications
Electricity supply
Buildings
Water infrastructure
Broadacre crops
Livestock: Beef, sheep and w ool production
Viticulture
Horticulture, tree crops and forestry
Com m ercial fisheries
Aquaculture

2.13
1.98
2.33
2.20
3.00
2.53
2.40
2.57
2.50
2.67
2.64
2.40
2.50
2.53
2.50
2.63
2.63
3.00
2.80

2.67
4.00
3.33
3.07
3.00
3.00
2.60
2.79
3.50
2.00
3.77
2.60
3.00
3.33
3.42
2.81
3.19
3.50
3.60

4.80
5.98
5.67
5.27
6.00
5.53
5.00
5.36
6.00
4.67
6.41
5.00
5.50
5.26
5.34
5.44
5.81
6.50
6.40

5.00
4.83
6.00
6.07
6.00
8.00
7.60
5.86
7.00
7.67
6.48
6.60
6.00
5.92
7.33
6.50
6.13
4.50
4.80

9.80
11.15
9.67
9.20
10.00
7.53
7.40
9.50
9.00
7.00
9.93
8.40
9.50
9.34
8.01
8.94
9.69
12.00
11.60

Final score for bottom line

2.51

3.11

5.57

6.23

9.35

14.0
12.0
10.0
8.0
6.0
Exposure

4.0

Sensitivity
2.0

Potential Impact

0.0

Adaptive Capacity
Vulnerability

Executive Summary Figure 6: Vulnerability assessment plots for the year 2030 for the economic indicators
assessed in the Central Local Government Region of South Australia.

On average, the economic capital of the region was less vulnerable than the environmental capital
because of a generally high adaptive capacity and slightly reduced sensitivity. The only sectors that
scored as highly vulnerable were the commercial wild catch fisheries and aquaculture. As with the high
vulnerability for native fauna, both of these industries are dependent on species that rely on habitats and
environmental conditions to which they have evolved. In the Central Local Government region all
aquaculture is offshore and so is subjected to the same climate stresses as the wild fishery including
increases in ocean temperature, increased ocean acidity and reduced stream flow from the land for
nursery habitat and nutrient input. However, aquaculture is a somewhat controlled system and so its
adaptive capacity was scored marginally higher than the wild fishery. In addition, because of the greater
boat distances covered by wild catch fishing, the commercial wild fishery was considered more sensitive
to a price on carbon and therefore increases in fuel costs.
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Compared to the environment and fisheries dependant industries, agricultural enterprises have a greater
adaptive capacity to the changes expected in the climate by 2030. Agricultural enterprises are able to
tactically make alterations to management within the season to manage climate events as they occur
and so are generally more robust. However, in some regions where tactical management changes will
not suffice, agriculture will be more vulnerable. In the Central Local Government Region tree crops,
broad-acre crops and viticulture were considered to be more vulnerable to climate change than livestock
systems because there are more options for livestock management during a growing season and over
the longer period than for a crop. Stock can be supplementarily fed, numbers can be reduced and
individuals can be moved around. In contrast, tree crops and vines are long-lived agricultural
investments that are not mobile and so will be more sensitive to longer changes in the climate as well as
extreme events such as frost, fire or heat wave.
Manufacturing was the only other indicator apart from commercial fisheries and aquaculture in the
economic capital that scored as highly vulnerable, a function of a high and very high sensitivity to a price
on carbon and the reliability of electricity supplies respectively and a medium adaptive capacity. Much of
the manufacturing in the region is dependent on agriculture (e.g. food and wine production) and so will
be affected by changes in crop production levels and quality of produce. In addition, manufacturing will
likely be stressed by other changes in the climate as well, including direct impacts from heatwaves on
workers, cold storage facilities and temperature dependant manufacturing activities, and secondary
impacts from rising energy costs and reduced water supplies.
Apart from telecommunications (that was scored as having a low vulnerability to climate change) the
remaining indictors were assessed as moderately vulnerable although with minor differences in their
exposure, sensitivity and adaptive capacity. Retail trade as a ‘downstream’ industry relies heavily on the
economic health of the region and so was considered the next most vulnerable indictor of the economic
capital in this study. Although direct effects of heatwaves may affect visitation and food storage, it will be
the secondary or indirect impacts of reduced consumer spending in response to reductions in profitability
of other sections of the economy that will probably have a largest impact. Compared to personal
services that are usually considered essential in nature (health, business, financial etc.), retail trading is
more often based on discretionary spending and for that reason is more likely to be affected.
Industries where workers, resources or infrastructure have a relatively higher sensitivity or lower
adaptive capacity to changes in the climate (mining, construction and engineering, electricity supply)
ranked slightly lower in vulnerability although still moderate. For the energy supply, it is expected that an
increase in the frequency and intensity of heatwaves and bushfires, coupled with increases in peak
energy demand will increase the likelihood of supply failures. For mining and construction, heatwaves
are likely to affect outdoor workers and reductions in the reliability or increases in the cost of energy and
water will possibly create problems. In addition, the mining industry is considered highly sensitive to a
price on carbon. Processing activities are considered to have a higher degree of vulnerability compared
to extractive activities due to their greater energy and water requirements. Each of these latter indicators
(mining and construction and engineering), is expected to have medium adaptive capacity.
For infrastructure, rail lines are sensitive to heatwaves in particular and considered to have less adaptive
capacity than roads to future changes in the climate because of their very high sensitivity to heat waves
and bushfire. Ports / wharves and jetties are obviously highly sensitive to sea level rise and coastal
erosion although it is expected that adaptive measures necessary by 2030 should be minimal. Water
infrastructure in the region was considered more vulnerable than roads and buildings mainly because
much of it was laid in the 1960s and is now aged and nearly capacity and in some places allow salt
water to intrude into the system – a problem that will worsen with climate change.
The least vulnerable indicators in the economic capital were infrastructure – telecommunications
networks, road networks and buildings because of their low -moderate sensitivity and high adaptive
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capacity – assuming regular maintenance and improvements. Climate changes expected by the year
2030 in the study region are not significantly large enough to affect the structural integrity of most
infrastructure (apart from perhaps rail and ports / jetties) built to withstand current conditions away from
the coast. It should be noted however, that future structures will need to be built to revised standards to
maintain their moderate to low vulnerability. The majority of infrastructure in the region is not sited close
to an erosional coast or likely to be affected by inundation and so is not sensitive to sea level rise and
associated risks. However, those segments that are in the hazard zone would be more vulnerable than
indicated in this assessment – a point that needs to be considered when determining priorities for action.
The Department of Climate Change ‘First Pass National Assessment of Climate Change Risks to
Australia’s Coast’ (2009) and following supplements, and the Yorke Peninsula and NE Gulf St Vincent
Sea Flood Risk Mapping project (2010) commissioned by the State Government should be referred to in
these cases.
4.6.16 Visioning exercise economic capital
Key points raised in the visioning exercise by participants at the workshop for the environmental capital
of the region included:











Enhance local economic viability;
Protect the key local industries;
Fund locally approved change;
Manage tourism to maximise benefit and minimise negative impacts;
Manage new industries to maximise benefit and minimise negative impacts from climate change;
Focus on valuing and improving agriculture;
Provide funding for agricultural and ecological research and extension;
Invest in renewable energy in appropriate locations; and
Improve and adapt housing to climate change;
Integrate design and planning processes.

4.6.17 Economic capital recommendations
Businesses and industry
28. Support business and industries to mitigate and adapt to climate change risks through practical
business improvement programs.
29. Support the transition of workers from industries that are not economically sustainable due to
climate change.
30. Encourage autonomous adaptation within business through the provision of regional level
information on future climate change trends. Most adaptation will need to be undertaken
autonomously by the private sector and the costs of adaptation are likely to be lower if individuals
and businesses have information that allows them to undertake adaptation in a consciously planned
rather than reactive manner.
31. Develop strategies and materials that target leading industry sectors, particularly agriculture and
manufacturing, to improve their awareness of climate change issues and possible adaptation
options. Examples include information papers, information sessions and workshops, newspaper
articles etc.
Infrastructure
32. Support for a multi-agency approach with Local, State and Federal Government, and industry to
consider options to reduce the impact of inundation and shoreline recession to commercial buildings,
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light industry, roads and rail infrastructure in identified high risk areas across the Region – Port Pirie,
Yorke Peninsula and Mt Remarkable, as identified in the Department of Climate Change and Energy
Efficiency; Climate Change Risks to Coastal Buildings and Infrastructure - A Supplement to the First
Pass National Assessment; 2011.
33. Produce guidelines to reduce the impacts of near-coast saline groundwater intrusion and the
consequent impacts on salt damp, stormwater detention capacity, and affected built environment.
34. Provide infrastructure to support sustainable business practices, including increased rail
infrastructure, improved telecommunications, greater storm water and waste water re-use, improved
water infrastructure, and increased renewable energy.
35. Review resilience of local coastal public infrastructure (e.g. jetties and beaches) to inundation and
erosion from sea level rise, and prioritise infrastructure for protection, refurbishment, replacement
and possible decommissioning based on vulnerability and other key factors such as cost and
demand.
36. Ensure that climate change risks are taken into account when designing and implementing long lived
public assets and infrastructure, recognising that incurring additional capital costs upfront to ensure
that assets have the capacity to cope with future climate change stressors will likely be cheaper than
retrofitting or repairing assets at a later date. Key considerations to include:
 Review and update bushfire and heatwave management strategies to incorporate risks
associated with an expected increase in the frequency of these extreme events;
 Liaise with major utility providers to ensure that climate change risks are factored into future
planning of infrastructure for the region. Transport, water, electricity and telecommunications
infrastructure are key areas in this respect.
37. Adopt passive cooling design principles and renewable energy technologies in private and public
buildings to minimise exposure to climate change stressors including energy price increases, energy
supply failures etc.
Planning
38. Update land use planning regulations to prevent development in areas that are highly vulnerable to
climate change related threats including coastal (sea level rise and coastal erosion) and bush fire
risks, to avoid future costs in terms of direct damages, compensation or necessary reactive
adaptation measures. Key considerations to include:
 Maintain and implement Coast Protection Board policies in the planning system to ensure
development is adapted to the expected impacts of sea level rise, including dune drift, flooding
and coastal erosion:
 Ensure appropriate zoning to protect community assets and activities.
Innovation and leadership
39. Develop opportunities for water reuse and harvesting, including fit-for-purpose water use in
townships. Stormwater capture and storage options, that do not compromise existing environmental
flows but which reduce demand on potable supplies, need to be explored.
40. Promote the growth of sustainable industries in the region including:
 Develop an integrated strategy for renewable energy development in the region that includes an
assessment of the most suitable locations and minimises land use conflicts with other sectors.
 Determine the most feasible economic opportunities for the region for carbon-trading, low carbon
technologies and new industry emergence.
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41. Develop and promote case studies of local or other relevant businesses that have factored climate
change impacts into their existing operations (e.g. carbon neutral wineries) to demonstrate practical
methods for adapting to climate change and improve awareness of climate change issues.
42. Regionally support and capitalise on measures that are designed to mitigate climate change
including international agreements on emissions reductions, measures to reduce greenhouse gas
emissions including carbon pricing, cap and trade systems, abatement measures etc.

4.7

SOCIAL CAPITAL

The expanded social capital used in this study takes into account the social and human capitals as
defined in the background section to the report, and are key determinants of adaptive capacity (Stanley
2010). Factors that measure these social aspects include health and wellbeing, education and training,
social emergency management, social inclusion and community planning and development. The
majority of the local government areas across the Central Local Government Region have decreased in
population since the 2001 census. However, as a whole the population has increased by 4.1% because
of high growth in a small number of Councils. The highest population growth recorded was in the Light
Regional Council area which increased in population by 17.1%. A number of demographic changes are
occurring in the region including a decreasing and aging population, and a noticeable influx of ‘sea- and
tree-changers’. These patterns potentially render both the economic and social systems of the region
more vulnerable to climate change impacts because of the added dimension of change, but also offer
opportunities for adaptation given sufficient resourcing.
4.7.1 Health and wellbeing
Human mental and physical health is vulnerable to climate change. Direct effects of this vulnerability
can range from life-threatening heatstroke in the very young and the very old, and a significant reduction
in productive capacity in people of intermediate age, through to greatly increased expressions of heatinduced confusion and dementia, and episodes of mental instability in vulnerable individuals. Indirect
effects can include depression and suicide amongst those affected by drought, increased vector borne
disease (e.g. Ross River virus) and food borne disease caused by heat induced breakdown of the food
storage and handling cool-chain Other direct effects include dust menace, and indirect effects such as
the exacerbation of existing poor health conditions. Ill health is costly as it increases the drain on the
medical system, reduces productivity and has a negative effect on social support networks. People
suffering from poor health are significantly more vulnerable to any additional change, including climate
change, and have a lower adaptive capacity. Climate change impacts may have physical or mental
health consequences, and those in rural areas are more likely to be affected.
Health related activity/output reductions
Climate-related changes have the potential to significantly affect human health in the study region. Heat
has pronounced negative effects on both mental and physical health, and these are particularly severe
for those who are aged or have a pre-existing condition. Heat also reduces industry and individual
productivity, and this effect is likely to become more noticeable as businesses and individuals formalise
their adaptive responses. Drought can induce significant social dislocation. These challenges require a
systematic and well-resourced adaptive response so as to reduce vulnerability.
Access to medical care
Access to health care across the region is more limited than in urban areas, particularly in the aged care
and mental health sectors. Services are widely dispersed and transport other than via private vehicle is
poor. Climate change is likely to increase the demand on these services particularly through increased
medical service demands by the young and the old, or through the increased frequency of catastrophic
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events such as fire or flood and the resultant victims. Dust menace and changing airborne particulate
matter patterns may exacerbate asthma. It is also likely that the changes climate change will bring will
challenge some vulnerable individuals beyond their ability to cope in terms of mental health, resulting in
an increase in depression and expressions of self-harm. All of these will result in both more frequent
and more urgent medical attendance. The medical, dental and emergency services needs of the study
region have been well documented, but every effort must be taken to ensure that these findings are
acted upon.
Age
The study region demonstrates a distinctive demographic profile, with disproportionately high numbers
of older people and a pronounced ‘hollowing out’ of people in the 20-39 year old age bracket,
presumably due to out-migration. Older people are less adaptable in general, and are also more
vulnerable to the physical effects of climate change, including increased vulnerability to heat and
dehydration, susceptibility to heat-related dementia, and a decreased ability to effectively care for
themselves in periods of intense stress such as catastrophic events (fire, flood) or longer duration
heatwaves. These vulnerabilities are also likely to remove some older people from the volunteer pool
and from the social networks of their communities. In addition, the lack of 20-39 year olds may reduce
the communities adaptive capacity overall.
Mental health and wellbeing
Rural regions suffer from higher incidences of mental health problems, partly due to specific physical,
economic and social circumstances and partly due to the barriers encountered when seeking effective
care. Climate change is likely to make many of these factors more pronounced. While the region does
have an established mental health network, it is not clear if those who will need it in the future will be
able to access it readily enough.
4.7.2 Education and Training
Education is important to enable people to make well-informed, long term, sustainable decisions about
climate change (WHO 2003). Poor education levels reduce the ability of communities to reach out for,
and effectively apply, the information and technology that is available about the challenges that climate
change will bring. Even a well-resourced and focussed community can be severely hampered by a lack
of ability to access and apply the information they need (Mowling, Balston et al. 2009)
Level of education
Education levels in the study region are lower than for the comparable State averages. As improved
education can be directly correlated with both better health and greater adaptive capacity, it is important
to attempt to increase education levels throughout the region. Options to increase education in the
region may also assist to retain younger people, which would have a beneficial effect on social networks
and would reduce vulnerably overall.
Access to education facilities
Physical access to education is difficult throughout much of the study region. Limited access reduces
education levels and encourages younger people to leave the region to follow other education options.
While access to education is unlikely to be significantly impacted by climate change (other than a limited
number of days lost to high fire risk), it is important to improve access to education to improve the
adaptive the capacity of the resident population.
Retaining young people
There is a significant exodus of younger people from the study region. This trend is likely to continue or
even increase if employment opportunities are reduced as a result of a changing climate or if
educational opportunities continue to be constrained. Losing younger people from the region will
significantly impact on many aspects of life and will reduce the adaptive capacity of communities to
respond to any stressor, including climate change. In particular, a lack of young people in the region will
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reduce social networks and hamper the flow of new and possibly critical information into the
communities.
4.7.3 Emergency management
Volunteerism and the volunteer population
Volunteers are of particular importance to the study region, where resources are scarce and volunteers
represent an effective means of managing intermittent service needs. Volunteers are also a critical part
of maintaining local social networks. It is possible that the aging population and other social changes will
result in a reduced pool of potential volunteers. This situation will result in the reallocation of
responsibilities to agencies such as local councils and other paid service providers.
Changes in the community being served, and the services provided
As the community structure changes – due to newcomers, an outflow of younger people and the general
aging of the population – it is probable that there will be two concurrent changes that will need to be
accommodated. Firstly the community will need more, and possibly different, services due to individual
infirmity and/or changed expectations. Secondly, the pool of appropriately skilled volunteers may reduce.
These changes will result in a community with high vulnerability and low adaptive capacity to climate
change.
Resourcing and governance
Effective governance within the emergency management sector will be essential to ensure that the
challenges posed by climate change related events are effectively countered. The range of climate
change related events are likely to increase in severity and frequency at the same time as the number
and nature of volunteers alters. These changes will require astute resource allocation and management
to ensure effective adaptive responses.
4.7.4 Social Inclusion
Social capital involves emphasis on collective action and valuing social networks, the bonding of similar
people and bridging between diverse people with norms of reciprocity (Claridge 2004). The distribution
and actions of networks and groups, internal dynamics and interaction between people acknowledges
important informal social networks within communities and organisations. These interactions create a
framework for information flow and empower communities and organisations to analyse risks and
implement adaptation procedures without reliance on top-down directives (Pelling 2004).
Sense of belonging to community
A sense of belonging is one of the key social assets of rural communities and can reduce vulnerability to
any change that disrupts social fabric, as drought and other climate change-related phenomena can.
However, a sense of belonging can also be a very strong element of successful community-based
adaptive responses and needs to be nurtured and maintained to preserve the informal support networks
it underpins.
Leadership
Effective leadership is a critically important adaptive strength, and for this reason strong community
leadership must be supported throughout the study region. Strong leaders who are well accepted by the
community will enable informal networks to overcome vulnerabilities much more swiftly. They will also
support other sectors of the community (such as volunteers) in their endeavours, to ensure greater
resource efficiencies.
Crime perceived/real
Levels of crime and perceived levels of crime are strong indicators of the strength and health of
community networks. While crime levels in the study region are low at present, disasters and other
events precipitated by climate change are likely to cause increases in specific types of crime. These
- Page 38 of 336-

must be anticipated and countered to maintain the existing high levels of social capital in affected
communities.
Aboriginal and other minority cultural groups
There are relatively few people within the study region who do not speak English as their primary
language. This language homogeneity contributes to the high social capital of the region. Care must be
taken to ensure that other cultural differences are not a barrier to adaptive capacity. In addition, it must
be noted that Indigenous people are frequently more vulnerable to the effects of climate change due to
their low adaptive capacity, as they are disproportionately affected by economic and educational
barriers.
4.7.5 Community Planning and Development
Internet usage
Communication methods are considered to be an important part of a community’s ability to access
information and thus to strengthen their social capital. The use of information channels that enable
access to information that is physically and/or institutionally remote is particularly important for
establishing and maintaining linking bonds, specifically bonds between individuals, governments and
institutions. Internet usage within the study region is low when compared to the state average, however,
it is increasing. Access to the internet has the capacity to substitute for other resources and overcome
the barriers of distance for health, educational and social purposes. As each of these three factors is
critical for enhancing adaptive capacity, internet usage has the potential to provide excellent value to the
communities within the study region.
Employment
Employment is relatively high within the study region, indicating that many people have at least some
resources to enable their adaptive processes in response to the challenges of climate change.
However, as much of the region’s employment occurs in sectors that are susceptible to climate change,
this may not always be so. Employment vulnerability is increased by low skill levels, and may make
seeking alternative employment difficult.
Regional occupation and industries
The greater the diversity of employment opportunities, the greater the potential a community has to
adapt to the local alterations in the environment and economy brought about by climate change. If
people do not have all their eggs in one employment basket, they are significantly less vulnerable to
change. However, within the study region employment diversity is limited, and is dominated by
occupations that are susceptible to the effects of climate change such as agriculture. To improve
adaptive responses to climate change, industry must be encouraged to adopt appropriate technologies,
and to be open to diversification to minimise risk exposure. These strategies are likely to improve longterm survival of local industries, and consequent employment of local people.
Household income
Social exclusion in Australia is closely entwined with the understanding of poverty and low socioeconomic status. Social exclusion considers the multiple dimensions of poverty and disadvantage that
create barriers and make it difficult or impossible for people to participate fully in society or to obtain a
decent standard of living (Stanley 2010). In addition to people with low incomes, other examples of
individuals that may be at risk of social exclusion include those who are unemployed, people who have a
disability, the aged and young and people who live in isolated areas. The study region has a significantly
lower than average income when compared with the rest of the state. Disposable income greatly affects
the ability of an individual to adopt adaptive measures such as air conditioning or climate–conscious
building construction, and thereby directly affects their vulnerability to climate change challenges such
as heatwaves. This limitation will need to be recognised, and where possible compensated for, by local
agencies and institutions - particularly in regions where income is exceptionally low.
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Household size
People living in households with more than one person generally have more access to resources than
people who live alone. Larger households generally have a higher income base as it is assumed that
more than one person is employed or there is access to another income stream and a greater network of
people and organisations from which to draw information. In times of change, larger households also
have a greater chance of one of the occupants finding an alternative career path if employment options
become limited. Most households in the study region consist of two or more people, a fact that
significantly contributes to their adaptive capacity. Multiple occupant household are more likely to be
sustained by more than one income stream, and also have wider networks. They are therefore less
vulnerable to sudden changes in financial status and are also more likely to be linked in to one or more
social networks. These supports mean that the household is better placed to adapt to changes such as
those posed by the changing climate.
4.7.6 Vulnerability Assessment Results – social capital
The results of the vulnerability matrix assessment for the social capital for the year 2030 are
summarised in tabular and graphical format below.
Executive Summary Table 6: Vulnerability assessment scores for the year 2030 for the social indicators assessed
in the Central Local Government Region of South Australia.
Indicator

Exposure Sensitivity Potential Adaptive Vulnerability
Impact Capacity

Com m unity Planning and Developm ent
Social Inclusion
Em ergency Managem ent
Education
Health

2.40
2.25
2.67
2.17
2.56

2.90
2.50
3.33
3.50
2.72

5.30
4.75
6.00
3.50
5.28

5.73
5.50
5.17
5.08
5.93

9.57
9.25
10.83
10.58
9.35

Final score for bottom line

2.41

2.99

4.97

5.48

9.92

12.00

10.00
8.00
6.00
4.00

Exposure

2.00

Sensitivity

0.00

Potential Impact
Adaptive Capacity
Vulnerability

Executive Summary Figure 7: Vulnerability assessment scores for the year 2030 for the social indicators assessed
in the Central Local Government Region of South Australia.
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The social capital of the region was considered moderately vulnerable to climate change, but slightly
more than the economic capital, a result that may be expected as the heath of human settlements is
dependent on both the environmental and economic capital but has much more adaptive capacity than
the environment. All the indicators in the social capital scored medium / moderate in vulnerability with
only small differences between them – partly because most of the variables were affected by an average
of the full set of climate stresses as a measure of the changes across the region.
Both emergency management and education were considered to be highly sensitive to the climate
stresses including the expected increase in the frequency and intensity of heatwaves and bushfires.
Social inclusion and community planning and development were moderately sensitive to the stresses. All
indicators were considered to have moderate adaptive capacity although emergency management was
somewhat less due a hollowing out of the age group in the demographics of the region where most of
the volunteers are sourced, a general drop in volunteer recruitment and only moderate support for
resources and governance.
Education is considered crucial for developing the adaptive capacity of the region to the future changes
expected and so the relative lack of advanced education facilities in the region is considered a key
constraint in building the adaptive capacity of the social capital.
4.7.7 Visioning exercise social capital
Key points raised in the visioning exercise by participants at the workshop for the social capital of the
region included:








Protect the communities – celebrate local difference;
Protect the local cultures as they, are but don’t fossilise them. Change is welcome as long as it is
in keeping with local spirit;
Protect local icons (such as pygmy bluetongue lizards and dryland grapes);
Create vibrant communities – that attract young people and families;
Empower leadership;
Support investment in training and education including facilities; and
Connect people – improve transport options and broadband internet connections.

4.7.8 Social capital recommendations
Health
43. Provide more aged care facilities to cope with the growing demand of the ageing population. The
region has a disproportionately high number of older people, and it is reasonable to anticipate that a
significant number of individuals will need to call on aged care services as they can no longer care
for themselves due to conditions caused or exacerbated by climate-change related heat or dust
menace, or because of heat-induced dementia, or depression caused by external influences such as
prolonged drought. Enabling these people to remain in their local communities will help maintain
established social networks and also reduce the flow of people from the area. Providing more aged
care facilities in the region will also increase jobs in the health sector and contribute to employment
targets by providing more job opportunities in the health care sector.
44. Improvements to mental health facilities and improvements to the accessibility of mental health care
services to mitigate increases in climate change related stressors such as extended heat periods
and drought which are likely to increase the percentage of people who suffer mental health
conditions, noting that young men are particularly vulnerable.
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45. Improve education about mental health in the region and the impact of extreme heat events on
mental health to help people in the community identify behaviour or warning signs so at-riskindividuals can be supported and early intervention can take place.
46. Provide for a range of flexible models of care tailored to meet the needs of local communities as
climate change stressors increase including an increase in-home and outreach care, nursing, inhome care, increased residential and accommodation facilities etc. to support at risk individuals
(such as the elderly, disabled and people with existing ailments).
47. Facilitate increased investment in public transport across the region, particularly for accessing health
care and educational facilities, as demand for these is likely to rise as people attempt to find ways to
mitigate the effects of climate change – specifically non-acute health effects, and an increased
demand for self-education, as professional and lifestyle adaptations to climate change increase.
People will seek out the services they require, both via digital media and physically via various forms
of transport. An effective public transport system would reduce carbon emissions due to greater
efficiency. It is recognised that there are not sufficient volunteer numbers to provide a driver for
transport, so paid positions must be considered.
48. Maintain and potentially decentralise the public health infrastructure including mental health services
and health education. Currently access to health facilities in the region is a problem as many people
live at least half an hour’s drive away from their closest health care provider. This was shown to be
an issue during the recent prolonged drought, where individuals suffering from depression caused or
exacerbated by the drought were isolated from much-needed mental health support. Such stressful
events are likely to increase with the increasing impact of a changing climate. An increase in the
facilities and levels of support offered in existing facilities will also help minimise travel and access
costs.
Social inclusion
49. Develop a community engagement program with Regional Partners, and support from State and
Federal Government, to re-engage local communities about climate change and the need to move to
a more sustainable long term future.
50. Develop programs that support communities to work together to take practical actions to adapt to
climate change.
Community planning and development
51. Support communities to minimise their contribution to climate change by reducing greenhouse gas
emissions.
52. Ensure communities have equitable access to resources such as power, water and natural
landscapes for recreation and community activities as the impact of climate change is realised and
support communities to address pricing pressure for resources by investigating alternate sources/
improved efficiencies etc.
53. Improve internet infrastructure and access across the region to help overcome climate change
related impacts by enabling direct access to information and resources to assist private individuals
and businesses in designing and implementing climate change mitigation initiatives. It is likely that
the internet will become increasingly important as part of the social network for a community that
may not be able to travel on catastrophic fire days, or who may not wish to generate unnecessary
greenhouse gases. An increase in publically accessible internet outlets will allow for more
information sharing and gathering and so overcome other service limitations.
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54. Utilise services that already exist in the area more effectively (e.g. school buses that make daily
deliveries to households on route (bread, newspapers etc.) This will reduce the level of greenhouse
gas emissions in the region, and will also serve to strengthen community bonds at a time when they
are most useful.
Emergency management
55. Develop strategies to boost emergency services volunteer numbers in the region ahead of climate
change related incidents to offset the losses attributed to an ageing population and high rate of youth
exodus, and consider options to integrate volunteerism to ensure that the expectations of volunteers,
career staff and the community are achieved.
56. Ensure that community members, especially community leaders, emergency services personnel and
health professionals are aware of the available support services in the region so they are able to
‘spread the word’ and effectively reach out and support individuals at risk from the impact of climate
change such as bushfire and heat related event.
Education
57. Increase education programs to engage with the community about climate change and the expected
impacts at a local level, in addition to considering options to locally mitigate greenhouse gas
emissions and adapt to the changes.
58. Increase opportunity for educational attainment that is not university based with outputs that are
specific to the study region (i.e. on farm apprenticeships and local delivery models in viticulture,
agriculture etc.). If youth and others can obtain a qualification while still living in the study region they
will remain in the area and help to strengthen community bonds and increase the adaptive capacity
of the community at a time when adaptive requirements are high. Education is critical, as an
effective adaptive response will require new ideas as well as young and vigorous people with a
commitment to the local area to implement them. Not all of the activities that will be required will be
of the type most frequently supported by tertiary education – some will be local solutions for local
problems that will still require some form of structured informational support.
59. Develop online education systems tailored to meet the demands of industry and individuals in the
study region. Such options will help overcome travel problems and may reduce associated costs.
60. Increase training and job development in the green industries through government, business and
educational institutions to increase up-take of renewable energy, lower energy costs for vulnerable
people and provide jobs in training and employment.
61. Develop clear adaptation pathways so people have support for transitioning in to new employment,
and are appropriately retrained and re-skilled and encourage industry to increase on the job training
and development, especially in skills that will be needed for climate change mitigation and
adaptation.
62. Ensure additional educational resources (such as information pamphlets etc.) to cater for Aboriginal
and other minority cultural groups, particularly those that cannot speak English, are designed to
meet the needs of these groups and distributed.
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5 BACKGROUND TO THE PROJECT
Since the industrial revolution, the concentration of atmospheric carbon dioxide and other greenhouse
gases is the highest in over 800,000 years. The Intergovernmental Panel on Climate Change (IPCC)
Fourth Assessment Report (FAR)(IPCC 2007) stated that the warming of the climate system in
response to the increased greenhouse gases is now “unequivocal”, and is “evident from observations
of increases in global average air and ocean temperatures, widespread melting of snow and ice and
rising global average sea level” (IPCC 2007). It is also likely that despite current mitigation policies
and related sustainable developments, the level of greenhouse gases in the atmosphere will continue
to increase over the next few decades. As a result, the global climate system will very likely see
changes that exceed those observed over the past century (IPCC 2007).
Over the coming decades, South Australia is likely to experience continued increases in average
temperature, changes in rainfall (likely reductions in winter and spring), an increase in daily rainfall
intensity but longer dry spells between rainfall events, an increase in evapotranspiration (the
combined effects of evaporation and plant transpiration), an increase in very hot days and nights, a
reduction in the frequency of frosts and a likely increase in the number of extreme fire danger days
(Suppiah, Preston et al. 2006). In addition, ocean acidification as a result of dissolved carbon dioxide
in sea water will continue and sea level rise will exacerbate storm surge events and coastal erosion.
These shifts in atmospheric and oceanic trends are expected to produce flow on effects to water
resources, agriculture, forestry, fisheries, human settlements, ecological systems and human health. It
is very likely that there will be large shifts in the geographical distribution of agriculture for some
regions (IPCC 2007). Conventional farming of marginal land in drier regions is likely to become
unsustainable due to water shortages. New biosecurity hazards and increased environmental
degradation due to extreme events is also likely. However, it may also be possible to grow new crops
or those displaced from other regions. Ecosystems will need to be able to adapt or migrate in tandem
with their suitable climatic zone or sea level, or will face extinction. Hard physical infrastructure
including roads, bridges, dams, buildings and other assets are likely to be affected by the increased
extremes in the climate such as heat-waves, flooding, bushfire or extreme wind events. Social
disruption to existing communities and networks are possible as the impacts affect the economic
sectors of tourism, agriculture, fishing, forestry and others. New opportunities will also become
available in the form of renewable energy, carbon sequestration and business that meet the needs of
the changing environment.
The impetus and recognition for collaboration on climate change in the Central Local Government
Region of South Australia was strongly emphasised in the outcomes of a Regional Natural Disaster
and Risk Mitigation planning strategy undertaken by the 15 local councils between 2006 and 2008.
Climate change was identified as a key priority that required further consideration at a regional level
and integration into local council and regional emergency management and natural disaster planning.
In 2007, the 15 local councils of the region, the Northern and Yorke Natural Resource Management
Board, and the Southern Flinders, Mid-North and Yorke Regional Development Boards met to discuss
the need for a collaborative and regional approach to climate change. A regional climate change
forum was held in April 2008 to increase understanding of climate change and its relevance for these
communities. The forum highlighted the need for close collaboration between key regional bodies and
identified a lack of information available on the vulnerability of the region to climate change. In
response to these findings, a ‘Regional Climate Change Steering Committee’ was formed and
includes key regional partners that represent local government, economic development and natural
resource management.

An assessment of climate change, impacts and risk management strategies for South Australia by
CSIRO stated that ‘…. institutions must work collectively to build upon recent advances in assessing
and communicating climate risk”, and that “Access to resources – human, financial, and technical – for
risk assessment and adaptation remains limited, particularly for local governments, which are likely to
be the focal points for climate change impacts and adaptive responses….’ (Suppiah, Preston et al.
2006).
Although there has been considerable research and modelling of climate changes and likely impacts
at the global and national scales, the likely vulnerabilities and adaptation options for communities and
local authorities is less well understood. There is, however, a growing expectation that local planning
will address climate change in a local context. To support such adaptive action there is a need for
relevant, credible and accurate information on climate change risk and vulnerability coordinated at an
appropriate scale so as to support the planning and activity of key regional bodies and the local
community.
The recently released Draft Climate Change Adaptation Framework for South Australia highlights the
need for a regional bottom up approach to developing adaptation responses and an inclusion of the
economic, environmental and social dimensions impacts (Government of South Australia 2010). The
framework also identifies key sectoral impacts, challenges and response, all of which have been
considered in the development of this report.
The vulnerability of any system to a particular stressor can be defined as a function of the impact of
the stressor (in turn a product of exposure and sensitivity), and the capacity of the system to adapt or
cope with the stressor. Social, economic and environmental systems that are currently under stress
from other changes will find it difficult to cope with the expected climate changes as well. Figure 1
illustrates the relationship between adaptive capacity and vulnerability to climate change for a number
of key social, economic and environmental systems identified in the Australia and New Zealand region
over a range of future temperature increases.

Figure 1: Vulnerability of key sectors in Australia and New Zealand to climate change (IPCC 2007).
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Examples of natural systems that are low in adaptive capacity are ecosystems that are highly
sensitive to temperature changes or those affected by excessive land clearing, over extraction of
ground or surface water, invasive species, soil erosion, salinity, environmental pollutants, species
decline and extinctions, or over harvesting of natural resources such as fish and forests. Economic
systems that have a high debt to capital ratio or minimal opportunities to increase income would also
be highly vulnerable, and social systems that are disrupted, have poor communication networks, high
crime rates or a prevalence of other socially dysfunctional behaviours such as domestic violence,
suicide or drug addiction are likely to be limited in their capacity to adapt. As the adaptive capacity of
each of these systems is already reduced, they are considered to be more vulnerable to the impacts
of climate change.
The aim of this and other vulnerability assessments, then, is to identify those dimensions or sectors of
a system that are vulnerable and the actions that would help build adaptive capacity so as to reduce
possible negative impacts. The IPCC states that there are “many adaptation options can be
implemented now for Australia, at personal, local and regional scales” (IPCC 2007).
In the Northern and Yorke Peninsula Regional NRM Plan (Northern and Yorke Natural Resource
Management Board 2009), it was identified that “a risk assessment to evaluate the impact of climate
change on the region’s natural resource assets should give consideration to the vulnerability of
different biophysical and economic sectors, to the effects of climate change and to integrating the
concepts of exposure, sensitivity and adaptive capacity.” Guided by the State Draft Climate Change
Adaptation Framework for South Australia, and best practice methodology for undertaking risk and
vulnerability analyses as defined by the Federal Department of Climate Change and Energy
Efficiency, this integrated climate change vulnerability assessment for the Central Local Government
Region of South Australia has considered the components of impact, sensitivity and adaptive capacity
within a triple bottom line framework and with input from staff in the Regional Development Australia
Boards, Natural Resource Management Boards, Local Government, Department of Environment and
Natural Resources Coast Protection Board, Bureau of Meteorology, CSIRO, universities and other
relevant government departments, industry, not for profit and community organisations.
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6 METHODOLOGY
The overarching aim of this project is to develop a locally relevant, regionally coordinated integrated
climate change vulnerability assessment that considers the economic, social and environmental
implications for the Central Local Government Region.
6.1

THE TRIPLE BOTTOM LINE APPROACH

The “Triple Bottom Line” is a term coined by John Elkington in his book “Cannibals with forks: the
triple bottom line of 21st century business” (Elkington 1998) and is an expanded criteria for measuring
organisational and societal success that includes not only the financial, but social and environmental
dimensions of performance as well. Also known as “People, Planet, Profit” or “the three pillars”, the
approach consists of measuring performance against the goal of sustainability by placing a dollar
value on each of the three dimensions: Financial capital, social capital and environmental or natural
capital. The triple bottom line is now defined and recommended by the United Nations and is the
dominant approach to public sector full cost accounting (Wikipedia 2010).
Human capital refers to the stock of competences, knowledge and personality attributes embodied in
the ability to perform work to produce economic value. It includes the skills accumulated by a worker
through education and experience (Smith 1776). Human capital is defined by the United Nations as
"the productive wealth embodied in labour, skills and knowledge" (United Nations 2010).
Natural or environmental capital includes the biotic and abiotic, renewable and non-renewable
resources of the earth and includes plants, animals, minerals, gases, water and the interrelated
systems of a healthy ecosystem such as recycling, pollution extraction, water collection and
management of soil erosion. Environmental capital can be defined as the “total of renewable and nonrenewable natural resources” (The Business Directory 2011).
In the triple bottom line approach, the economic or financial capital is the real economic value of an
organisation and is defined as the profit “after deducting the cost of all inputs including the cost of the
capital tied up” (Wikipedia 2010).
More recently a five capitals approach has been accepted as a refined version of the triple bottom line
and is considered to encompass all the resources that a community may be able to access. The five
capital approach splits the original social capital into human and social capitals and the original
financial capital into physical and financial capital. In short:
 Human capital – the skills, health and education of individuals that contribute to the productivity of







labour.
Social capital – reciprocal claims on others by virtue of social relationships, the close social bonds
that facilitate cooperative action and the social bridging, and linking through which ideas and
resources are accessed.
Natural capital – the productivity of land, and biological actions to sustain productivity, as well as
the water and biological resources.
Physical capital – the value of capital items produced by economic activity from other types of
capital and can include infrastructure, equipment and improvements in genetic resources (crops,
livestock).
Financial capital – the level, variability and diversity of income sources, and access to other
financial resources (credit and savings) that together contribute to wealth.
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By determining the relative strength of each capital one can identify ways that a community may prove
to be resilient to the challenges of climate change and therefore increase its’ adaptive capacity and
reduce climate change vulnerability (Allen Consulting Group 2005).
For this study, the human and social capitals were combined, and the physical and financial capitals
combined, to provide a thorough triple bottom line approach. The current status or strength of each of
the triple bottom line capitals (economic, social and environmental) was then assessed and their
sensitivity, adaptive capacity and vulnerability to climate change examined.
6.2

RISK AND VULNERABIILTY ASSESSMENTS

In 2006 the Department of Climate Change (previously the Australian Greenhouse Office) released a
set of guidelines(Australian Greenhouse Office 2006) for undertaking a climate change impact and
risk assessment based on the Australian and New Zealand Standard for Risk management (AS/NZ
4360:2004). The guidelines recommend that the standard is widely used in public and private sectors
to guide strategic and operational risk management. The guideline provides a familiar framework on
which to examine the risks, and develop strategies for mitigation and adaptation to climate changes
that will be well understood by a range of clients. The framework is outlined in Figure 2 and involves
five key steps: establishing the context, identifying the risks, analysing the risks, evaluating the risks
and then finding treatments or actions / recommendations to reduce these risks.

Communicate and consult
Establish
the context

Identify the
risk

Analyse
the risk

Evaluate
the risks

Treat the
risk

Heat waves in
South Australia

How often,
how hot, for
how long?
What is the
likel y increase
in incidence?

What are the
likel y impacts?

Evaluate the
risks

Identify options

Define the
associated
risks

Rank risks

Develop plans

Screen minor
risks

Who should
implement?

Define the
event and the
region

Select best

Monitor and review
Figure 2: The framework for undertaking a climate change risk analysis used in this study (Australian
Greenhouse Office 2006).

To establish the context, the Central Region of South Australia as a study area was mapped, it’s
climate described and the key attributes detailed as a set of indicators that are able to be measured
either quantitatively or qualitatively. Indicators describe the triple bottom line and include such
variables as population demographics, education levels, cultural diversity, employment, income
(social); industries, agriculture and aquaculture, infrastructure (economic); and biodiversity, water and
soil type (environmental). The indicators chosen for the study are detailed in Table 1 on the following
page and were chosen by the technical panel to describe the regions’ vulnerability to climate change.
Information was gathered to describe the current status of each of these indicators and provides a
context against which the possible future impacts of climate change were considered.
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Table 1: The indicators and variables selected to describe the social, environmental and economic capital of the Central Local Government Region of
South Australia in this study.

Environmental Bottom Line

Economic Bottom Line

Social Bottom Line

Indicator

Variable

Indicator

Variable

Indicator

Variable

Landscape fragm entation

Native vegetation cover

Mining

Gross regional product

Com m unity Planning and
Developm ent

Internet usage

Regional Native Vegetation

Vegetation communities

Manufacturing

Gross regional product

Employment

Vegetation com m unities

Coastal Mangroves

Construction and engineering

Gross regional product

Regional occupation and industries

Coastal Samphire Shrublands

Tourism

Number of visitors

Household income

Coastal Dune and Cliff Shrublands

Tourist expenditure
Retail Trade

Gross regional product

Inland Samphire Shrublands

Gross regional product

Leadership

Sw amp Paper-bark Shrublands

Business and personal
services
Roads

Kilometers of roads and condition

Perceived level of crime

Thatching Grass Sedgelands

Rail

Kilometers of rail and condition

Actual level of crime

Bulrush/Comon Reed Sedgelands

Ports and jetties

Number of ports and jetties and condition

Riparian Woodlands

Telecom m unications

Extent of telecommunications infrastructure and condition Em ergency Managem ent

Populations of aboriginal and other minority cultural
groups
Volunteerism

Temperate Shrubby Woodlands

Electricity supply

Level of demand and constraints

Temperate Grassy Woodlands

Surface w ater

Water dependant ecosystem s

Water infrastructure

Water netw orks and infrastructure

Mallee and Woodlands Dense Shrub Understorey

Buildings

Condition of housing

Mallee and Woodlands Chenopod Shrub Understorey

Condition of schools

Inland (Semi-arid) Tall Shrublands

Condition of hospitals

Sense of belonging to community

Changes in the community being served, and the services
provided.
Resourcing and governance
Education

Level of education
Access to education facilities
Retaining young people

Health

Access to medical care

Northern Arid Woodlands

Broadacre crops

Level of production

Age

Northen Arid Shrublands

Livestock: Beef, sheep and
w ool production
Viticulture

Level of production

Activity/outputs

Quantity and quality of production of high quality grape
production
Level of production

Mental w ellbeing and suicide

Surface w ater quantity and flow s

Groundw ater quantity and recharge

Horticulture, tree crops and
forestry
Com m ercial fisheries

Groundw ater quality

Aquaculture

Surface w ater dependent ecosystems
Groundw ater dependent ecosystems

Dem and constraints

Social Inclusion

Levels of renew able energy production

Temperate Grasslands

Surface w ater quality
Groundw ater

Household size

Coastal Mallee

Amount of w ater required by humans

Commercial catch and effort
Level of production

The identified risk in this case is from climate change and includes recent observed trends and future
projections for temperature, rainfall, evaporation, sea level rise, heatwave incidence and intensity,
bushfire. Future projections for the region were calculated on the basis of global climate model (GCM)
outputs for the year 2030 and a detailed review of other research for more complex parameters not
included in GCM outputs such as bushfire exposure indices, flood frequency curves and sea level
rise. The risk from the introduction of a price on carbon was also considered. Each of these aspects of
climate change was described as a climate stressor and the future climate scenario relative to the
baseline climate of 1990 was described.
Vulnerability assessments build upon the simpler risk analysis by considering not only the impact but
also the adaptive capacity of the variable to overcome the stress. The IPCC defined vulnerability as
‘the degree to which a system is susceptible to, or unable to cope with, adverse effects of climate
change’ (IPCC 2007). Vulnerability is a function of exposure, sensitivity and adaptive capacity as
described below and illustrated in Figure 3. This study has used the methodology for assessing
climate change vulnerability that was proposed by the Department of Climate Change and Energy
Efficiency (Allen Consulting Group 2005) and adapted it to enable a more detailed assessment of
variables for each bottom line assessment.


Exposure relates to the influences or stimuli that impact on a system. In this study, exposure is a
measure of the predicted changes in the climate for the year 2030.



Sensitivity reflects the responsiveness of a system to climatic influences, and the degree to
which changes in climate might affect that system in its current form. Sensitive systems are highly
responsive to climate and can be significantly affected by small climate changes.



Adaptive capacity is 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. The adaptive capacity of a system or society describes its ability to
modify its characteristics or behaviour so as to cope better with changes in external conditions.
The more adaptive a system, the less vulnerable it is. Also defined as the property of a system to
adjust its characteristics or behaviour in order to expand its coping range under existing climate
variability or future climate conditions.

Figure 3: Exposure, sensitivity, potential impact and adaptive capacity are all considered in the evaluation of
vulnerability to a defined climate change stressor such as temperature increases (Allen Consulting Group
2005).
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To analyse and evaluate the risks of climate change in this study a detailed vulnerability assessment
was undertaken that included analysis of each of the identified indicators in response to selected
climate change stressors by both the technical panel and other experts and a group of key
stakeholders from the region at a one day workshop. Details of the analysis and workshop processes
are provided in Chapter 12 with the results.
6.3

RECOMMENDATIONS

The final stage of the study was to provide treatment of the risk, undertaken here as an assessment
of the key knowledge gaps that were identified when undertaking the study and recommendations for
action or policy change to improve the adaptive capacity or resilience of each bottom line and thereby
reduce vulnerability. Each of the recommendations were distilled from the full range of inputs
considered while undertaking the project and were reviewed by the project steering committee prior to
publication. Based on the results and recommendations provided in this report, a climate change
action plan that identifies resources, timeframes and responsibilities will be developed by the key
regional partners so as to reduce the identified impacts of climate change on the region over the
coming years.

- Page 51 of 336-

7 THE CENTRAL LOCAL GOVERNMENT REGION OF SOUTH
AUSTRALIA
The Central Local Government Region of South Australia comprises approximately a quarter of the
land area of the state and 27% of the State’s population outside the capital of Adelaide. The region is
diverse in terms of population, geography and issues, and extends from the Adelaide Plains and
Barossa Valley in the south to the Southern Flinders Ranges in the north and Yorke Peninsula in the
west (Figure 4). There are 15 Councils within the region: The Barossa Council, District Council of
Barunga West, Clare and Gilbert Valleys Council, District Council of Copper Coast, The Flinders
Ranges Council, Goyder Regional Council, Light Regional Council, District Council of Mallala, District
Council of Mount Remarkable, Northern Areas Council, District Council of Orroroo/Carrieton, District
Council of Peterborough, Port Pirie Regional Council, Wakefield Regional Council and District Council
of Yorke Peninsula.
Due to the varied nature of boundary lines and data collection by national, state and regional
organisations including the Australian Bureau of Agricultural and Resource Economics (ABARE),
Australian Bureau of Statistics (ABS), Primary Industries South Australia (PIRSA), Regional Natural
Resource Management (NRM) Boards, Regional Development Australia Boards (RDAs), Local
Government Areas (LGAs), as well as findings identified in earlier studies undertaken in the study
area, we have considered a “soft boundary” to the region that will vary slightly depending on data
sources.

Figure 4: Map of South Australia showing the twelve Local Government regions (inset). The Central Local
Government Region study area is encircled in black and includes the sub-regions / agricultural regions of
Yorke Peninsula in the west, Lower North in the south, Mid-North in the east and Southern Flinders in the
north (Adapted from DPLGA 2010).
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To provide recommendations more relevant to communities in the area, the Central Local
Government Region study area was split into four sub-regions that have similarities of location,
climate, topography, key economic sectors, agriculture and local government area: Barossa (Councils
of Barossa, Mallala and Light), the Mid-North (Councils of Wakefield, Clare and Gilbert Valleys, Port
Pirie, Northern Areas and Goyder), Yorke Peninsula (Councils of Yorke Peninsula, Copper Coast and
Barunga West) and the Southern Flinders (shown on the map as Upper North and including the
Councils of Mt. Remarkable, Orroroo Carrieton, Peterborough and Flinders Ranges). Again, there
may be minor variations to these areas depending on data sources.
The major centres in the study area are: Gawler just outside the southern boundary of the Lower
North sub-region (population 20,650 but servicing an estimated population of up to 90,000) (Town of
Gawler 2009); Clare (3,063) and Port Pirie (13,206) in the Mid-North sub-region; and Kadina (4,026),
Wallaroo (3,053) and Moonta (3,350) on the Yorke Peninsula (Regional Development Australia Yorke
and Mid-North 2010). However, the majority of the population lives outside these centres in other
towns such as Peterborough, Burra and Crystal Brook (populations between 2,000 and 3,000),
Kapunda, Jamestown, Balaklava and Quorn (population between 1,000 and 2,000), and even smaller
settlements and farming properties scattered throughout the study area. Total population of the
Central Local Government Region in 2009 was 122,466 (Australian Bureau of Statistics 2011b).
The region has a number of lifestyle benefits that attract people to the area including affordable
housing, low cost of living, relaxed lifestyle, coastal living, less traffic, shorter commuting distances, a
beautiful and quiet environment, opportunities for business growth, excellent local produce including
foods and wines and a central location close to Adelaide, the Clare Valley, the Flinders Ranges and
Yorke Peninsula (Regional Development Australia Yorke and Mid-North 2010).
The region is agriculturally diverse with areas of arid pastoral grazing, dryland sheep and broadacre
cereal growing, premium viticulture, irrigated horticulture crops and intensive animal keeping. In
addition, industries based on food processing, tourism, mineral processing, fishing, aquaculture and
forestry are also economically significant. The region is also recognised as one of the world’s best
locations for the generation of wind power.
The environmental assets of the region are diverse and include semi-arid areas, beaches, wetlands,
mangrove and other coastal ecosystems, native forests, and unique flora and faunal species. For this
reason the region is a drawcard for a significant number of tourists each year who come to enjoy a
range of outdoor activities including camping, hiking, swimming, fishing, four-wheel driving among
others. However, approximately 74% of the agricultural areas have been cleared of native vegetation
and as a result thirteen ecological communities are listed as endangered or critically endangered and
inappropriate land use continues to threaten these assets.
Although there have been a significant number of studies undertaken that mention climate change,
assess a particular aspect (e.g. an agricultural crop such as grapes) or describe and quantify in some
detail, the likely impacts of climate change on the region as a whole in an integrated way had not been
studied in any detail prior to this analysis. The draft State Adaptation Framework recommends
integrated vulnerability assessments for undertaking adaptation assessments in the state and is the
methodology used in this study.
In addition to a range of relevant journal articles and grey literature, the following key reports were
also reviewed: the Regional Development Australia Yorke and Mid-North Regional Roadmap,
Northern and Yorke Regional NRM Plan: State of the Region Report 2008, Mid-North Regional Land
Use Framework 2008, Yorke Peninsula Regional Land Use Framework 2007 and 2011, Central Local
Government Region Waste Management Strategy 2008, the Water Strategy for the Barossa and Light
Region 2010, Central Local Government Region of South Australia Water Supply Investigation 2005,
the Department for Environment and Heritage Conservation Assessment of the Northern and Yorke
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Coast 2007, the Department of Environment and Heritage Northern and Yorke Natural Resources
Management Region Estuaries Information Package 2007, the Northern and Yorke Natural Resources
Management Board Regional NRM Plan 2009-2018, Department of Agriculture, Fisheries and
Forestry Northern and Yorke Landholder survey 2006, Local Government Climate Adaptation
Program 2010, the Strategic Infrastructure Plan for South Australia 2010, the summary report for the
regional Industry Sustainability Initiative, the District Council for Yorke Peninsula Coastal Assessment
Report 2009, report on the Climate Change Risks to Australia’s Coast 2009, the Central Local
Government Regional Natural Disaster and Risk Mitigation Strategy 2008, the Interim Yorke and MidNorth Zone Emergency Management Plan 2010, NCCARF Impacts and Adaptation responses of
infrastructure and communities to heatwaves 2009.
The Yorke and Mid-North Regional NRM Business Plan (2010-2013) provides significant detail on
actions that are currently underway or planned for execution within the next two years. The plan
identifies “Landscape management that maintains healthy natural systems and is adaptive to climate
change” as one of four overarching goals, and identifies five actions within the plan to increase
adaptive capacity of the region’s environmental bottom line to climate change: improved management
of soils in agricultural systems, recovery plans for species loss, increased capacity of ecosystems to
adapt to climate change by increasing ecological connectivity, provision of risk assessments for pest
plants and animals and planning of water allocations (Northern and Yorke Natural Resource
Management Board 2010).
This current knowledge of the region is considered in the context of the likely impacts from climate
change on each of a number of identified variables for the triple bottom line dimensions. A transparent
measure of vulnerability to climate change is then determined for each variable in the context of the
whole region and priority actions identified. Key findings and recommendations from previous studies
have also been considered within the scope of this analysis and where appropriate are included in the
following sections of this report.
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8

CLIMATE CHANGE AND THE STUDY REGION

The Central Local Government Region of South Australia is usually described as having a
Mediterranean climate with hot, dry summers and cool wet winters. The region is affected by a
number of large-scale climate systems that create inter-annual variability in the climate. Figure 5
shows the historical mean temperature and Figure 6 the rainfall for the winter growing season (May –
October) and the summer bushfire season (November – April).

Figure 5: Average temperature isohyets for summer (Left: November – April) and winter (Right: May –
October) for the Central Local Government study region.

In addition to the seasons, a number of large, slowly changing atmospheric systems generate
significant naturally variable at time scales from months to decades. As residents we are more familiar
with the day to day changes as a result of the weather. Across southern Australia weather systems
like fronts, lows and highs move from west to east and bring either rain (fronts, troughs and low
pressure systems) or dry spells (high pressure systems) and they change from one day to the next.
The positioning of these weather systems varies from one year to the next as well as a result of the
larger, slowly changing climate systems such as the latitude of the sub-tropical ridge or high pressure
belt, the Indian Ocean Dipole, the El Niño / La Niña Southern Oscillation in the Pacific and the
Southern Annular Mode across the south of the continent. These systems vary as a result of changes
in atmospheric and oceanic temperatures and large scale atmospheric and ocean circulations. Figure
7 shows the key influences that create the weather (day to day atmospheric changes) and climate
(month to decade changes) in our region.
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Figure 6: Average rainfall isohyets for summer (Left: November – April) and winter (Right: May – October)
for the Central Local Government study region.

Figure 7: The main climate and weather drivers that affect Australia (Source: Bureau of Meteorology
2011)
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The El Niño Southern Oscillation (ENSO) is a complex equatorial Pacific ocean-atmosphere system
that is responsible for up to 40% of the rainfall variability across eastern Australia and is described by
three states – neutral, La Niña and El Niño (Cordery 1998). In the ENSO neutral state there is an area
of warm water low pressure (rising air) in the western Pacific around Australia, upper level westerly
winds and region of high pressure (descending air) in the eastern Pacific. The circulation is completed
by low level easterly winds that bring moisture and warm sea surface temperatures to eastern
Australia (Graham and White 1988). During a La Niña event the circulation is enhanced and there is
an increased probability of above average rainfall. During an El Niño, warm sea surface temperatures
move eastward along the equator away from Australia and moist air rises in the eastern Pacific.
Cooler, drier air descends over the western Pacific around Australia, the Trade Winds slacken and
upper level winds blow cool dry air towards Australia. Rainfall across northern and eastern Australia
tends to be below average and there is an increased probability of drought. El Niño events typically
occur every 3 – 8 years.
The sub-tropical ridge or high pressure belt is part of a permanent, large scale atmospheric circulation
between the tropics and the mid-latitudes. The ridge and associated high pressure systems move
north every year in winter (across central Australia) and south again each summer (across the south
of the continent and the Great Australian Bight). The ridge brings drier, more stable conditions and a
persistently strong and southerly displaced ridge can result in drought over areas of southern Australia
(Bureau of Meteorology 2011).
The Southern Annular Mode (SAM) affects the band of westerly winds that bring storms and cold
fronts across southern Australia. Weaker winds allow the high pressure belt to dominate and results in
fewer rain bearing systems, while stronger winds bring more storms (Bureau of Meteorology 2011).
For a short and entertaining explanation on each of these climate systems visit the animated “Climate
Dogs” on the Victorian Department of Primary Industries web site.
Each of these weather and climate systems is likely to be affected by global warming as a result of the
release of greenhouse gases into the atmosphere from human activities. The following sections
summarise the latest research on climate change science and describes the likely future changes to
each of these climate and weather systems.
8.1

CLIMATE CHANGE – RECORDED CHANGES ALREADY OBSERVED

In 2007, the Intergovernmental Panel on Climate Change (IPCC) Fourth Assessment Report (AR4)
was released and provided a review of the latest findings from climate change science and impacts.
Since then there has been further research on many of the key aspects of climate change that are
crucial to our understanding of global warming. These aspects include recent trends, uncertainties,
sea level rise, abrupt changes associated with climate thresholds, and feedbacks – natural processes
that can increase or decrease the effects of global warming.
8.1.1 Greenhouse gas emissions
Increased concentrations of greenhouse gases in the atmosphere released by industrial and other
anthropogenic activities enhance the naturally occurring greenhouse effect and further heat the lower
levels of the atmosphere because they allow short-wave radiation (sunlight) from the sun to heat the
earth, but prevent long-wave thermal radiation (heat) from escaping back out into space (Figure 8).
This process is now validated by global surface, balloon and satellite data (IPCC 2007). Between
1960 and 2009, humans released 273 billion tonnes of carbon dioxide into the atmosphere by burning
fossil fuels (coal, oil, gas) (Mikaloff-Fletcher 2011). Additional carbon dioxide and other greenhouse
gases (methane, nitrous oxide and others) have been released as part of industrial processes and
land clearing (Figure 9).
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Emissions of CO2 from fossil fuels have risen by 3.4% per year from 2000 – 2008, more than 10 times
faster than natural increases at any time over the past 22,000 years and faster than the worst-case
scenario expected by the IPCC (Allison, Bindoff et al. 2009). Most of these emissions came from
burning fossil fuels, followed by land use changes including deforestation and conversion to crops
(Garnaut 2011). In addition, the efficiency of natural carbon sinks (oceans, forests etc.), that have so
far soaked up close to half of all CO2 released, has declined by about 5% over the past 50 years
(Allison, Bindoff et al. 2009).

Figure 8: Incoming short wave solar radiation (light) passes through the transparent atmosphere and
heats the surface of the earth. Long wave radiation (heat) is then reradiated back out to space or
trapped by greenhouse gases in the atmosphere. Increased levels of greenhouse gasses in the
atmosphere increase heating at the surface and cool the stratosphere as less heat is allowed to escape
back into space (Adapted from: Arctic Portal 2011).

In 2008, global emissions of carbon dioxide (CO2) from the burning of fossil fuels were nearly 40%
higher than those in 1990 and the level of CO2 in the atmosphere by the end of 2010 was 387 parts
per million (ppm), up from 280 ppm prior to the industrial revolution. Carbon dioxide levels are now the
highest in over 800,000 years (Figure 9). Methane levels are now 1800 parts per billion (ppb). Total
greenhouse gas emissions in the atmosphere by 2010 were equivalent to 465 ppm CO2 (Allison,
Bindoff et al. 2009; Garnaut 2011).
8.1.2 Temperature
Between 1850 and 2007 the global surface temperature had increased by approximately 0.76oC
(IPCC 2007). The eight warmest years have all occurred since 1998, and the 14 warmest years have
all occurred since 1990 (Scientific Committee on Antarctic Research 2009). The World Meteorological
Organization recently concluded that “the year 2010 ranked as the warmest year on record, together
with 1998 and 2005” and that the decade ending 2010 was the warmest on record. Temperatures
over land have increased at roughly twice the rate of ocean surface temperatures and the poles have
warmed faster than the equatorial regions (Figure 10).
Both maximum and minimum temperatures have increased equally. The rate of warming over the last
50 years is almost double that for the last 100 years (IPCC 2007). Short-term changes (less than 10
years) in the temperature trend show natural variation and do not change the long-term observed
global warming trend. There is now no credible explanation (e.g. solar activity, volcanos) for the level
of observed warming except as a result of the released greenhouse gases from human activity
(Allison, Bindoff et al. 2009).
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Figure 9: Observations of global temperature from recorded and proxy data, atmospheric carbon
dioxide as measured in the air at Mauna Loa and ice core data, and global population over the last 1000
years. The graph shows the close connection between the concentration of carbon dioxide in the
atmosphere that has risen rapidly since the industrial revolution and the average temperature of the
planet (The Climate Hub 2011).

Figure 10: Global temperature change (oC) 1880 – 2007 (left) and the 2007 surface temperature difference ( oC)
relative to the average 1951 – 1980 temperature (right) (Scientific Committee on Antarctic Research 2009) .
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Aerosols such as dust, smoke and haze both absorb and reflect heat in the atmosphere. The net
effect to date has been to cool the earth and so they have masked some of the warming from the
greenhouse gases (Garnaut 2011). It is likely that over the coming years the concentration of aerosols
in the atmosphere will be decreased by measures to reduce the associated health risks, and so the
cooling effect will be reduced. In addition, an increase in clouds and water vapour in a warmer world
(because of increased evaporation and humidity) are now known to create “positive feedbacks” that
will warm the planet further. The increased humidity is also likely to lead to a significant rise in heat
stress and make tropical areas less liveable (Sherwood 2011). Volcanos too have an effect on the
temperature balance of the planet although their impact over the past 100 years has relatively minor
when compared to human influences. All of these influences are now accurately accounted for in
global climate models (Figure 11).

Figure 11: Changes to global average temperature (above) as observed and modelled and concurrent
changes in solar radiation, volcanic aerosols, the El Nino Southern Oscillation natural climate pattern,
and anthropogenic (human) effects from 1980-2010 (Source: Lean and Rind 2009).
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From 1950 to 2007, the average temperature of Australia increased by 0.9oC. The frequency of hot
nights had increased and cold nights decreased (CSIRO 2007) (Figure 12).

Figure 12: Increase in Australian mean (average) temperature (left) in oC/decade and (right) the long
term annual mean temperature change from 1961-1990 average (Source: Bureau of Meteorology
2011).

The South Australian maximum temperature has increased by 0.96oC, the minimum by 1.13oC and
the average by 0.96oC (Suppiah, Preston et al. 2006). Since 1950, the average temperature for South
Australia increased by 0.2oC/decade and the frequency of cold weather in summer decreased (Figure
13). The plots below show the trend in maximum and minimum temperatures for the state from 1900
to the present.

Figure 13: (Left) Trend in maximum temperature and (right) trend in minimum temperature for South
Australia relative to the 1961 –1990 average (Source: Bureau of Meteorology 2011).

8.1.3 Ice extent
As expected in a warming world, ice reserves in all forms have been melting. In the Arctic the
temperature increased by 1.5oC between 2000 - 2006 and as a result the Greenland ice sheet has
thinned dramatically, especially along the coastline. The rate of Greenland glacier flow has also
accelerated. The ice-melt area across Greenland increased by 30% between 1979 and 2008 (Allison,
Bindoff et al. 2009). Arctic sea ice extent in January 2011 was the lowest since satellite records began
in 1979 and has shown a “precipitous” decline in over the last two years, particularly during summer
(Garnaut 2011) (Figure 14). The measurements suggest that this is one aspect of the climate system
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that is responding to warming in a non-linear way and at a rate much faster than predicted in the IPCC
AR4 (Allison, Bindoff et al. 2009).
The southern boundary of the permafrost in North America has moved north and the Tibetan
permafrost has thinned. Melting of permafrost reduces the stability of the landscape and results in
“drunken trees” and infrastructure damage. In addition, organic matter is broken down by bacteria that
release methane and/or carbon dioxide into the atmosphere and so amplify global warming. It is
estimated that if the earth’s permafrost was to melt, 1672 Gt (billion tonnes) of carbon (or twice the
current amount of greenhouse gases currently in the atmosphere), would be released. Release of
methane currently stored in frozen soils would account for a further 7.5 – 400 Gt (Allison, Bindoff et al.
2009).

Figure 14: Arctic sea ice extent and CO2 concentration 1900 – 2007. Note the CO2 scale is inverted
(Steffen 2009).

At the other end of the planet, measurements of the Antarctic ice sheet also show a net loss and
acceleration of ice loss since 2003. The largest losses have occurred in the West Antarctic Basin and
there have now been seven ice shelf collapses in the past 20 years (Allison, Bindoff et al. 2009).
The world Glacier Monitoring Service measures annual changes in over 30 reference glaciers
worldwide. The recorded mass balance in 2008 was negative again for the 18th year in a row (Garnaut
2011).
8.1.4 Rainfall
At a global scale, increased temperatures lead to an increase in evaporation and hence atmospheric
water vapour, cloud and rainfall. As a result of an enhanced hydrological cycle, atmospheric water
vapour has increased several percent per decade, and cloud cover by some 2% (IPCC 2001) since
1900. However, there are large differences in rainfall from one region of the globe to another. The
tropics are expected to get wetter and the mid-latitudes drier but with an increase in the chance of
intense precipitation and flooding (Steffen 2009; Garnaut 2011).
Rainfall across Australia has increased slightly, although, on a continent wide basis the trend is not
statistically significant due to the high inter-annual variability (Smith 2004). For regions where
precipitation has increased (north-west Australia) there has been more rain in summer than winter,
probably as a result of increases in heavy rainfall events and the number of rain days, and influences
from atmospheric aerosol pollution from south-east Asia. Since 1976 the frequency and intensity of El
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Niño events has increased and resulted in a rainfall decrease along the east coast of the continent,
mostly in summer and autumn (Hughes 2003; Steffen 2009) (Figure 15).
The drying trend across southern Australia since the early 1990s is most likely the result of an
intensification of the sub-tropical ridge (or high pressure belt) (Post 2011) and changes to the
Southern Annular Mode that have resulted in a poleward shift in winter storms and may explain up to
70% of the observed rainfall declines across southern Australia (Nicholls 2009). Each of these
changes is consistent with a warming planet and so the drying trend is likely to continue (Steffen
2009; Garnaut 2011). Recent research on the alternating patterns of warm and cool sea surface
temperatures across the Indian Ocean, now known as the Indian Ocean Dipole (IOD), suggests that
the pattern may be linked to significant droughts across our region (Steffen 2009).

Figure 15: Annual rainfall trends across Australia 1970 – 2010 (mm/10 years) (Source: Bureau of
Meteorology 2011).

The recent 13 year drought in south-eastern Australia including the Murray Darling Basin, was the
worst on record and different from other droughts because (a) there were no wet years over the whole
period, (b) it was confined to southern Australia and did not extend across the continent and (c) the
main decrease in rainfall was in autumn rather than winter or spring. In addition, temperatures have
been steadily rising across the region. These factors together indicate that the event has been partly
driven by changes in the large-scale climate patterns that bring rain to the region as a result of global
warming and is not just part of a naturally occurring cycle (CSIRO 2010).
Rainfall for South Australia has decreased since 1900, most notably in the second half of the century
(Suppiah, Preston et al. 2006). Annual rainfall since 1970 has decreased by 10 – 40 mm/decade,
most dramatically across the north-east of the state. It should be noted that rainfall in the 1970s was
relatively high compared to other decades.
South-west western Australia had its driest year and lowest river inflows on record in 2010 and the
extended drying trend seen in this part of the continent is now considered to be likely linked to
anthropogenic climate change because of the extent and duration of the event and the link to changes
that have been observed in the rain bearing climate patterns influencing the area (Cook 2011).
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8.1.5 Evaporation
As the earth warms, the atmosphere will hold more water vapour and so humidity will increase in
some areas depending on atmospheric circulations (Allison, Bindoff et al. 2009). Early reductions in
pan evaporation for parts of Australia have been attributed to changes in instrument exposure and
since 1990, evaporation has increased as would be expected in a warming environment (Gifford,
Farquhar et al. 2004; Wild 2004).
High quality evaporation data have been recorded in South Australia at only five locations: Ceduna,
Woomera, Adelaide, Nuriootpa and Mount Gambier. Since 1970 evaporation across the north of the
state has increased by up to 10 mm/year. However, in the south-east corner evaporation has
decreased by up to 10 mm/year (Bureau of Meteorology 2009).
8.1.6 Available water
Changes in rainfall and evaporation result in changes to the amount of water available for plants,
animals and humans. Across eastern and southern Australia available water has decreased. This
trend has resulted in a 55% decrease in the Murray-Darling Basin stream flow since 1950. During the
2000-07 period the average annual inflow to the river system was 4,150 GL/year compared to a longterm average of about 12,300 GL/year (Cai and Cowan 2008) (Figure 16). Such reductions in
available water are obviously severe for Southern Australia and affect human settlements, agriculture
and ecosystems.

Figure 16: Changes in total water volume in the Murray-Darling Basin (2002 – 2008) (Source: Steffen
2009)

8.1.7 Ocean changes
The oceans have warmed approximately 0.7oC since 1870, mostly in the top 1000 m (Roemmich and
Gilson 2011). Analysis by many groups around the world now confirms that the oceans have so far
absorbed more than 90% of the increased heat associated with global warming (Church 2011). Sea
surface temperatures around Australia are also rising and most of the warmer water appears to be
pooling around the south / south-east of the continent because of the way ocean currents flow (Karl
Braganza, National Climate Centre pers. comm. June 2010). During 2010, the sea surface
temperatures in the Australian region were 0.54oC above the 1961 to 1990 average - the highest on
record (Garnaut 2011).
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Tidal gauges and satellite altimeter data show an increase in global sea levels since 1970 of about 1.7
mm per year or 17 cm in the past century (Church 2011). The most rapid increase (3.1 mm/year) has
occurred since 1993 and is the result of both thermal expansion (about 45%) and land-based ice
contributions (about 40%) (Steffen 2006; Church 2011). As a result, sea level rise is currently tracking
at or near the upper limit of the IPCC worst-case projections (Figure 17). Global changes in ocean
salinity and currents now confirm what would be expected as a result of altered rainfall and increased
ice melt in Arctic and Antarctic regions (Garnaut 2011; Rintoul, Sallee et al. 2011).
The average rate of sea level rise around Australia was about 1.2 mm/year over the period 1920 –
2000 (Church, Hunter et al. 2004). As with most large coastlines, the measured increases in sea level
along the coast vary as a result of tectonic movement, climatic influences including the El Niño
Southern Oscillation (ENSO), and anthropogenic changes such as subsidence due to the draining of
wetlands and other modifications. Data from the early 1990s to June 2009 show increases in sea level
around Australia of between 1.5 – 8.6 mm/year (National Tidal Centre 2009). All measurements are
adjusted for tectonic movement, seasonal climate variations and anthropogenic land changes
(National Tidal Centre 2009).

Figure 17: (Left) Global sea level changes in centimetres from 1970 – 2008. The envelope of IPCC
scenario projections are shown for comparison (Steffen 2009). (Right) Australian sea level changes
(mm/year) from the early 1990s when the National Tidal Centre Sea Level Rise project started to end
June 2011. The measurements take into account changes due to tectonic subsidence and uplift and
seasonal climatic influences (National Tidal Centre 2011).

In South Australia, there has been a sea level rise at the Thevenard tidal gauge (considered the most
accurate and with the longest record) of 4.3 mm/year between 1992 and 2010 (National Tidal Centre
2011).
On a sandy coast, coastal erosion is often 50-100 times the amount of sea level rise (Bruun Rule) as
the coastline adjusts to maintain near shore depth. This multiplying effect varies dependent on the
offshore seabed profile, the onshore availability of sediment (such as sand dunes) and the wave
climate. For example, the erosion on an open, exposed coast is often greater than that on a more
sheltered coast, as the larger wave climate is capable of shifting more sediment from the top of the
beach into deeper water, compared with a calmer, shallower environment. In all cases, a coast
backed by large sediment supplies, such as sand major dunes, will mitigate the erosion to some
degree.
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The estimation of expected erosion from sea level rise is generally imprecise. The Bruun Rule relies
on many assumptions and is rarely able to be applied without breaching at least one. However, it does
provide “ball-park” estimates that are often reasonable. Because of this imprecision, many of the
recently conducted coastal vulnerability assessments do not include the impacts caused or
exacerbated by erosion (e.g. Department of Climate Change (2009) or the DENR/DPLG Yorke
Peninsula study (Guy 2011)). For example, the Yorke Peninsula study uses a very simple flood risk
model, without consideration of whether flooding might be exacerbated by possible erosion of barrier
dunes. What this study would identify, however, is whether any of the settlements investigated rely on
dunes or other barriers for flood protection, and if protection of these barriers is critical for their future
sustainability. Figure 18 below shows the projected flood area for the 100 year ARI with a 0.3 m sea
level rise for the three selected near-shore coastal population centres in the study area that were
assessed: Moonta Bay, Port Broughton and Marion Bay.

Figure 18: 100 year ARI flood areas including a 0.3 m sea level rise for Moonta Bay (Left), Port
Broughton (Centre) and Marion Bay (right). Blue areas are projected to be subject to inundation (Guy
2011).

Changes in the oceans will also include an acidification of the water. When carbon dioxide is
absorbed by the oceans a chemical reaction converts it to carbonic acid and subsequently reduces
the pH of the water. Recent measurements indicate that the oceans are now about 0.1 pH unit lower
than they were prior to the industrial era (30% more acid) (Allison, Bindoff et al. 2009). This level of
acidity is the highest recorded in the past 25 million years and is fast approaching one that is
unfavourable for coral formation. The calcification of Porites sp. corals on the Great Barrier Reef has
declined by 14% since 1990 as the rate that the acid dissolves the calcium structures increases
(De'ath, Lough et al. 2009). Low pH in sea water also leads to the erosion of calcium carbonate shells
built by other organisms such as oysters, sea urchins, mussels, crustaceans and calcifying plankton
species (Steffen 2009). Warming of the oceans has also led to a measurable decrease in dissolved
oxygen (Allison, Bindoff et al. 2009). The combination of increased temperature, changes in currents,
increased acidity and decreased oxygen in the oceans will result in catastrophic changes to marine
ecosystems and the possible collapse of the food chain in some areas as has already occurred in
some areas (e.g. Gulf of Mexico).
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8.1.8 Heat waves
Globally and in Australia, hot days and nights and the frequency of heatwaves have increased in
many areas as a result of global warming. Conversely, the frequency of cold days, cold nights and
frosts has decreased (CSIRO 2007; IPCC 2007) (Figure 19).

Figure 19: (Left) Increase in warm spell duration (a measure of heatwaves) and number of cold days in
number of days from 1970 – 2010 (Source: Bureau of Meteorology 2011).

Since 1970 the number of very hot days (days above 40oC) in South Australia has increased by
between 4.5 and 9.0 days. In March 2008 Adelaide had a record 15 days over 35oC and 11 days over
38oC (Bureau of Meteorology 2011). Figure 20 below shows the percentage of the area of the state in
2011 where the maximum temperature was above the 97% percentile (i.e. the hottest 3% of days) in
the year compared with the long term daily maximum temperatures records from 1911 to the end of
2010 and 2011. Effectively, the graphs show the percentage area of the state where maximum
temperature records were broken or nearly broken for each day of the year.

Figure 20: Percentage of the state experiencing an extreme daily heat event in (left) 2010 and (right)
2011 compared with the long term daily maximum temperature record from 1911 –2010 and 2011
respectively (Source: Bureau of Meteorology 2011).

8.1.9 Extreme rainfall events
The number of extreme daily rainfall has increased in north-west and central Australia but decreased
across the south-west, south-east and central east coast (CSIRO 2007). The observed trend towards
extreme hot and extreme wet conditions occurring at the same time is not consistent with processes
that cause natural climate variability (Bureau of Meteorology 2011). At Spencers Creek in the Snowy
Mountains, spring snow depth has declined by up to 40% since 1962 (CSIRO 2007).
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In South Australia the trend in the number of extreme wet days has decreased by approximately 4
days and 40 mm/day for every 100 years since 1970 (Bureau of Meteorology 2009) (Figure 21).

Figure 21: Percentage of the state experiencing an extreme daily rainfall event in (left) 2010 and (right)
2011 compared with the long term daily maximum daily rainfall record from 1900 – 2010 and 2011
respectively (Source: Bureau of Meteorology 2011).

8.1.10 Bushfire incidence
The intensity of bushfires is a combination of a number of factors including temperature, fuel loads,
humidity and wind. The recent drying trend across southern Australia has made the fuel load more
susceptible to burning (Steffen 2009; Garnaut 2011). Over the past decade an upward trend in the
median seasonal Forest Fire Danger Index (FFDI), a measure of fire risk, indicates increased fire
danger across south-east Australia. Fire danger weather has increased in many areas by 10 – 40%
from 2001 – 2007 compared to the 1980 – 2000 period (Steffen 2009). In addition, four of the last five
fire seasons (to 2007) have been among the longest on record since 1942, a trend that has increased
since the early 1990s (Lucas, Hennessy et al. 2007). Conditions recorded in the 2010 “Black
Saturday” fires in Victoria were among the worst bushfire conditions ever recorded and included a
drought of below average rainfall for a period of 12 years prior to the fire, wind speeds in excess of
100 km/hr and temperatures in the mid- to high 40 degrees Celsius – conditions that are likely to
increase in frequency in a warming world (CSIRO 2011).
8.2

CLIMATE CHANGE – FUTURE TRENDS

Projections of future changes in the climate are made by using global climate models that have been
tested for accuracy against historical data. The models use the laws of physics (e.g. hot air rises
because it expands and becomes less dense) that describe transfer of heat and moisture through the
atmosphere for thousands of grids across the surface of the earth, up into the atmosphere and deep
into the ocean (Figure 22). The models take into account changes in solar radiation from the sun,
volcanic eruptions and changes in aerosols.
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Figure 22: Schematic showing how global climate models work (Source: Centre for Multiscale Modelling
of Atmospheric Processes 2011).

By changing some of the parameters in the models (e.g. the concentration of greenhouse gases in the
atmosphere) outputs describe how the climate will change on the broad scale. As the models are not
calculating the day-to-day weather but instead the changes in the underlying trends of the climate,
they do not estimate short term changes accurately but instead provide a realistic depiction of how the
climate will change over decades. Only when greenhouse gas emissions from human activities are
included in the models do they accurately calculate the changes that have been seen over the past
century of historical records. Once scientists know that the model is performing well on the basis of
historical data, it can be run into the future to provide estimates of future climatic conditions.
As the climate moves further into unknown territory there are uncertainties that will affect how
accurate the projections will be. Uncertainties include how much aerosols and clouds will influence
future temperatures (Sherwood 2011), what the future emissions of greenhouse gases will be, and
how sensitive the climate is to the extra warming. For these reasons future projections of climate are
expressed as a range of different emissions scenarios and climate sensitivity scenarios. In 2007, the
IPCC estimated that the global average temperature was likely to rise by 3oC with a doubling of
greenhouse gases in the atmosphere, an estimate that has been since confirmed by more recent
research (Garnaut 2011).
For Australia, there have been no updated climate projections since the IPCC AR4 scenarios were
undertaken by CSIRO in 2007. For the IPCC AR4, climate projections made by global climate models
were based on future emissions scenarios in the Special Report on Emissions Scenarios (SRES)
used in previous assessments (Figure 23 left). For the upcoming IPCC Fifth Assessment Report
(AR5), new emissions scenarios to be known as “Representative Concentration Pathways” (Figure 23
right) will be used instead (Moss, Edmonds et al. 2010). The four pathways will represent the full
range of greenhouse gas emission concentrations that may occur in the atmosphere by the year 2100
and will range from 450 ppm up to 1300 ppm CO2 equivalents. The climate projections from these
scenarios are expected to be released in 2014.
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Figure 23: (Left) Global model average warming for each of the IPCC AR4 future climate scenarios (IPCC
2007) and (right) annual CO2 equivalent emissions “representative concentration pathways” scenarios
to be used for future climate projections in the IPCC AR5 global climate model simulations (Source:
Moss, Edmonds et al. 2010).

8.2.1 Climate scenario selected for this study
In consultation with the project steering committee, the year 2030 was decided as the future climate
scenario for this study as it was within the lifetime of many of the current decision makers and will
encourage timely policy responses and urgent action. Future climate scenarios are, as defined by the
IPCC, based on the year 1990 (IPCC 2007) and are usually expressed quantitatively as either the
percentage change above or below the 1990 level (e.g. 16% increase) or as an absolute figure (e.g.
45 mm) or qualitatively (“very likely”, “unlikely”). Future projections are calculated using global climate
models (GCMs) that build on the baseline data for their calculations. Performance of GCMs for South
Australia was previously undertaken by CSIRO (Suppiah, Preston et al. 2006) and was based on the
accuracy of hindcast forecasts (how well the model predicted the climate that we have already
experienced).
The four models that most accurately model current climate for the region and provide outputs
describing the likely range of future projections are: NCAR CCSM3, MPI ECHAM5, GFDL CM2.1,
UKMO HadGEM1 (Penny Whetton, Senior Principal Research Scientist, Climate Projections Science
Team, CSIRO pers. comm. 2011). As current increases in greenhouse gasses are within or higher
than the worst case scenario predicted in the IPCC AR4, the A1 SRES future scenarios as defined by
the IPCC were selected as representations of the most likely future climate (see Box 1). Both the A1B
and the A1FI scenarios exhibit high emissions growth (as has been seen to date) and are driven by an
increase in carbon dioxide concentrations in the atmosphere of about 450 ppm for the year 2030. The
A1FI scenario was chosen to run the models and a mid-range climate sensitivity to greenhouse gas
increases was assumed. The selected models were run for the year 2030 using the CSIRO climate
change scenario generator OZCLIM (http://www.csiro.au/ozclim/home.do ) and provided the rainfall
and temperature projections for the study region. The remaining climate scenarios used in the study
were taken from the literature as described below.
8.2.2 Greenhouse gas emissions
Regardless of efforts to reduce greenhouse gas emissions in the future, much of the climate change
over the coming years will be the result of greenhouse gases already in the atmosphere – “committed
warming” (IPCC 2007). It is likely that the earth is now committed to at least 2.4oC of warming above
pre-industrial levels since the concentration of greenhouse gas emissions has exceeded the 450 ppm
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level and it is likely there will be future reductions of aerosols from Asia (Ramanathan and Feng
2008). Carbon dioxide remains in the atmosphere for many centuries and so despite the best efforts
to reduce future emissions the planet will continue to warm into the future because of a lag in the
climate system. Greenhouse gas concentrations of 650 ppm (likely without the severe and prompt
emissions reductions required) will likely see global temperatures soar over 4oC (Nature Reports Climate Change 2009).
Box 1: The emissions scenarios of the IPCC Special Report on Emissions Scenarios (SRES).
The A1 storyline and scenario family describes a future world of very rapid economic growth, global
population that peaks in mid-century and declines thereafter, and the rapid introduction of new and
more efficient technologies. Major underlying themes are convergence among regions, capacity
building and increased cultural and social interactions, with a substantial reduction in regional
differences in per capita income. The A1 scenario family develops into three groups that describe
alternative directions of technological change in the energy system. The three A1 groups are
distinguished by their technological emphasis: fossil-intensive (A1FI), non-fossil energy sources (A1T)
or a balance across all sources (A1B) (where balanced is defined as not relying too heavily on one
particular energy source, on the assumption that similar improvement rates apply to all energy supply
and end use technologies).

By the year 2030 the level carbon dioxide / greenhouse gasses is expected to increase to 450 ppm
under the A1FI and A1B scenarios – an increase of 61% above 1990 baseline values.
8.2.3 Temperature
The AR4 predicted mean global temperature to increase by 1.1 to 6.4oC over the 1990 – 2100 period
(IPCC 2007), although if greenhouse gas emissions continue at the high end of the scale the increase
in global temperature may be as much as 7.0oC (Allison, Bindoff et al. 2009). Globally averaged sea
surface temperatures are also expected to increase with a trend towards more ‘El Niño like’
conditions, although, changes to the frequency and intensity of these El Niño events is still unclear. It
is highly likely that hot days and heat waves will become more frequent with greatest increases over
land areas where soil moisture decreases will occur. Cold events and frosts are likely to decrease in
frequency (IPCC 2007).
An increase in average annual temperature of between 0.6oC and 2.0oC by 2030 and 1.0oC and 5oC
by 2070 compared to 1990 levels is predicted for South Australia. Spatial patterns of warming are
expected to be consistent with current observations – greater warming inland and less along the
coastal strip (Figure 24).
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2030

2070

Figure 24: Expected range of changes to annual temperature (oC) for South Australia as predicted by a
suite of Global Climate Models under low medium and high greenhouse gas emissions scenarios for the
year 2030 (left) and 2070 (right) (Source: Bureau of Meteorology 2009). The median expected change
across all models is shown in the 50th percentile row. To date, greenhouse gas emissions have been
“high”.

Projected changes to the temperature of the study region are shown below in Figure 25 for the May to
October
(winter growing season) and Figure 26 for the November to April (summer bushfire season).
o
C change in May-Oct temperature from 1990 for A1F1 SRES mid-range climate sensitivity scenario (2030)

GFDL CM2.1

UKMO HadGEM1

Max Planck ECHAM5
o

NCAR CCSM3

Figure 25: Change in May – October temperature ( C) from 1990 for an A1FI SRES mid-range climate
sensitivity scenario for 2030 for the Central Local Government Region of South Australia.
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oC

change in Nov-Apr temperature from 1990 for A1F1 SRES mid-range climate sensitivity scenario (2030)

GFDL CM2.1

UKMO HadGEM1

Max Planck ECHAM5

NCAR CCSM3

Figure 26: Change in November - April temperature (oC) from 1990 for an A1FI SRES mid-range climate
sensitivity scenario for 2030 across the Central Local Government Region of South Australia.

The projections for future temperature are given as a measure of the absolute change in temperature
compared to the 1990 baseline. An increase in temperature above 2oC is considered very high on the
basis of scientific consensus that an increase above this threshold would be catastrophic for many
ecological systems. As seen in the temperature projection maps, warming across the region is
projected to be higher for the more northern and inland areas (Southern Flinders sub-region), and less
further south and along the coast. Based on outputs from the four climate models that were run, the
expected change in temperature for each of the sub-regions by the year 2030 is shown below in Table
2.
Table 2: Temperature projections as an absolute change from the baseline year 1990 for the year 2030 from
the selected four global climate models for each of the four sub-regions of the study area.

Temperature

Nov - Apr temp
(oC change from
1990)

May Oct temp (oC
change from 1990)

Nov - Apr temp
(oC change from
1990)

May Oct temp (oC
change from 1990)

Nov - Apr temp
(oC change from
1990)

May Oct temp (oC
change from 1990)

Barossa

May Oct temp (oC
change from 1990)

Yorke Peninsula

0.850
0.880
0.870
0.910
0.878

0.840
0.670
0.700
1.040
0.813

0.760
0.830
0.760
0.870
0.805

0.800
0.630
0.630
0.970
0.758

0.640
0.650
0.640
0.830
0.690

0.620
0.530
0.570
0.900
0.655

0.700
0.750
0.700
0.850
0.750

0.760
0.580
0.600
0.920
0.715

o

GFDL
UKMO
Max Planck
NCAR
Average

Mid north

Nov - Apr temp ( C
change from 1990)

Southern Flinders

- Page 73 of 336-

8.2.4 Rainfall
Globally averaged atmospheric water vapour, evaporation and precipitation are all projected to
increase under climate change. Increases in rainfall are very likely in the tropics, while decreases are
likely in most subtropical land regions (IPCC 2007).
The majority of models predict a future that is drier for southern Australia than was experienced from
1900 to 2000 (Garnaut 2011). The increase in the number of both El Nino events and positive Indian
Ocean Dipole events over the past decades are thought to be a result of global warming and each
results in drier conditions across eastern and southern Australia (Cai 2011). Climate projections for
the South Australian region indicate that annual rainfall is expected to change by -20% to +10% by
2030 and by –60% to +20% by 2070 compared to 1990 levels (Figure 27) (Bureau of Meteorology
2011). However, recent CSIRO and Bureau of Meteorology model projections show with a very high
level of confidence (up to 90%) that there will be a drop in winter rainfall across Victoria and southern
South Australia (Steffen 2009).

2030

2070

Figure 27: Expected range of changes to annual rainfall (% change) for South Australia as predicted by
a suite of Global Climate Models under low, medium and high emissions scenario for the year 2030
(left) and 2070 (right) (Source: Bureau of Meteorology 2011). The median change across all models is
shown in the 50th percentile row. To date, greenhouse gas emissions have been “high”.

Projected changes to rainfall for the study region are shown below in Figure 28 for the May to October
(winter growing season) and in Figure 29 for the November to April (summer bushfire season).
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% change in May-Oct rainfall from 1990 for A1F1 SRES mid-range climate sensitivity scenario (2030)

GFDL CM2.1

UKMO HadGEM1

Max Planck ECHAM5

NCAR CCSM3

Figure 28: Percentage change in May – October rainfall from 1990 for an A1FI SRES mid-range climate
sensitivity scenario for 2030 for the Central Local Government Region of South Australia.
% change in Nov-Apr rainfall from 1990 for A1F1 SRES mid-range climate sensitivity scenario (2030)

GFDL CM2.1

UKMO HadGEM1

Max Planck ECHAM5

NCAR CCSM3

Figure 29: Percentage change in November - April rainfall from 1990 for an A1F1 SRES mid-range climate
sensitivity scenario for 2030 for the Central Local Government Region of South Australia.

For projections of future changes in rainfall, outputs can be presented as a percentage change or
absolute change from the 1990 baseline. Due to complex dynamics of climate systems that bring rain
to this area, projections of future changes in rainfall are more varied than the temperature projections
(Table 3).
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Table 3: Rainfall projections as a percentage change from the baseline year 1990 for the year 2030 from the
selected four global climate models for each of the four sub-regions of the study area.

-11.400 -16.600
-6.300 -6.500
-0.500 -4.900
3.500
-7.000
-3.675 -8.750

-9.600
-5.600
0.400
1.200
-3.400

May-Oct rain change
from 1990 (%)

Barossa

Nov - Apr rain
change from 1990
(%)

May-Oct rain change
from 1990 (%)

Yorke Peninsula

Nov - Apr rain
change from 1990
(%)

-16.100
-14.000
-4.600
-6.900
-10.400

May-Oct rain change
from 1990 (%)

-12.900
-4.900
-1.500
5.400
-3.475

Mid north

Nov - Apr rain
change from 1990
(%)

May-Oct rain change
from 1990 (%)

GFDL
UKMO
Max Planck
NCAR
Average

Nov - Apr rain
change from 1990
(%)

Rainfall change (%)
Southern Flinders

-15.200 -10.000 -15.800
-6.600 -5.400 -6.300
-5.500 -0.100 -4.900
-7.600
2.500
-6.600
-8.725 -3.250 -8.400

8.2.5 Available water
Most studies agree that increased temperatures will lead to hotter and drier droughts across Australia
even if rainfall totals remain largely unaffected (Nicholls 2003). Exceptionally dry years are likely to
occur more often and over larger areas, especially in the south and southwest of the country (Garnaut
2011). However, some researchers propose that evaporation will decrease as the humidity increases
(Roderick and Farquhar 2004). Regardless to changes in evaporation, the level of evapotranspiration
(the combination of evaporation from soils and transpiration from plants) is likely to increase across
Southern Australia under most climate change scenarios (Bureau of Meteorology 2011). Available
surface water is likely to be reduced, particularly in south-eastern Australia where declines may be as
much as 13% by 2030 (Garnaut 2011).
8.2.6 Ocean changes
The AR4 projections for global sea level rise were between 0.20 and 0.59 m by 2090 – 2099 across
the range of climate scenarios (IPCC 2007). These estimates included thermal expansion from
oceans and freshwater contributions from glaciers, Greenland and Antarctica, but did not include
uncertainties pertaining to changes in ice sheet flow. However, sea level rise has been increasing at a
rate higher than the worst case scenario predicted by the IPCC AR4. It has been estimated that if the
West Antarctic Ice Sheet were to collapse (the currently grounded ice), sea levels could be expected
to rise by between 4 – 6 m (Oppenheimer 1998). Research since AR4 suggests that there is a
“considerable body of evidence now that points toward a sea level rise of 0.5 – 1.0 m by 2100” and
that “sea level rise… towards 1.5 m cannot be ruled out” (Steffen 2009). There is certainly no credible
research that predicts sea levels to be less than that predicted in the AR4 (Garnaut 2011).
However, it should be noted that even moderate increases in sea level rise can result in extreme sea
level events associated with high tides and storm surges to occur hundreds of times more frequently
than they currently do. As an example, an event that now occurs once every 100 years could be
expected to occur two or three times every year by the end of the century (Steffen 2009). In Australia
more than 85% of the population lives in coastal regions and so the impacts of sea level rise may be
significant (Garnaut 2011).
For South Australia, if sea level rise continues at the current rate (4.3 mm per year), levels would be
approximately 0.5 m higher than 1990 levels by the end of the century. Erosion of a sandy shore for
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this much sea level rise would mean the coastline could be expected to recede by between 25 m and
50 m over the same time frame. The increase in sea level rise at Thevenard if current rates of 4.3 mm
per year continue by the year 2030 would be approximately 0.18 m by the year 2030. Sea level rise of
15-20 cm above the baseline level would result in recession of sandy shores from erosion of between
10-20 m.
The frequency of stormy low pressure systems and strong wind events is expected to decrease
slightly in the winter months (McInnes, Suppiah et al. 2003). However, although the intensity of low
pressure weather systems (the primary driver of storm surge events in South Australia) may decrease
in the future (pers. comm. Darren Ray, Climatologist, Bureau of Meteorology, 2011), the frequency of
notable storm surge events will increases as a result of the increased sea level rise.
Business as usual trajectories of greenhouse gas emissions and associated increases in ocean
acidification and warming are likely to “overwhelm even the most resilient of reefs sometime in the
second half of the century” (Hoegh-Guldberg, Mumby et al. 2007) and hinder the production of shells
for invertebrates. It is now predicted that by 2050 that ocean acidity could increase by 150% (Garnaut
2011). Reductions in dissolved oxygen levels will cause severe difficulties for many species.
8.2.7 Heatwave events
Heat wave is defined by the World Meteorological Organisation as “when the daily maximum
temperature of more than five consecutive days exceeds the average maximum temperature by 5oC”.
As has been the trend since 1970, the number of extreme hot days is likely to increase under climate
change. Projections indicate that by 2030 in Adelaide there will be several more days/year above
35oC and that by the year 2070 under a high greenhouse gas emissions scenario there may be twice
as many extreme hot days as are experienced now (Bureau of Meteorology 2009). Cold events and
frost will decrease in a warmer world (Garnaut 2011).
For South Australia, an analysis of GCM projection data by CSIRO (CSIRO 2007) calculated changes
in the number of extreme heat days. By the year 2030 under a high warming scenario the number of
days above 35oC will increase from the baseline average of 17 up to 26 by the year 2030 – a 52%
increase.
8.2.8 Rainfall intensity
Rainfall intensity across Australia is expected to increase generally, particularly in tropical areas. For
South Australia, global climate models suggest an increase of 1 to 2% in autumn by 2050 and only
small changes in the return periods of such rainfall events in the Adelaide region. Slight decreases are
possible in other seasons, a trend that has been observed already in southern South Australia (Darren
Ray, Climatologist, Bureau of Meteorology South Australia, pers. comm. March 2011). There are likely
to be fewer severe wind events.
It is expected that the number of tropical cyclones in a warmer world will decrease but those that do
affect the Australian region are likely to be more intense, and produce more rainfall and stronger
winds (Knutson 2011). The range of tropical cyclones is expected to extend further south (Lavender
and Walsh 2011).
For South Australia, the GCMs are suggesting that the increase in rainfall intensity levels is likely to be
only minor (perhaps only about 2% above current levels) (Darren Ray, BOM, Head Climatologist,
South Australia, pers. comm..).
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8.2.9 Bushfire
The Forest Fire Danger Index (FFDI) is a function of temperature, rainfall, humidity and wind speed.
For the high greenhouse gas emissions scenarios, the number of “very high” fire days (when the FFDI
is greater than 25) are expected to increase by between 20 – 100% by 2050 and the number of
“extreme” fire days (when the FFDI is greater than 50) is expected to increase by 100 – 300%. In
addition, it is expected that fire seasons will start earlier, end later and be “generally more intense
throughout their length”. In some regions (e.g. the interior of New South Wales), recent jumps in the
number of very high and extreme fire danger days have already exceeded these projections – either a
result of decadal variability in climate or because of conservative modelling or projections (Lucas,
Hennessy et al. 2007). The link between positive cycles of the Indian Ocean Dipole and resultant
drought conditions and increased bushfire events across southern Australia is also likely to increase
the frequency of intense fire conditions in these areas (Cowan and Cai 2011).
Historically for Adelaide the average number of days with a FFDI score above 25 (very high) per year
was 18, above 50 (extreme) was 1.2 and there have been no days when the FFDI exceeded 75 (very
extreme). A mean temperature increase of up 1.0oC would lead to an increase in the average number
of very high fire days to 22 (a 22% increase), the average number of extreme fire days would rise to
1.8 (a 55% increase).
8.2.10 Unknowns
As greenhouse gas emissions continue to increase, the impact of exceeding various “tipping points”
such as the melting of Arctic summer ice, the Himalayan glaciers and Greenland icesheet, collapse of
the Amazon rainforest to a grassland or changes to ENSO and the ocean circulations (which would
have far reaching impacts on climate globally), are now a serious concern (Ramanathan and Feng
2008). The likely temperatures at which each of these tipping points may occur, and the current range
of committed warming as calculated in 2005, are shown in Figure 30.

Figure 30: Likely global “tipping points” in response to global temperature increases. The black line
shows the probability that we have already exceeded the temperatures on the x-axis as calculated in
2005 (Source: Ramanathan and Feng 2008).

Research continues to determine how and when these tipping points occur. In many cases tipping
points lead to a “positive feedback loop”, in other words, the change that occurs after the tipping point
increases the warming of the planet. For example, severe drought in the Amazon Basin rainforest in
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2005 released an estimated five billion tonnes of carbon dioxide as trees died and rotted (Garnaut
2011) and over 1,700 billion tonnes of carbon is currently stored in permafrost (about twice the
amount in the atmosphere at present) and so is at risk of melting over the coming centuries (Garnaut
2011). The melting of ice caps and glaciers would reveal darker surfaces (water or soil) that would
increase the albedo of the ocean/land and further heat the planet by absorbing more light. Collapse of
the Amazonian rainforest would release significantly more amounts of CO2 currently locked in the
forest, and melting of the tundra regions would release the massive volumes of methane that are
currently frozen. If any of these events occurs it is likely that regardless of human reductions in
greenhouse emissions, it will be virtually impossible to prevent severe and prolonged climate change halted only when the earth’s natural balance is restored (e.g. when the planet becomes ice free).
The Copenhagen Accord signed by member states of the United Nations Convention on Climate
Change in 2010 agreed that deep cuts in global greenhouse gas emissions were required to “reduce
global emissions so as to hold the increase in global temperature below two degrees Celsius” (United
Nations Framework Convention on Climate Change 2010). However, it is now proposed that a 2oC
global temperature increase marks the boundary between “dangerous climate change” and “extremely
dangerous climate change” and that “temperature changes above 2oC will be difficult for
contemporary societies to cope with, and are likely to cause major societal and environmental
disruptions throughout the rest of the century and beyond (Garnaut 2011). As global greenhouse gas
emissions have already exceeded the 450 ppm level and will likely result in global temperature
increases of at least 2oC, it is now essential that emissions reductions strategies are promptly and
strongly implemented as soon as possible.
8.3

CLIMATE CHANGE EXPOSURE INDICES

The climate exposures included in the vulnerability assessment and workshop exercise were changes
in temperature, rainfall, rainfall intensity, carbon dioxide increases, sea level rise, ocean acidity, storm
surge events, increase in the incidence of heat waves, bushfire exposure and the introduction of a
carbon price (Table 4). A score between one and five was allocated to each climate change stressor
based on the model outputs and previous studies outlined in the literature review above. In each case
a score of one indicates very little change in the climate by the year 2030 and a score of five
represents a change that is considered highly damaging and likely to result in serious economic loss,
species extinction, or social impact. A number of additional stresses were also included so as to
consider the secondary stresses from climate change and climate change policy.
8.3.1 Combined climate stressors
In some case it is not possible to pull apart the impact of only one climate stressor on a variable. For
example, when crop yields are modelled a number of climate stressors are included in the crop growth
model at a daily time-step and so the predicted yield would include the crop response to rainfall,
temperature, heatwave, carbon dioxide levels and changes in rainfall timing and intensity. In these
cases a combined climate stressor was described to capture a number of climate stressors working
together on a variable. The score was determined by taking the average of the stressor scores of the
group and then adjusted if necessary by the technical panel member on the basis of exposure to the
stressor. For example, irrigated crops or chickens in a shed would have reduced exposure to
reductions in rainfall and temperature extremes due to the nature of their modified environment and so
the exposure score was adjusted down in these cases.
8.3.2 Secondary climate stressors
There are some stressors that could be considered as secondary stressors. For example, the effects
of continued drought on a community as a result of climate driven financial and human impact or
changes to weeds and pest exposure as a result of climate change. The score for the secondary
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climate stressors was calculated as the average of the group of stressors. Again the score was
adjusted by technical panel members if warranted.
8.3.3 Exposure to pest and weed invasions
In the case of the natural environment, the pressure from other stressors will also be changed as a
result of the changes in the climate. For this analysis we also included the likely change in the stress
exhibited to natural ecosystems from both weeds and pests. As an example, pests and weeds that are
evolved to warmer and drier conditions are likely to increase in vigour and those that are most
prevalent in cool, wet conditions are likely to be reduced and so their capacity to put strain on the
ecosystem will be reduced. The scores for pest and weed invasions were determined by the technical
panel member engaged to examine the likely climate change impacts to ecological systems in the
study region.
8.3.4 Carbon price scenario
Finally, the introduction of a carbon trading scheme or carbon tax as proposed by the Australian
Federal Government is likely to increase the cost of fossil fuel based products and running costs of
fuel intensive industries. An increase in the price of fuel and fertilizer would likely increase the costs of
broad-acre crop production and travel costs to those in remote and rural areas. However, the overall
cost to individuals in the region will depend on the level of financial assistance provided through the
scheme, and may ultimately be cost neutral for the majority of households and businesses. Where the
carbon price is likely to have a major effect, e.g. the closure of Port Pirie Power Station, significant
investigation of the impacts is already underway through state and federal agencies, and have not
been considered in this study.
The opportunity to sequester carbon in the form of forest plantations would offer an offset for those
with appropriate land and skills. Although when compared to other price signals such as the exchange
rate a price on carbon is considered minor, it was decided to include it as there is significant interest in
the study region about the introduction of a price on carbon.
The full list of climate change stressors and scores allocated to each is shown in Table 4. For the case
of direct climate stressors, scores were determined by a panel of technical experts from the Bureau of
Meteorology, SARDI, the Coast Protection Board (supported by DENR) and University SA.
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Table 4: Climate change stressors identified in this study as exposure indices. Scores are allocated according to
the overarching table of indices for the study
Variable
May - Oct temp increases:
Southern Flinders
May - Oct temp increases: MidNorth, Yorke Peninsula and
Barossa sub-regions
Nov - Apr temp increases:
Southern Flinders, Mid-North
sub-regions
Nov - Apr temp increases: Yorke
Peninsula, Barossa sub-regions

Description
May - Oct temperature predicted by the four models to increase by an average of 0.81oC for the Southern Flinders
sub-region by 2030 compared to 1990 (CSIRO 2011)
May - Oct temperature predicted by the four models to increase by an average of 0.76, 0.66, 0.72oC for the MidNorth, Yorke Peninsula and Barossa sub-regions respectively by 2030 compared to 1990 (CSIRO 2011)

Exposure score
3
2

Nov - Apr temperature predicted by the four models to increase by 0.87 and 0.81oC for the Southen Flinders and
Mid-North sub-regions respectively by 2030 compared to 1990 temperatures(CSIRO 2011)

3

Nov - Apr temperature predicted by the four models to increase by an average of 0.69 to 0.75oC for the Yorke
Peninsula and Barossa sub-regions respectively by 2030 compared to 1990 temperatures (CSIRO 2011)

2

May - Oct rainfall predicted by the four models to decrease by an average of 10.4% below 1990 levels by 2030
(CSIRO 2011). Globally there is an increased chance of intense precipitation although for South Australia GCM
calculations of rainfall increase are very low - perhaps only 2% (pers.comm. Darren Ray, Climatologist, BOM,
2011 ).
May - Oct rainfall reductions: Mid- May - Oct rainfall predicted by the four models to decrease by an average of 8.8%, 8.7 and 8.4% for the Mid-North,
North, Yorke Peninsula, Barossa Yorke Peninsula and Barossa sub-regions respectively below 1990 levels by 2030 (CSIRO 2011). Globally there is
an increased chance of intense precipitation although for South Australia GCM calculations of rainfall increase are
sub-regions
very low - perhaps only 2% (pers.comm. Darren Ray, Climatologist, BOM, 2011 ).
Nov - Apr rainfall reductions: All Nov - Apr rainfall predicted by the four models to decrease by an average of 3.3% to 3.7% below 1990 levels by
2030 (CSIRO 2011). Globally there is an increased chance of intense precipitation although for South Australia
sub-regions
GCM calculations of rainfall increase are very low - perhaps only 2% (pers.comm. Darren Ray, Climatologist, BOM,
2011 ).
Increased inundation and coastal Sea level has been rising at about 4.5 mm/year in South Australia since the 1990s. Levels by 2030 are projected to
be between 15-20 cm above the 1990 levels at the high end of the IPCC AR4 predictions. This equates to 10 - 20
erosion from sea level rise and
m recession of a sandy shore as a result of erosion. The frequency of storm surge events will increase as a result
storm surge
of increased sea levels and possible increased intensity of storm driven wind events (DCCEE 2009), although
changes in the frequency and intensity of low pressure systems (the primary weather pattern producing storm
surge events in South Australia) may decrease in South Australia (pers.comm. Darren Ray, Climatologist, BOM,
2011 ) and so most of the storm surge effect will be a result of sea level rise.

3

Sea surface temperatures in the Spencer Gulf have risen by about 0.11oC per decade since 1950 (0.66oC to 2010).
By the year 2030 sea surface temperatures in the region are expected to increase by up to 0.92oC compared to
1990 levels (Ozclim 2011).
The pH of the oceans has already dropped by 0.1 from pre-industrial levels and represents an increase in acidity of
30%, the most acid in 25 million years. It is expected that by 2030 that average ocean pH will have dropped by 0.13
and be close to levels that are unfavourable for coral formation in some parts of the world.
Increase in CO2 from 280ppm in 1900 up to 450ppm in 2030 - a 61% increase (IPCC 2007).

3

Reduced frost incidence

The incidence of frost has not been modelled for the A1FI scenario for the year 2030 but is is expected to decrease
as temperatures increase. However, the reduction in frost risk across southern Australia is not expected to happen
as quickly as the increase in minimum temperature increases (CSIRO 2010). Across the region there is expected
to be a reduction in frost risk in every season except autumn (pers.comm. Darren Ray, Climatologist, BOM, 2011 ).

1

Increased heatwave frequency
and intensity
Increased bushfire frequency
and intensity

In Adelaide the number of days above 35oC will increase from 17 in 1990 to 26 in 2030 under a high emissions
scenario - a 52% increase (CSIRO 2007).
Bushfire exposure is based on the projected increases in the number of high, very high and extreme fire danger
days. For Adelaide there is expected to be a 22% increase in the number of very high fire days and a 55% increase
in the number of extreme fire days by 2030 (Lucas et. al. 2007).
This score considers stress due to all the factors of climate change rolled into one and is used for some varialbes
where it is not possible or there is not enough information to separate out the individual components of climate
change. The score is calculated as the average for all the other exposures.

3

May - Oct winter rainfall:
Southern Flinders

Increased ocean temperatures

Increased ocean acidity

CO2 increases

Combined climate change
impacts

2

1

2

5

4

3

1 to 5

Price on carbon

It is likely that a Carbon Trading Scheme or tax will be introduced to reduce carbon emissions in the near future.
The policy would to increase jobs in green energy technologies and decrease jobs in fossil fuel intensive industries.
The cost of fuel, electricity and carbon intensive products and services would be expected to increase. Carbon
sequestration from forest plantations and other relevant agricultural practices would be increasingly viable (OCC
2009). However, the price signal from the cost on carbon is not expected to be significant when compared to other
price signals such as exchange rates etc.

1

Secondary Climate Change
Stressors

Secondary climate change stressors are relevant to the social, economic and agricultural areas and describe
changes that incorporate a number of different climate variables (e.g. reduced rainfall and increased temeratures
together) or secondary flow on effects (e.g. increased drought incidence leading to financial stress that then flows
onto social and health impacts). In each of these cases the variable will be listed, described and given an exposure
score unique to the defined stressor.

1 to 5

Exposure to weed invasion

Exposure to weed invasion (secondary exposure): Based upon expert opinion on whether the vegetation
community is likely to be exposed to increased levels of weed invasion or incursion of new weeds as a result of
changing climatic conditions. Score as per qualitative indices (very low, low, moderate, high, very high).

1 to 5

Exposure to feral animals

Exposure to feral animals (secondary exposure): Based upon expert opinion on whether the vegetation community
is likely to be exposed to increased levels of feral animals as a result of changing climatic conditions. Score as per
qualitative indices (very low, low, moderate, high, very high).

1 to 5
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9 THE ENVIRONMENTAL CAPITAL
The environmental capital includes the water, soils, floral and faunal resources of an area. The region
supports a diverse selection of species, ecological communities and ecosystems. However, extensive
clearing for agriculture, housing and industry has left the landscape fragmented and resulted in
species decline and in some cases extinction.
The impacts from climate change on ecosystems include a shift to higher latitudes and altitudes to
maintain current temperature ranges; changes in the phenology of a species such as the timing of
flowering, breeding cycles and migrations; mismatch in species interactions, predator - prey
relationships and pollination vectors; and changes in the physiology of the individual to cope with
changes in environment.
9.1

WATER

In 2005, the Central Local Government Region engaged a consortium led by Tonkin Consulting to
undertake a review of the water supply systems within the region (Tonkin Consulting 2005). Primary
water sources identified in the region include:
 SA Water Corporation Supply (from the Murray River or local groundwater);
 Privately collected rainwater;
 Groundwater (overused);
 Effluent re-use (underused);
 Private water supply schemes;
 Surface water collection (overused) and
 Stormwater collection and re-use by councils (underused).
 A desalination plant at Marion Bay
Findings indicated that much of the region struggles from a lack of reliable and sustainable water, a
factor that is considered to be “one of the most serious threats to the long term economic and
environmental sustainability of the region” (Regional Development Australia Yorke and Mid-North
2010). SA Water operates approximately 8,000 km of water supply mains in the region and distributes
about 22,000 ML of River Murray water across the region (Tonkin Consulting 2005). Residents that
are not connected to mains water rely heavily on rainwater tanks and in some cases groundwater
where quality is acceptable e.g. Melrose, Wilmington, Orroroo and southern Yorke Peninsula including
Warooka and Point Turton (Tonkin Consulting 2005; Department for Transport Energy and
Infrastructure 2010). Pipes that carry water across the region were in many cases laid in the 1960s
are now aged and nearing capacity (Planning SA 2008). In some cases they also allow saline water
intrusion into the water supply rendering it unusable (Northern and Yorke Natural Resource
Management Board 2009).
The Northern and Yorke Natural Resource Management Plan estimates that most of the regional
water resources are close to or have already reached their sustainable limits. Water users in the
region include irrigators of grapes, and other agriculture, mines, tourist facilities, municipal services
and residents (Tonkin Consulting 2005). SA Water maintains about 8,000 km of water supply mains
pipes in the region through which it distributes approximately 31,800 Ml of River Murray water. The
largest uses of this water are primary and secondary industries (58%), residents (39%) and
commercial (3%) (Northern and Yorke Natural Resource Management Board 2009). The average
non-residential customer uses 703 kl per year and resident uses 240 kl, although not all residents are
connected to mains water (Tonkin Consulting 2005).
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Strategic priorities under the South Australian Infrastructure Plan (2010) include augmenting water
supply and wastewater infrastructure to accommodate residential and industry growth.
9.1.1

Surface water

Small changes in rainfall, will lead to considerable changes in water availability, due to the interaction
between rainfall and run-off. The vulnerability of surface water in the area to climate change is
considered to be high. Adaptive responses will require that the resource is managed within its
sustainable capacity, and may require reductions in use, development of alternative water sources
and reductions in losses.
The four main catchments in the Yorke and Mid-North regions are the Light, Broughton, Wakefield
and Willochra that all support ephemeral rivers (Figure 31). Rivers are characterised by irregular flows
and long dry intermediate periods. The typically low soil moisture levels mean that most rainfall is
absorbed into the landscape or riverbed. When flows do occur, they do so as a pulse of water rather
than a slow incremental flow. For example, the flow monitoring station on the Hutt River (A5070501)
near Spalding has recorded a minimum annual flow of 74 Ml (2006), a maximum of 29,440 Ml (1992),
and an annual median of 3,473 Ml. In 1992, 75% of the total annual flow was recorded in just 41 days
or 11% of the year (State Water Archive 2011).
Within the CLGRSA three reservoirs are owned and operated by SA Water: Baroota, Beetaloo and
Bundaleer. These reservoirs comprised the main sources of supply for the large northern distribution
system until the Morgan-Whyalla Pipeline was completed during World War II to convey water from
the River Murray to the region. All reservoirs have the capacity to be used as an emergency storage in
the event of a major disruption to the Morgan-Whyalla pipeline but are now not used under normal
operations. The only exception is a small volume of water from the Baroota Reservoir that is used by
a horticulturalist who is responsible for costs associated with the infrastructure and transport of water
(Tonkin Consulting 2005).
Catchments within the Barossa local government area include the South Para and North Para Rivers
that join within the township of Gawler and form the Gawler River (a prescribed watercourse), and the
upper reaches of the Marne River and Saunders Creek that flow east toward the River Murray. There
are also three reservoirs that are owned and operated by SA Water: the South Para and the Barossa
reservoirs for public drinking water supplies (for the Barossa Country Lands Region), and the Warren
generally used as a storage of Murray River water prior to transfer to the Barossa Valley for irrigation.
Excluding public drinking water, surface water is mostly used for agricultural purposes via farm dams
and is prescribed and managed under a Water Allocation Plan in the Barossa Valley, Clare Valley,
Gawler River and Marne River and Saunders Creek.
Modelling suggests that run-off from the Clare Valley over the 2000/2005 period has reduced by 4060% from that observed 20-30 years ago as a result of land-use changes including the construction of
farm dams. Decreases in rainfall have resulted in further declines recently. Assessments in the
Willochara catchment indicated use is probably exceeding sustainable limits for both surface and
underground supplies. Limited records and resident surveys indicate that in other areas the water
supply has dwindled although it is difficult to know if this trend is the result of reduced rainfall, changes
in land use or an excessive draw from supplies (Department of Environment and Heritage 2007).
Surface water assessments of the Barossa and Light Region have also shown that there has been a
significant decrease in the annual discharge at all gauging stations over the period 2002-2007, when
compared to the entire record. This trend is consistent with the decrease in annual rainfall over the
same period. Similar to the Clare Valley, farm dams have also had an impact on surface water
resources in the Barossa and Light Region. The development of storages escalated in the 1970’s with
the growth of the viticulture industry. There was an estimated 10 fold increase in the number of farm
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dams used for irrigation in the twenty years from 1970, and surface water flows within the North Para
River above Yaldara decreased by approximately 20% (Australian Water Environments 2010).
Currently farm dams in the Barossa and Light Region have the capacity to capture up to 14,750 ML of
water. The number of stock and domestic dams outside of prescribed water resources areas (PWRA)
is anecdotally considered significant, yet currently outside of the legislative controls available (AWE
2011).
Earlier studies have shown that 50% of the annual volume captured in an irrigation dam can be
diverted on a reasonably consistent basis (Australian Natural Resource Atlas 2000). The remaining
50% is either lost to evaporation or unfilled storage. These significant losses require solutions, albeit
solutions which are relatively cost effective (AWE 2011).
The health of rivers and creeks within the region is relatively poor as a result of in-stream dams that
reduce the flow of water along the watercourse and over extraction (Tonkin Consulting 2005; Northern
and Yorke Natural Resource Management Board 2009).
There are several inter-basin transfers from the River Murray into the CLGRSA. These include the
Morgan Whyalla pipeline that provides drinking water supplies to many towns, and irrigation and stock
supplies to areas in the Mid-North and the Swan Reach to Paskeville pipeline that distribute
reticulated water, treated to drinking water standards (Figure 32).
Barossa Infrastructure Limited (BIL), is another inter-basin transfer from the River Murray that has
been introduced to supply untreated water for irrigation purposes to the Barossa Valley. Anecdotal
evidence suggests that the BIL scheme has reduced the amount of groundwater used for irrigation
purposes, though many of the irrigators still hold licences for groundwater extraction (Tonkin
Consulting 2005).
The future security and both quantity and quality of water transfers depends on River Murray
allocations and so policies and future supply from the Murray Darling Basin have a major impact on
regional water resource management. For example, CSIRO estimate that surface water availability
may decline by 11% across both the MDB and Murray region of the MDB by 2030 under a median
climate change scenario, although actual surface water use is expected to fall by less (4%) due to the
nature of water sharing arrangements. Regional policies seek to manage inter-basin transfers by
determining that the importation of water is “a water affecting activity” and is subject to specific
requirements under water allocation plans.
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Figure 31: Map of the Central Local Government Region of South Australia water catchment areas.
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Figure 32: Map of SA Water Supply within the Central Local Government study region.
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9.1.2

Groundwater

Small changes in rainfall will lead to considerable changes in water availability due to the interactions
between rainfall and recharge. The vulnerability of groundwater to climate change in the area is
considered to be high. Adaptive responses will require that the resource is managed within its
sustainable capacity, and may require reductions in use, development of alternative water sources
and reductions in losses.
Groundwater resources across the region vary in type of aquifer, water quality, viability for recharge
and depth. There are three types of groundwater aquifer within the study region: Sedimentary Rock
Aquifers, Fractured Rock Aquifers and Unconsolidated Sediments Aquifers. A characterisation of each
aquifer is discussed in detail in the Tonkin report (Tonkin Consulting 2005) and is summarised below.
Unconsolidated Sediments Aquifers
There are two aquifers within unconsolidated sediments within the region. These are the:
• Booborowie Valley; and
• Lower Yorke Peninsula.
The Booborowie Valley is located within the southern area of the Northern Areas Council. The valley
consists of an alluvial aquifer of low relief, bounded by hilly terrain. The aquifer consists of up to 30 m
of gravels, silts and clays. Groundwater within the underlying rock is of variable quality and yield.
Groundwater in the valley has been used for stock and irrigation.
The lower York Peninsula consists of aeolianite (wind-blown sediments) aquifers in sands, calcareous
shells and limestone. The quality of the groundwater within this aquifer is variable.
Sedimentary Rock Aquifers
Sedimentary basins within the region include:
o Barossa Valley;
o Pirie-Torrens Basin;
o Walloway Basin;
o Willochre Basin; and
o St Vincent Basin.
The Barossa Valley is a non-marine sedimentary basin, consisting of sands, gravels and clays up to
200 m thick. The basin consists of several aquifers, some of which are high yielding. The North Para
River is a significant source of recharge in the basin, and salinity generally decreases closer to the
river.
The Pirie Torrens Basin extends from south of Port Pirie to Lake Torrens in the north. The basin
consists of Quaternary sediments including clays, gravels and sands, underlain by Tertiary sands
which form a confined aquifer. Groundwater within the Quaternary aquifer near the coast is highly
saline. The confined aquifer has been reported to be of good quality near foothills east of Port Pirie
and historically used for market garden purposes.
The Walloway Basin is a non-marine sedimentary aquifer within the District Council of
Orroroo/Carrieton. The maximum thickness of the aquifer is approx. 200 m and consists of fine
grained sands, clayey sands and clays. These sediments are of Quaternary and Tertiary age with
pockets of recent alluvium. Groundwater within the basin is generally of higher salinity, typically
greater than 3000 mg/l, but has been reported as being lower near Orroroo.
The Willochre Basin is also a non-marine sedimentary basin that extends from Mount Remarkable to
the Flinders Ranges. Sediments within this aquifer are up to 140 m thick consisting of Quaternary
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sediments including mottled clays with thin sands and gravel beds. The underlying Tertiary sediments
consist of clays and sandy clays. An artesian aquifer (under pressure) comprising of fine-grained
sands between 6–15 m thick has been reported within the Tertiary sediments. The unconfined aquifer
in the region is generally unsuitable for domestic or irrigation, and the confined aquifer generally has
lower salinity in the southern half of the basin.
St Vincent Basin is a marine depositional basin extending between Wakefield Regional Council in the
north to the Adelaide Plains and the Noarlunga and Willunga embayments to the south. Within the
region, the basin exists predominantly within Wakefield Regional Council and District Council of
Mallala continuing under Gulf St Vincent to the east coast of York Peninsula. The basin also includes
two smaller areas within the western part of York Peninsula, called the Carribie and Parawulie Basins.
St Vincent Basin consists of Tertiary-Quaternary age sediments including sands, clays and limestone.
Within the region, groundwater within the basin is extensively used in the Northern Adelaide Plains for
irrigation. Elsewhere within the region the basin is saline, particularly near the coast.
Fractured Rock Aquifers
The remainder of the region consists predominantly of fractured rock aquifers. These aquifers exist
within Adelaidean metasediments and Cambrian limestone and dolomites. Aquifer properties have
complex spatial variability and are not well understood. Groundwater within the fractured rock aquifers
is extensively used in the Clare Valley where studies are underway to better understand the nature of
the aquifer. The aquifers are also used for some domestic water supplies, particularly within the
Flinders Ranges.
Data on groundwater use is limited (Tonkin Consulting 2005). The State Water Plan indicates that the
Mid-North region has an estimated 15 Gl/annum groundwater use limit. There are three ‘Prescribed
Water Resources Areas’ (PWRA) in the study region and so extractors are required to purchase a
licence to pump groundwater for any uses other than domestic or stock purposes: The Clare Valley
PWRA, The Northern Adelaide Plains PWRA and the Barossa PWRA. In the Barossa PWRA
groundwater has been used primarily for irrigating grapes. The resource is fully allocated at 5.0
Gl/year and water levels have been dropping. The Clare Valley PWRA has an allocation of 2.7 Gl/year
(Tonkin Consulting 2005). Use limit in the Northern Adelaide Plains PWRA is 8.0 Gl/year, however,
26.5 Gl/year has been allocated and the aquifer is under severe stress (Tonkin Consulting 2005).
Groundwater in the region varies in salinity and turbidity (suspended sediments) and in some cases
contains high levels of zinc, aluminium and copper. However, records are limited in time and space
and so in most cases do not conclusively provide accurate trends or values relative to natural
variability. The water quality for six small groundwater basins in the region ranges from good to
moderate apart from the Balaklava tertiary aquifer which is poor away from the Wakefield River.
Current use is considered to be at or near the sustainable limit for all the groundwater basins reviewed
(Northern and Yorke Natural Resource Management Board 2009). Other aquifers in the region
produce water of varied quality depending on the amount of rainfall in the recharge zone (Tonkin
Consulting 2005).
Climate change has the potential to reduce the reliability and magnitude of water supplies. A reduction
in rainfall and higher evaporation rates will tend to reduce the amount of surface water that can be
captured, while lower rainfall will reduce the recharge of groundwater resources (Government of
South Australia 2010). At the same time, higher average temperatures are likely to increase demand
for water. Based on possible future rainfall, temperature and evaporation scenarios developed by the
CSIRO, SA Water (2010) estimates that “climate variation could potentially increase Yorke Peninsula
water demand by approximately 13% by 2030, and 30% by 2070”.
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The Department for Water (Wood and Green 2011) recently completed a first order assessment and
prioritisation of South Australia’s water resources with respect to the potential risks posed by climate
change, as part of its Impacts of Climate Change on Water Resources (ICCWR) project. Groundwater
resources in the Clare Valley and surface water resources in the Clare Valley and Barossa Valley
were identified as high priority water resources in South Australia. Groundwater resources in the
Baroota Prescribed Wells and the Willochra basin also scored relatively highly. The high priority
groundwater resources in the region are susceptible to climate change due to the unconfined nature
of the aquifers and their reliance on contemporary rainfall for recharge (Wood and Green 2011).
Groundwater and surface waters in the Clare Valley and Barossa regions are used extensively for
irrigation purposes.
The impact of climate change on surface waters and storage in the Murray Darling Basin will also be
felt in the region as a number of towns and other production activities such as irrigation are reliant on
River Murray supplies. The CSIRO estimates that surface water availability may decline by 11%
across both the MDB and in the Murray region of the MDB by 2030, under a median climate change
scenario (CSIRO 2008). Given the nature of current water sharing arrangements, surface water use
under a median climate scenario is projected to fall by 4% for both the Murray region and MBD more
broadly. In other words, the impact of climate change is expected to be relatively less severe on
surface water use than on surface water availability. Any residual reduction in surface water
availability is expected to fall on the environment.
A number of activities are currently underway that will help define the impacts of climate change on
water resources in the region. The Department for Water is currently preparing a Demand and Supply
Statement for the water resources in the Northern and Yorke NRM region, while high priority
resources in the region may be the focus of more detailed modelling in Phase 2 of the Department for
Water’s ICCWR project. For example, potential reductions in groundwater recharge within the Clare
Valley as a result of changes from a median climate scenario projected by CSIRO (CSIRO 2007)
ranged from:
 23% for a 2030 climate with a low emissions scenario (median 5% reduction in winter rainfall) to;
 58% for a 2070 climate with a high emissions scenario (median 15% reduction in winter rainfall).
Results gave a wide range of outcomes for the potential impact of climate change on groundwater
recharge in the Clare Valley. Figure 33 shows the trend line of modelled changes in recharge for
changes in winter rainfall and median annual runoff. The same data is summarised in Table 5.
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Figure 33: Percentage change in average annual recharge vs percentage change in average winter rainfall.
Coloured lines show the winter rainfall projections reported by DENR (2010) and CSIRO (2007) for the
Northern and Yorke NRM Region (Department for Water 2011).

Table 5: Summary of projected changes in winter rainfall and modelled changes in recharge in the Northern
and Yorke NRM Region (from DENR (2010) and CSIRO (2007)) for low, medium and high carbon emissions
scenarios for the years 2030, 2050 and 2070. The colours of each box in the table correspond to the colours
shown on the graph above (Department for Water 2011).

Similar reductions were found for surface water runoff in the major catchments of the Clare Valley. For
the Wakefield and Hutt River catchments, projected reductions in median annual runoff are;
 24% to 32% respectively in 2030 for a low emissions scenario, and
 57% and 73% respectively in 2070 for a high emissions scenario.
The results indicate that the Clare Valley PWRA region is highly susceptible to projected climate
changes, and that the impact of a change in winter rainfall is approximately 4.7 times greater for
runoff. For example, for the 2050 high emission scenario, a 12% reduction in winter rainfall leads to a
58% reduction in runoff.
The region has already utilised a variety of adaptive responses with regard to water resource
management. Responses include the utilisation of multiple sources (surface water and groundwater),
inter-basin transfers, various recycled water alternatives and water restrictions and conservation
measures. These options enable water managers to maintain a flexible water system, a requirement
given the high natural variability of surface water flows and quality and yield of groundwater aquifers.
To maintain a level of water security in the future the current options need to be expanded and
alternatives found (for example the re-use of stormwater in many towns is currently underutilised and
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the possibility of small scale desalination units could be examined). The further development of Water
Allocation Plans is considered important, both to take into account the current findings of the
Department for Water 'Impacts of Climate Change on Water Resources’ (ICCWR) project and to refine
the region’s understanding of surface water and groundwater supplies, environmental water
requirements and the needs of license holders. Measures to minimise all losses is also a priority, such
as evaporative losses from storages, pipeline leaks and or the inefficient use of water. The
Department for Water and SA Water are developing regional supply/demand statements that will
consider water supply and use over the next 40 years.
Adaptive responses already implemented in the water sector will decrease the vulnerability of water
resources (particularly within urban centres). However, in some areas (e.g. agricultural areas solely
reliant on local surface water or groundwater) water use may need to be rationalised and reduced to
maintain sustainable use and provide for environmental requirements.
9.1.3

Recycled water

Options for future expansion of water supply include increased use of treated effluent and stormwater,
desalination of existing groundwater or sea water or the extension of the mains water supply lines in
an efficient and integrated manner across the whole region (Tonkin Consulting 2005). These options
ensure that the region has considerable adaptive capacity regarding the utilisation of recycled water in
towns, with a focus on stormwater management.
Use of recycled water, desalination plants, rainwater capture technologies and possible use of water
from the Baroota, Bundaleer and Beetaloo reservoirs have all been identified as future options for
water in the region (Tonkin Consulting 2005). Generally wastewater and stormwater is under utilised
in the region (Planning SA 2008). Most reuse in the region is via Septic Tank Effluent Disposal
Schemes used by 13 of the 15 Councils in the region for municipal watering and represents
approximately 31% of the volume of effluent collected (Tonkin Consulting 2005).
Only three Councils (four towns: Kadina, Maitland, Snowtown and Blyth) in the region were re-using
stormwater in 2005. The State Water Plan indicates that 4.0 GL/year of storm water could potentially
be captured and reused. Current use is less than 1.0 GL/year (Tonkin Consulting 2005). All the towns
in the region with a population greater than 200 have a stormwater management strategy prepared
and fourteen projects are currently planned or in progress. Many of the planned water recycling
projects aim to treat both storm water and waste water (Tonkin Consulting 2005). It is noted however,
that while reuse of stormwater is a possibility, it must be accounted for in the regional water balance
as use of stormwater will reduce surface water flows in the downstream catchment.
Options for future expansion of water supply include increased use of treated effluent and stormwater,
desalination of existing groundwater or sea water or the extension of the mains water supply lines in
an efficient and integrated manner across the whole region (Tonkin Consulting 2005). Local
governments are currently in the process of reviewing and updating inefficient and unsustainable
water policies. There is minimal guidance or information about appropriate levels of development and
provision of water at a regional scale (Regional Development Australia Yorke and Mid-North 2010).
SA Water have recently completed a long-term plan for Yorke Peninsula to ensure necessary
infrastructure for future demand is met and a similar investigation for the Upper Spencer Gulf region
that will consider both water and wastewater within the area (Department for Transport Energy and
Infrastructure 2010).
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9.2

WATER DEPENDANT ECOSYSTEMS

Water dependent ecosystems in the region include watercourses, riparian zones, wetlands and
floodplains, and may depend on surface, watercourse and/or groundwater. Fresh water dependent
ecosystems including wetlands, riparian areas and other aquatic ecosystems are heavily reliant on the
availability and quality of surface water, which in turn is dependent in many cases on groundwater.
Water course integrity and condition has been degraded in many areas and has resulted in an
increase in salinity and erosion. Rising sea levels will result in saline intrusion to coastal groundwater
supplies while reductions in rainfall and overland flows will reduce surface and ground water levels
and quality. Additional modelling and assessment is required to further integrate the needs of the
environment with water allocation planning under climate change scenarios. Improvements to riparian
zone health with revegetation and rehabilitation are considered important. Because the current
condition of rivers and riparian areas is degraded, these areas are highly sensitive to changes in
surface and ground water dynamics. As a result, the vulnerability of rivers and streams in the area to
climate change is very high.
Economic production, communities and the environment all compete for runoff from a small number of
ephemeral streams and groundwater resources. Water Dependent Ecosystems are “those parts of the
environment, the species composition and natural ecological processes which are determined by the
permanent or temporary presence of flowing or standing water” (ARMCANZ and ANZECC 1996).
Water dependent ecosystems in the region include watercourses, riparian zones, wetlands and
floodplains, and may depend on surface, watercourse and/or groundwater.
There are some freshwater wetlands in the Mid-North and Southern Flinders Ranges areas but the
remainder are saline (Regional Development Australia Yorke and Mid-North 2010). Fresh water
dependent ecosystems including wetlands, riparian areas and other aquatic ecosystems are heavily
reliant on the availability and quality of surface water.
Four coastal wetlands in the Yorke and Mid-North NRM region are listed as wetland of national
significance: Point Davenport, Clinton, Northern Spencer Gulf and Wills Creek (Northern and Yorke
Natural Resource Management Board 2009). An assessment of saline and brackish wetlands
indicated that none of them were intact. Most fauna are reliant on surface water for drinking and
coastal and estuarine systems affected by stream flows are also affected by changes in stream flow
(Northern and Yorke Natural Resource Management Board 2009). Permanent surface water is
dependant in many cases on underground water (Regional Development Australia Yorke and MidNorth 2010) and the interactions with stream and river processes. The Barossa Water Allocation Plan
states ”the biological composition of ecosystems is determined by the permanent or temporary
presence of standing or flowing water”, that in turn is impacted by surface and ground water
interactions.
Rising sea levels are expected to influence the levels and salinity of coastal ground and surface water,
particularly in sandy and porous soils. These changes could have significant impacts on wetlands in
affected areas, driving changes in flora (and therefore fauna). In constructed wetlands, often used for
stormwater detention, increased mean sea level could result in higher surface water levels that would
effectively decrease the stormwater capacity of these wetlands.
The integrity of a watercourse includes an assessment of a range of factors including bed bank
stability, channel cross profiles, presence of obstacles to flow and migration of biota, presence of
excavation of gravel and sand from the watercourse, modification to the channel, erosion of the bank,
condition of riparian vegetation and the presence of grazing stock in the riparian zone (Northern and
Yorke Natural Resource Management Board 2009). In addition introduced plants and animals affect
the availability of water for native species by clogging waterways, using significant amounts of water in
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summer and fouling water courses with deciduous leaves in autumn (Northern and Yorke Natural
Resource Management Board 2009).
Significant alteration of the watercourse and deterioration of integrity to the Wakefield and Broughton
rivers has been reported, and there are some impacts recorded in the Light River (Northern and Yorke
Natural Resource Management Board 2009). Detailed River Management Plans have been written
for the Wakefield and Broughton Catchments (Northern and Yorke Natural Resource Management
Board 2010). The three major river systems in the area are summarised thus:
-

Broughton River: Significantly changed, including: deepening and widening; raised bed levels due
to sedimentation; and changed channel courses. Channel stability good in 82% surveyed
watercourses, moderate in 13% and poor in 3%. Erosion heads mapped and stability of manmade structures assessed.

-

Wakefield River: Variation in condition, ecological health highly degraded. Physical structures of
watercourses significantly altered, loss of variability in channel shapes and connectivity with
floodplains. Channel stability good in 54% surveyed watercourses, moderate in 40% and poor in
<1%.

-

Light River: Lower Light River relatively natural channel form, upper reaches significantly altered
deepening and widening, sedimentation and loss of in-stream complexity.

The construction of impediments to the natural water flow along a catchment, extraction of water for
irrigation, domestic and industrial uses, changes to the water regime because of changes to
vegetation cover, the timing, frequency and intensity of rainfall and flow events, or groundwater levels
that provide surface water during drought, will likely affect these ecosystems most (Northern and
Yorke Natural Resource Management Board 2009).
Reservoirs within the catchment can have a major impact on downstream catchment flows and the
associated water dependent ecosystems. Without prescribed environmental flow releases, the storage
capacity of these many reservoirs can capture the majority of flows in dry to average years.
AWE, 2011 state that ‘Water quality conditions throughout the study area have been, and continue to
be assessed by a number of entities, including the Environment Protection Authority (EPA), the
Northern and Yorke Natural Resources Management Board (the NRM Board) and the Department for
Water (Department for Water). These assessments have incorporated phys-chem type assessments
(e.g. salinity, nutrients etc.) and macro-invertebrate assessments (via AUSRIVAS). The two main
causes of deterioration of the quality water resources in the region are:
1. Increasing salinity due to rising saline groundwater, surface water diversion and capture, and
groundwater extraction; and
2. Erosion of soil from the catchment, and the bed and banks of watercourses. As well as being a
pollutant itself, the soil sediments often transport pollutants such as phosphorous and nitrogen.
Water use via pumping from surface pools, construction of dams and reservoirs, extraction from wells
and increasing demand from domestic subdivisions pose the biggest threat to water resources in the
region (Northern and Yorke Natural Resource Management Board 2009). Additional problems include
increasing salinization of supplies from rising saline groundwater and pollution from soil erosion,
septic system leakage, agricultural runoff and stock (Regional Development Australia Yorke and MidNorth 2010).
Maintaining sustainable water supplies for both human and environmental needs will likely be South
Australia’s greatest challenge in the face of climate change (Government of South Australia 2010).
The timing, intensity, duration and seasonality of rainfall all affect the quality and quantity of water
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both at the surface and underground. Dependant ecosystems are all impacted by changes in rainfall,
particularly wetlands, rivers and creeks, riparian areas, floodplains and inshore marine habitats. Water
quality is determined through an assessment of salinity, nutrient levels and density of suspended
sediments.
Drier conditions overall or a shift in rainfall to the warmer months of the year mean less available
water at the surface, in the soil for plant use and underground in aquifers and can also affect the
salinity and acidity levels in the soil. Drier conditions may also lead to an increase in demand on
existing supplies for irrigation and domestic (garden) requirements. Increased intensity of rainfall
increases runoff, erosion and both sediment and nutrient loads into water courses and marine
habitats. The interaction between these ground and surface sources of water is highly dependent.
Groundwater contributes to stream flow and wetlands in drier months and hence a relative small
decline in the groundwater level can has a significant impact of these water dependent ecosystems as
the interactions between surface and underground water is broken.
Increased rainfall variability makes management of the resource more difficult. Unfortunately
monitoring of water across the catchments of the region has been limited in the past and so recorded
changes in response to natural climate variability are few. Finally, the modelling of ground water, in
particular the fractured rock aquifers common in the region, is difficult to quantify (Northern and Yorke
Natural Resource Management Board 2009).
The region has already utilised a variety of adaptive responses with regard to water resource
management. Water Allocation Plans, when they occur across the region, take into account the
environmental flow requirements. Additional modelling and assessment is required to further integrate
the needs of the environment with water allocation planning under climate change scenarios. In the
workshop, improvements in riparian zone health through revegetation and rehabilitation in seen to be
important in the region as was the removal of environmental pollutants. While these adaptive
responses are in place, the current condition of rivers and riparian areas is considered to be
degraded, a situation that makes these areas highly sensitive to changes in surface and ground water
dynamics. As a result, the vulnerability of rivers and streams in the area to climate change is very
high.
9.3

SOIL TYPE AND LANDSCAPE

Soil types in the study region include loam over clay, shallow calcrete or calcareous loams, high
calcareous unconsolidated deposits, dune-swale and sand spread complexes. Wind erosion and
dryland salinity are major issues in the plains and on Yorke Peninsula while water erosion is a more
significant threat in the ranges. The root cause of many of these issues is the clearance of vegetation
and subsequent degradation of the soil cover and intensive farming. Warmer and drier conditions are
likely to change the soil’s capacity to support vegetation and dependent fauna. More intense rainfall
events will increase the likelihood of water erosion, and drier conditions will result in reduced
vegetation cover and increased erosion from wind and water. Minimum till cropping and careful
management of land used for livestock production will be required to avoid overgrazing and loss of
cover as a result of wind erosion.
The region is made up of three major landforms: the Yorke Peninsula, the coastal plain and the
northern Mt Lofty Ranges and southern Flinders Ranges (Northern and Yorke Natural Resource
Management Board 2009). Within these landforms there are “plains, hills and rugged ranges,
undisturbed bushland and native grasslands, coastal vistas and cliffs, and mangrove forests and
wetlands” (Regional Development Australia Yorke and Mid-North 2010). On Yorke Peninsula, soils
are mostly “loam over clay, shallow calcrete or calcareous loams with some areas of dune-fields and
saline land”. On the coastal plain soils are “shallow calcrete and calcareous loams over high
calcareous unconsolidated deposits, and dune-swale and sand spread complexes” Subsoils are
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commonly “moderately saline, sodic and alkaline which restricts plant root depth and causes poor
water use efficiency”. In the ranges, the soils are “neutral loamy soils over red clay subsoils” (Northern
and Yorke Natural Resource Management Board 2009).
According to the Northern and Yorke regional NRM Plan, wind erosion and dryland salinity are major
issues in the plains and on Yorke Peninsula while water erosion is a more significant threat in the
ranges. Across the Yorke and Mid-North NRM region, of the land used for agricultural production,
about 30% is moderately or extremely susceptible to water erosion and 10% moderately or extremely
susceptible to wind erosion. In both cases, the occurrence, intensity and timing of tillage operations
and the quantity and nature of surface cover are important factors. Use of direct drill methods would
significantly reduce the soil erosion risk (Northern and Yorke Natural Resource Management Board
2009).
Soil fertility and salinity are the other main degradation issues in the region while in high productivity
areas the rates of acidification are high. The naturally occurring acidic sands and sandy loams in the
region are susceptible to acidification from agricultural practices. Acidification results in nutrient
deficiencies, toxicity and loss of fertility. Acidity is accelerated through the application of nitrogen
fertilisers, nitrogen fixation by legumes and leaching of nitrate. Naturally occurring salt from
accumulated wind-blown sea salt across the region is accelerated by changes in the water balance
and ground water changes. Increased levels in the water table result in increased salt at the surface
and are the result of either reduced water demand (dryland salinity) or the application of irrigation
water (irrigated salinity). Dryland salinity is the greater problem across the region (Northern and Yorke
Natural Resource Management Board 2009). The overall soil types are shown in Figure 34, and
potential for wind and water erosion in Figure 35. The root cause of many of the soil problems in the
region is the clearance of vegetation and subsequent degradation of the soil cover as a result of
intensive farming (Northern and Yorke Natural Resource Management Board 2009).
Differences in soil moisture holding capacity, physical and chemical properties, and the microorganisms residing within them mean soils react differently under varied rainfall and temperature
regimes. Warmer and drier conditions are likely to change the soil’s capacity to support vegetation
and dependent fauna. More intense rainfall events will increase the likelihood of water erosion, and
drier conditions will result in reduced vegetation cover and increased erosion from wind and water.
Increased summer rains may lead to an increase in weed growth and consequent tillage by farmers.
Reduced rainfall is likely to reduce the risks from acidification and dryland salinity as leaching is
reduced and water tables recede, but increased irrigation in response to drier conditions may lead to
an increase in irrigation salinity in irrigated areas.
In a study of three sub-regions of the Northern and Yorke NRM area, Liddicoat et al. (2010) found
from both field observations and simulations that some soil types outperform others for production
across a range of climatic conditions. Shallow clayey soils were found to most vulnerable to falling
below sub-critical stubble cover levels in reduced rainfall scenarios, but by their nature were inherently
less susceptible to erosion. Sandy soils were more reliable for production, but had a higher risk for
wind erosion. Simulations demonstrated that erosion risk increased in extent with poorer seasons and
with a drying climate, and areas of erosion risk were distributed throughout the region with no
particular concentrations to the north or south.
Whilst the study focussed on cropping and production outcomes, there is an inherent link between soil
type and native vegetation. Thus native vegetation on shallow, clayey soils may be more challenged
by loss of condition as a result of low rainfall, whereas vegetation on sandier soils may be exposed to
higher degradation risk from erosion. Such degradation may have serious flow-on effects including:
change in structure and function of vegetation, localised loss of species, and increased susceptibility
to invasion by weeds. Land used for livestock production will require careful management to avoid
overgrazing and loss of cover as a result of wind erosion (Cole 2008).
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Figure 34: Map of the Central Local Government Region of South Australia soil landscape types.
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Figure 35: Map of the Central Local Government Region of South Australia potential for wind and water
erosion.
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9.4

BIODIVERSITY

The biodiversity of the region has been severely impacted by habitat loss as a result of native
vegetation clearance and invasions by pest plant and animal species. There are numerous threatened
species and ecological communities in the region as a result of these changes. The highly fragmented
landscape and numerous threatened species in the region pose significant conservation challenges in
the context of climate change.
Biodiversity as defined in the Northern and Yorke Regional Natural Resource Management Plan
(2009) includes genetic, species, and ecosystem diversity. These ecosystems include inland, coastal,
estuarine, inland water and subterranean environments.
Remnant vegetation contains remaining plant species and provides habitat for many fauna and
usually the larger the remnant area, the greater the diversity of species. Within the Northern and
Yorke NRM region, approximately 94% of the pastoral zone remains uncleared but only 26% of
agricultural areas remain uncleared (Northern and Yorke Natural Resource Management Board
2009). Several hundreds have less than 5% of native vegetation remaining. In the agricultural areas
most of the remaining vegetation is on unarable ridges and the coastal strip (Northern and Yorke
Natural Resource Management Board 2009). As a whole, broad-scale vegetation clearing has
removed approximately 64% of the original native vegetation and currently only 161,000 ha remains
across the region, and of that much has been fragmented. Areas of native grassland might be
significantly more but are difficult to map (Northern and Yorke Natural Resource Management Board
2009).
The majority of these remnants are contained in five large blocks of national park / reserves (>10,000
ha). The two largest blocks of remnant vegetation occur in the Mt Remarkable and Innes National
Parks (Northern and Yorke Natural Resource Management Board 2009). Within the York Peninsula
and Min-North sub-regions there are currently 12 Conservation Parks and two National Parks that
total 45,145 ha and an additional 17,036 are protected under Heritage Agreements. The vast majority
of the native vegetation is privately owned. Smaller areas (1-20 ha) occur on private land, along
roadsides, railway line, in cemeteries and the coastal strip. In some cases these small remnant
contain the only representative examples of the original vegetation (Regional Development Australia
Yorke and Mid-North 2010).
Three ecological communities in the region have been listed as endangered or critically endangered
under the Commonwealth Environment Protection and Biodiversity conservation Act 1999:
Peppermint Box (Eucalyptus odorata) Grassy Woodland, Iron-grass Natural Temperate Grassland,
and Grey Box (Eucalyptus microcarpa) Grassy Woodland. There are also ten ecological communities
in the Yorke and Mid-North NRM region that are endangered at the State level (Northern and Yorke
Natural Resource Management Board 2009). Significant biodiversity assets identified in the
Biodiversity Plan for the Northern Agricultural Districts of South Australia are: threatened, endemic or
geographically isolated fauna, flora and ecological communities; ‘special habitats’ including riparian
and floodplain habitats, roadsides and railway reserves; threatened habitat areas; and large remnant
areas (Northern and Yorke Natural Resource Management Board 2009).
Forty-six nationally threatened species and 106 state threatened species are recorded in the Northern
and Yorke region. Of the nationally threatened species, the spiny daisy (Acanthocladium dockeri) and
the Spalding blown-grass (Lachnogrostis limitanea) are critically endangered (Regional Development
Australia Yorke and Mid-North 2010). The burrowing bettong (Bettongia lesueur) is now extinct in
South Australia and the mainland tammar wallaby (Macropus eugenii) is now extinct in the wild. The
pygmy bluetongue lizard (Tiliqua adelaidensis) is the most critically endangered. Only nationally
threatened species have recovery plans (Northern and Yorke Natural Resource Management Board
2009).
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Current threats to the biodiversity of the region include continued vegetation clearance, conversion of
grazing land into cropping, inappropriate grazing by stock, inappropriate use of herbicides and
pesticides, changes to soil moisture from irrigation, ongoing infestations and new incursions of pest
plants and animals, altered fire regimes, incursion of diseases (such as Phytophthora), wind farms
and their hazard to birds (particularly raptors), cutting of wood for firewood, continued expansion of
residential and industrial developments, and ongoing loss of genetic diversity and ecological
processes as a result of the highly fragmented nature of the region (Northern and Yorke Natural
Resource Management Board 2009).
The South Australian Government has a number of strategies and programs in place to help maintain
South Australia’s biodiversity. “No Species Loss: A nature conservation strategy for SA 2007-2017”
(Department for Environment and Natural Resources 2005) presents a set of objectives, targets and
recommendations to protect, conserve and sustainably manage South Australia’s biodiversity. The
Naturelinks program aims to establish five broad “biodiversity corridors” that will enable native wildlife
to survive and adapt to environmental change. Two of these biodiversity corridors, the Cape Borda to
Barossa Naturelink, and the Flinders Olary Nature Link, occur in, but are not confined to, the Northern
and Yorke NRM region. The Naturelinks program is also reflected in target 3.2 of the South Australian
Strategic Plan: “by 2010, have five well-established biodiversity corridors aimed at maximising
ecological outcomes particularly in the face of climate change.” The State Natural Resources
Management Plan 2006 sets four goals that aim to maintain healthy and productive landscapes and
marine environments, including “Goal 1: Landscape scale management that maintains healthy natural
systems and is adaptive to climate change”.
Sweeney (2010) used a panel of ecologists to assess the implications, within the Northern and Yorke
NRM region, of the predicted effects of climate change on Australian biodiversity as outlined by
Hughes et al (2009) and Steffen et al (2009). Those identified as of key importance were:
 changed productivity of plants (with many unknown effects through changed competition and
grazing patterns)
 changed conditions for nutrient cycling and decomposition (that may affect nutrient availability to
soil biota, fungi and plants)
 changed seasonal conditions (which may affect some flowering times and pollination success with
possible resulting changes in recruitment success of some plants)
 changed seasonal conditions and extreme events (which may decrease or improve species
recruitment and survival rates, depending on species traits such as temperature tolerances;
decreased survival could lead to the collapse of small sensitive populations)
 decreased spring and summer rainfall events (reduced recruitment in many plant species)
 changed dispersal patterns of species (including pests and diseases).
The responses of species to rapid climate change will be individualistic; some species will potentially
be advantaged and others disadvantaged. The vulnerability of an individual species will depend on a
combination of (Steffen, Burbidge et al. 2009):
1. Life history traits and other traits of the species
2. The capacity if the species to adapt, either behaviourally or genetically
3. The degree of exposure to climate change in the habitat/region where the species lives.
For points 1 and 2 above, factors expected to increase the vulnerability of a species include:

Narrow range of physiological tolerance to factors such as temperature, water availability and fire

Low genetic variability

Long generation times, long time to sexual maturity and low reproductive output

Specialised requirements for other species (e.g. for a disperser, prey species, pollinator or
photosynthetic symbiont) or for a particular habitat that may itself be restricted (e.g. a particular
soil type)

Poor dispersal ability
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9.5

Narrow geographic ranges
Dependence on environmental triggers or cues that may be disrupted by climate change
Specialised and/or inflexible ecology, including diet, habitat, microhabitat and behaviour
Susceptibility to disease or pathogens that may interact with climate change, such as the
amphibian chytrid fungus.
FLORA AND FAUNA

9.5.1 Fauna
The native fauna of the region are highly sensitive to climate change, as they are already threatened
by past and current processes. Climate change will exacerbate the risks faced by these species,
particularly those that are reliant on free standing water, or species whose ecology will be impacted by
sea level rise and changes to marine systems. The adaptive capacity for fauna species is very low,
and in combination with high sensitivity leads to very highly vulnerable native fauna.
Gillam and Urban (2008) conducted species conservation assessments for the Northern and Yorke
sub region between August 2007 and June 2008. These assessments assigned a conservation status
and population trend to all native flora and fauna of the region, using quantitative data obtained from
the Department of Environment and Heritage (DEH) Biological Database of SA, and qualitative data
and information gathered from panels of experts during workshops. Within the Northern and Yorke
Natural Resource Management Board region, 24% of all species were considered to be regionally
threatened (22% fauna, 26% flora), while 63% could be considered to be “species at risk” (59% fauna,
64% flora). An examination of the spatial distribution of threatened species indicated the existence of
“threatened species hotspots”, centred on areas where large portions of remnant habitat remain, i.e.
the southern Yorke Peninsula, the Clare and Tothill Ranges and the Southern Flinders Ranges
(Figure 36).
It is very difficult to predict the consequences of climate change for any one species. Assessing
vulnerability at the individual species level would require a comprehensive understanding of the
ecology of each individual species as well as an overarching understanding of its relationships with
other species in its local environment. Unfortunately our knowledge of the basic biology of most
species within the study region is inadequate and does not allow us to predict specific responses to
climate change with confidence. However, the data of Gillam and Urban (2008) provides an indication
of the current conservation status of the flora and fauna of the region (the Northern and Yorke DEH
area). Threatened species, by definition, are already restricted in range, distribution and number, and
as a corollary genetic diversity, all factors that predispose them to climate change vulnerability. Thus
for this study threatened species status was used as a surrogate indicator for climate change
sensitivity in the absence of more definitive data.
For the basis of this study, fauna were split into functional groups, based on those used by Gillam and
Urban (2008), to determine which of these functional groups are currently more threatened. Further
subdivision broke the bird categories into seabirds (albatrosses, gannets, boobies, skuas and allies,
shearwaters, petrels, diving-petrels and storm-petrels), waders and shorebirds (avocets, stilts,
painted snipes, plovers, dotterels, sandpipers and allies, and oystercatchers), waterfowl, cormorants
and pelicans (cormorants, darters, geese, swans, ducks, grebes, pelicans), herons and allies
(bitterns, herons, ibises, spoonbills, cranes), rails, crakes, and moorhens, and birds of prey
(falcolns, osprey, hawks, and eagles), and all other birds.
Examination of these functional groups shows that most vertebrate fauna throughout the region are
already of poor conservation status (Figure 37). Most notable are the waders and shorebirds, the rails,
crakes, moorhens and allies, birds of prey, other birds, terrestrial mammals, freshwater fishes and
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lampreys, all of which have more than 50% of species within their group ranked as rare, vulnerable,
endangered or critically endangered. Over 50% of all species have rare or higher conservation status.

Figure 36: Map of the Central Local Government Region of South Australia threatened fauna.
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Specific climate change impacts on these functional groups were also assessed, using the factors
expected to increase the vulnerability of a species noted previously. A summary of the specific climate
change impacts on faunal functional groups is shown in Error! Not a valid bookmark selfreference.. Thus the native fauna of the region must be considered to be highly sensitive to climate
change. Due to the highly fragmented nature of this region, the already poor conservation status of
many species, and the difficult nature of assisted species recovery, the adaptive capacity for fauna
species is considered to be very low.
Table 6: Summary of likely climate change impacts on faunal groups selected for this study.
Functional Group

Specific climate change exposure and sensitivities faced

Seabirds

Waders and shorebirds
Waterfowl, cormorants
and pelicans
Herons and allies
Rails, Crakes, Moorhens
and Allies
Frogs
Bony Fishes (freshwater)
Lampreys

Ocean acidity and increased sea surface temperatures exposure to disrupt marine
ecosystems used for feeding by these birds
Inundation and coastal erosion from sea level rise and storm surge to modify and
potentially reduce feeding habitat. Acidity and temperature change may also impact
as above.
Reduced rainfall and associated runoff to decrease available free standing water that
these species rely upon
Reduced rainfall and associated runoff to decrease available free standing water that
these species rely upon
Reduced rainfall and associated runoff to decrease available swamp/marsh habitat
on verges of free standing water that these species rely upon
Reduced rainfall and associated runoff to decrease available free standing water that
these species rely upon
Reduced rainfall and associated runoff to decrease available free standing water that
these species rely upon
Reduced rainfall and associated runoff to decrease availability of freshwater streams
that reach the coast that these species need for breeding
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Figure 37: Percentage of threatened species for faunal functional groups in the Northern and Yorke
Region (Adapted from: Gilliam and Urban 2008).
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9.5.2

Flora

The flora of the region is highly sensitive to climate change, as they are already threatened by past
and current processes. Climate change will exacerbate the risks faced by these species, particularly
aquatic species, eucalypts, grass species and orchids. Whilst assisted propagation and revegetation
is a possible adaptation strategy, the highly fragmented nature of the native vegetation of the region
(and its associated flora) means the inherent adaptive capacity of flora species is very low. The high
sensitivity to climate change, in combination with low adaptive capacity, leads to a highly vulnerable
regional native flora.
Flora were also split into functional groups, based on those used by Gillam and Urban 2008, to
examine which of these functional groups are currently more threatened. Most flora groups throughout
the region are already of poor conservation status (Figure 38).
Most notable are aquatic species, herbs and forbs, legumes, orchids, sedges, shrubs and eucalypts,
all of which have more than 50% of species within their group rare, vulnerable, endangered or
critically endangered (Figure 39). Over 50% of all species have rare or higher conservation status.
Thus the native flora of the region must be considered to be very highly sensitive to climate change.
Functional groups within the flora that may also face specific regional climate change exposures and
related sensitivity are summarised in Table 7.
Table 7: Summary of likely climate change impacts on floral groups selected for this study.
Functional Group
Aquatic
Eucalypts
Grasses
Orchids

Specific climate change exposure and sensitivities faced
Reduced rainfall and associated runoff to decrease available free standing
water that these species rely upon
Increased temperature may compromise some species, as they are known
to have narrow bands of temperature suitability
Decreased rainfall, increased temperature and increased carbon dioxide
may alter balance of C3 and C4 grasses
Changes in temperature and seasonal rainfall patterns may interrupt the
relationship with pollen vectors for some species
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Figure 38: Map of the Central Local Government Region of South Australia threatened flora.
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Figure 39: Percentage of threatened species for floristic functional groups in the Northern and Yorke Region
(Adapted from: Gilliam and Urban 2008).

The highly fragmented nature of the native vegetation study region (Figure 40) means that the
inherent adaptive capacity of flora species is very low, because movement and gene flow across the
landscape is difficult. However, this low natural adaptive capacity can be supplemented by human
actions including appropriate propagation and revegetation, as other adaptive techniques discussed
later in this report. For these reason, the adaptive capacity of flora was scored very low in the
vulnerability assessment although somewhat higher than the score for fauna.
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Figure 40: Map of the Central Local Government Region of South Australia native vegetation broad
structural formations (Northern and Yorke Natural Resource Management Board 2009).
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9.5.3

Vegetation Communities

Most vegetation communities of the region are considered to be highly sensitive to climate change
effects, especially aquatic communities, communities that are restricted in range and distribution, and
communities for which current stressors, such as weeds and fire, will increase as a result of climate
change. The adaptive capacity, both natural and assisted, is generally low, and so overall vulnerability
is high to very high for most vegetation community types.
Climate change is expected to affect many interactions between species. As any one species
becomes advantaged or disadvantaged, all species with which it interacts (e.g. pollinators,
competitors, predators) may be affected indirectly. These indirect biotic effects may have greater
impacts on many species than the direct impacts of changes in temperature and rainfall (Steffen et al
2009). The combination of direct and indirect impacts will result in changes in trophic interactions,
food web structure and ecosystem processes. Our current understanding of the interactions between
species is poorly understood for the biodiversity of the Northern and Yorke NRM region.
Vegetation community types based on the groupings of Berkinshaw (2006) and Pedler et al (2007)
were used to assess community level effects of climate change and included an assessment of their
condition now and in response to predicted changes in the climate by considering the exposure of
these different vegetation community types to climate change stressors, the sensitivity of the
vegetation community types based upon key attributes that predispose them to be susceptible to
climate change, and the range, distribution and abundance of these vegetation community types.
Weed invasion, which may be a significant threat in a climate change scenario, was included as a
secondary exposure stressor.
The vegetation communities of the study region will be exposed to a suite of climate change stressors,
including reduced rainfall, increasing temperatures, changes in bushfire frequency, and increasing
levels of carbon dioxide. The role of each of these stressors, the interactive effects between them, and
the impacts at the community level, are not well understood. For this reason, a generic exposure
score was used for the vulnerability matrix assessment, and incorporates all of the relevant factors.
However, for some vegetation community types, there are clearly stressors that will impact specifically
on that vegetation type because of the specific biotic and abiotic requirements of that community.
These are shown in Table 8.
Many vegetation community types are considered to be highly sensitive to both direct and indirect
climate change effects. Specific sensitivities of note include the direct effects of reduced rainfall and
runoff on aquatic and semi-aquatic vegetation types, increased bushfire (both natural and
anthropogenic) on sclerophyll woodland/forest vegetation types, as well as the effects of weed
invasion due to increased levels of disturbance (Table 8).
Most vegetation communities in the region are highly restricted in range and distribution (Table 8).
Natural adaptation opportunities will therefore be extremely limited for most vegetation community
types. Reconstruction of vegetation communities is highly complex, costly, and is still an evolving
science. For this reason, the vulnerability of most vegetation community types is considered to be high
to extreme.
.
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Table 8: Specific exposures, sensitivities, and adaptive capacity notes for vegetation community types for the region.
Plant Community
Coastal Mallee

Inland Samphire
Shrublands

Specific Exposure(s)
Exposure to change in frequency of bushfires
(natural and anthropogenic)
Secondary exposure to increased level of weed
incursion
Exposure to decreased rainfall and associated runoff

Sensitivity
Highly sensitive to changes in bushfire frequency
and intensity

Adaptive Capacity
Restricted in range and distribution

Highly sensitive to changes in water availability,
Where adjacent to river systems may be
influenced by extraction.
Moderate sensitivity

Very restricted in range and distribution
and bounded by other land uses in most
cases.
Restricted in range and distribution but
may potentially spread into more moisture
dependent vegetation communities.
Very restricted in range and distribution,
and has specific habitat requirements.

Swamp Paper-bark
Shrublands

Exposure to decreased rainfall and associated runoff

Thatching Grass
Sedgelands

Exposure to decreased rainfall and associated runoff
Secondary exposure to increased level of weed
incursion by pasture weeds and invasion by
waterlogging tolerant shrubs in a reduced rainfall
scenario.
Exposure to decreased rainfall and associated runoff
Secondary exposure to increased level of weed
incursion to corridor nature of watercourses that will
enable weed spread, and invasion by existing weeds
that will be favoured by climatic changes and can
colonise readily after disturbance events (Pepper
Tree, Olive, Bathurst Burr, Boxthorn).
Exposure to decreased rainfall and associated runoff
Secondary exposure to increased level of new weed
incursion, and invasion by existing weeds that will be
favoured by climatic changes and can colonise
readily after disturbance events (Pepper Tree, Olive,
Bathurst Burr, Boxthorn).
Exposure to decreased rainfall and associated runoff
Secondary exposure to increased level of new weed
incursion, and invasion by existing weeds that will be
favoured by climatic changes and can colonise
readily after disturbance events (Pepper Tree, Olive,
Bathurst Burr, Boxthorn).
Exposure to change in frequency of bushfires
(natural and anthropogenic)
Exposure to decreased rainfall

Highly sensitive to decreased rainfall, as water
needs are quite specific (shallow seasonal
inundation in waterlogged soils)

Secondary exposure to increased level of weed
incursion.

Weeds will be given increased opportunities to
colonise as grazing pressure is expected to
increase in dry years, and weeds may proliferate
with changing fire regimes.

Bulrush/Common Reed
Sedgelands

Riparian Woodlands Southern

Riparian Woodlands Northern

Temperate Shrubby
Woodlands

Highly sensitive to changes in water availability.
Sensitive to these invasions due to disturbance
events (e.g. flooding).

Rapid generation time and hardy,
provided water is available.

Highly sensitive to changes in water availability.
Highly sensitive to weed invasions due to
disturbance events (e.g. flooding).

Very restricted in range and distribution,
but revegetation of waterways with more
tolerant species or variants (e.g. northern
form of Red Gum) could provide similar
habitat values to those currently provided
by these communities
Very restricted in range and distribution

Panel believed that northern Riparian woodlands
moderately sensitive as they would be already
better adapted to infrequent and varied rainfall.
Highly sensitive to these invasions due to
disturbance events (e.g. flooding).
This community type, with its sclerophyll shrub
understorey, particularly sensitive to changes in
bushfire frequency and intensity.
Community highly sensitive to decreasing rainfall
will modify the species composition of this
community and decrease canopy cover in the
over-storey.
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Restricted to flanks and tops of ranges in
relatively high rainfall areas mean little
natural adaptive capacity and few
available areas for reconstruction.

Plant Community
Temperate Grassy
Woodlands

Temperate Grasslands

Specific Exposure(s)
Secondary exposure to increased levels of
invasion/weed incursion by both woody weed
species, as well as by native shrubs, in a warmer,
drier climate with increased CO2 levels. Supported
by Hughes (2003) "Climate Change in Australia:
Trends, Projections and Impacts" Austral Ecology
28:423-443.
Secondary exposure to increased levels of
invasion/weed incursion by both woody weed
species, as well as by native shrubs, in a warmer,
drier climate with increased CO2 levels. Supported
by Hughes (2003) "Climate Change in Australia:
Trends, Projections and Impacts" Austral Ecology
28:423-443.

Sensitivity
Highly sensitive to weed invasion.

Adaptive Capacity
Highly fragmented and already
compromised by weed invasion means
little adaptive capacity. There are few
available areas for reconstruction as the
nature of soils has been changed by
fertiliser use.

Highly sensitive to weed invasion. Weeds will be
given increased opportunities to colonise as
grazing pressure is expected to increase in dry
years.

Distributed on hill slopes and hilltops with
some N-S connectivity. Many core
species already highly adapted to intense
grazing and can recover quickly due to
rapid generation times. May see an
overall increase of this vegetation
community in extent (due to derived
grassland states becoming more common)
but decrease in overall quality (diversity of
species).
Moderate range and distribution but
restricted soil suitability.

Loss of both perennial and annual grazing
sensitive herbs expected.

(see right).
Mallee and Woodlands
Dense Shrub
Understorey

Mallee and Woodlands
Chenopod Shrub
Understorey

Exposure to change in frequency of bushfires
(natural and anthropogenic)

Highly sensitive to changes in bushfire frequency
and intensity. Changes to structure and
composition expected.

Exposure to decreased rainfall and increased
temperatures

This community is moderately sensitive to lower
rainfall, as it occurs on shallow soils where
moisture retention is low.

Secondary exposure to increased level of weed
incursion

Weeds will be given increased opportunities to
colonise as grazing pressure is expected to
increase in dry years, and weeds may proliferate
with changing fire regimes.

Secondary exposure to increased level of weed
incursion
Weed increase as more arid suited species invade
(e.g. Wheel Cactus).

Weeds will be given increased opportunities to
colonise as grazing pressure is expected to
increase in dry years, and weeds may proliferate
with changing fire regimes. This community also
prone to incursion of arid suited weeds e.g. Wheel
Cactus

Inland (Semi-arid) Tall
Shrublands

General Climate Change Impacts

Northern Arid
Woodlands

General Climate Change Impacts

Northen Arid
Shrublands

General Climate Change Impacts
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Increased abundance of arid suited chenopod
shrubs in the understorey, with decrease in
sclerophyll.
Low sensitivity as this is a successional or often
anthropogenically derived vegetation community
highly adapted to disturbance.
Low sensitivity, although concern noted about
potential decrease in regenerative capacity of
over-storey trees.
Low sensitivity

Moderate range and distribution, and
chenopod species in understorey tolerant
of reduced rainfall.

Highly adaptive primary colonising
vegetation type.
Widespread

Widespread

9.5.4

Landscape Fragmentation

The highly fragmented landscape of the Northern and Yorke NRM region limits the adaptive capacity
of the native species of the region, and thus increases the risk of localised and regional extinctions as
a result of climate change. Management initiates should be adaptive and increase ecosystem
resilience by minimising the impact of other stressors including introduced species and habitat loss.
Protection of a wide range of different types of habitat will also increase the probability of more
species adapting to climate change. Landscape connectivity will need to be increased, and refugia will
need to be identified where there is protection from other stressors.
From an evolutionary perspective, landscapes need to allow in situ selection and capture high levels
of genetic variation essential for responding to the direct and indirect effects of climate change (Sgro,
Lowe et al. 2010). The highly fragmented landscape of the Northern and Yorke region will, in its
current state, be unable to provide these features. This conclusion is well demonstrated in Figure 41,
and clearly shows the degree of remnant vegetation remaining in the study region and within Interim
Biogeographic Regions of Australia (IBRA) sub-regions. Whilst some vegetation types, most notably
grasslands, have not been mapped to their full extent, this figure shows that most of the central and
southern parts of the region contain less than 10% remnancy. This level is below that which
landscapes are considered to be viable for biodiversity in the long term, particularly in the context of
the additional stresses caused by climate change. The northern part of the region is far more intact,
and will be better placed to cope with the additional pressures placed on biodiversity by climate
change.
9.5.5 Management Initiatives for Biodiversity
Management initiates should be adaptive and increase ecosystem resilience by minimising the impact
of other stressors including introduced species and habitat loss. Protection of a wide range of different
types of habitat will also increase the probability of more species adapting to climate change (Dunlop
and Brown 2008). Landscape connectivity will need to be increased, and refugia will need to be
identified where there is protection from other stressors.
Steffen et al (2009) identify five broad approaches aimed directly at the climate change challenge:
 Enhance resilience in ecological systems at all levels (e.g. by representation, replication,
restoration, refugia, relocation and reducing other stressors)
 Create landscapes that maximise adaptation opportunities
 Expand and augmenting the reserve system
 Undertake specific in situ conservation actions
 Undertaking ex situ conservation actions
These approaches are considered in the context of the study region in the recommendations sections
of this report.
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Figure 41: Map of the Central Local Government Region of South Australia percentage remnant vegetation
(Northern and Yorke Natural Resource Management Board 2009).
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9.6

COASTAL ECOSYSTEMS

All types of coastal ecosystems in the study region are considered to be sensitive to climate change
effects, whether tide-dependent or otherwise. Dune and near-coastal communities are considered to
be sensitive to fire and would be adversely affected by bushfire or control burning. Dune vegetation is
sensitive to increased aridity, and could result in the destabilisation of dunes that would, in turn, have
further impacts on vegetation. The tide-dependent ecosystems, mangroves and saltmarshes, are
highly sensitive to relative water levels and will be affected by sea level rise. For these communities to
adapt, higher ground landward of them will need to be reserved to allow for migration. Failure to allow
for this will first cause the progressive loss of saltmarshes as they are squeezed between natural and
built barriers and encroaching mangroves, that colonise quickly. Weeds are not expected to be a
major issue, as these communities thrive in harsh, saline environments. However, the key short-term
climate stress for mangroves is likely to be heat waves as they cease photosynthesis when leaf
temperatures reach 38-40 degrees Celsius.
The coastal strip along the foreshore of the Central Local Government Region extends approximately
700 km and is a drawcard for tourists and fishers as well as supporting diverse and significant
ecosystem functions. The shoreline includes high energy cliff coasts with pocket beaches, low energy
Gulf shorelines of low cliffs, narrow beaches and extensive salt marsh and mangrove intertidal and
supra-tidal plains (Department of Environment and Heritage 2007). There are three areas of
significance identified in the Northern and Yorke Natural Resource Management Plan: the saltmarsh
coast of the Gulf of St Vincent from Light River Delta to Price; the saltmarsh coast of the Spencer Gulf
from Jarrold Point to Winninowie CP; and the dune coast of western Yorke Peninsula from Cape
Elizabeth to Point Turton. These areas have “a high degree of connectivity and may provide northsouth corridors in the event of climate change” (Northern and Yorke Natural Resource Management
Board 2009).
The coastline of the region provides important habits for roosting, nesting and feeding for over 60,000
individual coastal waterbirds representing 120 species – both visiting and resident (Department of
Environment and Heritage 2007).
Mangrove and saltmarsh communities provide important habitats for native coastal fauna. The
nationally and state vulnerable bead samphire (Halosarcia flabelliformis) is found in the region as is
half of the state’s mangrove forests (Department of Environment and Heritage 2007). Mudflats provide
a feeding ground for birds and habitat for a vast array of invertebrates (Department of Environment
and Heritage 2007). Four coastal wetlands in the region are listed as of national significance in the
Yorke and Mid-North region – Point Davenport, Clinton, Northern Spencer Gulf and Wills Creek. Four
of the floristic communities are highly endemic to the region and somewhat rare (Department of
Environment and Heritage 2007).
There are 17 estuaries in the study region (Department of Environment and Heritage 2007) that each
provide habitat for nationally and state protected shorebirds (including the saltmashes of the Gulf of
St. Vincent and Spencer Gulf, Price Saltfields, Clinton Conservation Park and the dune coasts of
Yorke Peninsula from Cape Elizabeth to Point Turton). These areas have high north-south
connectivity that may provide latitudinal corridors for climate change migrations (Regional
Development Australia Yorke and Mid-North 2010). Although all but two of these estuaries are
included in the Directory of Important Wetlands in Australia, most of them have been modified either
moderately or extensively (Department of Environment and Heritage 2007). Modification of estuarine
areas in the region has occurred over many years to support human settlement (housing,
transportation of goods, provision of services, waste water disposal) and economic development
(industry, mining, tourism, fishing) and to provide recreational opportunities (fishing, boating, beach
shacks).
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Within the scope of this assessment, the key climate stress for mangroves is likely to be heat waves.
Mangroves can tolerate high salinities and can migrate relatively quickly, however, they will cease
photosynthesis when leaf temperatures reach 38-40 degrees Celsius (Gilliam and Urban 2008) and
therefore are likely to be negatively affected by higher average temperatures and more days over 40
degrees. Saltmarshes are widely distributed in the study area, and are exposed to wide ranges of
temperature and rainfall, but are relatively slow colonisers and are susceptible to migratory
competition from mangroves. Species shifts may be observed in saltmarshes. Because of the harsh,
saline climates in which these ecosystems thrive, weeds are unlikely to be a major threat, and will
probably be limited to the edges of saltmarsh communities.
The highly sandy soils of the region are particularly susceptible to erosion along the coast where wind,
wave, tidal and water forces are all present. Exposure or disturbance of these soils from clearing,
stock grazing, tillage and / or trampling from humans, stock or vehicles accessing the coast all
increase vulnerability to erosion (Northern and Yorke Natural Resource Management Board 2009).
Sections of the coast between Light River delta and Wills Creek, Pt Davis River to Fisherman Creek
and the mangrove forests between Mambray Creek and Blanche Harbour are at risk from acid
sulphate soils if disturbed (Regional Development Australia Yorke and Mid-North 2010). However,
rising seawater and coastal groundwater should provide added security against these soils turning
from sulfidic to sulphuric with exposure to oxygen. Other threats to the coastal zone include the
discharge of wastewater and pollutants, illegal dumping of rubbish, off-road vehicles, regional
development and use of pesticides and herbicides to control pests (Department of Environment and
Heritage 2007).
Inflows of water from surface and groundwater systems into the coastal zone are critical and changes
to the volume and or quality of these flows have significant impacts on the integrity of the coast and
dependant biota including salt marshes, mangroves and sea grass communities. Management of
erosion, nutrients and flow rates during high rainfall events are all important for these areas as they
are further up the catchment (Northern and Yorke Natural Resource Management Board 2009).
Nearly half of South Australia’s coast is sandy beaches and half of these are backed by soft sediment
plains rather than bedrock and therefore have significant potential for shoreline recession”
(Department of Climate Change 2009). Increases in sea level as a result of climate change will likely
increase erosion along exposed coastlines, because of changes in ocean dynamics, including the
magnitude and angle of incidence of waves along the shore and the littoral drift rate. Not only is
erosion along the shore expected to increase, but “in the absence of other factors and assuming no
change in wind and wave condition, a sandy coast adjusts to increased sea level by maintaining nearshore depth from erosion of sediments behind the beach. Typically a sandy coast will erode a
distance equal to 50-100 times the amount of sea level rise” (Department of Environment and
Heritage 2005). Changes in storminess also have the capacity to increase erosion of the coastal zone
as significant swell events increase in height. When combined with a sea level rise, storm take from
dunes could be expected to double (Department of Environment and Heritage 2005). Coastal erosion
has the capacity to severely affect the tourist potential of a coastline unless expensive sand
management procedures are put in place although this is unlikely to become a problem in the shortterm.
The South Australian Coast Protection Board Policy stipulates that the effect of a 1.0 m sea level rise
by 2100 as a result of global warming should be considered (Coast Protection Board 1991), a figure
that is included in all council provisions for development plans (Department of Environment and
Heritage 2005). There is no explicit setback for habitat retreat, but the SA Planning Strategy and
associated documents such as the Yorke Peninsula Regional Land Use Framework (2007) includes
principles to “provide buffer areas of sufficient width to separate new development from the foreshore
and sensitive coastal features, accommodating long-term physical coastal processes.”
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In the short-term, increased incidence and duration of heat waves are expected to be the greatest
threat to mangroves. In the longer term, the increased impact of rising sea levels will become more
apparent, predominantly as these ecosystems attempt to migrate to higher land in response to this
change. In many areas, either natural or constructed barriers will prevent this migration and
saltmarshes, followed by mangroves, will be progressively lost, unless action is taken to remove these
barriers or create refuges with controlled tidal flows/water levels.
9.7

MARINE ECOSYSTEMS

The Spencer and St. Vincent Gulfs are already warm and more saline than the open ocean and so are
likely to be particularly vulnerable to increases in temperature and salinity. Many species are already
at the limit of their temperature tolerance (e.g. many large brown algae) and so could move
southwards, leading to large shifts species range and abundance that will have impacts on
commercial fishing and aquaculture and the temperate reefs in the area. Decreasing pH in the oceans
is also likely to have a significant impact in the future.
There are three distinct marine bioregions abutting the study region (Figure 42). The North Spencer
Gulf is a “saline, inverse estuary that experiences seasonal extremes in temperature, high evaporation
and relatively poor mixing”. The Spencer Gulf is “semi-sheltered system, with warm temperate waters
from North Spencer Gulf mixing with the water to cool seawater influx form the Southern Ocean”. And
the Gulf of St. Vincent is a “confined, inverse estuary extending to Kangaroo island and the Southern
Fleurieu Peninsula” (Regional Development Australia Yorke and Mid-North 2010).
South Australia’s marine habitats support more than 6000 invertebrate species, 1200 plant species
(including 22 sea grasses), 350 fish species, 33 mammal species and 16 breeding seabird species. Of
these, approximately 85-90% are unique to the state. Economically important fish that inhabit the
coastal waters of the region include the King George Whiting (Sillagnodes punctata), southern sea
garfish (Hyporhamphus melanochir) and yellow-eyed mullet (Aldrichetta forsteri). Other native species
including the congollis Pseudaphritis urvillii, the small mouthed hardyhead (Atherinosoma microstoma)
and the blue spot goby (Pseudogobius olorum) have also been recorded in the area (Department of
Environment and Heritage 2007).
Seagrass meadows are abundant in Spencer Gulf and Gulf St Vincent and provide habitat for many
species including marine invertebrates and the King George Whiting. However, seagrasses are under
pressure from high nutrient runoff and industrial pollutants.
There are currently five marine parks adjacent to the Central and Mid-North sub-regions and
management plans for these is currently under development with involvement from the aquaculture
industry (Department for Transport Energy and Infrastructure 2010).
Species that are reliant on inputs from freshwater flow (e.g. the anadromous congollis sp.) will be
highly sensitive to changes in rainfall and stream flow into estuaries.
Steffen et al (2009) identified a number of potential impacts of climate change on the marine
environment, including:

Increased water temperatures, which may lead to changes in the life history traits of marine
organisms (growth rates, time to maturity etc.), and which, in the longer term, may favour warmer
species assemblages

Increasing ocean acidity (as a result of increase in carbon dioxide in the atmosphere) and
resulting decrease in the availability of carbonate ions will effect invertebrates that build calcium
carbonate skeletons

Changed circulation patterns, that will lead to shifts in location and extent of productivity zones,
and modify the distribution and productivity of marine ecosystems
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Figure 42: Map of the Central Local Government Region of South Australia marine bioregions.
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9.8

PEST PLANTS AND ANIMALS

Climate change will alter the risks posed by weed species in the region. The spread and proliferation
of weeds will be significantly affected by other climate change effects on ecosystems, such as
changes in fire regimes, and changes in disturbance levels.
A plant or animal pest can be defined as one that exhibits adverse impacts on the environment,
economy, primary production or the community including stock injuries and death, loss of biodiversity
and ecosystem functioning, loss of soil because of ground cover changes, fouling of water courses
and human health issues including disease. There are many pest plants and animals that have been
either introduced into the region or are native to the area but have benefited from human modification
to the environment (Northern and Yorke Natural Resource Management Board 2009). An extensive
list of pest plants and animals has been identified by the Northern and Yorke Natural Resource
Management Board and are listed along with a risk assessment ranking in the Northern and Yorke
Regional NRM Plan 2009. Species include feral pigs, goats, hares, cats, starlings, trout, snails,
honeybees and an extensive list of weeds (Northern and Yorke Natural Resource Management Board
2009).
The significant number of weed species in the region present a threat to the native resident fauna and
flora. Weeds compete for water, sunlight and nutrients, prevent recruitment of natives and alter fuel
loads for fire. Major weeds in the area include olives (Olea europaea), bridal creeper (Asparagus
asparagoides) and boxthorn (Lycium ferocissimum) (Northern and Yorke Natural Resource
Management Board 2009). Problem animals in the region prey on native animals, compete with
natives for resources, alter the ecosystem by grazing and spread weed seeds. Most problem animals
were introduced by early settlers and their control is difficult because of the inter-relationships
between them and the native species (Northern and Yorke Natural Resource Management Board
2009).
Changes to the climate are likely to affect pests in a variety of ways, in many cases unpredictably.
Some species will benefit from the changes and expand in range or seasonal distribution while others
will be disadvantaged and will be out-competed in their current extent. Some species that are
currently not considered a pest will be spurred to more aggressive habits and become a problem, and
other pests that are currently not even found in the region are likely to invade as conditions change.
In the moderate rainfall cropping zone of the Northern and Yorke region, there are many weeds for
which the climatic suitability will diminish in the future. However, the relative competitiveness of crops
and native vegetation in this zone may also be reduced due to increasing moisture stress. A clear
challenge will be to identify suitable control techniques to capitalise on the reduced climatic suitability
faced by some weeds in the future. For example, the timing of herbicide applications may need to be
adjusted to track those periods of the year when the weed is actively growing (Kriticos, Crossman et
al. 2010).
Other climate change effects on ecosystems may also interact with the ability for weeds to spread and
proliferate. For example, changed fire frequency and intensity may selectively advantage some grassy
weed species, or an increase in disturbance through extreme weather events may lead to increased
opportunities for primary successional weed species (Kriticos, Crossman et al. 2010). These
interactions were considered as part of the vulnerability assessment for vegetation communities.
Weeds were considered to be a secondary exposure risk for vegetation communities.
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9.9

FIRE IN THE ECOSYSTEM

Sclerophyll dominated vegetation types, such as the eucalypt forests and woodlands of the region, will
be significantly impacted by increased frequency and intensity of the fire regime, including managed
burning for fire hazard risk mitigation.
Although fire has been an integral part of the Australian landscape for thousands of years and many
native species have evolved to survive and even thrive in a fire dominated landscape, modifications to
the environment through direct human management actions (land clearance, agriculture, prescribed
burning) or indirect (introduction of pests and livestock) have altered the fire regimes developed by the
Australian Aboriginals (Northern and Yorke Natural Resource Management Board 2009).
Less frequent fires due to fire suppression, coupled with hotter and drier climatic conditions as a result
of climate change will result in more intense burns and a significant threat to many ecosystems in the
region. There are likely to be some pre-adapted components of the Australian flora that will survive, or
even benefit, if expected climate changes results in more frequent and/or more intense fires in many
Australian ecosystems. Increased risk mitigation measures, such as an increase in the frequency of
controlled burning on public lands to reduce fuel loads, will also impact on regional ecosystems.
Climate change will probably have the most significant impacts on both the fire regimes and
biodiversity of sclerophyll dominated vegetation such as the forests of south eastern Australia
(Williams, Bradstock et al. 2009). This type of vegetation is confined to the higher rainfall areas of the
Central Local Government Region. The sensitivity of these vegetation types has been considered as
part of the vulnerability assessment for vegetation communities.
Furthermore, coastal dune and cliff-top species are not adapted to fire and would not respond well to
fuel reduction burning. The risk of fire during heat waves in these vegetation communities is
significant, particularly further landward, away from the moderating influence of the sea.
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10 THE ECONOMIC CAPITAL
The economic capital in the triple bottom line assessment takes account of the physical and financial
capitals in the region. Physical capital includes assets applied in production such as equipment, plant,
machinery and buildings, infrastructure and improvements in genetic materials such as crops and
livestock. Financial capitals include access to financial resources and the variability and diversity of
income sources. Rural and regional areas tend to have a relatively narrow economic base, which can
make them less resilient to change.
10.1 ECONOMY
Table 9 below shows estimates of gross regional product (GRP) by broad and select industry sectors
for the Barossa and Yorke and Mid-North South Australian government regions, and the
corresponding state aggregate (gross state product) for South Australia as a whole. Gross state
product is a measure of the net contribution of an activity to the state economy. It represents the value
of output less the cost of goods and services used in producing the output. It is important to note that
the Barossa and Yorke and Mid-North South Australian government regions do not correspond
precisely with the Central Local Government region. There are two differences: the Barossa area here
includes Gawler (T), while Flinders Ranges (DC) is not included in either of the SA government
regions.
The industry sectors that make the largest contributions to economic production in the Central Local
Government Region are manufacturing and agriculture. The manufacturing sector accounted for $846
million (19%) of gross regional product in 2006/07, while agriculture contributed $550 million (13%).
Both industries make a relatively larger contribution to the regional economy than the South Australian
economy. The significance of manufacturing reflects the scale and importance of wine production in
the region, which contributed $429 million (10%) to GRP in 2006/07. Grape production, which is
almost exclusively for the purpose of winemaking, is concentrated in the Barossa, Clare and Gilbert
Valleys and Light council area (Department of Trade and Economic Development 2011). There are a
large number of wineries in these areas - winemaking is classified as a manufacturing activity
(Australian Bureau of Statistics 1993). Other important manufacturing activities include ‘basic nonferrous metals and products’ and ‘food products’ manufacturing. Although the manufacturing sector
made a relatively larger contribution to gross regional product than the agricultural sector in the
2006/07 financial year, the agricultural sector employed a larger share of the workforce (24%
compared to 17% for manufacturing – refer Table 9).
There are some important spatial differences in economic activity across the region. Winemaking and
viticulture are more prominent in the southern areas where wine manufacturing alone accounted for
almost one-fifth of GRP for the Barossa area in the 2006/07 financial year. Agricultural activities,
particularly grain production and sheep farming, are more significant further north in the Yorke and
Mid-North sub-regions (EconSearch 2009a).
Other significant economic sectors in the region include building and construction (6.2% of GRP in
2006/07), health and community services (5.6%) and retail trade (5.6%) (Table 9). Other major
employing sectors in the region include retail trade (13%), health and community services (9.3%),
education (7.9%) and building and construction (7.3%) (EconSearch 2009a) (Table 10). Robust
population growth in the Lower North sub-region and Copper Coast over the past decade would have
been supportive of construction activity and retail trade (Australian Bureau of Statistics 2011b).
Nonetheless, the relative size of these industries and other industry sectors are in line with, or less
than, their relative contribution to the state economy.
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Table 9: Gross state and regional product by industry for the 2006/07 financial year (EconSearch 2009a).
$ million

Agriculture, forestry and fishing
Sheep
Grains
Beef cattle
Dairy cattle
Pigs
Poultry (meat)
Poultry (eggs)
Viticulture
Vegetables
Fruit and nuts
Other agriculture
Services to agriculture
Forestry
Commercial fishing
Aquaculture
Mining
Manufacturing
Food products
Wine
Other beverages
Textiles, clothing and footwear
Sawmill and other wood products
Pulp, paper and paper products
Printing & services to printing
Publishing, recorded media, etc.
Petrochemical and other chemical
products
Non-metallic mineral products
Iron and steel
Basic non-ferrous metals and
products

Barossa
193
14
17
5
4
25
13
3
64
14
2
12
18
2
0
0
17
567
38
386
3
1
11
0
7
5

a

Yorke and
b
Mid-North
357
64
162
14
3
20
6
2
23
3
2
16
30
1
11
0
30
279
41
44
2
3
6
0
1
7

% of total
a, b

CLGR
550
78
178
19
7
45
19
5
87
17
5
29
48
3
11
0
48
846
79
429
5
4
16
0
9
11

South
Australia
2,603
320
389
163
120
105
39
12
395
257
205
120
194
61
132
90
2,224
8,815
981
1,093
151
173
351
231
370
279

Barossa
8.9
0.6
0.8
0.2
0.2
1.1
0.6
0.1
3.0
0.7
0.1
0.6
0.8
0.1
0.0
0.0
0.8
26.3
1.8
17.9
0.1
0.0
0.5
0.0
0.3
0.2

a

Yorke and
b
Mid-North
16.2
2.9
7.3
0.6
0.1
0.9
0.3
0.1
1.0
0.1
0.1
0.7
1.4
0.0
0.5
0.0
1.4
12.7
1.8
2.0
0.1
0.1
0.3
0.0
0.1
0.3

a, b

CLGR
12.6
1.8
4.1
0.4
0.2
1.0
0.4
0.1
2.0
0.4
0.1
0.7
1.1
0.1
0.3
0.0
1.1
19.4
1.8
9.9
0.1
0.1
0.4
0.0
0.2
0.3

South
Australia
3.8
0.5
0.6
0.2
0.2
0.2
0.1
0.0
0.6
0.4
0.3
0.2
0.3
0.1
0.2
0.1
3.3
12.9
1.4
1.6
0.2
0.3
0.5
0.3
0.5
0.4

19
30
6

28
8
13

46
38
19

840
338
572

0.9
1.4
0.3

1.3
0.4
0.6

1.1
0.9
0.4

1.2
0.5
0.8

18

94

112

259

0.8

4.3

2.6

0.4
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$ million
Barossa
11
26
6
17
124
86
105
49
84
18
41
258
108
24
93
94
28
24
1,930
225
2,155

a

Yorke and
b
Mid-North
11
14
9
49
147
72
138
64
78
24
57
239
89
50
113
150
14
34
1,987
215
2,201

% of total
a, b

CLGR
23
40
14
67
271
158
243
113
162
43
99
498
196
73
207
244
42
58
3,917
440
4,356

Metal products
Machinery and Equipment
Other Manufacturing
Electricity, gas and water
Building and construction
Wholesale trade
Retail trade
Accommodation, cafes & restaurants
Transport and storage
Communication services
Finance and insurance
Ownership of dwellings
Property and business services
Public administration and defence
Education
Health and community services
Cultural and recreational services
Personal services
Intermediate total
c
Net taxes in final demand
Total
Note:
a Includes Gawler (T)
b Does not include Flinders Ranges (DC)
c Includes net taxes paid by households and other components of final demand.
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South
Australia
517
2,335
326
1,884
4,432
2,765
3,829
1,476
3,270
1,467
3,993
6,074
6,533
2,417
3,144
4,974
1,039
1,547
62,485
5,842
68,327

Barossa
0.5
1.2
0.3
0.8
5.8
4.0
4.9
2.3
3.9
0.9
1.9
12.0
5.0
1.1
4.3
4.3
1.3
1.1
89.6
10.4
100.0

a

Yorke and
b
Mid-North
0.5
0.6
0.4
2.2
6.7
3.3
6.2
2.9
3.6
1.1
2.6
10.9
4.0
2.3
5.2
6.8
0.7
1.5
90.2
9.8
100.0

a, b

CLGR
0.5
0.9
0.3
1.5
6.2
3.6
5.6
2.6
3.7
1.0
2.3
11.4
4.5
1.7
4.7
5.6
1.0
1.3
89.9
10.1
100.0

South
Australia
0.8
3.4
0.5
2.8
6.5
4.0
5.6
2.2
4.8
2.1
5.8
8.9
9.6
3.5
4.6
7.3
1.5
2.3
91.5
8.5
100.0

Table 10: Full-time equivalent employment by industry for the 2006/07 financial year (EconSearch 2009a).
Sector
Agriculture, forestry and fishing
Sheep
Grains
Beef cattle
Dairy cattle
Pigs
Poultry (meat)
Poultry (eggs)
Viticulture
Vegetables
Fruit and nuts
Other agriculture
Services to agriculture
Forestry
Commercial fishing
Aquaculture
Mining
Manufacturing
Food products
Wine
Other beverages
Textiles, clothing and footwear
Sawmill and other wood products
Pulp, paper and paper products
Printing & services to printing
Publishing, recorded media, etc.
Petrochemical and other chemical products
Non-metallic mineral products
Iron and steel
Basic non-ferrous metals and products
Metal products
Machinery and Equipment
Other Manufacturing
Electricity, gas and water
Building and construction
Wholesale trade
Retail trade
Accommodation, cafes & restaurants
Transport and storage
Communication services
Finance and insurance
Ownership of dwellings
Property and business services
Public administration and defence
Education
Health and community services
Cultural and recreational services
Personal services
Total

Barossaa
No.
%
2,858
12.9
304
1.4
400
1.8
174
0.8
60
0.3
143
0.6
90
0.4
53
0.2
1,077
4.8
118
0.5
23
0.1
196
0.9
193
0.9
25
0.1
0
0.0
0
0.0
109
0.5
5,210
23.5
473
2.1
3018
13.6
22
0.1
15
0.1
170
0.8
4
0.0
90
0.4
57
0.3
194
0.9
344
1.5
58
0.3
152
0.7
152
0.7
356
1.6
106
0.5
77
0.3
1,656
7.5
1,128
5.1
2,716
12.2
961
4.3
1,014
4.6
148
0.7
300
1.4
0
0.0
1,188
5.3
465
2.1
1,743
7.8
1,758
7.9
347
1.6
538
2.4
22,218 100.0

Yorke and Lower Northb
No.
%
6,689
24.4
1,418
5.2
3,523
12.8
389
1.4
41
0.1
116
0.4
42
0.2
39
0.1
411
1.5
22
0.1
24
0.1
110
0.4
333
1.2
15
0.1
199
0.7
8
0.0
187
0.7
2,996
10.9
548
2.0
352
1.3
17
0.1
43
0.2
93
0.3
0
0.0
18
0.1
85
0.3
275
1.0
105
0.4
130
0.5
843
3.1
159
0.6
182
0.7
145
0.5
220
0.8
1,991
7.3
986
3.6
3,644
13.3
1,302
4.7
898
3.3
201
0.7
441
1.6
0
0.0
986
3.6
991
3.6
2,195
8.0
2,842
10.4
185
0.7
699
2.5
27,453
100.0
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CLGRa,b
No.
%
9,560
19.2
1,722
3.5
3,923
7.9
563
1.1
101
0.2
259
0.5
133
0.3
92
0.2
1,488
3.0
140
0.3
47
0.1
307
0.6
526
1.1
40
0.1
199
0.4
8
0.0
296
0.6
8,229
16.5
1021
2.1
3371
6.8
39
0.1
58
0.1
263
0.5
4
0.0
108
0.2
142
0.3
470
0.9
449
0.9
188
0.4
995
2.0
310
0.6
538
1.1
251
0.5
297
0.6
3,655
7.3
2,119
4.3
6,373
12.8
2,268
4.6
1,917
3.9
350
0.7
743
1.5
0
0.0
2,180
4.4
1,458
2.9
3,946
7.9
4,608
9.3
533
1.1
1,239
2.5
49,771 100.0

Note on Table 10 :

a Includes Gawler (T)
b Does not include Flinders Ranges (DC)
c Includes net taxes paid by households and other components of final demand.

Box 2: Carbon pricing
Pricing carbon emissions is considered a fundamental element of the policy response to tackling
climate change (Stern 2006). The rationale for carbon pricing is to ensure that the environmental costs
of carbon emissions are reflected in the prices of goods to the extent their production gives rise to
carbon emissions. Carbon pricing can be achieved through taxation, carbon permit trading and/or
regulation.
Modelling for Australia indicates that the overall economic effect of placing a price on carbon
emissions would be to bring about a structural shift in the economy from emission-intensive
production, technologies and processes towards low-emission production, technologies and
processes. The overall aggregate economic costs of mitigation are estimated to be relatively small.
Previous Australian Treasury (2008) modelling found that between 2010 and 2050, Australia’s real
Gross National Product per capita would grow at an annual average rate of 1.1% per annum under
policy scenarios designed to stabilise greenhouse gas emissions at between 450 ppm and 550 ppm
by 2100, compared to 1.2% per annum in a reference scenario in which no new climate change
policies are introduced.
There has been a recent ongoing attempt to introduce a carbon pricing mechanism in Australia. The
Rudd Labour Government proposed the Carbon Pollution Reduction Scheme (CPRS) – a cap-andtrade emissions trading scheme that was rejected by the Australian Parliament twice in 2009 and
eventually deferred in early 2010 (Department of Climate Change and Energy Efficiency 2011). In
September 2010, the federal Gillard Labour Government announced the formation of a Multi-Party
Climate Change Committee (MPCCC) to explore options for the implementation of a carbon price. A
framework paper that outlines the broad architecture for a carbon price mechanism as discussed by
members of the MPCCC was released on 24 February 2011.
The broad architecture of the carbon price mechanism involves commencement with a fixed price
before converting to a cap-and-trade emissions trading scheme (Multi-Party Climate Change
Committee 2011). Broad design elements of the mechanism include:
- A start date as early as 1 July 2012, subject to the legislation negotiated and passed by both houses
of parliament;
- An initial fixed price set by the issuance of fixed price units within an emissions trading scheme. The
fixed price period would last between 3 and 5 years, and the price would increase annually at a predetermined rate;
- Clear transition arrangements for the conversion of the scheme to a flexible price cap-and-trade
emissions trading scheme. An option to defer the decision to convert to a flexible pricing arrangement
at some fixed time period before the end of the fixed price phase may be included. The decision on
whether to defer the transition to a flexible price scheme may take into account a number of factors
including, among other things: the state of the international carbon market, developments in key
competitor economies with respect to carbon pricing, developments in Australia’s internationally
agreed carbon reduction targets and progress towards meeting them, and potential impacts on the
Australian economy.
The details of the Australian Government’s carbon pricing mechanism under the ‘Clean Energy
Futures’ package were announced on 10 July 2011. Approximately 500 of the nation’s biggest
greenhouse gas emitters will be required to surrender a permit for every tonne of carbon emissions
they produce starting 1 July 2012. Permits will be applied as a tax on carbon emissions over the first 3
years of the scheme, before transitioning to an emissions trading scheme in 2015. A starting carbon
price of $23 a tonne has been set, rising by 2.5 per cent per year in real terms until the scheme moves
to an emission trading scheme from 1 July 2015, with the price then being determined by the market
(Australian Government 2011).
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The value of exports in the 2006/07 financial year for the Barossa and Yorke and Mid-North South
Australian Government Regions is shown in Table 11 below. The Barossa South Australian
Government Region (SAGR) is equivalent to the Lower North sub-region plus Gawler (T), while the
Yorke and Mid-North SAGR is equivalent to the Mid-North, Yorke Peninsula and Southern Flinders
sub-regions excluding Flinders Ranges (DC). The data refer to exports made to customers located
elsewhere in South Australia as well as interstate and overseas. As the data includes inter-regional
trade, they cannot be summed to produce an estimate of exports for the region as a whole as that
would lead to double counting.
In the 2006/07 financial year the value of total exports was $1.8 billion for the Barossa SAGR and $1.6
billion for the Yorke and Mid-North SAGR (EconSearch 2009b). The largest contribution to export
income for the two regions in the 2006/07 financial year came from the manufacturing sector - 72% of
the total value of exports from the Barossa SAGR and 43% of the value of exports from the Yorke and
Mid-North SAGR. The relatively high share of manufacture exports for the Barossa SAGR reflects the
significance of wine manufacturing as wine exports were responsible for 57% of the total value of
exports from the Barossa SAGR. In comparison, wine exports account for only 6.3% of the value of
exports from the Yorke and Mid-North SAGR. For the Yorke and Mid-North SAGR, basic non-ferrous
metals and products (26%) made the single largest contribution to the total value of exports
(EconSearch 2009b).
Agriculture represents another major source of export income for the region: 26% for the Yorke and
Mid-North SAGR and 7.3% for the Barossa SAGR in the 2006/07 financial year. Key agricultural
exports for the Yorke and Mid-North SAGR include grains ($216 million), sheep ($103 million), pigs
($30 million) and commercial fishing ($18 million). Leading agricultural exports for the Barossa SAGR
include pigs ($37 million), poultry meat ($20 million) and vegetables ($18 million) (EconSearch
2009b).
Tourism is the other major source of export income for the region. It is estimated that expenditure by
tourists contributed $193 million (12%) to the export income for the Barossa SAGR and $278 million
(20 per cent) to the Yorke and Mid-North SAGR in the 2006/07 financial year.
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Table 11: Value of exports by industry for the Barossa Local Government Area and the Yorke and Mid-North
South Australian Government Regions (EconSearch 2009b).
a

Barossa
$m
Agriculture, forestry and fishing
Mining
Manufacturing
Electricity, gas and water
Building and construction
Wholesale trade
Retail trade
Accommodation, cafes & restaurants
Transport and storage
Communication services
Finance and insurance
Ownership of dwellings
Property and business services
Public administration and defence
Education
Health and community services
Cultural and recreational services
Personal services
Total intermediate
c
Net taxes in final demand
Re-exports
Total Exports
Note:

Yorke and Mid-North
%

129
20
1,265
5
9
8
35
25
57
6
5
7
37
0
0
0
8
0
1,616
35
108
1,759

$m
7.3
1.2
71.9
0.3
0.5
0.4
2.0
1.4
3.2
0.3
0.3
0.4
2.1
0.0
0.0
0.0
0.5
0.0
91.9
2.0
6.1
100.0

b

%
431
38
711
18
13
12
47
56
48
8
9
15
46
0
6
8
10
0
1,475
45
117
1,638

26.3
2.3
43.4
1.1
0.8
0.7
2.9
3.4
2.9
0.5
0.6
0.9
2.8
0.0
0.4
0.5
0.6
0.0
90.1
2.8
7.2
100.0

a Includes Gawler (T).
b Does not include Flinders Ranges (DC)
c Taxes less subsidies on products and production paid by tourists and other exporters.

10.2 BUSINESS DIVERSITY AND SIZE
The study region’s relatively greater dependence on primary activities such as broadacre cropping,
viticulture and livestock is significant since it is primary activities such as these that are generally
identified as being most directly vulnerable to the impacts of climate change. Adverse effects on these
sectors will tend to flow on to other sectors of the regional economy.
The top ten industry sectors in the region in terms of number of businesses are (from largest):
agriculture, property and business services, construction, retail trade, transport and storage,
wholesale trade, manufacturing, health and community services, accommodation, finance and
insurance (Figure 43) (Australian Bureau of Statistics 2007). Turnover for businesses across the
region is low compared to the state.
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Figure 43: Businesses in the region by percentage, turnover and number of employees for the Central Local
Government Region of South Australia compared to the state for years noted in the key (Source: Australian
Bureau of Statistics 2007; Source: Australian Bureau of Statistics 2011a).

Business and industry sectors that have been identified for future expansion in the region include
(Regional Development Australia Yorke and Mid-North 2010):
 Value-added agriculture;
 Knowledge intensive industries;
 Renewable energy and alternative water sources;
 Service industries (including mining);
 Manufacturing;
 Building and construction;
 Aquaculture and
 Intensive livestock.
A number of businesses in the region representing these industry sectors have been involved in the
Industry Sustainability Initiative, a joint initiative of the then Yorke Regional Development Board
(YRDB), Mid-North Regional Development Board (MNRDB), Southern Flinders Ranges
Development Board (SFRDB), Department of Trade and Economic Development (DTED),
and the Central Local Government Region of South Australia, to improve the uptake of
sustainable business practices throughout the Yorke and Mid-North regions. The program runs
Climate Change and Sustainability workshops across the region and generates Climate Change and
Implications Assessments for medium to small businesses as one of its milestones and participants
develop environmental action plans for their businesses (Industry Sustainability Initiative 2009). In
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recent workshops a number of key recommendations were made, each of which was considered in
the development of this report.
Like most regional and rural economies, the Central Local Government Region and its sub regional
economies are characteristically less diverse compared to large metropolitan and urban economies.
The CLGR economy is highly geared towards agriculture and manufacturing industries, particularly
broad acre cropping, viticulture and livestock. This relative dependence on a narrow range of
economic activities is an important feature since a diversified economic base is considered to be an
important factor that contributes to the economic resilience of a regional economy (Christopherson,
Michie et al. 2010). A diverse economic base reduces the vulnerability of the broader economy to
external shocks that affect only one industry. A diverse economic base may also increase
opportunities for innovation and contribute to economic resilience, although there is debate within the
literature over whether it is a more diverse or more specialised agglomeration that is more conducive
to innovation (Todtling and Trippl 2005).
10.3 AGRICULTURE
Agriculture is one of the largest industries in the region - it accounted for over 40% of all businesses in
mid-2007 (Australian Bureau of Statistics 2007) and in the 2006/07 financial year contributed close to
$1.2 billion or 13% of the Gross Regional Product (GRP) (Table 12). The industry represents a
significant proportion of the economy and includes broad acre farming, intensive livestock, feed lots,
horticulture (olives, vegetables etc.) and viticulture (for table grapes and wine) (Figure 44) (Regional
Development Australia Yorke and Mid-North 2010).
The gross value of production for the agriculture sector in the region was approximately $1.2 billion in
the 2005/06 financial year, and the region accounted for 27% of the gross value of agricultural
production for South Australia (Australian Bureau of Statistics 2008). It is important to note that gross
value of production is not consistent with the concept of gross regional product mentioned above. The
gross value of agricultural production represents the gross revenue of goods and services produced
(i.e. the value placed on recorded production at the wholesale prices realised in the market), whereas
gross regional product represents a measure of the net contribution of an activity to the regional
economy. Gross regional product represents a measure of output less the costs of goods and
services used in producing the output. The sector employed 9,560 people on a full-time equivalent
basis in the 2006/07 financial year, which is equivalent to 19% of the jobs in the region (EconSearch
2009a).
Individual crop area and production are reported by Primary Industries South Australia in Crop
Performance Reports monthly and annually. The reporting areas align to the study area regions of
Yorke Peninsula, Lower North, Mid-North and Southern Flinders (Figure 4). Data is also collected by
the Australian Bureau of Statistics (ABS) in various census and surveys and the Australian Bureau of
Agricultural and Resource Economics (ABARE). ABS Census data on agricultural production
(summarised in Table 12 for the year ending 30 June 2006) shows total areas of production, livestock
counts and gross values for each commodity (Australian Bureau of Statistics 2011a). Values for
grapes and wine are not included in this data set (the majority of grapes grown in the region are for
the purposes of winemaking which is treated as a manufacturing activity).
Yorke Peninsula produces the highest gross return from agriculture in the region (Figure 45) from
wheat, barley, lentils, sheep and lambs for slaughter, field peas and hay. The top ten income gross
earners across the region are similarly placed as: wheat, barley, livestock for slaughter (pigs, chickens
both grown intensively), grapes for wine, sheep and lambs slaughtered, hay, wool shorn, field peas,
lentils, cattle and calves slaughtered and canola. It has been identified that there is considerable
opportunity for value adding to some of these commodities including legumes, pulses, grains, oil
seeds, seafood, livestock and poultry (Regional Development Australia Yorke and Mid-North 2010).
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Figure 44: Map of the Central Local Government Region of South Australia agricultural land use (2011).

- Page 127 of 336-

Table 12: Agricultural production for the Central Local Government Region of South Australia 2006 (Source:
PIRSA 2010; Australian Bureau of Statistics 2011a).

Regional Agriculture Production
AGRICULTURAL COMMODITIES
Total area (ha)
Area of holding
Cereals for grain
Vegetables for human consumption
Orchard trees (including nuts)
All fruit (excluding grapes)
Non-cereal broadacre crops

8 401 363.9
1 185 086.1
1 086.2
910.7
920.8
278 795.0

Total number (count)
Sheep and lambs
Milk cattle (excluding house cows)
Meat cattle
Pigs

3 006 924.0
7 847.0
107 926.0
175 452.0

GROSS VALUE OF AGRICULTURAL PRODUCTION ($m)
Gross value of crops
881.4
Gross value of livestock slaughterings
235.8
Gross value of livestock products
81.0
Total gross value of agricultural production
1 198.3

In addition to the top income earners (Figure 46), there is a wide range of other agricultural produce
grown in the region including a range of vegetables and fruits valued at $72.48 million dollars in gross
agricultural production to the region in the 2005/06 financial year (Figure 47). Each of these
commodities is examined in more detail below.
Gross value of agricultural production in the region
($AU)

Total Agricultural Production Value ($AU)
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Figure 45: Gross value of agricultural production for each local government area in the Central Local
Government Region of South Australia for the year ending 30 June 2006 in Australian dollars (Source: PIRSA
2010; Australian Bureau of Statistics 2011a).(Source: Australian Bureau of Statistics 2008)
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Figure 46: Gross value of agricultural production for the top twelve commodities produced in the Central
Local Government Region of South Australia for the year ending 30 June 2006 in Australian dollars (Source:
PIRSA 2010; Australian Bureau of Statistics 2011a).
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Figure 47: Gross value of agricultural production for each of the remaining commodities produced in the
Central Local Government Region of South Australia for the year ending 30 June 2006 in Australian dollars
(Source: PIRSA 2010; Australian Bureau of Statistics 2011a).

The regions’ agricultural production is driven primarily by rainfall and temperature. Changes to the
long term climate and the frequency and severity of extreme events, will shift the suitable growing
locations for some industries, impact pasture and fodder crops, animal health and reproduction,
reduce water availability and increase water demand. The sustainability of land will be compromised
and there will be changes to the growth rate and habit of plants under higher carbon dioxide
concentrations. An increase in woody weeds and changes to the quality and quantity of produce are
also likely. There will also be changes in the incidence of pests and diseases and changes in
pasture/produce nutrition. Impacts vary from region to region and from one sector to another. There
will be benefits for some industries while others will be disadvantaged, all will need to adapt.
Exceptional drought conditions across many areas of southern Australia over the past decade have
increased evaporation rates, dehydrated soils and increased heat stress on crops, animals and
vegetation (National Agriculture and Climate Change Action Plan 2008). Historically Australian
farmers have dealt well with variability in the climate, particularly rainfall and are among the most
efficient in the world. However, shifts in the climate as a result of increased greenhouse gases in the
atmosphere create conditions that do not represent those that have been witnessed in the past and
increase the variability and uncertainty beyond farmer experience (National Agriculture and Climate
Change Action Plan 2008).
As the region is a major exporter of agricultural products and is influenced by world commodity prices,
it is pertinent to consider fundamental forces that may affect the industry in the future in addition to
climate change. The International Food Policy Research Institute (Nelson, Rosengrant et al. 2010)
estimates that real agricultural world prices will probably increase between now and 2050 in response
to growing incomes and population, and the negative productivity effects of climate change associated
with higher temperatures, more variable seasonal conditions and more frequent and extreme weather
events including flooding and drought. The prospect of rising food prices represents a significant
change from the 20th Century when food prices fell in relative terms throughout most of the century.
Rising real food prices have the potential to boost farm incomes and alter the mix of crops produced in
the region. However, while higher food prices may help to cushion the negative impacts of climate
change, “Australian food production would be affected more than most [by climate change], and most
Australian farmers would be battling to maintain production that would allow them to take advantage
of higher prices” (Garnaut 2011). The International Food Policy Research Institute estimates that crop
areas in Australia will decline by more than 1 million hectares between now and 2050.
The nature and pattern of agriculture will also change in response to policies designed to mitigate
climate change, particularly incentive schemes to engage in carbon sequestration activities (eg,
Carbon Farming Initiative) combined with carbon pricing (Garnaut 2011). It is likely that “Australian
farming in future will involve a complex optimisation of income from conventional sales of farm
produce (probably at high prices than anticipated in the past) and from credits from ecosystem
services, including carbon and biodiversity, within a wider range of constraints on water use and on
carbon emissions” (Garnaut 2011).
The vulnerability assessment for agriculture will focus on the likely changes by the year 2030 and
includes modelling for this time period.
10.3.1 Broad acre grain crops – wheat, barley, oats, canola, peas, beans and lentils
Cereal production is the most valuable commodity produced in the Central Local Government region.
Cereals are extremely rainfall dependant. A 15% reduction in growing season rainfall (max projection
by 2030) will lead to a reduction in yields of a similar magnitude in the absence of adaptation options.
A warming and drying trend is likely to challenge the viability of grain production in the northern
regions. In these areas transformational changes may be necessary.
Broad acre grain cropping is one of the dominant economic activities in the region and covers over
1.185 million ha of land in the Central Local Government Region (Australian Bureau of Statistics
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2008). Broad acre crop production is most prevalent in the Yorke Peninsula and north through the
centre of the region, from Wakefield (DC) across to Northern Areas (DC) and Goyder (DC).
The top six broad acre grain crops in the region (wheat, barley, canola, field beans and peas and
lentils) were together worth approximately $670 million in gross terms in the 2005/06 financial year.
The cereal crops of wheat and barley are particularly important crops for the Central Local
Government region. Wheat production alone accounted for 29% of the gross value of agricultural
production for the region in the 2005/06 financial year, while barely for grain production was
responsible for a further 18% of the gross value of agricultural production (Australian Bureau of
Statistics, 2008).
Cereal crops in the central local government region are rainfall dependent and consequently exhibit
significant variation in production activity from year to year depending on rainfall distribution and
amount. Goyder’s line is a transect drawn by Goyder in 1860s to indicate the boundary north of which
cropping is not considered viable due to limited rainfall (Figure 48). Opportunistic cropping north of the
line has been undertaken since colonisation, however, opportunities for cropping may become
increasingly rare with climate change impacts.
Many locations in the Central Local Government region are also susceptible to frost damage and
spring heat events such as the one experienced on 12 October 2004 and November 2009. Clearly
projections of warming and drying are of concern to grain growers in the region. The low rainfall years
and extreme heat events in the last decade have highlighted vulnerabilities to the cropping industry. At
the same time there has been a substantial level of farm adaptation. The most certain aspect of
climate change is the increase in carbon dioxide. Increased carbon dioxide concentrations would be
expected to increase wheat growth rates and water use efficiency (Gifford 2004). While there is
reasonably high confidence of the benefits of increased carbon dioxide concentration on plant growth
in water limited environments, it is important to note that production of weeds and pests will also
benefit from increased carbon dioxide thus additional costs of control may be encountered. It is also
important to note that where nutrients are limiting to plant growth that there will be little benefit of
increased carbon dioxide concentration.

Figure 48: The study area showing Goyders’ line (Source: Reyenga, Howden et al. 2001).

We have used APSIM (Agricultural Production Simulator, a complex yield prediction model that
incorporates soil type, daily rainfall, temperature, soil nutrients, and carbon dioxide levels to simulate
cereal crop growth on a daily time step) to determine the impacts of climate change to crop yields in
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the central local government region. In particular, changes to rainfall, temperature and atmospheric
concentrations of CO2 using a range of sensitivity approaches.
In a previous study Reyenga et al. (2001) used the APSIM crop simulation model to investigate the
potential impact of climate changes on the distribution of cropping along an environmental transect in
South Australia (similar to Goyder’s line). The effects of several different global change scenarios on
wheat yield were studied, including: (1) historical climate and CO2 levels, (2) historic climate with
elevated CO2 (700 ppm), (3) warmer climate (+ 2.4°C) and 700 ppm CO2, (4) drier climate (-15%
summer, -20% winter rainfall) + 2.4°C and 700 ppm CO2, (5) wetter climate (+ 10% summer rainfall) +
2.4°C and 700 ppm CO2 and (6) most likely climate changes (-8% annual rainfall) + 1.8°C and 700
ppm CO2. The analysis evaluated each climate change scenario and the potential change to the
viable cropping boundary (where 1 t/ha is considered the viable minimum yield). Under most
scenarios, the cropping boundary moved northwards and so opened up additional land for cropping –
up to 240,000 ha of extra land. The exception was the reduced rainfall scenario (4). Under this ‘Dry’
scenario, average yields projections declined by 10–35% and would result in the retreat of the
cropping boundary from its current position, so that Carrieton moves from marginally suitable to
unsuitable for cropping. Despite the result, the impact of this scenario was still estimated to be small
(perhaps 10,000–20,000 ha reduction in cropping area).
The series of maps shown in Figure 49 is a sensitivity analyses using APSIM to examine how wheat
yield may decline under a range of rainfall reductions alone, in the drier cropping areas of the Central
Local Government study region. Note the higher rainfall regions such as Spalding and Jamestown
were not included in this study.

Figure 49: Predicted *average wheat grain yields for historic and climate change scenarios based on
1900-2009 rainfall (*averaged across seasons and soil mapping units) (Source: Liddicoat, Hayman et al.
2010).
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It is important to recognise that there are various interactions at play when considering the results
shown in Figure 49. For example, the soil types vary across the study area and this influences the
plant available water. However, the projections show that if rainfall declined by 10% there would be an
increase in the area that yielded less than 1 t/ha and a 20% reduction in rainfall would mean that the
drier fringe and poorer soils would receive less than 1 t/ha annual average wheat yield (considered
unviable as per Reyenga et al 2001). Discussions with farmers in the Upper North Farming Systems
Group suggested that at current wheat prices and growing costs, a yield of 0.8 t/ha would break-even.
This price does not cover the fixed costs of running a farm.
We picked two representative locations from the study area to do point scale sensitivity analyses
using APSIM. Roseworthy was chosen to represent the Lower Mid-North and Yorke Peninsula subregions and Morchard was selected to represent the Southern Flinders region. In the simulation wheat
was sown in the April to end of June seeding window whenever there was 10 mm rainfall event over 3
days or less. The temperature increases input to the model ranged from 0 to 2°C above the baseline
and the rainfall changes input were a 0 to 20% decline compared to the baseline. We used 450 ppm
of carbon dioxide as the suggested emissions of CO2 for the A1F1 scenario by 2030. The rainfall,
temperature and CO2 changes are as described in Chapter 8 of this report. This approach was also
performed on pasture analyses in the next section.
In each of the result graphs (Figure 50 and Figure 51) the dark blue line represents the average yield
differences with no temperature change (only rainfall and CO2). The points on the far right hand side
show that if there were no change in rainfall and temperature then wheat yield is expected to increase
by 3% as a result of increasing CO2 concentration in the atmosphere from 350 ppm to 450 ppm. This
result reflects the “carbon dioxide fertilisation effect” and is a result of improved water use efficiency in
the plant. The remaining lines in the plot show the expected yields for each of five temperature
increases (0.4°C,0.8°C,1.2°C,1.6°C and 2°C) warmer than the baseline conditions under a range of
drying scenarios from -5 to -20% of growing season rainfall.

Figure 50: Yield simulations for a wheat crop at Roseworthy using APSIM for a typical Roseworthy soil
(Plant available water PAWC 126mm; Sandy loam over light-medium clays (Roseworthy No300)), with
70kg soil N plus 90 kg nitrogen added at sowing for six different temperature scenarios (0-2°C) and
four different rainfall changes (0-20% decrease). Climate change yields are compared to the yield with
no rain or temp changes and CO2 at 350 ppm (baseline conditions). All climate change runs are done at
CO2 levels of 450 ppm.
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Figure 51: Yield simulations for a wheat crop at Morchard using APSIM for a typical Morchard soil
(PAWC 145.5mm; Loam over clay loam over sandy clay loam (Morchard Hill No604)), with 70 kg soil
nitrogen plus 90 kg nitrogen added at sowing for six different temperature scenarios (0-2°C) and four
different rainfall changes (0-20% decrease). Climate change yields are compared to the yield with no
rain or temp changes and CO2 at 350 ppm. All climate change runs are done at CO 2 450 ppm.

Results from the point scale APSIM sensitivity analyses show that significant decreases in rainfall will
lead to problems across the region, but cropping in the far north is perhaps the most vulnerable due to
the fact that rainfall is already lower (average annual rainfall in the Morchard region 300 mm
compared to Roseworthy 450 mm). Specifically the modelling indicates wheat yields are reduced with
increased temperatures but are more sensitive to the rainfall declines (here calculated between 020%) than the temperature changes (here between 0-2°C). That is, wheat yield is expected to decline
by 3% at Roseworthy and 0% at Morchard with up to 2°C increase in temperature. However, wheat
yield declines rapidly as rainfall decreases. At Roseworthy a 5% reduction in rainfall decreases yield
by around 5% while a 20% reduction in rainfall corresponds roughly with a 20 to 25% decline in yield.
At Morchard the relationship between yield and reduced rainfall is more extreme if rainfall declines
more than 10%. For example, yield is predicted to decline by up to 30% in response to a 20%
reduction in rainfall. One of the reasons for this response is a decline in sowing opportunities because
sowing opportunities may not exist in some years if rainfall declines are high.
Another approach to testing the viability of cropping in marginal regions of the Central Local
Government study area is to use spatial analogues. This method chooses a region that has a 10%
drier climate as a proxy for a scenario of a 10% drier future. Hayman et. al., (2010) examined Orroroo
at the fringe of the grains belt, an area that is 17% drier than Booleroo. They suggest this is a useful
approach to engage producers at Booleroo to think about what their future may look like at 2030. In
discussion with cereal producers across the region (including meetings in Jamestown and Hart) it was
suggested that producers would tend to drop canola and pulse crops from their farming system and
rely on cereals and in some cases would run lower input cereal operations as is currently done in the
drier regions. Actions may also include the option to cut out opportunity crops or only crop in the
season with good starts and good stored soil moisture. The producers also suggest that there are
some advantages from a drying trend in the wettest parts of the region that currently suffer waterlogging. In the areas north of Goyder’s line though there may be the need for more transformational
changes to the enterprise. The results section of the report summarises many discussions with
producers on the impacts and adaptations to climate change. The level of adaptation would reflect the
expected level of yield decline.
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10.3.2 Livestock and pasture growth
Livestock in the region includes sheep, lambs, beef cattle, calves, dairy cattle, pigs and poultry.
Together these industries contributed $229 million or 19% to the gross value of agricultural production
for the region in the 2005/06 financial year. The gross value of sheep and lambs slaughtered was $79
million, cattle and calves slaughtered $34 million, goats slaughtered $0.3 million, while other livestock
slaughtered was valued at $116 million (Australian Bureau of Statistics 2008).
Production of livestock for meat consumption is concentrated in the mid-south and east of the Central
Local Government region. The Council areas of Light, Mallala, Wakefield and Goyder accounted for
64% of the gross value of livestock slaughtered for meat production in the 2005/06 financial year
(Australian Bureau of Statistics 2008).
Pasture growth:
By 2030 existing pasture is likely to be available on ground for less time for livestock and there is likely
to be a reduction in the quality. Pasture production is highly rainfall dependant so a 10% reduction in
rainfall roughly correlates with a 10% reduction in pasture production depending upon the level of
temperature vulnerability. In temperature limiting environments a 2oC increase in temperature may
help increase pasture growth over the cold winter months. Increased flexibility in livestock numbers
and movement is the key to successful adaptation by 2030.
Similar to cropping, pasture production (required for livestock consumption) in the Central Local
Government region is also highly rainfall dependent. The impact of higher temperatures and in
particular heatwaves is minimal on pasture but significant on livestock health. In some areas where
pasture growth is limited by frost, average temperature increases of up to 2oC help improve pasture
growth. As with broad acre cropping, increased carbon dioxide concentration is expected to increase
pasture growth.
At a series of workshops run by the South Australian Research Development Institute (SARDI) nearly
300 livestock producers were consulted with regards to the potential impacts of climate change on
livestock production. Nearly 200 of these producers were from the Central Local Government region.
From these workshops, the suggested impacts on pasture production included the risk that deep
rooted, woody plants and legumes will out-compete grasses at higher CO2 levels due to their ability to
tap deep water reserves, and increased weed competition that may alter pasture composition such
that the quantity and digestibility of available pasture would be reduced. These changes may mean
that pasture will be available for less time though the year and that there will be more variability in the
amount of pasture available from season to season. Additionally there were also many concerns
about the long term quality and quantity of water, in particular in the far north where the only water
supply is in dams and run off is needed to fill these dams.
Pasture models have been developed to determine the likely impacts of climate changes to pasture
production. The pasture production model Grass Gro (Moore, Donnelly et al. 1997) was used to
estimate likely changes in pasture growth at Booborowie in the study region Figure 52. The model
uses pasture species in the region, a selected soil from the region and rainfall and temperature from
the region. The historical period from 1995-2005 was used as a comparison for future pasture
production. This period was chosen because it was one when there was a run of late starts and dry
finishes at Booborowie and it was 3% drier than the 1970 to 1994 period. The 1995 to 2005 period
was also selected as a comparison because it is one that producers can remember had a highly
variable climate and they can relate to it in terms of the management practices they employed to deal
with the variability.
Pasture production was determined using climate change projections from four Global Circulation
Models (GCM’s) chosen as best representative for the region (see section 8.2.1). Climate change
data was downscaled using the “Weather Maker” modelling program (CSIRO 2009).
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Figure 52: Simulated (Grass Grow) pasture growth at Booborowie in the Mid-North of SA using a red
brown earth soil with a mix of paraggio medic and annual ryegrass. The bars show historical pasture
growth and the lines represent modelled projected average growth for the year 2030 using the four
selected GCM’s. Simulations were run within Grass Gro for the period 2016-2045 (for 2030) and for the
periods 1970-1994, and 1995-2005 for the baseline climate for comparison. We assumed 450 ppm
carbon dioxide for the 2030 time period.

The Grass Gro modelling suggested that by 2030 pasture will be available for a shorter period of time
and the feed will be less available in autumn but perhaps more available in summer. The UKMO
HadGEM 1 model calculated there will be more feed available in winter and spring and the NCAR
CCSM model calculated more feed available in spring compared to both historical time periods.
We performed a sensitivity analyses to examine the impact of incremental temperature and rainfall
changes on pasture growth. The SGS pasture model (Johnson, Lodge et al. 2003) was used for the
analyses, similar to that done for the wheat modelling exercise. Again we used temperature increases
from 0 to 2°C above baseline, rainfall declines of 0 to 20% from the baseline and carbon dioxide
concentration of 450 ppm in all scenarios. For this exercise we considered one representative location
from each of the four Central Local Government Region sub-regions (the Southern Flinders, MidNorth, Lower North and Yorke Peninsula) (Figure 53).
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Figure 53: Average annual pasture production at a representative location in each of the local
government sub-regions using the SGS pasture model for the baseline 1970 to 2010. Sites selected
were for the Southern Flinders (Morchard), the Mid-North (Roseworthy), the Barossa (Angaston) and
the Yorke Peninsula (Minlaton). The growth at Morchard is low due to low annual average rainfall and
frosts in winter. Growth is shown in Kg of dry matter/ha/day.

Figure 54: Pasture growth simulations using SGS pasture model for a sandy loam over clay soil at
Roseworthy. The pasture composition includes 75% early annual grass and 25% medic. Production is
a displayed as a percentage change from the baseline modelling. All future climate change runs use CO2
levels of 450 ppm.

The modelling indicates that at Roseworthy (Figure 54) pasture production will decrease by no more
than 10% with a rainfall reduction of up to 10% and temperature increase of up to 2 °C (NB: CO2
concentration was set to 450 ppm). For a 20% reduction in rainfall, pasture production at Roseworthy
is predicted to decrease by between 7 and 20% depending upon the temperature increase. The
response to increased temperature and decreased rainfall for Roseworthy were similar to that
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expected in Angaston that we used to represent the Barossa sub-region (Figure 55) and for Minlaton
that we used to represent the Yorke Peninsula region (Figure 56).

Figure 55: Pasture growth simulations using SGS pasture model for a grey-brown calcareous loamy
earthy soil at Angaston in the Barossa sub-region. The pasture composition includes 40% annual grass,
20% Austrostipa, 25% Medic- Paraggio and 15% Capeweed. Production is a displayed as a percentage
change from the baseline modelling. All future climate change runs use CO2 levels of 450 ppm.
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Figure 56: Pasture growth simulations using SGS pasture model for a calcareous loam at Minlaton in
the Yorke Peninsula sub-region. The pasture composition includes 70% annual grass, 30% MedicParaggio. Production is a displayed as a percentage change from the baseline modelling. All future
climate change runs use CO2 levels of 450 ppm.
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Figure 57: Pasture growth simulations using SGS pasture model for a brown calcareous earthy soil at
Morchard in the Southern Flinders sub-region. The pasture composition includes 75% early annual
grass and 25% medic. Production is a displayed as a percentage change from the baseline modelling.
All future climate change runs use CO2 levels of 450 ppm.

The pastures at Morchard in the far north region are affected by frosts in winter (pers. comm. Daniel
Schuupan, livestock consultant, PIRSA Rural Solutions, May 2011) and so growth is usually reduced
and slow in winter (Figure 57). Consequently the modelled pasture growth at Morchard responds quite
differently than the other three locations as higher temperatures increase growth even with relatively
high reductions in rainfall. The SGS model predicts that an average temperature rise of 2°C (with no
rainfall decline) would increase pasture growth by about 30% and for a 20% reduction in rainfall there
would be no long term change to pasture production. The modelling also shows that if there was no
temperature increase and a rainfall decline of 20 % there would be a reduction in production by up to
20%. This result indicates that the increase in temperature that we are locked into by 2030 will
enhance pasture growth even with a rainfall decline at Morchard. However this is modelled data only
and needs further research.
The results of the pasture simulations are a little different to that of the crop yield simulations. The
differences between the crop simulations and the pasture simulations is likely to be a result of the
modelled parameters between each model, including the responses to carbon dioxide increase, the
available soil nutrients and the growth cycle of each plant. It is important to note that at Roseworthy
and Morchard for both the crop simulations (Figure 50 and Figure 51) and the pasture simulations
(Figure 54 and Figure 57), although some increases in temperature will increase growth, rainfall will
be the critical limiting factor in both cases. Total dry matter from grazed pasture is more sensitive to
temperature than wheat because after it has been grazed, temperature is a major determinant of the
growth rate.
Another approach for estimating how pastures may perform under climate change is to examine a
time in history when we know that rainfall was lower and temperature was higher. The year 2005 was
between 0.5°C to 1.5°C warmer in the Central Local Government Region and rainfall was up to 100
mm less than the long-term average (Figure 58). Observed pasture growth during that time for the
sub-region was below average compared to the long-term records (Figure 59). This observation
confirms outputs from the Grass Gro and SGS modelling exercises.
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Figure 58: (left) Mean annual temperature anomaly and (right) annual rainfall anomaly across South
Australia in 2005 (Source: Bureau of Meteorology 2011).

Figure 59: Relative pasture growth across South Australia for 2005 compared to records from 19572010 (Source: Queensland Government, Department of Environment and Natural Resource
Management).

In summary, use of both the SGS and Grass Gro models suggests that pasture production is most
vulnerable to rainfall change and less vulnerable to temperature change. In cooler environments when
cold temperatures in winter limit growth, average temperature increases of up to 2°C may be a
positive influence on pasture growth. These results again highlight the need to gain as much insight
as possible into future rainfall patterns including when and where they will change. The use of
seasonal climate forecasts, in tandem with measurements of stored soil moisture pasture reserves on
ground, and the decision support tools discussed can help support producers to make tactical
decisions within the growing season. Flexibility in their enterprises will also help them to adjust to
when water is available and when it is not.
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Livestock:
Livestock for meat and products was worth $316 million to the Central Local Government Region in
the 2005/6 financial year. Temperature will have the biggest impact on livestock health and reduce
meat production and milk yields. Producers may be able to change stocking rates and lambing or
calving dates to increase production, but on high heat days there is little producers can do to reduce
livestock stress.
Livestock health was discussed with producers at the SARDI run workshops discussed above. Nearly
200 producers also discussed the impacts of climate change on direct livestock health (as well as
pasture growth discussed above). Under warmer temperatures livestock managers said they recorded
decreased productive rates, and increased mortality rate as a result of heat stress. Animals respond
to heat stress with increased body temperature, increased respiration, changed metabolic rate and
maintenance requirements, increased water intake, increased evaporative water loss, reduced feed
intake and changed blood hormone content. The result of these changes is decreased production. In
dairy cows temperatures above 27°C will reduce milk yields. A 1°C increase in global average
temperature may mean that passively ventilated or free range pig production units may no longer be
viable (Dwyer, Gunner et al. 2009).
The Grass Gro model was used to test various adaptation options for livestock in the face of climate
change. Stocking rates and calving times are two of the best options for reducing the impacts of
climate change. For this study we examined the optimum stocking rates at Angaston in the Barossa
sub-region for a baseline period of 1995-2005 (Figure 60) and the future climate change scenario in
2030 (Figure 61).

Figure 60: Gross margins for varying stocking rate and calving times at Angaston for 1995 to 2005 as
simulated by Grass Gro. The pasture is sub-clover, annual weeds, cocksfoot and phalaris. Soil type is an
acidic sandy loam (300 mm) on sandy clay loam with gravel (900 mm). The model assumes a selfreplacing Angus cow herd. The cows are 550 kg standard reference weight. 1 cow/ha = 13 dse/ha.
Cows were weaned at 42 weeks. Heifers mated at 15 months. Hay is fed in paddock to maintain weight
of average animal and ground cover. All steers and surplus heifers sold at 350 kg or 44 weeks. NB: dse =
dry sheep equivalents.
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Figure 61: Gross margins for varying stocking rate and calving times at Angaston for 2030 using the
NCAR CCSM3 model with the A1F1 scenario and a C02 concentration of 450ppm . The pasture is subclover, annual weeds, cocksfoot and phalaris. The soil type is an acidic sandy loam (300 mm) on sandy
clay loam with gravel (900mm). Self-replacing Angus cow herd. The cows are 550 kg standard
reference weight. 1 cow/ha = 13 dse/ha. Cows were weaned at 42 weeks. Heifers mated at 15 months.
Hay is fed in paddock to maintain weight of average animal and ground cover. All steers and surplus
heifers sold or 350 kg or 44 weeks. NB: dse = dry sheep equivalents

The results show that the highest gross margins for the modelled Angus cow system at Angaston for
both 1995-2005 and for 2030 is a March calving at a high stocking rate of 1.3 cows/ha. However,
Grass Gro also simulates pasture ground cover. At these high stocking rates ground cover is less than
70% for half the time and consequently the pasture is compromised. Another concern is the increased
variability of profitability/production in the 2030 system due to the higher variability and more likely
extremes of rainfall. It is comforting to know that within this system there is still plenty of room to adapt
by changing stocking rates and calving times to ensure a profit.
In conclusion, pasture production in the central local government region is likely to be much more
variable by 2030. Pasture quantity will be reduced with a 5% decline in rainfall, however, temperature
increases and CO2 do buffer this somewhat. In cold temperature limiting environments the increases
in temperature buffer the rainfall declines significantly. It is important to remember that all these
figures are the result of modelled data and not real data.

- Page 142 of 336-

10.3.3 Wool production
Wool production in the study region was worth $55 million in the 2005/06 financial year. Impacts on
wool include a decline in production and clean wool yield, changes to wool quality as fibre diameter
may decrease, tender wool incidence may increase, and the number of lambs with impaired
secondary follicle production increases. Increased flexibility in stock management to move stock
around, tactical pesticide management and improvements in pasture management, and changes to
both lambing and weaning dates will all be necessary adaptations.
Wool production in the study region was worth $55 million in the 2005/06 financial year (Australian
Bureau of Statistics 2008). As will be the case for livestock production, the impacts from climate
change on wool production will include those that affect pasture and fodder production and animal
health. Pastures will benefit from the carbon fertilisation effect but in many areas will be limited by
nutrients and rainfall under hotter and drier conditions (Land Water and Wool 2006). There are many
detrimental impacts in response to changes in pasture condition, increased thermal stress to sheep as
a result of increased temperatures, and changes to pest and disease incidence and animal health.
These impacts include a decline in wool production and clean wool yield, and changes to wool quality
as fibre diameter may decrease, tender wool incidence may increase, and a possible increase of
lambs with impaired secondary follicle production. There will, however, be a reduction in the frequency
of cold stress events and possible increases in production in colder, wetter areas (Howden, Harle et
al. 2004). Ultimate impacts on the industry will depend on interactions with broad acre cropping, prices
of wool in the future, areas of pasture land available after changes to rainfall, pressure from cropping
and agroforestry and the extent and efficacy of adaptation strategies adopted (Howden, Harle et al.
2004). Australian wool may also face greater competition from other areas around the world that are
currently limited by temperatures that are too low for sheep and wool production (e.g. Canada and the
Ukraine) (National Agriculture and Climate Change Action Plan 2008).
The Grass Gro model was used to simulate gross margins per hectare of wool on a sheep enterprise
at Booborowie in the Mid-North sub region. Future projections for the year 2030 were compared to the
baseline years of 1974 – 1994 (Figure 62).

Figure 62: Gross margins per hectare for a Merino wool enterprise at Booborowie in the Mid-North of
SA. The analysis compares historical wool production with simulated production in 2030 as
determined by the four Global Climate Models selected to generate the future climate scenario (NCAR
CCSM3, Max Planck ECHAM5, GFDL CM2.1, UKMO HadGEM1). The enterprise is a self-replacing large
Merino system with 21 micron wool. The animals are grazing upon a mix of paragogic medic and
annual ryegrass.
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The Grass Gro simulations for wool production show that there is more variability in gross margins
(more opportunity for profit but also greater opportunity for loss) in 2030 than for the baseline years
and that for three of the models tested production is equivalent or reduced compared to the baseline
years. The modelling also suggests that while there may be some downgrading of wool quality in
poorer seasons there is also opportunity for improvement.
Adaptations to improve or maintain wool production include increased flexibility in management to
move stock around, breeding selection, supplementary feeding, feed-lotting in sheltered areas,
improved pesticide spraying efficiency, crutching management, changing stocking rates, weaning date
selection, grazing management and careful pasture selection.
10.3.4 Grapes and wine production
Winemaking and grape production directly accounted for 10% of gross regional product in the 2006/07
financial year. Indirectly, the industry accounts for a larger proportion again when transport,
packaging, bottle making, engineering and tourism associated with the industry are included. The
biggest threats to viticulture are temperature increases and water availability. Warmer, drier conditions
will ripen vines earlier and affect quality, quantity and availability of grapes. Adaptation techniques
include altering grape maturity, continuing to improve water management and reconsidering some
varieties.
Winemaking and grape production are significant forms of economic activity in the region that together
directly accounted for 10% of GRP in the 2006/07 financial year (EconSearch 2009a). The
contribution to the local economy is even larger when one takes into account indirect economic
impacts associated with purchases from local supplying industries (e.g. transport, packaging and
bottle making, engineering etc.) and tourism.
Wine grape production activity for the region since 1989/90 based on Geographic Indication (GI)
regions are shown in Table 13. Although the combined GI regions are not comprehensive of the entire
CLGR, they would cover the vast majority of viticulture activity that takes place in the region.
Table 13: Wine grape production activity in the Central Local Government Region by vintage year
(Phylloxera and Grape and Industry Board of South Australia 2011).

Winery Grown
1999
1990
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

26,372
16,640
29,924
28,836
24,191
35,283
38,223
35,217
18,680
29,249
24,370
29,055

Tonnes utilised
Purchased
61,969
44,288
64,502
71,244
58,797
91,635
100,461
98,223
53,157
81,455
68,905
70,107

Total crushed
88,341
60,929
94,426
100,080
82,989
126,918
138,684
133,440
71,836
110,704
89,762
99,161

Value of total
crush ($)
112,910,920
81,496,604
134,537,716
143,389,917
118,027,002
159,870,169
156,395,845
131,934,356
80,580,283
146,376,224
102,575,285
104,980,567

Weighted
average price ($
per tonne)
1,278
1,338
1,425
1,433
1,422
1,260
1,128
989
1,122
1,322
1,143
1,059

Note: a Based on Adelaide Plains, Barossa Valley (including Barossa Zone – other), Clare Valley, Eden Valley and Southern Flinders
Ranges Geographic Indication zones. Data for Southern Flinders Ranges not published before 2005/06.
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The total crush of wine grapes sourced from the region over recent years has generally been well
below the peak levels achieved in 2004 and 2005 due to unfavourable seasonal conditions
(particularly drought) and water restrictions. The value of total wine grapes crushed in 2010 was $105
million, well down from the peak of $160 million in 2004 (Table 14). The region produced 15% of all
wine grapes crushed in the 2010 South Australian vintage. It is important to note that the total wine
grape crush includes wine grapes sourced from the region that are crushed outside the region
(Phylloxera and Grape and Industry Board of South Australia 2011).
An important distinction for the region compared to the state as a whole is that it produces relatively
higher quality wine grapes. This quality difference is reflected in pricing as the average purchase
value per tonne in 2010 was $1,059, well above the state average of $626 per tonne for the same
year. Nonetheless, there has been some downward drift in prices over the past decade in response to
oversupply in the Australian industry more broadly and robust competition in international markets
from other emerging wine producing nations (Chandler 2010).
The Barossa and Clare Valleys account for the bulk of viticulture activity within the region. The
Barossa Valley accounted for 61% of all wine grapes crushed in the region in 2010, and the Clare
Valley 22% (Table 14).
Table 14: 2010 vintage statistics for the Central Local Government Region by Geographic Indication regions
(Phylloxera and Grape and Industry Board of South Australia 2011).

Winery
Grown
Tonnes
Adelaide
Plains
Barossa
Valley
Clare Valley
Eden Valley
Southern
Flinders
Ranges
Total

Total crush
Purchased
Tonnes

Total Tonnes
Crushed

Value of total
crush ($)

Weighted
average price

Area (ha)

239

4,538

4,777

3,374,256

706

707

13,630
10,390
4,541

47,166
11,285
6,335

60,796
21,675
10,876

67,068,467
22,240,990
12,296,854

1,103
1,026
1,131

11,213
5,626
2,265

255
29,055

783
70,107

1,037
99,161

0
104,980,567

0
3,966

165
19,976

Vineyards are a long-term asset with a productive life of at least 30 years (Hayman, Leske et al. 2009)
and so will be affected by changes in the climate long into the future. Wine production is well
understood to be the interaction of variety, soil, climate and culture. The long-term average climate is
one of the major determinants of the type of grape grown and style of wine produced in a region. The
year to year variability in climate is the major determinant of the quality and quantity of each vintage.
The characteristics of a bottle of wine have both a spatial (region) and temporal (vintage) component.
Although the interacting factors of variety, soil, climate and culture change over time, they are usually
considered as slow moving variables. The notion that climate is not stationary is a challenging idea for
a capital intensive activity such as viticulture. If the region is too cool for the variety the main problem
is how to achieve even ripening. However, if conditions are too warm there is the risk of over ripe
flavours. In the optimum zone wine is well balanced with ripe, but not over ripe flavours (Figure 63).
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Figure 63: Variety and climate thresholds for grapes (Source: Grey Jones, Oregon State University USA)

The optimum temperature for high to premium quality wine production also varies for each grape
variety. Table 15: below shows the optimum growing season temperature for benchmark locations in
the northern hemisphere. The new-world wine regions in general, and those in Australia in particular,
tend to break these rules. Nevertheless, it still provides a realistic guide to the different varieties. As a
comparison, the growing season temperature at Clare and Nuriootpa is 18oC to 19oC.
Table 15: The range of growing season temperatures for quality wine production in benchmark regions
of the northern hemisphere.
o

Varieties
Pinot Gris
Riesling
Pinot Noir
Chardonnay
Sauvignon Blanc
Semillon
Cabernet Franc
Tempranillo
Merlot
Malbec
Viognier
Shiraz
Table Grapes
Cabernet
Sauvignon
Grenache
Cearignane
Zinfandel
Nebbiolo
Raisins

13
X
X

Average Growing Season Temperature ( C)
14 15 16 17 18 19 20 21 22 23
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X

X

X

X

X

X
X
X
X

X
X
X
X
X

X
X
X
X
X

X
X
X
X
X
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X
X
X

X

X

24

X

X

Rising temperatures will cause a shift in bud-burst dates in grapes, a shorter growing season and
earlier harvest dates. These changes will result in decreased grape quality and consequently lower
grape crop gross returns (Webb, Clingeleffer et al. 2011). Modelled effects of temperature increases
show that grape quality could be reduced in some regions by 12 to 57 per cent compared to current
conditions – if no adaptive measures are implemented (Jones and Webb 2010). With earlier harvest in
a warmer climate, the temperature of the ripening period in some regions will become too warm to
produce balanced wines from some varieties (Webb, Whetton et al. 2011b). Vintage will become
difficult to manage due to earlier maturity. The wine industry is particularly vulnerable to climate
change because of a special dependence on links between regional climate and wine styles.
As well as the changes to grape production and quality, increases in mean temperature will change
pest and disease pressures and directly affect the phenology of the grape plant and cause timing of
bud burst and ripening of fruit to occur earlier in the season. Changes in the timing of bud burst may
increase the risk of frost in spring and for fruit ripening as it will occur a drier and warmer time of the
year. Data from Foster’s Wine Estates shows that over the 13 years to 2006, maturity advanced by
about seven days per degree increase in temperature. These changes vary by variety, regional
influences and irrigation regimes (Hayman, Leske et al. 2009). Increases in the frequency of extreme
high or low temperatures will also have an effect on plant physiology and water use. Frosts are likely
to reduce in the long-term but possibly increase in the short-term in response to drier conditions in
spring (Hayman, Leske et al. 2009).
Changes to the timing and intensity of rainfall will influence the water balance in the soil, alter irrigation
demands and have an impact on pests and diseases and fruit quality (Hayman, Leske et al. 2009).
Dependence on water from the Murray Darling Basin will be at risk in a hotter and drier future as
demands on the river increase and water yields decrease and there are changes to water policy
across the basin. Most grape pests and diseases (e.g. powdery mildew, Light Brown Apple Moth) are
sensitive to changes in humidity, rainfall and temperature (Hayman, Leske et al. 2009).
Increases in the atmospheric levels of greenhouse gasses will influence the physiology of the plant
and affect vine growth and perhaps ripening of fruit as well as the growth of cover crops and soil biota
(Hayman, Leske et al. 2009). These and other changes are detailed in Table 16.
Although it is useful to separate the various changes in atmospheric CO2composition, heat, rainfall
and quality and quantity of water, the interactions between each stressor will also be significant. For
example, it may be that lower winter rainfall and other changes to the water balance will reduce the
leaching of salts in winter (Richards, Hutson et al. 2007) and lead to an increased risk of soil
degradation in the longer term. Another example of a complex and uncertain interaction is that while
increased carbon dioxide may improve water use efficiency at the leaf level, it is also likely to lead to
increased vegetative growth. The increased growth and earlier development may lead to more crop
water demand. It is important to fully understand these interactions to understand the impacts, but
also to analyse adaptation options. Growers may highlight increased irrigation as a means to reduce
the impact of a heatwave, for example – but conditions may also severely restrict water availability.
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Table 16: Summary of climate changes, confidence from climate science in that change and the likely impacts to viticulture (Source: Hayman,
Leske et al. 2009).
Climate factor
Changes in mean
temperature

Confidence from climate science
High confidence in general warming

High confidence that warming will be greater for inland
regions than coastal regions
High confidence that warming will be greater at higher
latitudes than tropics
High confidence that higher altitudes are likely to warm
faster than lower altitudes.
There is lower confidence in the seasonal pattern of
warming and although nights have warmed more than
days, it is not clear that this will be a strong trend in the
future.

Changes in extreme
temperature

Moderate confidence of general increase in frequency
and intensity of heatwaves in summer.
Lower confidence in the timing of individual synoptic
events such as heat waves and frosts.
Although warming at night will reduce risk of frost,
increased drying may counter this trend.

Impact of climate factor on viticulture
A major impact of temperature is likely to be advanced phenology, which, in most cases, will shift ripening to warmer
periods (Webb et al 2007). Recent anecdotal evidence for earlier maturity and compressed vintages (observed
throughout South-east Australia in 2006, 07 and 08) is supported by analysis of Foster’s Wine Estates’ ripening data
collected over 13 years to 2006 (Petrie and Sadras 2008).
Although subject to varietal and regional influence, maturity advanced by about 7 days per degree.
A number of studies link regions and varieties to different temperature indices on a global scale (Jones 2006) and
Australia (Webb 2005). However, the information on the temperature elasticity of different varieties under Australian
conditions is limited (Smart 2006). Important interactions between varieties, temperature and irrigation regimes are
expected.
There are many climatic indices that attempt to quantify the impact of temperature on viticulture:
- Growing Degree Days
- Biologically effective DD
- Growing season temperature (Gladstones 2004; Dry et al 2005)
Simulation models such as Vinelogic (Godwin et al 2002) which use daily climate files rather than a single seasonal
measurement are potentially powerful tools.
The relationship between climate and wine quality has been considered on a global scale (Jones 2005) and in Australia
(Sadras et al 2007; Soar et al 2008). Considerable debate and uncertainty surrounds the elasticity (or tolerance) of
individual the
varieties
to heat.
Although
main driver
of phenology is temperature, a higher concentration of CO 2 may influence ripening processes.
Considerable circumstantial evidence exists on the impact of heat waves on phenology and quality, but there is little
controlled experimental data on heat stress. Current projects funded by GWRDC will provide valuable information.
Bushfires are a climate related risk due primarily to the smoke taint in wine (Webb and Barlow 2008). The frequency and
severity of bushfires are likely to increase (Lucas et al 2007).
Even if frequency of frost stays the same or decreases, changes in phenology may increase frost risk due to earlier
budburst.
A higher concentration of CO2 is likely to interact with heat and frost stress.

Low to medium confidence in rainfall projections.
There is a large body of scientific work on the impact and management of water stress on viticulture in Australia. A
Generally anticipating drier winters and springs with lower number of experiments are both planned and are being conducted which explore the impact of extreme deficits in a given
confidence in projections for summer.
season and the subsequent seasons. The response of different varieties and rootstocks are also being explored in
current and planned projects (see GWRDC website for soil and water initiative).
Medium to high confidence in an increase in evaporative Most grapevine pests and diseases are very sensitive to rainfall, humidity and temperature (both day and night
demand with rising temperatures.
temperature). Some simple models exist and could be run under climate change projections (eg powdery mildew, Light
Brown
Apple
Moth).
Approximately 2 to 3% increase in potential
A
higher
concentration
of CO2 will have an impact on the transpiration efficiency and canopy growth hence will change
evapotranspiration (ETo) for each 1°C rise in temperature the water balance. Consideration will be needed on the impact of CO 2 on both the pest and the damage to grapevines.
(Lockwood 1999).
Good scientific understanding of drivers of hydrology and the relative uncertainty under climate change projections.
Changes in quantity and In major inland irrigation districts there is an enormous
quality of water available effort on projections for flows in the Murray Darling Basin
(MDB).
for irrigation
(CSIRO Sustainable Yield Project, South East Australian A major limit to the accuracy of projections will be the challenge of simulating daily rainfall.
Climate Initiative)
Other smaller catchments are modelled to greater or
A second limit is how runoff will be affected as plants grow differently across catchments with higher carbon dioxide,
lesser extent. The modelling of groundwater and salinity warmer and possibly drier conditions. (Chiew et al 2006).
is uneven across the country.
Runoff is very sensitive to declines in rainfall. A rule of
As viticulture accounts for only approximately 5% of water used for irrigation across the country, a significant part of the
thumb that applies to most inland areas of Australia is
uncertainty relates to water policy and pricing.
that a 10% decline in rainfall may result in a 20 to 30%
decline in runoff (Chiew et al 2006).
Very high confidence
Increased CO2 is likely to interact with all the above factors in a complex manner.
Increase in CO2 levels
Changes in rainfall
(including seasonal
patterns and water
balance)

Page 148 of 336

Over the 2009 and 2010 period, the Grape and Wine RDC arranged for wine grape growers from
Barossa, Clare and Southern Flinders grape growing areas to identify issues of concern.
Stakeholders were asked to identify the major issues that were impacting their local wine
industry. In the Barossa, this information was gathered directly from three core groups: Grape
Barossa, Barossa Viticulture Technical Group and Eden Valley Winegrape Growers Group.
Similarly in Clare, the information was collected from members of the Clare Regional Winegrape
Growers Association and Clare Valley Winemakers. Southern Flinders grape growers engaged
directly with members of the Southern Flinders Winegrape Industry Council. The information
collected from all regions indicated that the regions share similar concerns, particularly with
respect to marketing and long-term sustainability of grape and wine enterprises. The growing
regions identified five major issues of concern for the next three to five years:
1. Water
2. Economic sustainability
3. Climate change
4. Pest and disease
5. Best management practices
The full report is available from GWRDC and highlights that water and climate change are
significant issues but there is also pressure on economic survival and managing immediate
threats such as pests and disease. The importance of water is highlighted by Webb et al (2011).
Adaptations for the wine industry include relocating existing varietal plantings to cooler regions,
potentially to southerly and coastal growing zones (Webb et al 2011), choosing grapevine
varieties suited to a changing climate, breeding grape varieties to suit the expected warmer
climates and managing the time of maturity to slow the shift of early ripening, something that can
be achieved to some extent by pruning vines harder (Webb et al 2011). Discussion amongst
grape growers at the stakeholder workshop in Clare indicated success with newer Spanish
varieties such as Tempranillo.
10.3.5 Horticulture
Horticulture is currently worth about $92 million to the Central Local Government Region and
may increase by half this amount again in the near future. Temperature is currently the biggest
threat to the horticultural industry but water availability will be the greatest concern for the
expansion of the industry. Adaptations include careful selection of cultivars, changing planting
and harvest dates and flexibility to manage seasonal variability including pest outbreaks.
Horticulture on the Adelaide Plains in the Local Government areas of Mallala, Light, Playford and
Wakefield has been valued at $92 million (farm gate value). The majority of vegetables are
greenhouse crops including tomatoes, cucumbers and capsicums but also grown are field crops
of potatoes, carrots, brassica, almonds, olives and wine grapes. Plans to double the size of the
industry in the area by 2030 are expected to see an increase in production to $200 million,
representing an increase in regional income of $41 million and creation of an extra 2,400 jobs
(The Lucas Group 2007). However, there is no groundwater available in the area for such an
expansion and so the vision would require piping water in from elsewhere. Some of the additional
water could come from water recycled by Bolivar water treatment plant, some from stormwater
capture that will need to be stored for summer supplies and some from aquifers further south, all
of which will need to be pumped to the cropping areas.
Greenhouses also use significant amounts of gas for heating and three phase electricity for
processing and storage of produce and so are vulnerable to prices rises in energy and a tax or
trading scheme for carbon dioxide. The production of local produce will offset transport costs that
are expected to rise in the future. As indicated in the report, careful planning of such
developments will ensure viable and efficient development and a sustainable industry that is not
squeezed out by urban expansion (The Lucas Group 2007).

- Page 149 of 336-

A recent scoping study on climate change in horticulture (Deuter, Napier et al. 2006) found that
horticultural industries are likely to be seriously affected by climate change due to;
 the sensitivity of horticultural production to temperature variation and increases;
 the need for reliable irrigation supplies;
 an increasing incidence of pest and disease activity; and
 a lack of direct research into the effects of climate change on specific horticultural
commodities.
Although horticultural crops are often grown in more controlled environments than field crops,
recent temperature increases have caused horticultural crops to develop more rapidly and
mature earlier. An increase in heat stress has affected yield, quality and pollination. Costs of
inputs are rising as energy costs associated with pumping of water, fertilizers, heating
greenhouses, transport and storage of produce or disposal of waste increase. Pests and
diseases are also increasing. The lettuce aphid (Nasonovia ribisnign) is just one example of a
pest that can increase in large numbers under the correct temperature thresholds. Another
significant issue for the viability of vegetable growing in some regions is water security. If water
allocations are secure then vegetables growers feel they can adapt their operations to cope with
other climatic changes (Deuter 2011). Hail and flooding also affects horticultural crops in the
region.
As some horticultural temperature environments can be manipulated, critical threshold
temperatures for various crops have recently been developed. A critical threshold is the crisis
point at which the production of a commodity becomes unviable due to identifiable change in a
production variable (Kenny, Warrick et al. 2000). Arnell ( 2000) uses the term ‘dangerous levels
of change’ to describe this crisis point. The point at which growing a commodity becomes
unviable due to changes in a critical biological climate indicator (such as temperature) is known
as a biophysical threshold (Kenny, Warrick et al. 2000). Biophysical temperature thresholds differ
for each commodity and often between different varieties. The critical thresholds for some
horticultural crops in the central local government region are listed below (Table 17).
Table 17: The temperature thresholds for various horticultural crops. Productivity, and or quality,
will be significantly affected above these thresholds (Deuter 2011).
Crop
Lettuce
Cauliflower
Sweet corn
Citrus
Tomato
Capsicum
Avocado
Pumpkin

Development Phase
Hearting
Curd Induction
3-4 weeks post flowering
Fruit Set (near end of bloom)
2 week period pre-anthesis
Flowering
Flowering and fruit development
Flowering

Critical Temperature Threshold
O
28 C – mean maximum
O
22 C
O
32 C
O
27 C
O
29 C
O
32 C
O
33 C
O
>32 C

The specific impacts for some particular horticulture crops are outlined below:
Lettuce
Winter lettuce production will be affected in the central local government region by 2030 and will
be felt as a contraction in the length of the winter production season by one to four weeks. As a
consequence, there will be a minor increase in the vulnerability of the winter lettuce production
regions. It is expected that it will not be until after 2030 that market access and the profitability of
a reduced season in the majority of lettuce production districts will be a major determining factor
in the vulnerability of the lettuce industry (Deuter 2011).
Tomato
Sensitive cultivars are impacted when mean daily temperatures exceed 25oC, whereas more
heat tolerant cultivars are not impacted until daytime (maximum) temperatures exceed 32oC. The
most sensitive growth period for tomatoes is 8-13 days prior to anthesis (flowering). Climate
change scenarios that include even moderate temperature increases of 0.8oC are likely to affect
- Page 150 of 336-

the reproductive capacity of tomato plants, and will have the potential to reduce yields of current
cultivars. In the absence of more adaptable cultivars, the climate change impact on tomatoes will
be reduced yields (Deuter 2011).
Capsicum
As there is significant genetic variability between capsicum cultivars and their ability to set fruit
under high temperature conditions, there is the capacity to utilise these differences in breeding
programs to deliver high temperature tolerant commercial cultivars. As temperatures continue to
rise, then the adverse effects of high temperature on capsicum yields will demand more heat
tolerant cultivars to allow growers to maintain production.
Avocado
Avocados are known to be highly sensitive to climatic conditions. Flowering, pollination and fruit
set are the most critically temperature sensitive stages for avocado. While these growth stages
can be affected by low temperatures, high temperatures are more detrimental, particularly when
accompanied by low relative humidity (Wolstenholme 2002). High average day or maximum
temperatures have a negative effect on root growth, shorten the flowering period, cause
abnormalities in flowers, cause pollination or fruit set failure or pollen tube burst, and fruit
abscission (Sedgley, Scholefield et al. 1985). Average daily temperatures between 20-25°C are
optimal conditions for avocado production.
Horticulture growers can avoid production during the temperature sensitive periods by changing
planting and harvest dates, reducing the production season by a few weeks or using more
adaptable vegetable cultivars or rootstocks. Lettuce must be harvested prior to flowering to
reduce head distortion and splitting (Lovatt, Heisswolf et al. 1997). If more adaptable lettuce
cultivars are available to growers, the impact of a reduction of the length of the production
season will be reduced until the genetic capability of lettuce cultivars are exceeded. Planting
dates of some crops such as sweet corn, are based on soil temperature conditions and
automatically allows adaptation to climate variability to occur.
Horticulture growers will need to remain flexible to respond to seasonal conditions. The changes
in production times that result from increased temperatures will need to be taken into account in
changes to production and marketing plans, for most crops. Suitable site selection, diversification
of orchard locations and spreading the harvest seasons will also help minimise climate change
exposure.
Cooling crops with overhead irrigation, strategic applications of nitrogen and irrigation may need
to increase as temperature increases. Many horticultural growers have adopted more efficient
irrigation technologies that are providing significant water-use efficiencies. The need to develop
efficient water use will need to continue, together with an increased understanding of crop water
requirements to tighten irrigation management practices. Monitoring, scheduling and
maintenance all have a role to play in this process (Deuter et al 2006). On farm adaptations can
also include managing heat with the use of mulch and soil moisture, maintaining a strong focus
on soil health and structure, maintaining high organic matter content and high soil biodiversity.
Minimizing evaporation or seepage from on-farm storage will also be more important.
Integrated Pest and Disease Management (IPDM) practices are common in all horticultural
regions and commodities, and continuous improvement in these systems, and their adoption, will
be an important part of adapting to a changing climate (Deuter 2011).
It is expected that it will not be until after 2030 that market access and the profitability of a
reduced season in the majority of vegetable production districts will be a major factor in the
increasing vulnerability of the vegetable industry (Deuter 2011). More vulnerabilities, impacts and
adaptations to the horticultural industry are described in Table 18.
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Table 18: An assessment of adaptive capacity and vulnerability of horticulture crops in Australia
to selected climate change impacts (Deuter 2011).

In summary, although often within more controlled environments than field crops, horticultural
crops will still be affected by limitations in water supplies, increases in the incidence of heatwave,
hail or flooding and increased energy costs associated with pumping of water, fertilizers, heating
greenhouses, transport and storage of produce or disposal of waste.
10.4 FISHERIES AND AQUACULTURE
State-wide commercial fisheries production (landed) was valued at $396 million in 2009/10 of
which aquaculture accounted for approximately 49% ($194 million) and wild catch fisheries the
remainder ($202 million) (Econsearch 2011). Key species targeted in the South Australian
marine scalefish wild fishery include King George Whiting (Sillaginodes punctata), Snapper
(Pagrus auratus), Southern Sea Garfish (Hyporhamphus melanochir), Southern Calamary
(Sepioteuthis australis), Australian Salmon (Arripis spp.), Blue Crabs (Portunus pelagicus),
Abalone (Haliotis spp), Southern Rock Lobster (Jasus edwardsii) and Western King Prawns
(Mellicertus latisulcatus). Marine finfish account for 14% of the industry.
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10.4.1 Wild fisheries
State-wide the wild fishery industry was worth approximately $202 million in 2009/10. Climate
changes will impact on different fisheries species in different ways. Tropical remnant species,
such as blue crabs, and those with a flexible life history, such as squid, could become more
numerous and widespread. However, unknown changes to the food chain, as a result of
increased ocean acidity, means predicting future species composition is difficult. An added
pressure to the industry includes a possible increase in the price of fuel as a result of the
introduction of a price on carbon.
The Central Local Government Region commercial wild fisheries include licence holders for
marine scale fishing, rock lobster, blue crab, abalone and prawn fishing. The fishing and
aquaculture industry in the Yorke Peninsula region is based on oysters and King fish (Paul
Faithow, Regional Manager, PIRSA Fisheries, Kadina).
Increased ocean and gulf water temperatures may result in shifts in species distribution and
more variability in catch in the gulfs. There might be higher rates of recruitment failure,
particularly for species on the edge of their range. The effect of increased ocean pH on
invertebrates in particular, could also have an impact on the food chain. If the gulfs continue to
warm, tropical remnant species, such as blue crabs, and those with a flexible life history, such as
squid, could become more numerous and widespread.
Licence numbers in the Gulf fishery have been fixed for over 30 years, and in some cases
licence numbers have reduced because of industry buy back systems. The Marine Scale fishery
licence allocation has been reduced by a Government buy back and a licence amalgamation
system. Fishers have already expanded their range to increase catch. However, the boundaries
of the Gulf prevent further spatial expansion of the fishery. For this reason an increase in fuel
consumption is not likely although a price on carbon and resulting increase in the cost of fossil
fuels would increase costs. The impact of a carbon price on the supply chains is unknown at this
stage.
10.4.2 Aquaculture
The aquaculture industry in the Yorke Peninsula to Kangaroo Island aquaculture region was
worth approximately $8.4 million in the 2009/2010 financial year. The main species are oysters
and freshwater fin fish. There are no onshore enterprises in the study region and so climate
change impacts would be similar to those affecting the wild fishery – increased ocean
temperatures and acidity and changes to nutrient flow into the Gulf. Some species, such as
kingfish, may be affected by ocean acidity more than others. Climate change adaptation options
for aquaculture include changes to farming methods and species selection.
State-wide the aquaculture industry was worth approximately $194 million in 2009/10
(Econsearch 2011). Key species include Southern Bluefin Tuna, oysters, abalone, fresh and
marine finfish, marron and yabbies. Values for regional areas are not specific to the study area
but the total regional economic impact (direct and flow-on) of aquaculture from production in the
Yorke Peninsula south to Kangaroo Island zone was calculated at $17.5 million (4% of the state
total) and the industry employed 180 full time equivalent positions (7% of the state total for the
industry) (Econsearch 2011). Most of the value of aquaculture production in the Yorke Peninsula
to Kangaroo Island aquaculture region in the 2009/2010 financial year was abalone ($3.8
million), freshwater fin fish ($2.7 million) and oysters ($0.6 million) (Table 19).
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Table 19: Aquaculture value of production by sector and region, South Australia 2009/10
(Econosearch 2011).

In the Central Local Government Region aquaculture is still an emerging industry with about 30
off shore operators on Yorke Peninsula (Department of Environment and Heritage 2007;
Regional Development Australia Yorke and Mid-North 2010). However, the industry appears to
have solid growth potential that may help to diversify the economic base of regional towns.
The climate change variables that have the greatest potential to affect the aquaculture industry
are broadly similar to those to affect the wild fisheries. However, onshore aquaculture (i.e.
onshore abalone) and intertidal aquaculture (oysters) will have different stressors than the
deeper water operations (e.g. kingfish). Increased air temperatures and possibly heatwaves are
likely to have a greater impact on land-based or intertidal operations than those in deeper water.
Increased ocean acidity could have a direct impact on farmed offshore invertebrate species, as
well as an indirect impact if the food chain and/or the wild catching of feed species are affected.
To adapt to the likely climate change impacts, aquaculturalists may need to consider farming
different species or using different methods.
10.5 FORESTRY
Forestry is a relatively small industry in the study region when compared to agriculture, and
employs about 50 people. Plantations will be sensitive to direct and indirect climate change
impacts, particularly heat waves and bushfire. There is good scope to moderate the impacts of
other changes using adaptive management techniques. There may be opportunities for carbon
farming if a price on carbon is implemented, particularly for farming mallee forests.
Approximately 1% of the state forestry plantations are located in the region including 6,947 ha in
the Bundaleer Forest Reserve and 3,183 ha at Wirrabara Forest Reserve and smaller reserves
at Yarcowie (39.9 ha) and Leighton (38.3 ha). Species consists predominantly of Pinus radiata
and smaller trial areas of other pine and hardwood species. The forests supply small volumes of
high grade product including post, pallet and dunnage markets and employ about 50 personnel in
forest management, transport and sawmilling. Production is limited by low rainfall, high
temperatures and poor soils. Apart from commercial value the forests provide areas for research,
education, recreation and species habitat (Regional Development Australia Yorke and Mid-North
2010).
Pinkard and Bruce (2011) reviewed the climate change impacts, risks and options for adaptation
for South Australia’s plantations. The following is a summary of the sections of that review that
are relevant for this report:
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Forestry plantations are sensitive not only to the direct effects of climate change, but also to the
indirect effects such as potential changes in frequency and severity of pest and weed outbreaks.
The likely direct impacts of climate change are:
 Increases in mean temperatures are unlikely to affect the distribution of Blue gum or Radiata
pine during the first half of the century, and may promote productivity provided mortality
does not increase;
 The main impacts of high temperature events will be on growth and survival. Even short
heatwaves with temperatures above 40 ˚C can cause tissue damage and mortality;
 While both Blue gum and Radiata pine can acclimatise to drought, productivity declines as
water limitation increases, because of reductions in both growth rate and the length of the
growing season;
 While frost frequency is likely to decline, a reduction in frost hardening associated with
warmer night-time temperatures and increasing atmospheric carbon dioxide concentrations
means that damage from unseasonal frosts may become more of an issue in the future;
 Although evidence is sparse, elevated carbon dioxide may increase crown size and density,
and decrease wood density and coarse root biomass, and make trees more susceptible to
wind damage;
 Increasing atmospheric carbon dioxide concentrations may promote plantation productivity,
but this is only likely to occur when growth is not limited by water and nutrient supply.
Climate change effects on indirect impacts are likely to be:
 Warmer mean temperatures particularly in winter are anticipated to favour many insect pests
of plantation forests, and could result in a longer period of insect activity, more generations
per year and increased damage. This change may be counteracted by a reduced quality of
food source and resultant reductions in insect fecundity and survival. Changes in host
defence mechanisms may also influence levels of damage;
 Diseases often require high relative humidity to promote infection and spore production and
the distribution of some leaf diseases may decrease if rainfall declines;
 Drought conditions favour many stem borers and bark beetles, and an increase in borer or
bark beetle activity may occur if plantations become more water stressed;
 Increasing temperatures may affect weed composition as C4 weeds will be advantaged over
C3 weeds with warming and drying;
 The efficacy of herbicides may change as a consequence of changing temperature and
elevated carbon dioxide levels. The changes are likely to vary between chemicals, and may
be positive or negative for weed control;
 Increased frequency and severity of drought events, particularly when combined with
heatwaves, may result in a rise in plantation mortality and reduced growth rates. Modelling
suggests the risk of drought death will significantly increase in the northern regions of the
plantation estate with an increase of around 5 high risk days per year by 2070;
 Fire risk is likely to increase in the future, associated with an increase in weather conditions
favourable to fire (including catastrophic fire risk days), increased drying of fuel, and
changes in the dynamics of litter build-up and decomposition.
Despite a drying climate, productivity of forestry plantations in southern Australia has increased
over the last 100 years, due to improvements in silvicultural practices and genotypes. This trend
suggests that there is good scope to modify the impacts of climate change on forestry
productivity into the future via management (Pinkard and Bruce 2011). Possible adaptive
techniques to moderate impacts include:
 Ensuring site species selection is appropriate, including selecting and planting genotypes
that are drought and pest resistant;
 Spread risk by planting mixed provenances;
 Promote resilience through management (e.g. spacing, weed control, fertiliser applications);
 Modelling and monitoring for increased pest and weed damage, and adapting management
accordingly.
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On the positive side, the introduction of the Carbon Farming Initiative together with carbon pricing
(see Box 1) would create an incentive for increasing investment in forestry. The prospects for a
shift towards forestry in the region may be limited given the semi-arid and temperate climate of
the region, although there may be potential for growth in mallee forests.
10.6 MANUFACTURING
Manufacturing activities are vital to the region’s economy, and account for approximately one-fifth
of gross regional product and one-sixth of employment in the region. Increases in temperature
and in the frequency and intensity of heatwaves have implications for temperature sensitive
manufacturing activities, occupational health and safety issues for workers, and may reduce the
reliability and/or volume of energy and water supplies. Carbon pricing represents a secondary
stressor. Air conditioning production spaces, improving energy and carbon efficiency, adopting
renewable energy sources including off the grid energy sources, and shifting production to cooler
periods are potential adaptation responses. However, some adaptations may be costly with
negative implications for competitiveness. The longer-term sustainability of upstream supplying
industries such as agriculture is uncertain, and may have significant implications for local
manufacturing activities.
The manufacturing of value added agricultural produce as well as the production of farm and
mining equipment and machinery for both stock and human food processing are other areas of
economic value to the region (Regional Development Australia Yorke and Mid-North 2010).
There is some specialist manufacturing for electronics, wind turbines and shop fittings.
Manufacturing activities are particularly significant to the region’s economy –they accounted for
$826 million or 19% or Gross Regional Product for the combined Barossa and Yorke and MidNorth South Australian Government Regions in 2006/07 (Table 9). The manufacturing sector’s
share of GRP is higher for the Barossa SAGR (26%) than the Yorke and Mid-North SAGR (13%).
For the Barossa SAGR, wine manufacturing alone accounts for 18% of GRP, while other
significant manufacturing activities include food products (1.8%), non-metallic mineral products
(1.4%), machinery and equipment (1.2%), and petrochemical and other chemical products
(0.9%). The leading manufacturing sector for the Yorke and Mid-North SAGR in 2006/07 was
basic non-ferrous metals and products (4.3% of GRP), followed by wine (2.0%), food products
(1.8%), petrochemical and other chemical products (1.3%), iron and steel (0.6%), and machinery
and equipment (0.6%).
Manufacturing activities that rely on produce grown in the region (e.g., food products
manufacturing) may be adversely affected by the impacts of climate change on production in
these supplying sectors. Manufacturers may be able to adapt by importing supplies from other
regions although this may lead to an increase in cost structures.
Impacts on the total supply and reliability of energy and water supplies may represent a
significant risk for manufacturing activities to the extent these resources are significant inputs.
Adaptation and augmentation strategies to secure and improve energy and water supplies may
increase cost structures and therefore decrease competitiveness. In addition, extreme weather
events may disrupt production activity through interruptions to energy and water supplies, and
interruptions to transport links (Government of South Australia 2010).
Feedback from the regional workshop highlighted that stable temperature environments are often
required for food and other manufacturing activities, and makes these activities sensitive to
changes in heat and temperature. Temperature increases also have implications for workers. It
was observed that one winery had to implement air-conditioning in a bottling space for
occupational health and safety reasons, a response that led to a large increase in energy
demand and costs. This example highlights the potential for maladaptative responses to climate
change where potential solutions give rise to increased electricity demand and strain on the
network.
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Reducing the carbon intensity of production processes, adopting backup energy supplies using
renewable energy sources (e.g. solar power recharged batteries), increasing reuse of water,
shifting work shifts to cooler night time periods and maximising use of waste heat through
cogeneration activities were all identified by workshop participants as potential adaptive
measures for manufacturing. However, there are often significant practical and cost barriers to
implementing such measures, and some solutions require upfront capital that may be beyond the
financing of some organisations. Nonetheless, one participant observed that there are a small
number of wineries that have advertised themselves as carbon neutral, indicating that some
adaptive efforts have already been made. These wineries may serve as a potential example for
other manufacturing activities in the region, and there may be scope for further research in terms
of understanding how and to what extent these wineries have achieved actual carbon reductions,
and what potential there is for scaling up their approaches for the industry more broadly.
Overall, manufacturing was assessed as having a high vulnerability to climate change over the
period to 2030. Manufacturing activities were assessed by workshop participants as being very
highly vulnerable to a potential decline in the reliability of energy supplies, while higher
temperatures and more frequent heatwaves pose a medium threat to temperature sensitive
manufacturing activities. While a number of adaptation options are available to the manufacturing
sector, the costs of implementing them may reduce competitiveness. Pricing of carbon emissions
may have a significant impact on certain manufacturing activities. The competitiveness
implications of carbon pricing and implementing adaptations may subside over time as other
countries adopt similar measures. A key uncertainty in the longer term beyond 2030 is the impact
of climate change on supplying industries such as agriculture. The sustainability of some
agricultural activities may be at risk over the longer term, and this may have severe implications
for local manufacturing activities.
10.7 BUSINESS AND PERSONAL SERVICE INDUSTRIES
A large number of businesses and organisations provide a range of business and personal
services in the region and together account for approximately one sixth of gross regional product
and one fifth of employment in the region. Adverse flow on effects associated with negative
impacts from climate change stressors on agricultural and manufacturing industries represents
the main (indirect) threat to service industries given the importance of these leading sectors to
the region’s economy. The potential for adaptation within service industries is considered limited,
and is dependent on adaptations within existing leading sectors of the economy and the
emergence of other forms of economic activity, and at the extreme may entail relocation to other
regions. Service industries taken as a whole are considered to have a medium degree of
vulnerability by 2030, although there would be significant variations between the large variety of
services provided in the region.
Service providers in the region include those representing (from largest number of businesses to
smallest) property and business services (e.g. accountants, architects, book keepers,
conveyancers, real estate agents, surveyors, valuers), the health and community services (e.g.
hospitals, medical centres, specialists, aged care), finance and insurance (financial planners,
auctioneers), cultural and recreational services, communication services and personal and other
services (e.g. solicitors, agribusiness consultants) (Australian Bureau of Statistics 2007;
Australian Bureau of Statistics 2008). Together these sectors represent about 16% of the
economy in terms of contribution to Gross Regional Product compared to 29% of the broader
South Australian economy (Table 9). Differences in the relative size of industries such as health
and community services in part reflect government decisions about where to locate public
services.
Direct risks to service industries from climate change are probably limited. However, impacts on
primary industries may affect the sustainability of regional communities, and would have
significant flow on implications for service industries. To illustrate the magnitude of these flow-on
effects, the state input output tables were used to model the impact of a 1% decline in
productivity for the agricultural sector in the Barossa and Yorke and Mid-North SAGRs (Box 3). In
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terms of the latter, a 1% decline in productivity for the agricultural sector is estimated to reduce
output for the personal services sector by 0.4%, cultural and recreational services by 0.2%,
communication services by 0.2%, and finance and insurance by 0.2% (Table 20). Clearly, there
is potential for adverse flow on impacts to service industries.
It is important to note that the above estimates do not allow for any potential adaptation that may
be undertaken to mitigate the impacts of climate change. However, in small regional economies
that are narrowly based on agriculture or some other sector that is highly vulnerable to climate
change, there may be little potential for adaptive measures within service industries. Adaptive
responses would instead be best directed towards measures to improve the sustainability of
those key sectors (e.g. agriculture) that are directly affected by climate change. In the extreme,
the adaptive response for some service industries would be to relocate to another region.
On the basis of a medium level of climate change impact expected by 2030 and a medium
degree of adaptive capacity, service industries as a whole are considered to have a moderate
degree of vulnerability to climate change stressors by 2030. There would be significant variation
in vulnerability across the services sector given the large range of businesses and activities that
comprise the sector, and their differing levels of exposure to leading economic activities such as
agriculture and manufacturing. In the longer term, vulnerability may rise considerably if climate
change continues unabated. There is limited diversification of the economic base and/or limited
adaptation within key leading sectors.
The estimated flow on effects of a decline in agricultural productivity tends to be larger for the
Yorke and Mid-North than Barossa SAGR due to the relatively greater significance of the
agricultural sector in the former. To the extent that regions are particularly vulnerable to the
effects of climate change and are likely to experience these effects earlier than other regions,
then there may be growth opportunities in the ‘knowledge intensive services’ sector in terms of
developing knowledge and expertise in climate change adaptation services (Government of
South Australia 2010).
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Box 3: Broader economy flow on effects from climate change impacts
While some industries may not be directly exposed to climate change, they may be indirectly
exposed via the impact of climate change on key sectors of the local economy that are
vulnerable to climate change. Negative impacts on these key sectors can be expected to flow on
to other sectors of the local economy via reduced spending effects. For example, a farmer that
experiences a decline in production due to reduced rainfall will suffer a fall in farm income, and in
turn will reduce his/her spending on locally produced goods and services. Reduced spending in
these other sectors will in turn lead to a reduction in spending on their supplies, and so on and so
on.
To gauge the potential sensitivity of industry sectors to the impact of climate change on key
producing sectors, the regional input output tables for the Barossa and Yorke and Mid-North SA
Government Regions were used to model the impact of a 1% decline in agricultural productivity
on the local economy. Ideally, one would model the impacts using expected actual changes in
output for producing sectors due to the direct impact of climate change to estimate the aggregate
impacts across the economy. However, this would entail a significant modelling task with
substantial data requirements and large uncertainties around the actual impact on production
activities, and could not be performed within the scope of the current project.
For the purposes of this project, it was assumed that climate change leads to a 1% reduction in
production for the agricultural sector and that farmers maintain their previous level of purchases
of intermediate goods and services in spite of this. The adjustment to reduced farm production is
therefore assumed to take place through a reduction in farm income that leads to a
corresponding fall in farm household spending.
The results of the modelling are shown below. The impact of a 1% decline in agricultural
productivity on other sectors tends to be more significant in the Yorke and Mid-North than the
Barossa due to the relatively larger size of the agricultural sector for the former. For example, a
1% decline in agricultural production is estimated to lead to a 0.4% reduction in total production
for the retail trade sector in the Yorke and Mid-North compared to a 0.2% per cent reduction in
the Barossa SAGR.
In the Yorke and Mid-North, those sectors that experience the largest production change in
response to a productivity shock in the agriculture sector are retail trade (down 0.4%), personal
services (-0.4%) and accommodation, cafes and restaurants (-0.3%). These services are
followed by finance and insurance, education, cultural and recreational services, and health and
community services (-0.2% respectively). Ownership of dwellings is a special category that refers
to upkeep of personal dwellings.
It is important to note that the scenario modelled here takes no account of changes in input mix
for farmers. A farmer may respond to a reduction in farm production by reducing their use of
specific inputs (e.g. fertilizers, farm machinery and equipment), and this may have a significant
impact on specific sectors. The analysis also does not take into account potential adaptive
measures that may be implemented in the agricultural or other sectors in response to climate
change. For example, a farmer may be able to offset the impact of reduced rainfall by switching
to alternative drought tolerant crops, or switching to irrigation if they were previously rainfall
dependent.
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Table 20: Economy wide effects for the Barossa and Yorke and Mid-North SAGR from a 1%
productivity shock to the agriculture sector in the study area.
Barossa
Agriculture, forestry & fishing
Mining
Manufacturing
Electricity, gas & water
Building & construction
Wholesale trade
Retail trade
Accommodation, cafes & restaurants
Transport & storage
Communication services
Finance & insurance
Ownership of dwellings
Property & business services
Public administration & defence
Education
Health & community services
Cultural & recreational services
Personal services
Household income
Total

$m change
-3.2
-0.0
-0.2
-0.0
-0.0
-0.1
-0.4
-0.1
-0.1
-0.0
-0.0
-0.6
-0.0
-0.0
-0.1
-0.1
-0.1
-0.1
-0.0
-5.1

% change
-1.0
-0.0
-0.0
-0.1
-0.0
-0.1
-0.2
-0.1
-0.0
-0.1
-0.1
-0.2
-0.0
-0.0
-0.1
-0.1
-0.1
-0.1
-0.0
-0.1

Yorke and Mid-North
$m change
-6.2
-0.0
-0.4
-0.1
-0.0
-0.2
-1.1
-0.5
-0.1
-0.1
-0.2
-1.1
-0.0
-0.0
-0.3
-0.3
-0.1
-0.2
-0.0
-10.8

% change
-1.0
-0.0
-0.0
-0.1
-0.0
-0.1
-0.4
-0.3
-0.1
-0.2
-0.2
-0.4
-0.0
-0.0
-0.2
-0.2
-0.2
-0.4
-0.0
-0.3

10.8 RETAIL TRADE
Retail trade is the third largest employing sector in the region, and accounts for 13% of total
employment. An increase in heatwave frequency and intensity would have implications for the
storage of produce and affect visitation, while drought would adversely affect supply for certain
retail activities such as food retailing. Otherwise direct exposures to climate change stressors are
limited for the retail sector. Of greater concern are indirect exposures given the reliance of retail
activities on the broader economic performance of the economy and the potential for significant
climate change impacts on agricultural and manufacturing activities beyond 2030. As a
consequence, direct vulnerability to climate change is less significant than indirect vulnerabilities,
and adaptation will be reliant on developments within other industry sectors.
When measured in terms of contribution to gross regional product in 2006/07, retail trade is the
equal fourth largest economic sector in the region along with health and community services
(5.6% of GRP respectively), after manufacturing, agriculture and building and construction (Table
9). Reflecting the labour intensive nature of retail activity, the retail sector is the third largest
employing sector in the region, accounting for almost 13% of employment measured on a fulltime equivalent basis in 2006/07 (Table 10).
The retail sector is highly dependent on the broader economic performance of the local economy
in terms of generation of household incomes and regional population size and growth. The main
impact of climate change on retail trade will therefore be indirect via its impact on the
performance of key industry sectors in the region e.g. agriculture, manufacturing and tourism. To
the extent that climate change has an adverse impact on these sectors with negative outcomes
for unemployment and/or real incomes, impacts will flow through to retail trade. Given the
importance of farming and primary production to the region’s economy and the prospects for
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climate change to disrupt these activities, the prospect for disruption to the local retail trade
sector is probably higher relative to retail trade located in metropolitan areas.
Limited modelling using input output tables indicates that a 1% decline in production for the
agriculture sector would lead to a 0.4% decline in output for the retail trade sector in the Yorke
and Lower North SAGR, and a 0.2% decline in retail trade output for the Barossa SAGR. The
sensitivity of the retail trade sector to economic flow on impacts was considered to be high by
workshop participants.
Climate change will also have direct impacts on the retail trade sector in terms of increased input
prices, particularly for energy and water. The latter will be particularly relevant for businesses
engaged in food retailing, while higher temperatures may also have implications for storage of
produce (e.g. increased refrigeration requirements) (VECCI 2010). Heatwaves were considered
by workshop participants to be a particular risk for the retail trade sector since they significantly
increase peak energy demand (increasing the risk of power outages) and reduce visitation to
retail outlets. Drought was also considered a substantial issue for the sector.
Potential shift in consumer preferences towards more environmentally friendly and sustainable
products may also affect demand for products and services (VECCI 2010). Indeed, workshop
participants identified adaptive measures focused on improving the general environmental
friendliness of retail products, including better management of waste through increased reuse
and more environmentally friendly packaging.
The retail trade sector was considered to have a medium vulnerability to an increase in the
frequency and intensity of heatwaves given the relative infrequency of these events, and a high
level of adaptive capacity in the form of potential for cooling via air conditioning and passive
cooling building designs. Indirect stressors are more significant, as the retail trade sector is very
much dependent on the performance of the broader economy. In addition, key leading sectors in
the region (i.e. agriculture and manufacturing) are relatively sensitive to climate change
stressors, particularly beyond the 2030 timeframe of our analysis. In this respect, adaptive
capacity for retail trade is to a significant degree dependent on adaptations within other sectors
and/or the emergence of other economic activities in the region. While there is some potential
within the industry for adoption of environmentally friendly packaging and processes, at the
extreme adaptation for retail activities may involve relocation to other regions.
10.9 CONSTRUCTION AND ENGINEERING
The construction and engineering sector accounts for approximately 6% of gross regional
product and 7% of employment in the study region. Construction activities may be interrupted by
an increase in the number of heatwaves and extreme temperature days due to occupational
health and safety issues for workers and a decrease in the reliability of energy supplies.
Adaptation options may be limited to changes in working regimes. Vulnerability to direct climate
change stressors over the period to 2030 is considered modest. In the longer term, secondary
stressors in the form of negative production impacts on other leading primary industries in the
region may flow into activity levels in the construction sector.
The building and construction sector made a $271 million (6.2%) contribution to gross regional
product in 2006/07 and employed 3,655 people on a full-time equivalent basis, equivalent to
7.3% of the region’s workforce (Table 9 and Table 10 respectively).
The value of total building approvals in the region was $425 million in the 2009/10 financial year,
of which $218 million was for residential building and $207 million non-residential building
(Australian Bureau of Statistics 2011). Building activity in the 2009/10 financial year was
concentrated in the southern part of the region and the Councils of Barossa, Light and Mallala
accounted for 47% of the total value of building approved across the region. Strong demand for
coastal residential living is also evident in the Central Local Government Region where 22% of
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the number of residential dwellings approved in the 2009/10 financial year were located in the
District Council of the Copper Coast (Australian Bureau of Statistics 2011).
An increase in the number of heatwaves and extreme temperature days during the summer
period may prevent workers from engaging in work due to health and safety regulations, and
increase interruptions to construction activity. Inundation from rising sea levels would threaten
coastal buildings and infrastructure, although this represents a threat to physical capital rather
than the construction industry itself. Similarly, rising saline groundwater (as a response to sea
level rise) is likely to affect existing buildings in particularly low-lying areas, mostly those with
inadequate, failed or bypassed damp courses. Otherwise, there is little literature identifying direct
threats from climate change to the construction sector. The most significant risks to construction
are probably indirect: negative production impacts for key primary industries in the region such
as broad-acre cropping, wine, viticulture and tourism will flow to some extent into activity levels in
the construction sector. Input output modelling indicates that this risk may be small, as a decline
in agricultural production was modelled to have little effect on construction output in the Barossa
and Yorke and Mid-North SAGRs (Box 2). However, these estimates are based on a small
assumed change in agricultural production (1%), whereas changes in agricultural output could be
quite large under some long-term business as usual climate change scenarios.
In addition to the threat from rising sea levels and OH&S issues, workshop participants identified
a potential decrease in the reliability of energy supplies as a potential threat to the building and
construction sector. Potential OH&S issues could be mitigated by changing working shifts to
cooler time periods. There was considered to be potential to benefit in terms of developing more
energy efficient and environmentally friendly building design capacity within the region.
Given the relatively modest increase in mean temperatures expected by 2030, the vulnerability of
construction activities to temperature rises is considered medium. The industry is considered to
have a very high vulnerability to heatwaves given the high exposure of workers in outdoor
environments and possible impact on the reliability of energy supplies. Feedback from workshop
participants suggests that construction would have a high vulnerability to carbon pricing, but the
actual vulnerability is uncertain. Secondary stressors associated with flow-on impacts due to
negative production impacts on leading primary industries in the region were not assessed, but
could be significant in the longer term given the importance of primary industries to the region’s
economy.
10.10 TOURISM AND HOSPITALITY
Tourism based on the region’s landscapes, beaches, national parks and excellent food and wine
experiences provides an important source of income for the region. A deterioration of natural
landscapes and the viability of food and wine production due to lower rainfall, erosion of beaches
due to sea level rise, and an increased frequency and intensity of heatwaves and bushfires
present significant threats to existing tourism activities. At an aggregate level, tourism may adapt
through a broadening of the tourism product in terms of attractions and alternative seasonal
opportunities, while businesses may adapt by implementing measures that improve comfort
levels for visitors and improve energy and water efficiency. While the tourism sector has a
medium degree of vulnerability over the period to 2030, vulnerability for particular activities and
regions may be significantly higher over more distant horizons (e.g. wine based activities in the
Barossa and beach activities in the Yorke Peninsula).
The region’s diverse and scenic landscapes, excellent beaches, unique national parks, range of
activities and superb food and wines and associated experiences make it a popular tourist
destination for local South Australians, interstate visitors and international travellers. In 2009/10,
total expenditure by domestic and international visitors was estimated at $625 million for the four
main tourism areas that cover the region: the Barossa, Clare Valley, Yorke Peninsula and
Flinders and outback (Figure 64).
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Figure 64: Total visitor expenditure by domestic and international visitors for each of the South
Australian Tourism Commission tourism regions in $ million for 2009 (Source: Tourism Research
Australia 2011)

There are some significant differences in the nature and pattern of tourism across the various
tourism regions that reflect differences in landscape, attractions and local heritage and activities.
For instance, fishing and going to the beach are popular tourism activities for the Yorke
Peninsula given its substantial coastline, while visiting wineries is a significant activity for tourists
in the wine regions of the Barossa and Clare Valley (Figure 65). Visiting national/state parks and
going on bush walks are more popular tourism activities in the Flinders Ranges and outback
region. Activities that are common across all the regions include visiting friends and family,
visiting restaurants, sightseeing, visiting pubs and clubs and pleasure shopping. The source of
tourists also varies with region (Figure 66).
Tourist activities 2007-2008
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Figure 65: Tourist activities and the percentage of tourists participating across the study region for each
of the South Australian Tourist Commission tourist areas for 2009 (South Australian Tourist
Commission 2011).
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Figure 66: Source of international tourists visiting the study region for each of the South Australian
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Figure 67: Monthly accommodation occupancies for tourists visiting the study region for each of the
South Australian Tourist Commission tourist areas for 2009 (South Australian Tourist Commission
2011).

Tourism seasons vary across the regions due to differences in attractions, activities and climate.
Figure 67 shows occupancy rates (i.e. visitation) tend to peak in January for the Yorke Peninsula
region, whereas occupancy generally peaks in the spring for the Flinders Ranges and Clare
ValleyMonthly
tourism
regions. High
occupancy
rates(B)for
theValley,
Yorke
duringand
January
would
accommodation
occupancies
(A) Barossa,
Clare
(C)Peninsula
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2009fact
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reflectinthe
thatSouth
beaches
andTourism
fishing
are attractive water based activities for families during
the warm summer holiday period. In contrast, occupancy rates tend to bottom out for the Flinders
Ranges during the summer period when relatively hot and dry conditions combined with a lack of
water based activities make it less attractive for tourists.
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A community attitudes survey in 2001 for the development of the South Australian Tourism Plan
indicated that tourism was considered to be more important to community prosperity and quality
of life than agriculture, manufacturing, mining, wine or information technology (Department of
Environment and Heritage 2007). However, although tourism brings wealth to the region and
provides councils with the capacity to provide increased levels of service, it can also affect
housing affordability and put a strain on infrastructure and resources including water. Holiday
houses account for 40% of the housing in some areas of Yorke Peninsula (Planning SA 2008).
The climate characteristics of a destination ranks high among those factors that tourists take into
account when deciding upon their holiday plans (Bigano, Goria et al. 2005). Changes in
temperature and the timing and duration of extreme events such as heatwave and fire have the
capacity to affect tourist numbers, length of stay and activities to a region. Changes to the visual
amenity of the region (e.g. the Clare Valley and Yorke Peninsula coastline) in response to
climate changes such as tree death during drought, fire, coastal erosion from increased storm
intensity, or approvals for the construction of excessive numbers of wind turbines, may also
impact on tourist visitations.
A case study that considered the potential impacts of climate change on tourism in the Barossa
region (i.e. Barossa and Light LGAs) found that the sustainability of tourism is closely tied to the
sustainability of the wine industry given the importance of wine tourism and a lack of alternative
tourism products in the region (Sustainable Tourism CRC 2009). The tourism industry is
therefore closely linked to climate change because of the potential impacts on viticulture. Other
potential impacts on tourism posed by climate change that were identified included the impact of
drier conditions on heritage buildings and repair costs, reduced water availability for parks and
gardens, the impact of drought on native flora and fauna, and increased prevalence of weeds.
Encouraging water conservation throughout the region was identified as a high priority for
adapting to climate change. These threats to tourism from climate change were also generally
identified by workshop participants. The impact of changes in temperature and rainfall on the
local landscape was considered to be very important, potentially more significant in the Yorke,
Clare and Mid-North regions where water resources were more limited (i.e. rainfall dependent).
Bigano et. al., (2006) modelled the impact of climate change (in terms of temperature change
and sea level rise) and economic development on total tourism demand for most countries up to
2100. The results indicated that climate change would shift patterns of tourism towards higher
altitudes and latitudes. In terms of domestic tourism, warmer countries are likely to see a
reduction in domestic tourism of up to 20% relative to the baseline scenario without climate
change, while tourism in colder countries may double. International tourism would also shift
towards countries with cooler climates as climate change increases the attractiveness of cooler
countries. Tourists in hotter countries would prefer international over domestic travel. However,
the modelling also indicated that the impact of climate change is small compared to effects of
population and economic growth on overall tourism patterns (Bigano, Hamilton et al. 2006).
Workshop participants observed that climate change would have an uneven impact on tourism
across the study region since there are seasonal variations with respect to tourism between the
sub regions. For instance, an increase in temperature may increase demand for tourism in
coastal areas, but it could reduce summer tourism in other regions such as the Barossa and
Flinders Ranges where warm weather based recreational activities are more limited and/or
temperatures were already very high. Furthermore, since tourism activity was considered to be
more consistent throughout the year in the Barossa and Clare Valley, an increase in temperature
could have a potential positive impact on tourism during the winter period. Projected temperature
changes were considered to have limited implications for tourism in the Yorke Peninsula.
Heatwaves were identified as a particular threat for all regions since these events tend to
decrease visitation and expenditure, while they could be expected to occur during January which
is a key tourism season for most regions.
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Carbon pricing would raise costs in the tourism industry in line with its relative carbon
intensiveness. In particular, car travel and airfares are likely to become more expensive in
response to carbon taxes on fuel use, and may discourage travel. Workshop participants noted
that due to a lack of public transport in the region, tourists are more directly exposed to increases
in car travel costs. However, preliminary modelling suggests that the overall impact of carbon
pricing on trip costs may be small to modest. The Tourism Sustainability CRC (2009) estimates
that overall trip costs for visitors from selected countries to Australia would rise between 3-4%
under a low carbon price (i.e. $20 per tonne) – low damage scenario and 11-17% under a high
carbon price ($50 per tonne) – high damage scenario (the damage scenario relates to different
assumptions regarding the damage caused by aviation emissions).
The impact of higher travel costs on visitation will ultimately depend on the price sensitivity of
travellers and varies across origin markets. Price sensitivity is influenced by various factors
including income, travel distance, travel preferences etc. For instance, there is evidence that long
haul travellers are less sensitive to price changes compared to short haul travellers because of
the lack of transport alternatives, while the already large travel costs to distant destinations
makes price increases relatively less significant (Forsyth, Dwyer et al. 2007).
There are a number of adaptation strategies that businesses in the tourism and hospitality sector
may pursue in the face of climate change. These include measures to improve comfort such as
increased use of air conditioning, installation of swimming pools and other architectural
improvements (Bigano, Goria et al. 2005). Adopting renewable energy technologies will reduce
exposure to energy price increases and may also be an attractive selling point for climate
concerned tourists. However, adaptation may not be possible to the extent that climate change
threatens the very existence of tourism attractiveness (eg. wine growing, native flora and fauna,
beaches on coastal areas). In the Barossa case study (Sustainable Tourism CRC 2009), it was
identified that larger organisations were better placed to adopt new practices and install new
systems given their larger resources. Communicating and engaging with smaller tourism
operators through information resources and mentoring from larger organisations was
consequently identified as a possible adaptation strategy.
Tourism attracted significant focus at the workshop, and a range of adaptive measures were
identified for the sector. In addition to improving energy efficiency, measures to improve water
use and efficiency were suggested, and included exploration of opportunities for aquifer storage
and an emphasis on water use for the landscape to improve flora and fauna. Water measures
need to be mindful of potential maladaptation given existing water supply constraints.
Diversifying the region’s tourism product beyond existing attractions (e.g. wine, beaches) was
also identified. Potential options identified included environmental and wilderness attractions
(leveraging climate change awareness to promote eco-tourism), different seasonal opportunities
(e.g. winter), and even extreme environmental experiences (e,g. impact of drought). There was
considered to be high adaptive capacity for special tourism events affected by extreme weather
since these can generally be rescheduled at short notice and staged at cooler times of the day,
while existing technologies can be used to keep patrons cool (e.g. mist sprays).
Given the importance of the local landscape, and food and wine experiences and their
dependence on scarce water resources, tourism was assessed by workshop participants as
having a very high degree of vulnerability to reductions in rainfall. The vulnerability of tourism to
increased inundation and coastal erosion due to sea level rise and storm activity was also
considered to be high to very high due to the importance of coastal-based activities in some
regions, particularly the Yorke Peninsula, and the more limited scope for adaptation against such
threats. While increases in mean temperature may decrease comfort levels for visitors, they are
unlikely to be sufficiently large enough by 2030 to deter visitors. On the other hand, an increase
in the frequency and intensity of heatwaves and bushfires is a very high threat given the extent to
which these events deter/prevent outdoor activities. Taking into account all the relevant
stressors, tourism was assessed as having a medium level of vulnerability over the period to
2030. Over the more distant future, key considerations for the tourism sector are the extent to
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which the sustainability and quality of food and wine production and natural attractions such as
beaches and native flora may be compromised by climate change stressors.
10.11 MINING
Mining activity is currently limited in the region, but there is strong potential for growth given
identified world class deposits of copper, lead, zinc, iron ore, nickel, chromium and mineral
sands. An increase in heatwave frequency and intensity, and a potential decrease in the
reliability of water and energy supplies present direct climate change threats to mining activities.
These risks may be mitigated by significant potential for autonomous technological,
organisational and planning adaptations. However, the potential for maladaptation may be high
to the extent that adaptations involve greater energy use and therefore higher carbon emissions.
While workshop participants assessed the pricing of carbon emissions as the greatest threat to
mining activities, this ultimately is a secondary stressor that is sensitive to policy developments in
overseas markets.
Mining was responsible for 1.4% of Gross Regional Product in the Yorke and Mid-North South
Australian Government Region in 2006/07, and 0.8% of GRP for the Barossa SAGR (Table 9).
While extractive industries are limited in the region, they do include mining for limestone,
dolomite, gypsum and sand.
There are significant processing activities in the region: the world’s largest lead-zinc smelter
employs 650 personnel in Whyalla while Cheetham Salt just south of the study region at Price is
Australia’s largest producer and refiner of salt for food and industrial uses (Department of
Environment and Heritage 2007). There has been significant exploration in the region over recent
years by mining interests (Regional Development Australia Yorke and Mid-North 2010). Previous
exploration has identified deposits of world class copper, lead, zinc, iron ore, nickel, chromium
and mineral sands, some or all of which may be minded in the future (Department of
Environment and Heritage 2007). Currently, however, the most significant impact from mining on
the region is the drain of labour to mines in adjacent areas.
For mining, the production or processing stage is considered to be most at risk from climatic
events and climate change in the future (Hodgkinson, Littleboy et al. 2010), a point also raised by
workshop participants. In the Hodgkinson report, the following aspects of mining were identified
as most at risk from climate change:
- Energy availability: Increases in temperature may increase energy losses during transmission.
Some of the adaptation strategies to climate change, for example increased automation and
remote control, would require additional energy and increase the need for energy supply and/or
more efficient energy use during production. Interruptions to transport infrastructure due to more
frequent/extreme weather events may also disrupt supplies of fuels.
- Water availability: Increased evaporation rates would “affect tailings dams, heap leaching
operations, and also increase dust production” (Hodgkinson, Littleboy et al. 2010). In regions that
experience reductions in rainfall, additional water or more water efficient production may be
needed to adapt to lower water availability.
- Equipment and human resources: Increases in temperature affect the operational efficiency of
machinery and equipment and the effectiveness of employees.
- Health and safety: More extreme weather conditions present health and safety issues to
workers.
The mining industry is considered to be highly adaptive to adverse changes in climate given
technological, organisational and planning solutions (Hodgkinson, Littleboy et al. 2010). For
instance, an increase to service frequency of equipment may mitigate downtime brought about
by higher temperatures, while some production activities could be shifted to overnight periods
when ambient temperatures are lower. Higher temperatures for workers in some cases may be
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addressed by adopting fly-in-fly-out arrangements. The risks to mine infrastructure posed by
more extreme temperatures and events may be addressed at the planning and design stage by
allowing for greater tolerances for infrastructure and extreme events (Hodgkinson, Littleboy et al.
2010). Participants at the workshop noted that mining companies typically have significant
research and development budgets, and therefore have relatively greater capacity to adopt
emerging and renewable technologies such as solar power and desalinisation. Increased reuse
of water may also be possible; some mines in the past have required de-watering where water is
sent to evaporation ponds rather than reused.
The CSIRO is currently undertaking work to identify climate change risks and adaptation
strategies for the mining and exploration industries. It is expected that a set of guidelines for
companies and regions to develop their own assessments for adaptation to climate change will
be published sometime in 2012-13.
In the workshop, mining was considered to be sensitive to carbon pricing, although the actual
sensitivity would vary by type of mining activity and depend on how carbon output would be
assessed for different types of mining practices.
Overall, mining was assessed as having a high level of vulnerability to climate change. The high
rating was attributable to a very high vulnerability to carbon pricing, as workshop participants
assessed mining activities as having a high sensitivity and low adaptive capacity to carbon
pricing. However, carbon pricing represents a response to climate change rather than a direct
impact, and the sensitivity would depend significantly on future carbon pricing developments in
overseas economies. In terms of direct climate change stressors, mining was considered to have
medium vulnerability to an increase in heatwave frequency and intensity given potential impacts
on production activities (i.e. worker productivity, operating efficiency of machinery), and medium
vulnerability to climate change impacts on the reliability of water and energy supplies. There is
significant potential for adaptation to these stressors given possible technological, organisational
and planning solutions and the considerable resources that are available to the industry.
However, potential for maladaptation may be high to the extent that responses may involve
increased energy use and higher carbon emissions. Current CSIRO research on climate change
risks and adaptation strategies for the mining and exploration industries will help to clarify key
risks and adaptation options for the industry.
10.12 ENERGY
Energy infrastructure in the Yorke and Mid-North regions has limited accessibility, capacity and
affordability and has been identified as significant barrier to business and economic growth in the
area (Regional Development Australia Yorke and Mid-North 2010).
10.12.1

Electricity and renewable energy

A reliable electricity supply is fundamental to modern human society, including the provision of
vital human services (e.g. medical services, water treatment, heating and cooling etc.). An
increase in the frequency and intensity of bushfires may damage energy infrastructure, while
heatwaves and increases in summer mean temperatures will increase peak demand loads, and
increase the risk of supply failures. Investments in energy infrastructure including renewable
energy sources and demand management strategies can be deployed to improve the resilience
of the energy supply network. Given the potential for adaptation, electricity supply is assessed as
having a moderate level of vulnerability to climate change by 2030, although vulnerability to
bushfires, heatwaves and summer mean temperature increases may be very high. An important
consideration from a broader perspective going forward is the extent to which adaptations in
other areas may lead to an increased demand for energy.
Electricity moves freely around the national electricity grid and in South Australia is purchased
from interstate and is also generated within the state boundaries. Currently there are 16 coal
fired, gas turbine, gas thermal and gas reciprocating power stations in South Australia (Regional
- Page 168 of 336-

Development Australia Yorke and Mid-North 2010). There are two gas turbine power stations in
the region that use gas and diesel to generate electricity (located at Hallett and Mintaro) during
times of peak demand (Regional Development Australia Yorke and Mid-North 2010). There are
approximately 61 electricity sub-stations and 10 zone substations across the CLGR that
distribute electricity (ETSA Utilities 2010). Capital works by ETSA to upgrade substations at Port
Pirie, Port Vincent, Brinkworth and Clare has helped to secure supply in these areas. Future
planned work includes expansion of the power station at Hallett and upgrades to load transfers
and connection points in the ETSA network (Regional Development Australia Yorke and MidNorth 2010).
The Electricity System Development Plan (ETSA Utilities 2010) identified a number of
engineering or immediate constraints with respect to the region’s electricity supply network. In
the Yorke Peninsula, Hummocks and Kadina East connections points were assessed as
immediately overloaded and in need of upgrades to meet the 2008 transmission code, while the
Ardrossan West connection point was also in need of an upgrade as demand exceeded
contingency capacity since 2010. In the Barossa region, the Dorrien connection point was
forecast to be 104% overloaded in 2012/13, and so also in need of an upgrade.
There are good opportunities for renewable energy across the region including solar, wind,
geothermal and micro-generation for both smaller communities and as input to the national grid
(Regional Development Australia Yorke and Mid-North 2010). Renewable energy brings the
opportunity to reduce greenhouse gas emissions and produce clean, energy. South Australia
currently producers 47% of the nations’ wind energy (868 MW) and about half of this is produced
in the Yorke Peninsula and Mid-North sub-regions. The Yorke and Mid-North is considered to be
an ideal location for wind power given the topography of the region and close proximity to the
electricity network (Department for Transport Energy and Infrastructure 2010). There was 412
MW of wind farm capacity established in the region by mid-2010. Existing wind farms in the study
region include Hallet Stage 1 at Brown Hill (94.5 MW of capacity), Hallett Stage 2 at Hallett Hill
(71 MW), Snowtown Stage 1 (99 MW), Clements Gap (57 MW), and Wattle Point (91 MW) on
Southern Yorke Peninsula (Australian Energy Market Operator 2010) (Figure 68).
Wind farm capacity is expected to expand significantly. There was 243 MW of wind farm
generation capacity under construction in the region in mid-2010, and a further 258 MW of
capacity in proposed wind generation projects (Australian Energy Market Operator 2010).
Projects that were under construction in mid-2010 include North Brown Hill Wind Farm and
Waterloo Wind Farm, while proposed projects included Snowtown Stage 2 and Hallett Stage 5 –
the Bluff Wind Farm (Australian Energy Market Operator 2010). It is estimated that investments
to date still represent only a fraction of the total wind energy potential for the region (Regional
Development Australia Yorke and Mid-North 2010). Wind farms currently produce about 20% of
the state’s power and the industry is expected to expand to produce 1,500 – 2,000 MW by 2015
(Regional Development Australia Yorke and Mid-North 2010).
In response to the solar feed in legislation that pays a premium to householders for solar
generated electricity fed into the grid, there has been a “strong uptake of small scale purchasing
arrangements and public installations” (Regional Development Australia Yorke and Mid-North
2010). Commercial scale solar schemes are also under consideration.
Geothermal energy generation is attracting significant interest and 28 companies have applied
for Geothermal Exploration Licences across South Australia as of June 2010, some of which is
planned for the study region (Regional Development Australia Yorke and Mid-North 2010).
Wave energy projects are also underway on the Limestone and West coasts of the state. There
is potential for wave energy off the coast of Yorke Peninsula (Regional Development Australia
Yorke and Mid-North 2010).
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Strategic priorities under the South Australian Infrastructure Plan (2010) includes extending the
capacity of the electricity transmission network to accommodate investment in renewable energy
generation.

Figure 68: Location of existing and proposed wind farms in the Central Local Government region
(2011).
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Climate has a direct impact on energy use via demand for heating and cooling. An increase in
average temperature can be expected to decrease demand in cold climates and increase
demand in warmer climates, as the overall change in demand is determined by region specific
factors (Howden and Crimp 2001). An increase in peak electricity demand during summer
periods represents a key risk given that meeting peak electricity demand has been on ongoing
challenge in regions such as Adelaide. A 1oC rise in temperature is likely to lead to a 5%
increase in peak electricity demand for Adelaide, although overall energy demand would be
unchanged or even slightly lower due to reduced electricity demand during the winter period
(Howden and Crimp 2001). An increase in peak electricity demand poses an increased risk of
electricity supply failure and there may consequently be a need to allow for some level of
redundant capacity (Allen Consulting Group 2005). Feedback from the workshop indicated that in
some regions network supply limits were present and supply was unreliable in high use
situations.
Climate change also has a potential direct impact on energy supply. Extreme weather events and
higher winds pose a threat to transmission and distribution infrastructure (Allen Consulting Group
2005). Rising temperatures may also reduce efficiency of energy infrastructure. It has been
estimated that a 1oC increase in warming can lead to a 3% decrease in thermal efficiency in
some energy facilities, and a decrease in transmission line efficiency (Pittock 2003). It was noted
in the workshop that wind farms may be susceptible to an increase in incidence of bushfire under
climate change.
In addition to enhanced energy infrastructure from the adoption of renewal energy sources,
potential adaptation strategies for climate risks to energy include demand side energy policies to
improve energy efficiency, minimum energy standards for equipment such as air-conditioning,
adoption of sound environmental design principles for all homes and buildings, and interval
alternative pricing arrangements (Allen Consulting Group 2005). Carbon pricing would have the
effect of making wind energy more cost effective, and have benefits for the region in terms of
increased wind farm development.
An increase in the frequency and intensity of bushfires and heat waves, and increases in mean
summer temperatures were assessed by workshop participants as likely to have a very high
impact on electricity supply due to the potential for damage to infrastructure. Unfortunately
workshop participants were unable to indicate the potential for adaptation against these
stressors. A medium to high level of adaptive capacity was assumed on the basis of scope for
implementing infrastructure investments to improve resilience (e.g. underground power lines) and
various demand management strategies. The vulnerability of electricity infrastructure was
consequently estimated to be between very high and high for bush fires, heat waves and
summer temperature increases. Given the relatively hotter and drier climate of the northern part
of the region, vulnerability to increases in mean summer temperatures was considered to be
higher for the Southern Flinders and Mid-North than Yorke Peninsula and Barossa. Vulnerability
to other stressors including increases in winter temperatures, reductions in rainfall, sea level rise
and carbon pricing were assessed as being low to very low. Taking into account all the relevant
stressors for the region as a whole, electricity supply was assessed as having a medium level of
vulnerability to climate change by 2030.
10.12.2
Natural Gas
Natural gas is supplied to the region along a 150 km line that extends from Adelaide to Moomba
that is currently running close to maximum capacity (Regional Development Australia Yorke and
Mid-North 2010). There is a spur line near Jamestown that extends to Port Pirie and Whyalla on
Eyre Peninsula (Department for Transport Energy and Infrastructure 2010). The vulnerability of
natural gas infrastructure to climate change was not examined in detail. It is likely that the
potential impacts are similar in nature to those that apply for electricity infrastructure, but that
overall vulnerability is relatively lower as the natural gas supply is less sensitive to temperature
increases and peak load demands.
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10.13 WASTE MANAGEMENT
The Central Region Local Government Region recently commissioned a Waste Management
Strategy (Central Local Government Region 2008) to provide an overarching plan for waste
management across the region. The federal government National Greenhouse and Energy
Reporting Act (NGER) requires waste facilities that emit greenhouse gasses (mostly methane) in
quantities above a prescribed limit to report annually and ultimately pay for the greenhouse
gases emitted. Currently there are no facilities in the region that exceed the threshold or need to
report. For this reason the impact of climate change on waste management facilities in the region
is considered negligible.
10.14 INFRASTRUCTURE
10.14.1

Road and rail

The region features an extensive network of roads and, to a lesser degree, rail lines that are vital
for connecting markets and transporting people, goods and equipment throughout the region. An
increase in the frequency and intensity of heatwaves and bushfires may lead to increased
damage and/or reduced durability of roads and rail lines. A number of operational and
engineering adaptations may be employed against climate change stressors, although physical
solutions may prove costly. Rail lines are considered to have a higher degree of vulnerability
relative to roads due to a reduced scope for adaptation. In the longer term beyond 2030, sea
level rise will present an increasing threat to transport infrastructure located adjacent to
coastlines.
The national Adelaide to Perth / Darwin road and rail routes pass through the region and links to
state strategic and primary freight routes near Port Augusta and Crystal Brook that provide
efficient connections within the region as well as to the Flinders Ranges, Murray and Mallee and
eastern states (Department for Transport Energy and Infrastructure 2010).
Across the Central Local Government Region there was 26,541 km of roads at 30 June 2007, of
which 2,524 km was sealed, 20,253 km (76%) unsealed, and 3,764km (14%) unformed roads
(Figure 69) (Department of Trade and Economic Development 2011).
Future increases in population, both resident and tourists and heavy vehicle movements are
expected to place significant demands on the road infrastructure in the future (Planning SA
2008). The upgrade of key transport infrastructure including expansion and development of
intermodal facilities, access to ports and rail and expansion of airport facilities have been
identified as key actions towards helping economic development in the future (Regional
Development Australia Yorke and Mid-North 2010).
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Figure 69: Left: Map of road (red) and rail (black) networks and Right: jetties and wharves across the
study region (Source: Planning SA, 2005).

Climate change will have direct implications for construction and maintenance costs for road
infrastructure. Higher temperatures are expected to result in more rapid oxidation of bitumen, and
lead to more frequent resealing/resurfacing (Youman 2007). Changes in moisture also affect
pavement deterioration – moisture weakens flexible pavements and makes them more
susceptible to damage from heavy vehicles (Austroads 2004). A decrease in rainfall may
therefore lead to lower road maintenance costs due to reduced pavement deterioration.
However, any benefits from reduced rainfall may be offset by increased damage from more
frequent extreme events including heatwaves and bushfires.
According to workshop participants, climate change has potential negative implications for
unsealed roads. Unsealed roads need to be kept moist to perform best and a decline in rainfall
and increase in dry periods will lead to increased break up of unsealed roads. Any increase in
rainfall intensity would lead to increased damage to unsealed roads.
Workshop participants indicated that an increase in the frequency of extreme events such as
heatwaves and bushfires pose direct threats to sealed roads. Fires melt bitumen, while
prolonged heatwaves can reduce the integrity of bitumen and limit the availability of maintenance
crews. Heatwaves also pose a significant threat to rail lines due to the potential of rail lines to
buckle under extreme temperatures.
Rising sea levels combined with the potential for more frequent and extreme high sea level
events presents a risk to road and rail infrastructure located adjacent coastlines. The Department
of Climate Change and Energy Efficiency Supplement to the First Pass National Assessment of
Climate Change Risks to Coastal Buildings and Infrastructure (2011) identified the following
roads and rail infrastructure at risk from sea level rise related stresses as a result of climate
change in the region:
 Potential risk to between 670 and 765km of roads in Yorke Peninsula district as the area in
the state most at risk and a further 260-300km of roads in Port Pirie district as the fifth area
in the state most at risk from the combined impact of inundation and shoreline recession by
local government area for a 1.1 metre sea level rise scenario.
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Potential risk to between 30-40km of rail in Port Pirie district as the area in the state most at
risk in South Australia and around 20km rail in Mt Remarkable district as the fourth area at
most risk from the combined impact of inundation and shoreline recession by local
government area for a 1.1 metre sea level rise scenario.

Road infrastructure will also be affected indirectly by changes in population and the composition
and nature of vehicle type (e.g. freight versus passenger) that will change loading on road
infrastructure. For instance, previous modelling has assumed that climate change would reduce
population growth for Adelaide as a decline in rainfall would exacerbate water supply problems
(Austroads 2004). Future road freight demand is considered to be one of the most significant
factors in estimating future road infrastructure maintenance costs (Austroads 2004).
Adaptive measures suggested by workshop participants included:
o Review of specifications for road and rail infrastructure;
o Implement larger drainage systems;
o Adopt flexible working hours;
o Review emergency management procedures;
o Build up roads to mitigate against sea level inundation; and
o Conduct research into alternative open surface road construction technologies (e.g.
brine).
A range of operational and engineering measures can be employed to mitigate rail buckling.
These measures include reducing train speeds, implementing speed restrictions during hot
periods, improving temperature and stress monitoring of rail lines, track strengthening, shading
vulnerable rail line sections, and raising the design neutral temperature of the rail line installed
over time (BECCA 2009). The main drawback associated with adaptive measures focused on
infrastructure is that they are typically expensive.
Given the susceptibility of bitumen to extreme temperatures and the existing warm and dry
climate in the region, the vulnerability of roads to an increase in the frequency and intensity of
heatwaves and bushfires is high. Roads located near shorelines are moderately vulnerable to
inundation associated with sea level rise that continue to rise beyond 2030. Increases in mean
temperature and reductions in rainfall present a medium level threat by 2030 in terms of reduced
durability of roads, particularly unsealed roads. Considering all climate change stressors over the
period to 2030, roads are thought to face a low to medium degree of vulnerability. There is a high
potential for adaptation from various design, operational, engineering and management
measures.
Due to the warm climate of the region and the potential for buckling under extreme temperatures,
rail lines are considered to have a very high degree of vulnerability to heat waves. The
vulnerability associated with increases in mean temperature is more moderate due to the low to
medium changes in mean temperature expected by 2030. Vulnerability to increased bushfire risk
is considered to be high since grain receiving facilities may be closed during such events and
braking trains can spark fires. Rail lines located adjacent to coastlines were also considered to
have a high vulnerability to sea level rise. Taking into account all the likely climate change
stressors over the period to 2030, rail lines were considered to have a medium to high degree of
vulnerability to climate change. While there are a number of operational and engineering
measures that can be employed to mitigate against climate change stressors, physical solutions
may prove costly.
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10.14.2

Jetties and Wharves

Ports provide important transport links to overseas markets, particularly for grain exports, while
jetties provide significant recreational opportunities for the general population. Inundation
associated with sea level rise and high sea level storm activity will subject ports and jetties to
increased physical impacts, while heatwaves may interrupt port operations due to increased fire
risks associated with operation of machinery. Engineering solutions may provide to be effective
though costly means of reducing susceptibility to sea level rise and bush fire risks. Given the long
time frames over which sea level rise will occur, the potential impact will increase slowly over
time while the long lead time will provide scope for researching, identifying and implementing
adaptive measures.
There were 19 jetties / wharves in the study region as of 30 June 2007 (Department of Trade and
Economic Development 2011). The majority of jetties / wharves are located in the Yorke
Peninsula DC (12 across the region in 2007), and five are located in Port Pirie Council districts,
one in the Copper Coast District Council and one in Mount Remarkable District Council. Exports
leave the region via the sea ports of Wallaroo and Port Giles, both key grain loading facilities.
Exports from the region are expected to increase (Department for Transport Energy and
Infrastructure 2010).
Rising sea levels combined with an increased frequency of extreme sea level events will risk
inundating low-decked jetties and wharves. It is estimated that a 0.5 m sea level rise would lead
to a 100 fold increase in the frequency of high sea-level events around the vicinity of Port Pirie
(Antarctic Climate and Ecosystems Cooperative Research Centre 2008). However, many
commercial and industrial wharves have high deck levels for operational reasons and should not
be exposed to damaging storm conditions for some decades. In the longer term though, rising
mean sea level could cause operational difficulties as freeboard decreases.
There are risks to both wooden and concrete structures from other expected climate change
impacts. Wooden structures could be at risk from introduced marine pests that may thrive in
warmer waters and damage piles. Concrete piles will be subject to increasing risk from corrosion
caused by ocean acidification. These risks are expected to be relatively minor to 2030 and costly
remediation such as surface treatments or repiling is not considered to be significantly
exacerbated by climate change over this period.
In addition to potential physical damage to jetties and wharves, other costs associated with rising
sea levels and increased frequency of extreme sea level events include interruptions to
access/service, and additional capital costs associated with modifying existing jetties and/or
establishing new infrastructure. An increase in the frequency of heatwaves may also lead to
additional interruptions as elevators cannot be used due to increased spark risk (workshop
feedback).
According to feedback gained from the workshop, smaller recreational jetties would be most at
risk from rising sea levels. These jetties typically have low profiles and are built to a lower
standard relative to deep sea ports. Any adverse impact on recreational jetties would have
negative flow on consequences for tourism. “Rising insurance costs and issues of compensation
and appropriate zoning will need to be factored into future coastal planning and management”
(Allen Consulting Group 2005). The cost of rebuilding recreational jetties to withstand higher sea
levels might not be justifiable and could also be beyond the capacity of the asset managers.
Even dismantling damaged structures is a costly task.
The vulnerability of ports and jetties to inundation from sea level rise and increased bushfire risk
was considered to be moderate since the potential impact of both stressors is considered to be
modest by 2030. Furthermore, adaptive capacity in relation to both stressors is considered to be
high, although there is a high degree of uncertainty associated with this assessment. Possible
adaptations may include engineering solutions to raise and/or improve the durability of port and
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jetty infrastructure and reduce bush fire exposure (e.g. fire breaks). Occupational health and
safety procedures and working arrangements may also be updated to reduce bushfire risks and
reduce threats to human life during extreme events.
10.14.3
Airports
There were five airports recorded as maintained by councils in the CLGR at 30 June 2007
(Department of Trade and Economic Development 2011). Four of these airports were located in
the Southern Flinders region while one was located in the Mid-North region at Port Pirie.
Minimal consideration was given toward the impact of climate change on airports due to their
limited number and lack of information specific to their construction and climate change. The
main impact may be indirect in terms of carbon pricing raising the cost of air travel. The impact of
carbon pricing on air travel was considered with respect to tourism in section 10.10.
10.14.4
Public transport
Apart from subsidised public transport that is available for aged and disadvantages members of
the community for medical purposes, Regional Development Australia identified a complete lack
of public transport for commuting purposes both within and out of the region (Regional
Development Australia Yorke and Mid-North 2010). Private bus services were noted to be cost
driven and limited, community bus and car services need to be pre-booked (use is prioritised)
and supply of community transport vehicles is dependent on local and state government funding.
Workshop participants considered the impact of climate change on public transport to be of
minimal concern due to the scarcity of public transport in the region. For existing public transport,
the main impact is likely to be indirect in terms of higher running costs due to carbon pricing. Of
greater concern would be threats to transport infrastructure - considered separately above.
10.14.5

Buildings (housing, schools, hospitals)

Buildings provide shelter and security for people, storage for goods and equipment, host a
variety of economic activities including business and personal services, and represent the main
source of wealth held by many people. Inundation associated with sea level rise and an increase
in the frequency and intensity of bushfires will damage properties, while increases in
temperature, heatwaves and increased drying of soil may lead to more rapid deterioration of
buildings. Adoption of higher construction standards and building tolerances, the establishment
of hard defences such as sea walls, and land use planning regulations to prevent building in high
risk areas are among a number of adaption options than can be employed against climate
change stressors.
Over 90% of South Australia’s population live near the coast. The Copper Coast recorded a 2.7%
increase in population in the 2007-08 financial year (Department of Climate Change 2009).
Between 1996 and 2000, the number of new residential dwellings constructed within 500 m of
the shoreline increased from 500 to 855 per year. Much of this change is driven by retirees
wanting a sea change and increased investment in holiday homes and has resulted in an
increase in house and land prices in the region, especially around Yorke Peninsula and Clare
(Department of Climate Change 2009; Regional Development Australia Yorke and Mid-North
2010). One of the strategic priorities under the South Australian Infrastructure Plan (2010)
includes ensuring community services and affordable housing support a growing aged
population.
State wide, between 25,200 and 43,000 residential homes may be at risk from a sea level rise of
one metre, more than half of them in the Charles Sturt and Port Adelaide-Enfield local
government areas. Current replacement costs of this housing stock is estimated at between
A$4.4 billion and A$7.4 billion (Department of Climate Change 2009). Almost 20% of the current
residential housing stock on Yorke Peninsula is at risk from inundation from sea level rise by
2100. Without adaptation, annual average damage costs could reach about A$1 million for
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Moonta Bay and Marion Bay and about A$4 million for Port Broughton and Fisherman by 2070
(based on a conservative 0.47 m sea level increase). At Fisherman’s Bay this risk extends to
approximately 80% of all the built environment in the settlement (Department of Climate Change
2009). The local government areas of Barunga West, and Copper Coast also have between 240
and 320 homes that are within 110 m of a ‘soft’ exposed coast that would be at risk from erosion
(Department of Climate Change 2009). The proposed residential development at Port Wakefield
(Wakefield Waters) includes 2,700 homes and a 200 berth marina (Regional Development
Australia Yorke and Mid-North 2010).
The Department of Climate Change and Energy Efficiency Supplement to the First Pass National
Assessment of Climate Change Risks to Coastal Buildings and Infrastructure (2011) identified
the following buildings at risk from sea level rise related stresses as a result of climate change:
 Potential risk to between 92-171 commercial buildings in Port Pirie from the combined
impact of inundation and shoreline recession by local government area for a 1.1 metre sea
level rise scenario as the second highest potential risk by LGA in South Australia.
 Potential risk to approximately 70-100 light industry businesses in Port Pirie from the
combined impact of inundation and shoreline recession by local government area for a 1.1
metre sea level rise scenario, as the third highest risk area in South Australia.
The risks posed by climate change to building stock extend beyond rising sea levels. Increases
in average temperature will increase cooling demand and therefore energy costs, increase the
risk of cracking and failure of roofs, windows etc, and may affect foundations from increased soil
drying and movement (BRANZ Limited 2007). An increase in the frequency of hot days may
increase bushfire intensity and frequency and lead to increased potential costs from fire, smoke
and water damage to property and contents. Climate change may also produce some benefits,
such as reduced winter heating costs due to higher average temperatures, and reduced mould
damage due to reduced humidity (BRANZ Limited 2007). Workshop participants also noted that
reduced frost incidence would be a positive factor for building stock.
Adaptation strategies for reducing the risks of overheating due to temperature increases include
using passive solar design principles in building design (i.e. window placement, building
orientation), including adequate ventilation and insulation, and providing thermal mass to
minimise temperature variations (BRANZ Limited 2007). Adaptation options for sea level rise
include hard man-made defences such as sea walls and surge barriers, and natural protective
barriers such as mangroves, and coordinated retreat as sea levels increasingly threaten existing
buildings (Agrawala, Crick et al. 2008). Common adaption strategies for bushfire risk and sea
level rise include revising building codes to improve resilience against flooding, inundation and
bushfires, and land use planning regulations to prevent building in vulnerable areas (Agrawala et
al 2008).
Taking into account projected changes for all relevant stressors over the period to 2030,
buildings are considered to have a medium level of vulnerability to climate change. An increase
in bushfire frequency and intensity is judged to present a very high risk given the dry and warm
climate of the region and destructive nature of bushfires. Due to their correlation with bushfires,
heatwaves are also considered a high risk. Although buildings are judged to have a very high
sensitivity to inundation and coastal erosion resulting from sea level rise, overall vulnerability by
2030 is considered to be low due to the limited degree of sea level rise expected over this
relatively short time frame and the potential for establishing hard defences. Increases in mean
temperature and reductions in rainfall are considered to present a low risk on the basis that
building deterioration is likely to have a low sensitivity to these stressors.
In relation to coastal development, South Australia has applied the policies of the Coast
Protection Board, including allowances for sea level rise, since 1994 (Coast Protection Board
1991). These policies set minimum standards for elevation to avoid flooding from a 100-year
return period storm, combined with 0.3 m of sea level rise, local wave effects and local
subsidence. Any development should also be capable of protection against a further 0.7 m of sea
level rise. Similarly, setbacks from the coast are described to allow for current erosion rates, plus
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expected erosion from sea level rise and space for future protection works should they be
required. Fundamentally, it is preferred that new settlements are not located in at-risk areas, but
infill development may require consideration of these minimum standards.
10.15 INFORMATION AND COMMUNICATIONS TECHNOLOGY
Information and communication technology services are critical for the timely sharing of
information upon which government, business and communities depend. An increase in the
intensity and frequency of heat waves and bushfires together with sea level rise has the potential
to damage fixed telecommunications infrastructure and therefore interrupt telecommunications
services. Improving the quality and robustness of telecommunication services through
investments in infrastructure including new technologies such as wireless services would
increase resilience against extreme events and sea level rise. Given a high degree of
adaptability, information and communications are considered to have a low vulnerability to
climate change.
In 2008 households with broadband access in the region was the lowest in the state and the
Central Region was identified as a broadband “blackspot” area where 40% of the population
lacked access to affordable, reliable, high speed broadband and internet service providers
(Central Local Government Region 2010). Improved services are critical for Council, industry and
small businesses and high speed services will improve productivity and life quality (Central Local
Government Region 2010). The “Improving Broadband Services for Central Local Government
Region” project undertook to improve access and take-up of broadband services and improve
understanding of the technology across the region. Outcomes have included: increased
broadband availability to more than 80 towns and localities across the member councils; over
3000 new broadband connections across the region; more than 70 broadband information events
with over 900 attendees and 32 broadband development and training workshops with more than
500 participants (Central Local Government Region 2010). However, services are still variable
across the region. Mobile phone coverage is relatively good near most larger towns, however,
there are still significant gaps, particularly in the north of the region (Department for Transport
Energy and Infrastructure 2010).
Feedback from the workshop indicated that broadband coverage in the region was poor and that
this had negative implications for economic and social development. The reliability of the network
was an existing issue and climate change has the potential to exacerbate this via damage
caused by higher temperatures, increased bushfire frequency and sea level rise. Furthermore, an
increased risk of emergencies under climate change will have the effect of increasing pressure
on communication networks. Mitigation of these impacts could be achieved by improving the
quality of the network through infrastructure investments and exploring increased use of wireless
technologies (i.e. satellite). The industry is characterised by a high degree of innovation (e.g.
wireless internet services, internet over power lines, smartphones, tablets etc.) and suggests a
high degree of adaptability. With a higher degree of adaptability and the moderate increases
expected for climate change stressors by 2030, information and communications infrastructure
and services are considered to have a low degree of vulnerability to bushfires, heatwaves and
sea level rise.
10.16 LOCAL GOVERNMENT BUSINESS
Local Government across the region provide a wide range of services to the community that will
be affected by climate changes. A climate risk assessment specific to Local Government
Business was recently undertaken by Local Government Association of South Australia Mutual
Liability Scheme and is recommended reading. The development of climate change adaptation
action plans in collaboration with community is considered critical for reducing Local Government
risk across the state.
Local Government across South Australia delivers a broad range of community, economic and
environmental services and provide and maintain supporting infrastructure including roads,
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footpaths, stormwater systems, public buildings (child care centres, health centres, libraries,
council offices etc.), parks, gardens, street trees, public lighting and waste disposal systems.
Councils operate for the most part autonomously apart from issues relating to planning and
developments where there are collaborations with State government. On occasion, Federal
government will provide advice or direction on these matters too. South Australian councils are
also responsible under a range of State legislation to provide services including but not limited to
food provision, public and environmental health, fire and emergency services, civil liability,
natural resource management and occupational health and safety (Local Government
Association Mutual Liability Scheme 2010).
A state wide climate change risk assessment undertaken by the Local Government Association
of South Australia Mutual Liability Scheme, to which all South Australian councils are a member,
identified a range of low, medium, high and extreme risks to council associated with climate
change. Potential risks identified included an increase in: heat-related issues affecting the
elderly, sick and economically disadvantaged, pet management issues, visitation levels to
swimming pools, beaches and air-conditioned public facilities, the incidence of stop-work due to
heat, cancellation of community and sporting events, eucalypt tree limb falls, algal blooms in
water ways, food and water borne diseases, spontaneous combustion of waste management
cells, overheating of plant and equipment, power outages due to increased peak electricity
demand for cooling, flooding of council properties in response to increased rainfall events,
physical damage to infrastructure, cracking of old sewer pipes and consequent pollution, closure
of playing fields due to damage to turf, death of roadside vegetation, inundation from sea level
rise, coastal erosion, overtopping of stormwater networks, salt water intrusion into aquifers, fire
damage to parks and recreational facilities, emergency management incidences (Local
Government Association Mutual Liability Scheme 2010).
Key steps recommended for the development of a climate change strategy include the
involvement of local communities, identification of key roles for each of the regional stakeholders,
determination of priorities for adaptation, identification of obstacles and financial support from
State and Federal Governments.
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11 THE SOCIAL CAPITAL
The expanded social capital used in this study takes into account the social and human capitals
as defined in the background section to the report, and are key determinants of adaptive capacity
within a region (Stanley 2010). Indicators that measure the social aspects include health and
wellbeing, education and training, social emergency management, social inclusion and
community planning and development.
The social capital encapsulates “the value of social networks, bonding of similar people and
bridging between diverse people, with norms of reciprocity” (Claridge 2004). Features that enable
participants to act together more efficiently to pursue shared objectives and therefore collectively
overcome the impacts of climate change include social organisation, trust, norms and networks
(Putnam 1993). The human capital involves health, knowledge, skills and motivation and can be
enhanced by education and training and life experience. All communities depend on healthy,
well-resourced individuals to enable them to function in an efficient and sustainable manner. In
rural areas, the successful self-management of human capital, that is often significantly scarcer
than in comparable urban areas, is crucial (Mowling, Balston et al. 2009).
Not all populations will be equally affected by changing climate conditions. Broad factors that
affect the capacity to adapt include living location, planning and preparation by all stakeholders,
personal socio-economic factors, federal and state government policy and specific climate
change issues (Stanley 2010). There are, however, a number of key determinants to identifying
those individuals and communities that may be more at risk than others. Already disadvantaged
community members will have a greater vulnerability to the effects of climate change because
they don’t have the physical, financial and human resources to adapt and so risk becoming
socially excluded.
Some factors that may limit the adaptability of communities to the effects of climate change
include:
- socially excluded individuals
- people who lack knowledge about climate change and possible sources of assistance
- people who lack financial resources
- people with a physical or mental disability
- the social stability of a community
- the existing health of the population
- access to and availability of resources
Each of these concepts is examined in the following section and is discussed with particular
relevance to climate change and how well the Central Local Government Region is placed to
respond and implement adaptation steps.
11.1 REGIONAL OVERVIEW
The majority of the local government areas across the Central Local Government Region have
decreased in population since the 2001 census. However, as a whole the population has
increased by 4.1% because of high growth in a small number of Councils. The highest population
growth recorded was in the Light Regional Council area which increased in population by 17.1%.
A number of demographic changes are occurring in the region including a decreasing and aging
population, and a noticeable influx of ‘sea- and tree-changers’. These patterns potentially render
both the economic and social systems of the region more vulnerable to climate change impacts
because of the added dimension of change, but also offer opportunities for adaptation given
sufficient resourcing.
The population policy for South Australia sets a target of two million residents in the state by
2050 (an additional 450,000 people), about 90,000 of whom are expected to settle in regional
areas of the state (Planning SA 2008). Sparsely populated areas of South Australia and
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settlements of less than 1,000 people have decreased in number except those in coastal areas,
which have grown. Towns with a population of more than 1,000 have continued to grow
(Planning SA 2008). The statistics for the Central Local Government study region generally
reflect this trend as the populations of smaller councils have gradually decreased and larger
councils have continued to increase in population.
The population of the Barossa region has steadily increased over recent years and is expected to
increase by 25.5% by the year 2021, a rate higher than the State average. Populations in the
Yorke and Mid-North region have also increased over the past decade and are targeted to
increase in both regions by 33% by the year 2036 (Department of Planning and Local
Government South Australia 2011). An increase in population is also the case for the Light
Regional Council Area (Department of Further Education Employment Science and Technology
2010) and will bring both challenges and opportunities for the area. The estimated population
increase will put pressure on the sub-region for land development and service infrastructure
(Regional Development Australia Barossa 2010).
A population plan to attract more residents to the Yorke and Mid-North area was developed in
2009 and is currently supported by Regional Development Australia. Some of those identified as
most likely to be attracted to the region include ‘Tree and Sea Changers’, ‘Returning Locals’ and
‘Opportunity Seekers’. Much like the Barossa sub-region, the Yorke and Mid-North face both
opportunities and challenges from an increased population. Challenges include how to build
upon, and retain the regions advantages, such as affordable housing and a relaxed lifestyle, and
how to secure the ‘markets’ most likely to be attracted to the area (Regional Development
Australia Yorke and Mid-North 2010).
Since the 2001 census, the population across the region has increased by 4,705 people or 4.1%.
The majority of the 15 local government areas within the Central Local Government Region have
either remained somewhat unchanged or experienced a slight decline in population (Figure 70).
The population of people in the District Council of Orroroo/Carrieton has declined the most
(6.8%), whilst the most significant growth was recorded in The Light Regional Council (17.1%)
(Australian Bureau of Statistics 2003; Australian Bureau of Statistics 2008). Some of the reasons
for this growth have been attributed to increased employment opportunities in the sectors of grain
growing, viticulture and infrastructure investment, as well as an availability of affordable housing
in close proximity to Adelaide and the metropolitan area (GHD 2008).
The largest centre in the region is Port Pirie (13,206 people). Nuriootpa, Tanunda, Kadina,
Moonta, Clare and Wallaroo form the next tier of population concentration within the region
(between 3,000-4,500 people in each township). Other service hubs in the area include Freeling,
Kapunda, Williamstown, Lyndoch, Peterborough, Balaklava, Crystal Brook, Jamestown,
Ardrossan and Maitland and each have populations of between 1,000 to 2,500 people. The
majority of the regions overall population reside outside of major townships in small communities
or rural areas that have poor accessibility to services.
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Figure 70: Population by local government area for the Central Local Government Region (2001 and
2006) (Source: Australian Bureau of Statistics 2008; Australian Bureau of Statistics 2011a).

Population changes will impact on the ability of the community to respond to climate change, in
particular in those regions where populations grow smaller at the same time as they grow older.
It is typically the younger, more vigorous and outward looking individuals that leave rural regions.
There is a propensity for rural people to become more geographically mobile in times of drought
as they search for alternative sources of income. Those with more responsibility – for example,
senior land managers - may tend to stay, while others in their household with fewer
responsibilities, or reduced roles, may tend to move (Edwards, Gray et al. 2009). This change in
household composition may mean that while the individuals who remain are very capable, they
may also be highly engaged in their existing responsibilities and consequently lack spare
capacity with which to address challenges introduced by climate change. In practical terms it may
be that there is a labour shortage to address climate change issues, both in regard to planning
(community meetings, group activities) and participation, as people – particularly those in the
smaller centres – find themselves stretched thinly between their traditional responsibilities and
new ones that may emerge.
11.2 HEALTH AND WELLBEING
Human mental and physical health is vulnerable to climate change. Direct effects of this
vulnerability can range from life-threatening heatstroke in the very young and the very old, and a
significant reduction in productive capacity in people of intermediate age, through to greatly
increased expressions of heat-induced confusion and dementia, and episodes of mental
instability in vulnerable individuals. Indirect effects can include depression and suicide amongst
those affected by drought, increased vector borne disease (e.g. Ross River virus) and food borne
disease caused by heat induced breakdown of the food storage and handling cool-chain Other
direct effects include dust menace, and indirect effects such as the exacerbation of existing poor
health conditions. Ill health is costly as it increases the drain on the medical system, reduces
productivity and has a negative effect on social support networks. People suffering from poor
health are significantly more vulnerable to any additional change, including climate change, and
have a lower adaptive capacity. Climate change impacts may have physical or mental health
consequences, and those in rural areas are more likely to be affected.
Health has been examined here in relation to climate change. The physical and mental wellbeing of individuals is a critical part of the resilience of a society because it is both a
consequence of, and a contributor to, changes to social and physical systems. An artificial
dichotomy is often held in this regard, with national affairs viewed as shaped by large external
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forces (economic developments, resource degradation etc.), that are then assumed to act upon
the health of a population. Health is not usually seen as a contributor to larger scale social
developments – the currently dominant biomedical model of health considers health (or ill-health)
to be an attribute of individuals. However, the reality is that change – including community
change in response to climate change stressors - is generated through the complex interplay
between our subjective ‘in here’ experience and the world ‘out there’ (Eckersley 2009). For this
reason personal health is a critical link in the functioning of human social systems.
Within climate change literature there is significant expectation that the environmental changes
that will occur will bring a corresponding series of changes and challenges to human health.
Research to date has mostly focussed on thermal stress, extreme weather events, and infectious
disease, and some further attention has been given to estimates of future regional food yields
and hunger prevalence, particularly in the third world. An emerging broader approach addresses
a wider spectrum of health risks due to the social, demographic, and economic disruptions
brought about by climate change (McMichael, Woodruff et al. 2006). It is this broader picture that
is examined in this section.
It is likely that the projected increase in prolonged heat waves as a result of climate change will
have noticeable effects on the health of those who have to endure them. A recent (2009) period
of extreme heat in metropolitan Adelaide – six consecutive days over 40°C – resulted in a surge
in both heat related hospitalisations (more than 700) and heat related deaths (approximately 70)
(Wheatley 2009). If this experience is extrapolated to the study area, it can be expected that
there will be a corresponding increase in heat-related demands upon the local medical system.
Heat has also been shown to have an adverse effect on the mental well-being of the residents of
Adelaide, and causes an increase in the effects of dementia, senility, and neurotic, stress related,
and affective disorders, as well as increased mortalities amongst older populations and those
with schizophrenia and delusional disorders (Hansen, Bi et al. 2008). Given the close proximity of
Adelaide to the study region, similar effects can be expected. Mental wellbeing can decline
noticeably during prolonged heatwaves, and in response to dramatic climatic occurrences (Fritze,
Blashki et al. 2008). Weather changes and more pronounced seasonality may lead to an
increase in suicide (Ajdacic-Gross, M. et al. 2005). These findings can be expected to be
replicated on a smaller scale in the study area, with the concomitant demands on the medical
system, and also the less obvious but possibly more profound effects on the local social
networks. People who are having difficulty managing their own mental well-being are rarely in a
position to contribute effectively to the needs of their community, a situation which results in a
subtle but significant reduction in human resources available to the community. Of particular
concern is the increased vulnerability of older people to heat-induced effects.
Mental and physical health can carry powerful social connotations and practical implications for
any community. In a rural community these issues may assume a special significance due to
restricted access to health services and resources. The National Rural Health Alliance (2009a)
has found that rural and remote regions face multiple problems in obtaining and maintaining
adequate health care. These problems include lagging standards of health for rural people when
compared to their urban counterparts, increasingly difficult access to primary health care, dental
care and specialist services as well as the problems of transport, accommodation and associated
costs. Accompanying problems are the closure or threatened closure of rural hospitals and the
reduction of services, and the difficulty in attracting and keeping suitably trained medical staff.
Rural people tend to have higher rates of injury than urban dwellers due to their more physical,
and inherently riskier, occupations and lifestyles (National Rural Health Alliance Incorporated
2009a).
Rural communities demonstrably suffer from worse health outcomes than their urban
counterparts and the implications of this are far-reaching, as poor health can lead to decreased
income due to a loss of employment options, lower levels of involvement in community activity
(with negative effects on both the individual and the community), and the risk of secondary poor
health outcomes such as depression. Chronic diseases (coronary, pulmonary, diabetes,
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osteoporosis and asthma) are also over-represented in rural regions predominantly due to a
higher percentage of people engaging in behaviours that carry risk such as tobacco smoking and
alcohol consumption (Australian Institute of Health and Welfare 2008). People in regional areas
are also less likely to have preventative measures and screening for diseases due to access
issues and a lack of transport.
A population suffering from the negative health consequences of climate change will be less able
to respond to the challenges it must face as ill-health has both practical implications in terms of
reduced physical capacity, but also can reduce morale within a community. These impacts are
especially true of harder-to-recognise illnesses such as mental illness. The health status of the
region should be monitored and effectively countered to maintain a rural population that is quite
literally ‘fighting fit’. To maximise the effectiveness of local health services, it will be important to
ensure that as much assistance and support as possible is solicited from larger health programs
run by state and national organisations.
11.2.1 Access to medical care
Access to health care across the region is more limited than in urban areas, particularly in the
aged care and mental health sectors. Services are widely dispersed and transport other than via
private vehicle is poor. Climate change is likely to increase the demand on these services
particularly through increased medical service demands by the young and the old, or through the
increased frequency of catastrophic events such as fire or flood and the resultant victims. Dust
menace and changing airborne particulate matter patterns may exacerbate asthma. It is also
likely that the changes climate change will bring will challenge some vulnerable individuals
beyond their ability to cope in terms of mental health, resulting in an increase in depression and
expressions of self-harm. All of these will result in both more frequent and more urgent medical
attendance. The medical, dental and emergency services needs of the study region have been
well documented, but every effort must be taken to ensure that these findings are acted upon.
Access to medical facilities and services in the study region is considered somewhat limited
when compared to Adelaide (Figure 71). This situation is due to several reasons, including the
lower number of facilities relative to the population but also because of the high proportion of
residents who reside outside the major service centres. The impact intensifies for those living
rurally. A large proportion of the population resides at least a 20-30 minute drive from the closest
general practitioner and public transport is limited for the majority of the region (Regional
Development Australia Barossa 2010). In addition, medical services provided in the region are
not commensurate with those in Adelaide. For example, medical imaging and x-ray are only
available in Angaston, Clare and Wallaroo (the health ‘hubs’ of the area) (Regional Development
Australia Barossa 2010). The Barossa region is fortunate to be in close proximity to the Gawler
Health Service that provides acute services that range from in-hospital care by local general
practitioners to specialist surgical, obstetric, paediatric and anaesthetic services delivered by
medical consultants. However, public transport can again be a limiting factor in the uptake of
health services (Country Health SA 2011).
Other less well serviced health facilities are scattered throughout the region at Ardrossan,
Balaklava, Booleroo Centre, Burra, Crystal Brook, Eudunda, Gladstone, Hamley Bridge,
Jamestown, Kapunda, Laura, Maitland, Minlaton, Moonta, Mount Pleasant, Orroroo,
Peterborough, Port Broughton, Port Pirie, Riverton, Snowtown, Tanunda and Yorketown. These
facilities predominantly provide accident and emergency, day and inpatient surgery, Aboriginal
Health, obstetric services, community health and aged care (SA Health 2011). Community dental
services for adults are also available in the larger centres of Kadina, Nuriootpa and Port Pirie and
school dental service clinics for children at Clare, Kadina, Maitland, Peterborough, and Port Pirie
West (SA Dental Service 2011). A number of privately operated dental facilities are also available
in most of the larger town centres such as Clare, Kadina, Port Pirie and Nuriootpa. It is
recognised Australia wide that tooth and gum disease is more common in rural and remote
areas, commonly because people are unable to find or afford a private dentist and because there
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is serious under-investment in public dental services (National Rural Health Alliance Incorporated
2009d).

Figure 71: Location of Country Health SA medical facilities across the study region (2011).
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Across the region there is growing support to not only maintain the level health services offered,
but to add to those available. The Yorke and Mid-North community are keen to maintain the level
of services they have, although there are no new hospitals planned for the area - despite 25% of
the state’s rural population living in the region (Regional Development Australia Barossa 2010).
The Barossa sub-region is identified in The Country Health Plan that ‘sets out how to achieve an
integrated country health care system, so that a greater range of services is available in the
country. The aim of the plan is that fewer country residents will need to travel to Adelaide for
health care.’ The Plan sets out a broad direction from 2007-2016 for the Angaston and Tanunda
Hospitals to become health care “hubs” for the region with consideration for long-term
amalgamation of the two hospitals onto a new single site. The Eudunda and Kapunda Hospitals
“GP Plus” Emergency Hospital is anticipated to provide emergency response and other services
that may include expanded primary health care services, observation beds, respite/palliative care
beds and aged care support (Regional Development Australia Barossa 2010).
Aged care is identified across the region as a priority. Currently there are 37 aged care facilities
in the region that range from nursing homes (high care) to hostels (low care) and supported
residential services (DPS Publishing 2011). Many of the aged care facilities are privately run.
However, some of the high care nursing homes in particular are associated directly with
hospitals. The coverage of these facilities fails to meet the health needs of the ageing population
and statistics show current coverage of aged care places in the study region is lower than the
state average (Department of Trade and Economic Development 2011) (Figure 72).
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Informal support networks, particularly for the ageing will be more heavily relied upon in the
future to help cope with emergencies and provide ongoing care. These support networks are
particularly relevant to those living on a property or away from the services of larger centres
where general care mechanisms are not as readily available. Research also suggests that as
people get older there is a tendency for them to relocate, and move away from “Remote” and
“Very Remote” areas (Figure 73) and into “Inner” and “Outer Regional” areas to gain access to
appropriate medical and community facilities (Australian Bureau of Statistics 2011b). There is
also a national counter-trend for retirees to move away from major cities to regional areas,
predominantly service centres along the coastline. Although there are already existing facilities in
the majority of these areas (Yorke Peninsula in particular), this migration has the potential to
place strain on medical facilities from the general increase in demand as well as those due to
climate change impacts.
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Figure 73: Remoteness of areas across the study region (Source: Department of Health and Ageing 2008).

The aged are a population group specifically identified as needing assistance. People identified
in this way are defined as requiring help in one or more of the three core activity areas - selfcare, mobility or communication. The need for this care is based on the criteria that it is a longterm health condition (lasting six months or more), a disability (lasting six months or more), or old
age. People identified as needing assistance already face disadvantage in society and are
generally heavily dependent on formal and informal support networks. The study region has a
proportion of people who require help or assistance that is higher than the state average,
particularly in the Yorke Peninsula sub-region (Figure 74). A likely reason that the Yorke
Peninsula sub-region has such a high percentage of people needing assistance is because of
the high levels of retirement and the attraction of those in need to the facilities and support
available at the Wallaroo health hub that provides services above and beyond what is available
elsewhere in the study region.

Figure 74: Need for assistance by percentage across the study region and South Australia (Source:
Australian Bureau of Statistics 2008; Australian Bureau of Statistics 2011b).

The already high level of reliance on the health system and informal support networks that is
required to cater for the large proportion of those requiring assistance is likely to increase with
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climate change impacts as a result of heat waves and fire. Disabled people already have limited
adaptive capacity and are a particularly vulnerable group with regards to social inequality and
environmental vulnerability. Impacts via increased transport and fuel costs, the potential for fewer
people to be engaged in the community due to heat stress, and the possible effects on wellbeing
have further potential to inhibit people’s access to facilities. As health problems, social
disadvantage and increased social exclusion are exacerbated, there are possible secondary
impacts to primary caregiver health and wellbeing. With reliance on another person for care, and
the disabled individuals’ minimal capacity to work, households that have a person in need of
assistance are less likely to have the means to access and afford adaptation techniques, such as
air conditioners, insulation and relocation.
The ten year “Health Care Plan for Yorke and Lower North” outlines service priorities where gaps
with existing services have been identified by community consultation (Regional Development
Australia Barossa 2010). Long waiting times to see a general practitioner (GP) or specialist,
access to GPs and to a lesser extent medical specialists, communication and information
(access to information about services and being able to understand the information available)
and the patient journey (transport and the associated costs and upheaval, discharge planning)
were all identified as gaps in the Health Care Plan. Similar issues were outlined in community
consultations in the Barossa where communication and information, transport to access health
services, enhanced access to accident and emergency services, long waiting times for services
and access to GPs and to lesser extent medical specialists were all highlighted as issues. The
Barossa specifically highlighted mental health services as a priority and the Yorke and Mid-North
highlighted the need for oral health options (better access and cost). Priorities for the whole
region as identified by the community include: improved drug and alcohol services; the treatment
and management chronic disease and conditions (predominantly diabetes, cancer and obesity);
availability of healthy lifestyle options in the region; availability of community based care options
in the region (community health and out of hospital services) and processes to meet the health
needs of an ageing population with in-home and residential services available locally.
The heightened potential for fire or heat related illnesses and other life threatening occurrences
as a result of climate change reinforces the need for an expanded emergency response in the
region, particularly ambulance. The SA Ambulance Service (SAAS) currently has 31 stations
dispersed across the study region, 27 rely solely on volunteers for response (Figure 75). The
Barossa and Port Pirie Stations are manned by paid officers and the Wallaroo station relies on
both volunteer and paid officers. Marion Bay has trained volunteers but is without an ambulance
(volunteers can provide care until an ambulance arrives). Additionally, Port Pirie has ‘industrial
based services’ or staff that operates on site (i.e. a mine), and are trained to respond to
emergencies as well as respond on a wider community level (Gowland, Martyn pers. comm. 15
April 2011, SA Ambulance Service 2011). For more life threatening cases, SA Health (MedSTAR
Emergency Medical Retrieval Service) and the SA Ambulance Service rely on MAC Rescue
helicopters to transport critically injured and ill patients from regional South Australia to major
hospitals. The helicopters are also used for policing, bushfire management and search and
rescue tasks (Motor Accident Commission 2011).
Given the reliance on volunteers for emergency response across the study region, volunteer
numbers are integral for upkeep of services and to ensure the community is serviced in times of
need (refer Emergency Management section). The SAAS, like many other community
organisations, ‘faces the challenges of high volunteer attrition rates, diminishing regional
resources, continual changes in community profiles and competition from other community
agencies for volunteers’ (Marshall 2003). With an ageing population and low youth retention in
the study region, volunteer numbers can be expected to plateau or decline in future years. This
trend presents a number of issues for ambulances responding to a potential increase in call-outs
due to climate change stressors such as heat waves and disaster events. The regional area is
therefore at greater disadvantage when compared to their metropolitan counterpart as stations
within Adelaide are ‘career stations’ where people are paid to man ambulance stations full time
and respond to call-outs.
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Figure 75: Location of ambulance services across the study region (Source: SA Ambulance Service 2011).

It is likely that the effects of climate change in the region will be significant for the health sector.
Health services will be more heavily subscribed and certain sectors of the community will be
more reliant upon them. The aged, and other people requiring assistance, make up a relatively
larger proportion of the region’s population, and as these people generally have a lower adaptive
capacity to adverse events, they will be both vulnerable to the effects of climate change and
unlikely to contribute to the adaptive process. While measures to improve health service delivery
have been assessed by various agencies, it is not clear whether these needs will be met in an
adequate and timely manner.
11.2.2 Age
The study region demonstrates a distinctive demographic profile, with disproportionately high
numbers of older people and a pronounced ‘hollowing out’ of people in the 20-39 year old age
bracket, presumably due to out-migration. Older people are less adaptable in general, and are
also more vulnerable to the physical effects of climate change, including increased vulnerability
to heat and dehydration, susceptibility to heat-related dementia, and a decreased ability to
effectively care for themselves in periods of intense stress such as catastrophic events (fire,
flood) or longer duration heatwaves. These vulnerabilities are also likely to remove some older
people from the volunteer pool and from the social networks of their communities. In addition, the
lack of 20-39 year olds may reduce the communities adaptive capacity overall.
Age has a direct impact on social capital. The very young and the very old are more vulnerable to
a number of hazards, ranging from poverty through to health-based vulnerabilities. Individuals in
these age brackets may have special care needs, and tend not to be very productive in terms of
generating economic capital for the community. Thus, the age structure of a community is of
considerable importance when assessing its resilience and adaptability (Mowling, Balston et al.
2009).
As can be seen from Figure 76, the region overall has a higher proportion of 10-14 year olds than
the state average, a similar proportion of 15-19 year olds but a significantly lower proportion of
20-39 year olds. The Yorke and Mid-North sub-region has a higher proportion of individuals in
the 45 plus age groups compared to the State. In 2006, one third of the population of Yorke
Peninsula and one quarter of the population of the Mid-North was over the age of 60. Yorke
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Peninsula and Copper Coast local government areas are within the top five areas for people
aged 65 years or older. This older age profile reflects the small proportion of families with
children residing in the area.

Figure 76: Population by age and sex for the Central Local Government Region (2009) (Source:
Australian Bureau of Statistics 2008; Australian Bureau of Statistics 2011a).

The ageing population was identified by the community in the workshop as a source of major
concern for the future, as many of the small country towns were considered by workshop
participants to be ‘retirement villages’, implying the mean population of elderly is high and youth
retention is low. The ageing population was also viewed as the most vulnerable to climate
change stressors, partly because of their decreased mobility and reliance on other people,
particularly during disasters, but also because of their existing health ailments and limited means
to gain access to resources such as the internet and health care facilities (Figure 77).
In contrast, an expansion of new suburbs and the growth of country towns in the Barossa area
has contributed to a growth in the number of people in the home buying age group (25-64 year
olds), and children in young families (0-14 year olds). ‘It is expected that the younger age cohorts
will age ‘in situ’ and so create significant increases in the youth and employment-seeking age
groups within the next ten years’ (Regional Development Australia Barossa 2010). However,
current demographic trends show that young adults leave the region in search of improved job
and tertiary education prospects. Without powerful incentives to retain local youth in the region,
the age group is likely to move elsewhere in the future.
As is the trend in many regional areas in the state, the study region is also expected to
experience a significant ageing of the population. An ageing population will affect the resilience
of communities as older individuals are less productive and less responsive to the challenges
that climate change bring and also place more demands on the medical system (Planning SA
2008). People who have existing ailments are particularly prone to the negative health impacts of
climate change, and given that the aged more commonly suffer health frailties or disability, they
will be at greater risk (Stanley 2010). Heat stress is a particular concern for the ageing population
as the effects of heat waves increase the incidence of heat exhaustion, cramps, heart attacks
and strokes, and the effects of dementia (Horton, Hanna et al. 2010). The effects are
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exacerbated for people who live alone, have restricted mobility, less access to cooling
mechanisms or are on multiple medications.

Figure 77: Proportion of the population over the age of 55 and location of aged care facilities in the
Central Local Government Region of SA (2011).

Other impacts on the ageing include lack of transport to health facilities as fewer aged people are
capable of driving, but particularly in the study region where there is an identified lack of public
transport options available. The lack of transport also inhibits social networks, support and the
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quality of community engagement that can all affect health. Older people in particular are more
vulnerable to the effects of limited access to services and community resources and therefore
social isolation (Horton, Hanna et al. 2010).
Lifestyle changes and hardships endured as a result of climate change stressors place particular
psychological stress on aged people, particularly as their coping mechanisms are decreased,
and they are less able to reach out for help, a chain of events that may lead to a loss of their
sense of identity. This outcome is particularly the case in disaster situations, and especially
bushfires, as older people are more likely to be dependent upon others to evacuate. Following
such events, older people with a dependence on the land or who have a deep connection with
land that has been ongoing over many years may become very distressed at their loss, a state of
mind that can further contribute to social isolation and distress.
The adaptive responses of the very young and the very old are mediated by their ability to obtain
the help they need, both from formal networks such as healthcare, and from informal networks
such as friends and family. As such, adaptive capacity is heavily reliant on the healthy
functioning of the social capital of a community. Demographic changes such as the ‘hollowing
out’ of critical age-groups, such as the 20-39 year olds, can be damaging to communities as a
whole, but can particularly impact on the informal care networks of older people, and can leave
an already vulnerable group even more so. Aging people in poor health are also less likely to be
able to afford specialist medical attention (as they are less likely to be working and earning an
income) and therefore their health status is likely to decline at a quicker rate. Given the lower
than state average income levels for the study region (see the household income section, below)
the aged are also less likely to be able to afford adaptation techniques such as air conditioners,
better insulation and relocation into better designed housing, and so they are susceptible to the
impacts of climate change.
The study region has a sharply different age profile from that of the rest of the state. The
innovative and productive age bracket of 20-39 year olds is noticeably reduced. In addition,
there is a strong expression of the widespread ageing of the local population that is being
experienced throughout contemporary Australia, and which is expected to continue into the
future. An ageing demographic will affect the resilience of these communities because older
individuals are less productive and less responsive to the challenges that climate change brings,
and also place more demands on the medical system.
11.2.3 Health related activity/output reductions
Climate-related changes have the potential to significantly affect human health in the study
region. Heat has pronounced negative effects on both mental and physical health, and these are
particularly severe for those who are aged or have a pre-existing condition. Heat also reduces
industry and individual productivity, and this effect is likely to become more noticeable as
businesses and individuals formalise their adaptive responses. Drought can induce significant
social dislocation. These challenges require a systematic and well-resourced adaptive response
so as to reduce vulnerability.
A change in climatic conditions can lead to several different kinds of health impacts including
direct impacts (usually caused by weather extremes, consequences of environmental change
and ecological disruption that can occur in response to climate change) and other consequences
related to traumatic, infectious, nutritional and psychological disorders that occur in ‘demoralised
and displaced populations in the wake of climate-induced economic dislocation’ (IPCC 2001).
Although there are some examples of positive impacts on human health as a result of climate
change effects (such as milder winters that result in less cold related deaths in those months),
the majority of health impacts are considered adverse.
The public health consequences and potential population displacement of people are potentially
adverse impacts of climate change that can happen gradually or suddenly. Disturbance to natural
and managed food-producing ecosystems, rising sea-levels, physical hazard, land loss, civil
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strife and economic disruption can lead to population displacement (WHO 2003). There are a
number of different displacements that may be experienced as a result of climate change.
Temporary forced or voluntary displacement may result after a specific hazard event such as a
flood or fire or due to an environmental degradation or extreme hazard event over time (IPCC
2008). Reasons for leaving may also be attributed to physical or economic drivers. Affected
people may voluntarily choose to move from the area for a temporary or more permanent period
of time, or authorities may force people to leave and deem the area uninhabitable. Once the
immediate problem is under control it may be possible for people to move back. Sea level rise
will result in long-term displacement and will involve permanent loss of land and homes will make
it impossible for people to return.
Social dislocation has many negative impacts on communities and individuals. The loss of home
and community, lifestyle and a sense of belonging can result in a feeling of isolation and
psychological stress (Government of Western Australia 2008). A sense of belonging is a vital
component of a healthy community, particularly with the ‘bonding’ aspect of a community’s social
capital. A sense of belonging stems from the feeling that an individual is within the physical and
social boundaries of their community, and gives them a sense of security and identity (McMillan
and Chavis-George 1986). The ability for people to maintain mobility is particularly important
when dealing with social dislocation to overcome feelings of disconnection through not
belonging. Mobility increases social inclusion by providing connections for people and allows
individuals to be a part of a larger group in the community, gain further access to education and
employment, and to link with services (Stanley 2010). The study region, as with many rural
locations, has limited mobility choices and therefor a lack of access to educational facilities and
poor public transport systems that mean that people will be more at risk when exposed to
dislocation.
It is well established that changes in the climate, particularly higher temperatures, have the
potential to adversely impact on those who are aged, sick and infants. Less obvious, however,
are the potential indirect effects of heat that can negatively impact on the entire population, even
those who appear in good health. Indirect health risks can include food spoilage and
gastroenteritis, the spread of vector and waterborne diseases, exposure to solar radiation (skin
cancer), respiratory diseases, and mental health issues that stem from depression and stress
related disorders (Stanley 2010). These increased risks lower the productivity potential of
individuals as sickness may cause people to be less productive or out of work for a prolonged
period of time. Increased illness will also result in further stress on the health system across the
region, particularly in dealing with increased disease and mental illness, as outlined earlier in this
chapter.
Other significant climate changes will impact on human dependent biological systems (Crimp,
Howden et al. 2008). Water shortages are likely to increase and make it difficult for households,
industry, recreational, agricultural and ecological systems to meet their requirements. Agriculture
in particular is under continuing pressure as a result of declining rainfall, temperature changes
and the rising cost of inputs (e.g. fuel and fertiliser) (Alston and Witney-Soanes 2008). Not only
do these factors directly affect people in the industry but also the general population as a rise in
the price of food and water makes living less affordable for households, particularly those who
are already struggling or whose income is committed to other needs. Economic impacts coupled
with the stress of reduced productivity from agricultural land may also cause social and
psychological stress. Because the main industries in the study region (sheep, beef cattle and
grain farming and beverage manufacturing) rely on environmental factors to ensure a good
economic return, residents of the region are at considerable risk from these aspects of climate
change stress. Research by the Australian Institute of Health and Welfare (2008) concluded that
“depression is associated with the loss of at least 135,000 person years of economic production
annually, or about two per cent of production. For every dollar spent on medical and social
support for mental illness, four additional dollars are lost through poor achievement in education
and training, reduced workplace productivity, lost tax earnings and reduced participation by
carers in the wider economy.”
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An increase in temperature also means individuals are likely to become less productive as heat
hampers their ability to successfully complete tasks. Workers may also choose not to work in
extreme heat days, or be given a directive by their employer not to work on such days due to
safety reasons. The Local Government Association of South Australia (LGASA 2010)has
released a draft document Workforce Guidelines for Local Government During Emergency
Events: Extreme Heat Arrangements and Fire Danger Days that outlines recommendations for
employees in the event of extreme heat or emergency situations. Suggestions include
recommended 15 minutes breaks each hour for days when the temperature is 35°C and over,
and at 40º C workers should be placed on stand-by at full pay and may retire to their rest room or
common room. These measures will significantly lower productivity of the workforce as the
number of extreme heat days increases.
Other illnesses can be attributed to alterations in the geographic range and seasonality of certain
infectious diseases and include malaria and dengue fever, as well as food-borne infections, both
of which peak in warmer months. Exposure to these illnesses is increased when the pattern of
thermal extremes alters and becomes more prevalent (WHO 2003). Asthma is also notably
affected by climate change, particularly with respect to initial susceptibility. Increased exposure to
allergens in infancy and increased exposure to more intense and extended pollen seasons
heighten the prevalence of this condition and can greatly increase morbidity among those that
already have the condition (National Institute of Environmental Health Sciences 2005). Statistics
published by the National Asthma Council Australia (2011) showed that a greater proportion of
people with asthma (16.6%) had days away from work or study compared to people without
asthma (10.7%). People with poorly controlled asthma are also restricted in participation in
normal physical and social activities (National Asthma Council Australia 2011). National trends
also indicate that asthma mortality rates are greater the more remote a person lives, probably
because remote areas represent a larger Indigenous populations, a population limited access to
emergency and primary care and higher exposure to a variety of chemicals and pesticides
(Victorian Government 2006).
These findings present a number of issues for the study region. Firstly, the study region is reliant
on agriculture and other industries that utilise chemicals and pesticides and so the population is
already more exposed to potential asthma triggers than urban populations. With the heightened
risk of exposure due to pollens and other allergens, the incidence of asthma could be expected
to rise within the region. Such an outcome presents issues for the control and treatment of
asthma. Access to health services and medical facilities is a concern for the region as is public
transport to facilities and the long driving times that often inhibit people’s decision to seek help.
With a lowered incidence of treatment and control of asthma, people are less likely to participate
in physical and social activities that contribute to important social capital functions such as
networking, relationships and bonding. A reduction in social networking is particularly important
in regional areas and can lead to isolation and increase the possibility of depression. Feelings of
depression and the statistics that indicate people with asthma are more likely to have days away
from work or study compared to those without asthma will also ultimately mean less productivity
and potentially less income.
An increase in health related problems will have a pronounced effect on the resource demands
for individuals, health systems and employment expectations. Adaptation will be required from
each of these sectors of the community, and support will be required to enable the required
change. For example, workers affected by heatwave conditions will have to accept that
productivity will be lower on very hot days, and employers (including the self-employed) will need
to be encouraged not to ‘push the boundaries’ in terms of working in heatwave conditions. In
essence, a new group of social norms will need to be established for managing heatwave
conditions, and similar processes will need to be undertaken for any aspect of life significantly
affected by climate change. Fortunately, as long as social capital remains strong, these changes
can be accomplished relatively effectively. At the same time, more structured adaptive measures
will need to be undertaken to ensure that formal support networks including health networks and
advisory programs make the changes that will be required in response to increased or changing
demand.
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Climate change impacts potentially affect the activities and/or outputs of individuals as people
become less able to undertake ‘normal’ daily activity, due to factors such as population
displacement, social dislocation, and a decrease in worker productivity attributable to heat or
health impacts. Health effects may be direct or indirect, and the demands placed on individuals
may stem from novel causes (such as new diseases, or displacement) and also from the
exaggerated effects of known problems such as asthma or heatstroke.
11.2.4 Mental health and wellbeing
Rural regions suffer from higher incidences of mental health problems, partly due to specific
physical, economic and social circumstances and partly due to the barriers encountered when
seeking effective care. Climate change is likely to make many of these factors more pronounced.
While the region does have an established mental health network, it is not clear if those who will
need it in the future will be able to access it readily enough.
The personal wellbeing for people in rural towns is higher than it is for people who live in capital
cities (Cummins, Davern et al. 2005) and remote and very remote areas. Nationally, females
have a higher personal wellbeing than males. This difference is exaggerated in the remote and
very remote areas, probably because females are more adept in forming supportive social
relationships that support their own sense of wellbeing in difficult circumstances.
Despite the fact that mental health issues amongst people are approximately the same for rural
and urban areas, there is a demonstrated link between living in rural areas and higher incidences
of mental health problems (Australian Government 2010). The problem lies in accessing help
and services to counteract the issues encountered by those suffering from mental health
difficulties. A lack of information and access to mental health facilities exacerbates the problem
regionally, as do factors such as isolation, fewer networks to seek help with or to recognise a
problem exists and reluctance in regional people to discuss personal issues with acquaintances
from rural services. Men are more at risk of long-term effects from mental health. Literature
suggests that they are estimated to access mental health services provided by GPs at only 50
per cent of the rate women do (National Rural Health Alliance Incorporated 2009b).
In the study region, local mental health clinicians currently work within clinical health networks in
Clare, Wallaroo, Minlaton and two centres in Port Pirie. A specialist Aboriginal Community Health
Service also exists in Point Pearce. Additionally, Child and Adolescent Mental Health Services
(CAMHS) deliver services in the Barossa (and Lower North), Port Pirie and the Yorke Peninsula
via referral (Country Health SA 2011). The Barossa areas are serviced by mental health and
psychology services in Gawler. The region is also serviced by funding from the Mental Health
Support for Drought Affected Communities program, an initiative that builds the capacity of rural
and remote drought affected communities to respond to the psychological impact of drought. The
Barossa Division of General Practice (DGP), Flinders and Far North DGP, Mid-North DGP and
Yorke Peninsula DGP all received funding to provide community outreach and crisis counselling
(Government of Australia 2010).
Despite these efforts, regional areas generally face greater challenges in accessing the services
available (poor public transport systems or long travel times to the closest service), and lack
much needed funding to assist and help care for people with mental illness. Also, many
providers, such as psychiatrists, reside in metropolitan areas and are therefore virtually
inaccessible to people in regional and remote areas (National Rural Health Alliance Incorporated
2009b). In times of natural disasters such as drought, cyclones, floods, bushfire and pest
infestations (most of which can be anticipated as a result of climate change) there is an
increased demand on the mental health system to assist people who have been affected. These
disasters have a very direct impact on income and wellbeing for rural Australians so access to
immediate help is essential to ensure no long-term negative effects. Less access to healthcare
services and less knowledge regarding mental health problems and effective treatments are all
barriers to receiving help for mental health problems in rural and remote areas. The lack of
resources in rural Australia means that there is also a relative disadvantage for early and
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effective mental health intervention. The lack of intervention and other unaddressed issues
relating to mental health are evident in the significantly higher suicide rates amongst farmers and
farm workers (Sartore, Kelly et al. 2008).
Recently released research shows that 17% of farmers in drought affected areas of Australia
suffer from mental health problems such as anxiety and depression, compared with eight percent
in non-drought affected areas. Up to 10% of land managers in drought affected areas are taking
anti-depressant medication, compared with fewer than three percent in non-drought areas. Rates
of medication are even higher for the unemployed and reach levels of almost 25%. Overall, the
findings indicate that mental health problems approximately double in drought affected regions
(Edwards, Gray et al. 2009). The forecasted increases in temperature and heatwaves and
reduced rainfall as a result of climate change have the potential to severely impact on people’s
livelihoods across the study region, particularly those reliant on agricultural systems that need
rain to support many of their industries (agriculture, viticulture etc.). With these impacts comes
the possibility of increased mental strain due to loss of stock/production (and hence income), and
increased isolation (due to a decrease in participation in community networks).
Other areas for concern are illustrated by statistics that suggest mental health problems often
coexist with physical illnesses such as pain, disability and physical incapacity. United States data
suggests that about 50% of asthma patients may also suffer from depression, and depression is
twice as prevalent among people with diabetes as it is in the general population. People with
depression also have about a 60% greater risk of developing heart disease and are more than
four times as likely to have a heart attack when compared to people with no history of depression
(National Rural Health Alliance Incorporated 2009c). As research reviewed earlier in this chapter
suggested, there is potential for an increase in asthma and other respiratory illnesses as a result
of climate change. With such a high incidence of depression in asthma sufferers, climate change
stressors are likely to fuel the incidence of coexisting illnesses. Other impacts such as the
physical toll that increases in heat or extreme weather events or disasters can also affect
people’s physical health and in turn increase depression. A recognised lack of mental health
facilities available in regional areas and the additional stress that climate impacts will have
generally on the health systems means there are likely to be more people who fall ‘between the
gaps’ because of a lack of access to mental health facilities and longer wait times to see a
general practitioner to diagnose a depression or a mental disorder.
Unfortunately, if mental health issues go undetected or are not treated, the outcomes can be
devastating and lead to self-harm. The South Australian suicide rate per 100,000 people for the
years 2005-2009 was higher than the Australian average (Figure 78), yet below the Northern
Territory (20.1 per 100,000) and Tasmania (15.1 per 100,000) averages. The ratio of urban to
rural areas may explain the differences across the states and territories, as suicide rates are
higher in rural areas when compared to urban areas in general (Page and Fragar 2002). Findings
of the 2007 Australian Institute of Health and Welfare (2008) report on rural, regional and remote
health showed that rates of death by suicide in regional Australia were about 20–30% higher
than in major metropolitan areas (25–40% higher for males). In remote and very remote
Australia, male rates of death by suicide were observed to be 1.7 and 2.6 times higher
respectively (Commonwealth of Australia 2010).
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Figure 78: Average suicide rate per 100,000 people for the years 2005-2009 for South Australia and
Australia (Source: Australian Bureau of Statistics 2008; Australian Bureau of Statistics 2011).

Young male suicide has been linked to a number of specific regional, rural and remote area
factors including unemployment, greater availability of lethal means of self-harm (guns etc.),
barriers to mental health care services and inadequate media reporting on how to access
services, but also the stigma involved that can increase prejudice. Other vulnerabilities of
particular relevance to rural settings are loneliness, alienation (especially for same-sex
preferences), previous significant losses contributing to less resilience in further life events,
unrecognised or untreated depression, alcohol and other drug misuse, economic change leading
to financial insecurity and vulnerability, stress brought on as a result of drought, flood and
bushfires, barriers to older age groups seeking help for mental health issues and the social
stigma involved (particularly in small communities), farming families living at their workplace and
having little time for a ‘break’ and ‘stoic, masculine attitudes and a rural ideology that promotes a
strong work ethic and rugged individualism, and discourages individuals from seeking help’
(National Rural Health Alliance Incorporated 2009c).
Studies also show that the majority (two-thirds) of all farmer suicides occur in older age groups,
mainly those over the age of 55 (National Rural Health Alliance Incorporated 2009c). The ageing
population of the region and compounding factors of climate change are likely to increase the
stressors associated with suicide, and this is a major consideration for the study region. Potential
impacts will be particularly apparent in networks and relationships, with close knit communities
particularly vulnerable to the loss of a community member. Family and friends may feel shock,
anger, guilt and depression, and by volunteer emergency services that could be called to the
scene and had an affiliation with the victims - an experience that affects long term morale. Less
obvious effects such as the cost of medical assistance and lost wages might also take their toll
on the community.
Climate change is likely to negatively affect these already unfortunate trends. In addition to the
immediate distress caused by climate disasters such as fire, the long-term effects of ongoing
drought can also cause feelings of loss, grief and hopelessness, all of which can contribute to an
increased risk of subsequent psychiatric morbidity. The farming profession is especially
vulnerable as it is associated with a unique set of stressors such as reliance on environmental
conditions, that are somewhat unpredictable, and financial or business related pressures. These
stressors can have flow-on effects throughout rural communities dependent on farming,
particularly those that suffer isolation, economic disadvantage and limited services.
As identified earlier, a priority for the Barossa community is to improve mental health services in
the region. The community suggestion for improving the mental wellbeing of the Barossa area is
to establish the Kapunda Shed and Eudunda Community Sheds to address some men’s health
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issues and social isolation. Further suggestions were made to increase the use of telemedicine
and increased access to psychiatric services in the area (Regional Development Australia
Barossa 2010). These are welcome steps that will enhance the mental-health resilience of their
respective communities. It is important to ensure that steps are taken to protect the mental health
of populations within the study region, even though this is likely to be difficult due to some of the
structural barriers noted above.
There is a demonstrated link between living in rural areas and higher incidences of mental health
problems. This issue has the potential to increase, as climate change stressors such as drought
impact more heavily on rural populations. A lack of information and access to mental health
facilities in regional areas (including the study region) exacerbates this problem.
11.3 EDUCATION AND TRAINING
11.3.1 Level of education
Education levels in the study region are lower than for the comparable State averages. As
improved education can be directly correlated with both better health and greater adaptive
capacity, it is important to attempt to increase education levels throughout the region. Options to
increase education in the region may also assist to retain younger people, which would have a
beneficial effect on social networks and would reduce vulnerably overall.
Education is important to enable people to make well-informed, long term, sustainable decisions
about climate change (WHO 2003). Poor education levels reduce the ability of communities to
reach out for, and effectively apply, the information and technology that is available about the
challenges that climate change will bring. Even a well-resourced and focussed community can be
severely hampered by a lack of ability to access and apply the information they need (Mowling,
Balston et al. 2009).
Education is also a significant determinant of individual health, regional development and the
sustainability of rural communities and therefore an important tool in adapting to change and
mitigating the potential challenges of climate change (National Rural Health Alliance Incorporated
2009b). Educational attainment can impact on employability by increasing employment
prospects, financial capacity by providing an income due to job prospects and social wellbeing.
The higher an individuals’ level of education and literacy, the better their health is likely to be
(National Rural Health Alliance Inc 2010). Education provides people with knowledge and
confidence and can decrease social exclusion by removing barriers such as lack of educational
opportunity, low social capital and connection to the community, low income and unemployment.
People facing disadvantage and social exclusion are more likely to have difficulty in adapting to
climate change, predominantly because they have fewer resources available to deal with the
challenges (Stanley 2010).
Rural students are less likely to participate in schooling, more likely to be absent, less likely to
complete the compulsory school years, less likely to complete Year 12 and less likely to
participate in tertiary education and training (Australian Human Rights Commission 2000). This
situation is observable in the study region as it has much lower than state average percentage of
people completing year 12 or equivalent (Figure 79). The statistics show that a larger portion of
people in the study region are finishing their schooling in years 8-11. The workshop also
highlighted the fact that even of those that have completed year 12 studies, many did not have
sufficient literacy and numeracy skills, a finding that highlights a need for educational standards
in the region to be lifted. This lack of basic skills and participation in the education system results
in an adult population with a lower educational level and so limits employment opportunities,
income generation and the ability to respond to the challenges of change. Lower educational
levels can also limit the ability of a community to fully engage their social capital and thus reduce
their vulnerability to change (Mowling, Balston et al 2009).
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Figure 79: Highest level of education obtained by individuals in the Central Local Government Region
compared to the state (Source: Australian Bureau of Statistics 2008).

Of the people residing in the study region that have gained non-school qualifications and stated a
qualification they have attained, the highest percentage is in engineering and related
technologies (Figure 80). This proportion is slightly higher than the percentage of people who
have qualifications in this field of expertise at a state level. These qualifications do not align with
the top industry by employment in the region (sheep, beef, cattle and grain farming) or
occupation for the study region (farmers and farm mangers) implying that qualified people are
working in fields other than these - possibly mining.

Figure 80: Non-school qualifications by discipline in the Central Local Government Region compared to
the state (Source: Australian Bureau of Statistics 2008).

Agriculture, environmental and other related studies qualifications reflect the main industry of
employment and occupation for the study region. However, they only make up a small
percentage of the non-school qualifications. Reasons for this may be due to a lack of prerequisite study or training to work in the field, and traditionally, farms are family businesses that
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are passed on from generation to generation (Australian Government 2011) meaning that
training to enter the industry as an occupation might not be relevant or may be done on the job
without any formal qualifications. The workshop also revealed a need for training and education
to be tailored to meet the regions’ needs, actively matching the needs of the people and
industries that operate in the area.
Low levels of participation in training in the main industry sectors may also reflect the perception
that tertiary education is of lesser importance to life and career opportunities in regional areas
(James 2000). Another general inhibitor for regional people accessing further education,
particularly for those in low socio-economic groups, is the large cost involved with living away
from home and the real costs associated with obtaining a qualification (National Rural Health
Alliance Inc. 2010). This impact is often absorbed by families, and has the potential to become
more of a problem if there is an increase in the costs involved with mitigating climate change, as
income will be lost due to declining industry production.
Challenges presented by climate change, potential global food shortages and the increasing
labour and skill needed in agricultural industries, particularly due to advancements in technology,
highlight an increasing need for people to be appropriately skilled to effectively overcome
challenges. With few non-school qualifications in agriculture, environmental and related studies
in the study region, it arguably does not place the industry in a favourable position to improve
productivity and address issues such as sustainability and climate change (Industries
Development Committee Workforce - Training and Skills Working Group 2009).
A lack of suitable educational and training opportunities will increase the vulnerability of the
region to climate change because a lack of education implies a disadvantage in both
informational and financial resources. A lack of either information or money will slow the ability of
a community to respond to a challenge significantly, but a lack of both may be extremely serious
both in the long and the short term. For these reasons it is essential that local educational
opportunities be maintained at as high a level as possible.
Education is a significant determinant of individual health, regional development and the
sustainability of rural communities, and therefore is an important tool in adapting to change and
mitigating the challenges of climate change. The Central Local Government Region has a much
lower than state average percentage of people completing year 12 or equivalent. In addition, of
those people who have completed non-school qualifications, the majority are not in the main
fields of employment within the study region. These factors indicate a miss-match between local
educational opportunities and local needs.
11.3.2 Access to education facilities
Physical access to education is difficult throughout much of the study region. Limited access
reduces education levels and encourages younger people to leave the region to follow other
education options. While access to education is unlikely to be significantly impacted by climate
change (other than a limited number of days lost to high fire risk), it is important to improve
access to education to improve the adaptive the capacity of the resident population.
‘Students in regional and remote areas are more likely than those in cities to face problems of
access and limited choice as they strive to complete their education’ (Australian Bureau of
Statistics 2003). Each year young people move to find work or study, and young regional people,
in particular, migrate to major cities because of the greater employment and education
opportunities available there. This trend is a likely contributor to the lack of young people in the
study region (as discussed earlier in this chapter), and an issue that is not well addressed by the
location and provision of non-school educational services in the area.
Within the study region there are 42 pre-schools, 67 primary schools (nine of which are private),
12 area schools (years R-12), 14 secondary schools (five private), one Aboriginal school, five
special education units (predominantly for disability), two home schooling support unit training
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facilities and nine trade training centre consortiums (predominantly Vocational Education and
Training providers) (Figure 81). The schools are located in centres spread across the region and
are serviced by school buses that collect students from nearby properties and townships.

Figure 81: Location of education centres across the study region (2011).

Unfortunately, national research shows that population decline in regional areas has meant that
families and communities must justify their reasoning for school bus provision. This presents
issues for families who utilise bus services, as increasing fuel costs associated with travel and
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the possibility of having to provide their own transport for access to education might increase the
rates of home schooling, a move that would limit network and relationship opportunities across
the region (National Rural Health Alliance Inc. 2009d).
To date, millions of dollars have been spent across the nation on providing bus services,
however, there is increasing pressure to improve bus services further by fitting seatbelts,
providing air conditioning and ensuring fleets are safe. Air conditioning and fleet safety will
become particularly important as temperatures rise as a result of climate change.
Three tertiary education facilities exist in the area and the Spencer Gulf Regional Health School a joint Adelaide University and University South Australia initiative - has established learning
centres in six centres across the region (Booleroo Centre, Port Pirie, Minlaton, Maitland, Clare
and Kadina). Seven TAFE SA campuses exist: in Clare, Kadina, Port Pirie, Yorketown,
Narungga, Jamestown and Nuriootpa (Regional Development Australia Barossa 2010). There
are also a number of Registered Training Organisations (Regional Development Australia
Barossa 2010).
These organisations are highly focussed on the needs of their immediate communities and
provide training predominantly in retail, childcare, community services, tourism, hospitality,
primary industries value adding, aquaculture, aged care, management and commerce,
engineering and related technologies, dryland agriculture, natural resource management and
animal production (Regional Development Australia Barossa 2010). Despite the strong emphasis
on these industries, the opportunity for uptake is limited to those who can gain access to the
service. People in the more northern part of the study region, and those living in southern parts of
the Yorke Peninsula are further distanced from these educational opportunities and are less
likely to be engaged in the services they offer. The lack of options due to physical location,
particularly to those residing in the Yorke and Mid-North sub-regions is acknowledged by
Regional Development Australia and has been implicated in forcing people to leave the region to
gain non-school qualifications (Regional Development Australia Yorke and Mid-North 2010). An
increased need for public transport to access available institutions was also highlighted at the
Workshop, particularly as many young people do not have a licence.
Communities in the Barossa sub-region are also at a disadvantage regarding educational
services relevant to the main industries in the area, and it is recognised that there is the need to
build stronger links with higher education ‘to leverage the area’s proven strengths in oenology,
viticulture, marketing and even mining’ (Regional Development Australia Yorke and Mid-North
2010)
If the educational opportunities suggested here become a reality in the study region, the potential
to retain young people and train people in industry specific areas will benefit industries at risk of
climate change. Training can provide people with the tools to be more aware of the impacts of
climate change and therefore prepare for and mitigate those effects. People who are trained in
this way can pass on valuable information to workmates and, utilising social networks and
relationships, can assist with information transfer.
Education and training facilities, in parallel with the provision of health services (as discussed
earlier in the chapter), are difficult for many people to access due to a large proportion of people
living outside of the service centres. Non-school training and educational facilities are dispersed
across the region, yet their distribution means long travelling distances for students. This fact,
compounded by the lack of public transport available and the expected increase in transport and
fuel costs, makes access unobtainable for many and hinders the ability to gain further
qualifications. Other factors such as household income and a lack of funds to finance the cost of
education and training could further be compounded as climate change impacts on the cost of
living, and leaves less funds for expenditure on non-essential items.
Access to educational opportunities is more difficult than it should be for potential students in the
study region. This constraint has acted as a barrier to the full uptake of educational opportunities
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and also hinders the development of an educationally linked network amongst younger people.
The effects on climate adaptation are most likely to be observed in a reduced ability to acquire
and transmit both learning skills and information directly related to the mitigation of climate
change impacts. Reduced access to educational facilities may also hinder full development of
social networks amongst the educated youth. There may also be some consequences in terms of
carbon production if individuals decide to use private vehicles for transport, rather than more
carbon-effective public transport.
Relatively few non-school training and development institutions exist in the Central Local
Government Region, and access issues, particularly those related to the lack of public transport,
means that uptake is suboptimal. In some cases this situation results in individuals leaving the
area to seek out other educational opportunities.
11.3.3 Retaining young people
There is a significant exodus of younger people from the study region. This trend is likely to
continue or even increase if employment opportunities are reduced as a result of a changing
climate or if educational opportunities continue to be constrained. Losing younger people from
the region will significantly impact on many aspects of life and will reduce the adaptive capacity
of communities to respond to any stressor, including climate change. In particular, a lack of
young people in the region will reduce social networks and hamper the flow of new and possibly
critical information into the communities.
The retention of young people in regional communities is a growing concern, and one that is
reflected in the age statistics for the study region. The ageing profile, and much lower than state
average proportion of 20-39 year olds, suggests that young people are leaving the area to take
up opportunities elsewhere. Nationally, young people are leaving rural areas for better social and
career options, including education and training. Poor accessibility and limited transportation in
many regional communities coupled with the fact that some young people consider they are
under-valued contributes to isolation and frustration (Industries Development Committee
Workforce - Training and Skills Working Group 2009). Other factors such as limited access to
medical services, local education, appropriate accommodation, and good quality information
technology and telecommunications services further exacerbates the exodus of young people
from regional areas.
The Workshop further explained the exodus of young people from the study region and outlined
the need to make regional living more attractive and provide facilities that encourage youth to
stay, including the provision of increased opportunities and more transport options ‘[we] need to
provide opportunities for them and education and training to young people in areas that will be
needed in the region’ … ‘why would we want to retain youth if better opportunities exist
elsewhere?’ It was also noted that local media are not helping the case and often only report on
negative youth issues as opposed to focussing on the positives. This perspective is thought to
have caused a stigma about youth and has perhaps influenced some people’s perception and
lead to older members of the community choosing not to welcome or accept youth participation in
service clubs. There is an obvious need for young people to be accepted into organisations to
improve networking and bonding opportunities that lead to mutual trust between all age groups.
With the effects of drought and the loss of profits and productivity from business and personal
incomes, businesses have been forced to reduce services, relocate or completely shut down.
This chain of events affects employment opportunities in regional areas. Other stresses affecting
the major industries (e.g. agriculture), means that some farm businesses are less likely to employ
young people that do remain in the area.
Many young people still living in regional areas are less likely to be studying for a qualification
and are less likely to meet minimum standards for reading, writing and numeracy. Some of these
factors explain the lower than state levels of completion of year 12 (as mentioned in the previous
section) and the fact that qualifications are difficult to obtain in regional areas due to lack of
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educational and training facilities and a lack of transport necessary to access those that are
available. It is therefore important for young people to be encouraged back to regional areas and
to bring their educational and world experiences with them.
Youth will be a critical human resource for re-building and sustaining the study region due to the
above-average ageing population (National Rural Health Alliance Inc 2009d). Young people
provide a vital service to the community and form the future corps of volunteers who will be
available to aid in times of disaster, and act as a resource to enable other community members
to access climate change information and provide resilience. With an ageing population across
the study region, youth retention is important to fill positions that elderly people simply cannot
commit to any longer, predominantly due to physical function and lack of access. Informed and
educated youth can help inform the community on the latest climate change information and help
pave the way for innovation.
Young people are a critical human resource for re-building and sustaining the study region,
particularly considering the above-average ageing population. The high youth exodus rate
currently experienced means that a lack of young people will present a problem for many aspects
of community life in the future.
11.4 EMERGENCY MANAGEMENT
11.4.1 Volunteerism and the volunteer population
Volunteers are of particular importance to the study region, where resources are scarce and
volunteers represent an effective means of managing intermittent service needs. Volunteers are
also a critical part of maintaining local social networks. It is possible that the aging population and
other social changes will result in a reduced pool of potential volunteers. This situation will result
in the reallocation of responsibilities to agencies such as local councils and other paid service
providers.
The spirit and nature of volunteering is readily illustrated through the extensive network of
emergency management volunteers who operate throughout rural and regional Australia and
across the study area (Figure 82). The three principal agencies active in the study area are the
CFS (Country Fire Service), the SA Ambulance Service, and the SES (State Emergency
Service). These services collectively serve numerous properties and individuals under threat
from a variety of emergencies every year.
The study region is served by the CFS, and is mostly staffed by unpaid volunteers. The study
region encompasses parts of the CFS designated regions Two and Four. Region Two covers
about 17,000 square kilometres and consists of the Angaston, Barossa, Gilbert, Gumeracha,
Horrocks, Light, Yorke Peninsula, Southern Yorke, Wakefield Plains and Yorke Valley groups,
that between them have 85 brigades and 3137 volunteers. Region Four covers the remainder of
the study region and far beyond, into the North and North West pastoral areas, some 700,000
square kilometres. Of these, the Black Rock, Blyth/Snowtown, Bundaleer, Burra and District,
Flinders, Hallett, Mount Remarkable, and Spencer groups are part of the study region and
between them incorporate 48 of the 63 brigades making up Region Four (SA Country Fire
Service 2011).
Volunteers, some of whom are trained as paramedics and others who were, up until recently,
primarily drivers, also staff the SA Ambulance Service. Recent changes in training requirements
have required all ambulance volunteers to undertake extensive paramedical training. Anecdotally
this policy has resulted in a loss of volunteer ‘drivers’, some of whom are unwilling to undertake
the extensive training for activities for which they do not feel they are suited. In the regional areas
of South Australia there are more than 1400 volunteers that make up a network of over 70
country volunteer teams for the SA Ambulance Service. ‘Volunteers provide professional
emergency ambulance and patient-transfer services within their communities’ (SA Ambulance
Service 2011).
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Figure 82: Proportion of the population involved in volunteer activities in the Central Local Government
Region study area.

The State Emergency Service is also a significant resource in emergency management for the
region. “In the emergency services sector, the 17,000 or so Country Fire Service (CFS) and
State Emergency Service (SES) volunteers are a unique band of community-minded people who
put the safety and interests of other people first, very often in conditions that are difficult and
extremely dangerous,” (SA Country Fire Service 2011). There are 24 State Emergency Services
(SES) units operating from relatively evenly dispersed stations across the SES North Region,
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which overlaps with a significant portion of the study region (South Australian State Emergency
Service 2011).
It is important to recognise that beyond these services there are numerous other volunteers who
collectively improve the lot of others in their community, save significant amounts of money that
would otherwise be diverted to salaries, and perhaps most importantly, tend and extend the
social capital of the communities they live and work in. An outline of volunteering activities is
given in Figure 83, and from this it can be seen that while emergency response volunteering
enjoys a particularly high profile, it is by no means alone in the spectrum of volunteer activities,
all of which serve to enrich the community they serve.

Figure 83: Australian volunteer involvement, by type of activity (Source: Australian Bureau of Statistics
2008).

All volunteers are more than convenient unpaid workers – they are also nurturers of community
networks and cultivators of trust and sense of belonging in their communities. These qualities are
a very important part of the quality of life that many respect as an important part of life in the
study region. This is particularly so in rural regions that typically have higher levels of volunteers
(Australian Bureau of Statistics 2007).
Because of this significant secondary role relating to the development of social capital, it is
important to understand that changes in volunteers, volunteer numbers and the patterns of
volunteering will have profound effects on the communities they serve. Documents such as the
Interim Yorke and Mid-North Zone Emergency Management Plan (Yorke and Mid North Zone
Emergency Management Committee 2010), exhaustively track existing roles and responsibilities
but have not yet begun to address the likely future changes to volunteering. Local workshop
participants made it clear that as volunteers become scarcer, greater and greater expectations
are being placed upon local councils, with corresponding financial pressures and the predictable
flow-on effect of either increased council rates or reduced paid services. In this way, volunteers
and volunteering become important to the community both by their presence, and by their
absence.
A succinct overview of the effects of climate change and the emergency volunteer sector is
provided by Major General Hori Howard (Howard 2009). Howard groups influential factors into
several key issues. These factors can be further broken down into two groups, the first of which
include external pressures, such as an ageing population, sea and tree changes, rural
restructuring, and community and political restructuring. A second group includes more
subjective or personal pressures such as time commitments, costs, the threat of legal action, and
recognition (or the lack of it). While the external pressures are principally within the scope of this
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report, the other issues should not be ignored as part of the maintenance of a healthy emergency
management sector for the region. It also needs to be remembered that whatever pressures
could be anticipated for this sector are likely to be amplified due to the increasing frequency
and/or intensity of emergency events that climate change will bring.
The future of volunteering in this region is very uncertain. International studies tend to indicate a
drop in the number of volunteers, and information from the Clare workshop tended to support this
viewpoint. Possible factors influencing this include ageing populations, a generation that is ‘too
busy’ to volunteer for anything at all, an increasing awareness of insurance and other legal
concerns that can pose a deterrent, a shift to a ‘user-pays’ society, and, perhaps a little
uncharitably the rise of the ‘me’ generation. It is possible that the study region may experience
significant falls in the number of available volunteers in future years and this would be in keeping
with national patterns of falling volunteer hours (Frew, Stafford et al. 2010). However, other
South Australian based research done several years ago indicated that local volunteering was on
the increase, at least at that point in time (Wilson, Spoehr et al. 2004). It is possible that the baby
boomer bulge will result in an absolute increase in volunteer numbers, even if the proportion of
volunteers drops.
For the study region, it is likely that age is the most readily identifiable of factors that may
negatively influence volunteering. There are ways that this trend can be compensated for, if not
entirely overcome. Options include adapting volunteer roles for those who are not as physically fit
as they once were, aggressive recruitment of younger age groups, and exploring the possibility
of paid roles to complement the volunteer sector.
With regards to climate change, it is important to note that volunteers are in some ways a
‘bridgehead’ of education back into the community, and it may be possible to pass new learnings
about changing circumstances back into the study region community in this way (Hughes and
Henry 2003).
Increasing the number of volunteers in the study region communities is of pressing importance.
Volunteers are important as they both provide a practical response to climate change related
climatic events such as bushfires, and also act as a conduit through which social capital can flow.
Volunteers can enhance a communities’ resilience by enabling a more effective flow of
information from one region or community to another, and also by enhancing the strength of the
community itself, bolstering trust and sense of belonging by providing tangible evidence of
community strength and mutual support.
Volunteers are much more than convenient unpaid workers – they are also the nurturers of
community networks and the cultivators of trust and a sense of belonging in their communities. It
is possible that the Central Local Government region may experience significant falls in the
number of available volunteers in future years, if keeping with national patterns of falling
volunteer hours.
11.4.2 Changes in the community being served, and the services provided
As the community structure changes – due to newcomers, an outflow of younger people and the
general aging of the population – it is probable that there will be two concurrent changes that will
need to be accommodated. Firstly the community will need more, and possibly different, services
due to individual infirmity and/or changed expectations. Secondly, the pool of appropriately
skilled volunteers may reduce. These changes will result in a community with high vulnerability
and low adaptive capacity to climate change.
It is inevitable that as the community changes and the conditions that the community experiences
also change, there is a commensurate alteration in the emergency services that attend to the
needs of that community.
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Some of the changes that climate change will bring have been addressed directly. The National
Climate Change Adaptation Research Facility report on adaptation response to the 2009
heatwaves (National Climate Change Adaptation Research Facility (NCCARF) 2010) indicates
that heatwaves bring with them a significant increase in morbidity and mortality, as well as
interruptions to both power and transport. The report also suggested that the heat event revealed
a new level of expectation by the public in terms of emergency services delivery. It speculates
that in addition to the well documented weaknesses of the very old and the very young in terms
of heat susceptibility, those younger than 40-50 year olds may also prove to be problematic.
This new area of vulnerability is because this cohort has very high expectations of emergency
services, and is considered to be more reliant on technology and air-conditioning. These people
consequently may lack a degree of the self-reliance and resilience that older people have
developed naturally by living through less technologically dependent times. Of course, this effect
may not be so pronounced in rural areas, where self-reliance is perhaps more highly prized.
However, Howard (ibid) also notes that expectations are increasing overall, not only from
individuals, but also from political figures, in regard to the services provided to the community.
Other community changes the study region may face include changes in the traditional
demographics of some areas. It is likely that as the population ages, there will be a two-fold
effect where the number of people prepared to volunteer diminishes and the number of people
requiring the services of volunteers will increase. This situation will not only be in the area of
emergency management, but also in the wider volunteer community. Thus, any given volunteer
service will face a rise in demand at the very time it experiences a fall in its ability to service that
demand.
Additionally, the peak volunteering years are between 35-55 years of age (a product of age
dynamics) and will continue to function for as long as there are sufficient people in this age group
(Figure 84). Should overall volunteer numbers drop (as they may well in the study region, due to
the demographic hollowing out seen in the 20 -40 year age group on the demographic diagram),
South Australia - Volunteers by age group
there will be a far smaller pool from
which
to draw the necessary volunteers.
(ABS Voluntary Work Survey 2006)
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Figure 84: South Australian volunteers by age group (Australian Bureau of Statistics 2008).

The ageing community will also have specific needs in relation to emergency management. The
impact of an aging community will be amplified by the currently prevailing policies encouraging
‘ageing in place’. Older people are less physically able, and will need greater assistance in
emergency situations for themselves and for their homes and physical assets, that they will no
longer be able to defend themselves. Emergency management has often considered the effects
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of emergency situations on older people, but has rarely asked them about their opinions and
even less frequently considered what they might be able to contribute (WHO 2008). It may be of
benefit to all parties to encourage the active engagement of older people in developing local
emergency management policy.
Older people are more susceptible to heatwave conditions, and a prolonged or intense hot spell
will create additional demands for the ambulance service, as greater numbers of people require
transportation to medical assistance. Other non-traditional services, such as heat refuges (and
the corresponding transport service to make them accessible) may become necessary to cater to
the heat sensitivities of the very young, the very old, and possibly the newer non-heat adapted
sectors of the population. There may be a significant increase in this last sector if the region, or
parts of the region, become the focus of sea- or tree-changers used to air-conditioned urban
lifestyles.
Tree and sea-changers may bring with them other new challenges, as they are likely to have
differing expectations from people who have lived all their life in rural environments, and they
may also lack some skills that are taken for granted by others who have lived in the region for
longer. Regardless of age or physical fitness, these in-comers may not have the skills necessary
to defend themselves and their assets from various threats - either traditional or as a result of
climate change.
Services dependent on volunteers will need to be attentive and forward looking, not just in terms
of the changing challenges that climate change induced disasters may bring, but also in terms of
changing community needs and a changing volunteer population. Changing community needs
will require strategic reallocation of resources and possibly the sourcing of new and different
resources. A changing volunteer base will require changes in expectations regarding the role of
volunteers, who the volunteers are, and how they function in the community.
As the community changes and the conditions that the community experiences also change,
there may be a commensurate alteration in the emergency services that attend to the needs of
the community. The ageing population should be a focus for the Central Local Government
Region as they will need greater assistance in emergency situations. At the same time they will
be removed from the volunteer pool, potentially resulting in a reduction in volunteers at the same
time as demand for their services rises.
11.4.3 Resourcing and governance
Effective governance within the emergency management sector will be essential to ensure that
the challenges posed by climate change related events are effectively countered. The range of
climate change related events are likely to increase in severity and frequency at the same time
as the number and nature of volunteers alters. These changes will require astute resource
allocation and management to ensure effective adaptive responses.
Risk management and effective governance requires a fine balance between policy and
pragmatism. It has been noted in risk management literature that ‘good corporate governance is
about the effectiveness of the governing body – not about compliance with codes’ (Anonymous
2010), and this is likely to be a valuable principle to recall when considering possible resourcing
and governance oriented adaptive responses to climate change.
Effective governance is essential to ensure that there is functional and dynamic coordination
across and between local councils and other local entities, to ensure that information, services
and resources are effectively deployed across the study region. Equally, it is important that
vertical information and resource flows are effectively enabled between the various tiers of
government. Ensuring effective governance processes both horizontally and vertically will help to
prevent service and knowledge gaps, and will encourage multifaceted and well-informed
responses (Corfee-Morlot 2010). This type of policy will also assist in overcoming the institutional
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inertia that can be a significant barrier to the timely and effective responsiveness that climate
change is increasingly demanding.
There is also a need to recognise that lower socio-economic areas will be disproportionately
affected by climate change events and will be unable to respond as effectively. This situation is
also true of emergency management, and in some ways is similar to the ageing scenario, in that
lower socio-economic areas often do not have the social capital to see themselves as volunteers
and instead expect ‘someone else’ to do it for them. The ‘someone else’ is often some level of
government, and both State and Local government will need to anticipate and prepare for these
increased requirements.
Participants at the Clare workshop emphasised the importance of ensuring that appropriate
resourcing and governance are in place for the emergency management sector. It was noted by
several participants that the existing mechanisms, particularly those of local government, are
highly adaptive and responsive to changing needs - with the over-arching proviso that they must
be adequately funded. At present, funding is barely adequate, and concerns were expressed that
without significantly enhanced funding, the local ability to address even the currently observed
changing requirements regarding emergency management will be dramatically, even
dangerously, reduced.
As South Australian SES emergency volunteers contribute approximately $12 million per year
(Gannewatta and Handmer 2009) in volunteer hours – note this figure does not include the
comparable volunteer time for the CFS or ambulance services – it is reasonable to assume that a
moderate investment in the future of rural and regional emergency management is in order, if
only to ensure that this massive investment of private time and energy is retained for the future,
and is deployed as effectively as possible.
Climate change is likely to present new challenges for emergency management, and responsive
and dynamic organisations will be essential. Governance structures will need to be adaptable
and have the tools they require to effectively serve their communities. In many cases there will
be a need for increased funding to support activities such as retraining and the reorganization of
established services.
So that information, services and resources are effectively deployed across the study region,
effective governance will need to ensure that there is functional and dynamic coordination across
and between local councils and other local entities. People living in the Central Local
Government region emphasised the importance of ensuring that appropriate resourcing and
governance are in place for the emergency management sector and yet current funding is barely
adequate.
11.5 SOCIAL INCLUSION
11.5.1 Sense of belonging to community
A sense of belonging is one of the key social assets of rural communities and can reduce
vulnerability to any change that disrupts social fabric, as drought and other climate changerelated phenomena can. However, a sense of belonging can also be a very strong element of
successful community-based adaptive responses and needs to be nurtured and maintained to
preserve the informal support networks it underpins.
Social capital involves emphasis on collective action and valuing social networks, the bonding of
similar people and bridging between diverse people with norms of reciprocity (Claridge 2004).
The distribution and actions of networks and groups, internal dynamics and interaction between
people acknowledges important informal social networks within communities and organisations.
These interactions create a framework for information flow and empower communities and
organisations to analyse risks and implement adaptation procedures without reliance on topdown directives (Pelling 2004).
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Three distinct forms of connections are necessary for the formation of healthy social capital:




Bonding social capital, denotes ties between people in similar situations, such as
immediate family, close friends and neighbours;
Bridging social capital, encompasses more distant ties of like persons, such as loose
friendships and workmates; and
Linking social capital, reaches out to unlike people in dissimilar situations, such as
those who are entirely outside of the community, thus enabling members to leverage a
far wider range of resources than are available in the community(McMillan and ChavisGeorge 1986).

If any one of these three connections is weak or absent, the community concerned will have a
less secure social capital, and so will be more vulnerable to the effects of change (Mowling,
Balston et al 2009).
Social capital exists in two forms – structural capital, represented by memberships to
associations and the networks formed in this way, and cognitive capital, represented by
adherence to norms and trust (Grootaert, Narayan et al. 2003). Membership to community
organisations is known to be closely related to the strength of the social capital of both the
individuals who seek membership, and the communities where the organisations are based.
Memberships can be used as a quantifiable way of assessing the strength (or otherwise) of the
bridging connections in and between social networks. Within a community, the number of groups
that an individual could claim membership to gives a gauge of the bridging opportunities within
that community. At an individual level, multiple memberships to multiple groups indicates that an
individual is well positioned to access information and resources, and that they themselves may,
in turn, be a resource to others (Mowling, Balston et al 2009).
Through community consultative processes run by the Regional Development Australia Boards
of Yorke and Mid-North (2010) and Barossa (2010), people living in the study region expressed
that a range of opportunities are available for people to become involved members of community
organisations. Sport and recreation (particularly organised teams sports such as netball and
football) has one of the largest membership bases across the study region, and many comments
focussed on the diversity and opportunity to get involved ‘[there is an] extensive and diverse
sporting community which encourages social interaction and involvement’ (Regional
Development Australia Barossa 2010). Other comments also highlight how welcoming sporting
organisations are and that a strong sense of community is fostered through these memberships
and also to other groups ‘[there is a] feeling of community that exists which is enhanced due to
membership and involvement with schools, clubs, services and sporting outlets’ … ‘[there is]
good diversity of sporting clubs and social groups available for access to support groups/services
and medical care’ (Regional Development Australia Barossa 2010).
The Yorke and Mid-North sub-regions, however, appear to be suffering a decline in membership
and volunteer support, particularly in the sport and recreation field. This trend is attributed to
issues around insurance and increased administrative burden and cost. It is also acknowledged
that many of the smaller communities have few recreational opportunities for young people apart
from engaging in team sports. This limits the opportunity for people to be involved if they have
other interests.
Overall, there is a strong contingent of people across the study region who have membership to
more than one community group or organisation and as a result may be better informed and
therefore able to adapt to climate change. Multi-memberships offer people a number of
mechanisms for the transfer of knowledge and practice and allow social learning (Pelling 2004).
This process is important for people to not only understand the potential consequences of
climate change but also in sharing knowledge about potential adaptation techniques. Group
membership gives people the opportunity to link in with global interest communities who will
collectively have a much greater understanding and base of knowledge for people to access
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advice or information. Membership also allows individuals and groups of people (through
collective action) to command or access resources from each of the capitals - economic, human,
natural and physical, and will assist in responding to risk from climate change related stress or
shocks (Pelling 2004). Membership forms a source of resilience for people who might otherwise
be constrained by socio economic background, political marginalisation or other forms of
disadvantage (Pelling 1997).
Memberships and social interaction also develop trust. Without trust, then bonding, bridging and
linking all become difficult, if not impossible, and the social capital of a community declines
proportionately (Mowling, Balston et al 2009). High levels of trust permit and reinforce the
elements necessary for successful utilisation of social capital, such as mutually recognised
norms, reciprocity and information flows. Each of these elements can be easily recognised as
enhancing community resilience to climate change. In addition, high levels of general trust within
a community have been negatively correlated to poor health – that is, the higher the levels of
trust, the better the health experienced by community members (Kim, Subramanian et al. 2006).
Trust also allows the exchange of resources and contributes to product innovation and is a
possible indicator of adaptive capacity (Pelling 2004).
The strong membership base apparent across the region is fostering a strong sense of belonging
‘the churches and service groups in our area provide a strong community feel. They give security
to their members that when things are tough, someone will care’ (Regional Development
Australia Barossa 2010). A sense of belonging is a vital component of a healthy community,
particularly with the most basic, or ‘bonding’ aspect of a community’s social capital. A sense of
belonging stems from the feeling that an individual is within the boundaries of their community,
and gives them a sense of security and identity (McMillan and Chavis-George 1986).
Trends show that satisfaction with community connection and the sense of ‘belonging’ in
Australia increases with age (Cummins et al 2005). Perhaps this can be attributed to the ongoing
membership to a group that has ultimately formed that person’s identity and the potential for
more people to take up memberships when they retire and have more time to spend in leisure. If
the study region follows this trend, then given the ageing population, there is likely to be a strong
sense of belonging in this community. Individuals with a shared sense of belonging are much
more likely to care for others within their community and be prepared to work co-operatively for
the collective benefit of that community (Mowling, Balston et al 2009). Similarly, a community that
has a high level of confidence that their members are prepared to ‘lend a hand’ to each other as
needed, indicates a closely bonded community. People linked together by the horizontal bonds of
shared norms and reciprocity are well placed to act, both in terms of inclination and ability, due to
their embeddedness in a shared collectivity – in this case a community with a common concern
regarding climate change (Portes 1998). The bonding aspect is therefore very important in
collective action for responding to climate change at an individual level (lending a hand) and at a
community level. The ageing population does, however, cause a potential problem for collective
action in that as people age; they become less physically able to participate.
Despite the Barossa sub-region having a good range of social networks and community groups
available to them and an overall sense of belonging, there is still opportunity for networking and
information sharing between groups to improve. The Regional Development Australia Yorke and
Mid-North (2010) also recognises that there is room for improving communication across facilities
and activity providers and increasing partnerships between government, local community groups
and local councils and between educational facilities and local regions having more input in to
local issues (Regional Development Australia Yorke and Mid-North 2010).
A sense of belonging is one of the greatest assets that a rural community can have, as it is
indicative a strong social capital and good informal support networks. This form of social capital
has the potential to be of great use during a period of rapid change or during periods of intense
community stress, such as during natural disasters. It does, however, need to be supported
where possible, often by supporting the organisations to which the community subscribes.
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Additional use of these networks can be undertaken by ensuring that essential information is
available for transmission via these informal linkages.
Overall the communities in the Central Local Government region have moderately strong
bridging connections due to multiple memberships to community groups and organisations.
However opportunities exist for better networking and information sharing between those groups
and organisations, and specifically in relation to climate change related issues.
11.5.2 Leadership
Effective leadership is a critically important adaptive strength, and for this reason strong
community leadership must be supported throughout the study region. Strong leaders who are
well accepted by the community will enable informal networks to overcome vulnerabilities much
more swiftly. They will also support other sectors of the community (such as volunteers) in their
endeavours, to ensure greater resource efficiencies.
The extent of leadership across the study region is not well documented, but it never-the-less
forms an important component of the social capital because leaders engage, empower and
encourage others. Powerful community leadership through change is of vital importance in the
effective identification, harnessing and utilisation of resources available to a community. Avant
and Copeland (2005) have noted that as challenges in rural areas have increased in frequency,
complexity and intensity, the quest for rural leadership has become one of the greatest issues
facing rural communities. As one might intuitively suspect, effective leadership is central to the
effectiveness of communities achieving their goals and positive outcomes. Furthermore,
leadership, and how people feel about their leaders, is related to overall community success
(Mowling, Balston et al 2009).
A key to generating regional leadership and supporting regional development is education.
Education assists people in recognising capabilities required to become a leader and provides
them with the tools to build their skills in these areas. ‘Access to education helps build aspirations
and entrepreneurship in people, challenging individuals to think, to create and to step up and
tackle challenges’ (TAFE Directors Australia 2011). This empowerment is particularly important
for people residing in regional areas who face disadvantage such as socio-economic barriers and
who may view education as out of reach in a financial and intellectual sense.
Given the lack of formal learning institutions in the study region, it may be expected that there is
little learning occurring in those communities. However, the findings of TAFE SA research in
smaller rural South Australian communities prove otherwise. Three broad groupings of leaders
were described through the research process: community leaders, business leaders and
government leaders. Community leaders were categorised as the most significant group of
leaders and they include education leaders and teachers, professionals, sporting club leaders,
church leaders and service club leaders. These types of leaders were seen as having greater
importance when compared to business and local government leaders.
Findings also demonstrate that the leaders of communities are actively involved in learning
outside of formal setting, and that informal learning methods are proving to be preferred by
leaders to enable them to learn new skills, as well as for transferring skills to other members of
the community. These findings are consistent with other researchers who have found that most
learning is informal, most people are engaged in high levels of informal learning, and that even
people who are highly educated still learn most of their skills informally. ‘Learning by working
together, and alongside others, produces learning’ (TAFE Directors Australia 2011). This concept
is considered a central goal for leaders and contributes to collaboration and better results for
individuals, communities and for the wider society.
The ageing population across the study region suggests that leadership succession is a major
issue as there is not a large base of people to effectively take up leadership roles. The workshop
highlighted this problem, noting that fewer people were getting involved and young people were
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less willing to take up leadership roles. On a more positive note, workshop participants also
acknowledged that elderly people are remaining in leadership roles longer as it keeps them
mentally and physically agile and gives them reason to participate in society. Nonetheless,
mentoring young leaders is an important part of succession planning for the region and is a key
theme emerging from a consideration of different regional plans and community feedback in the
Barossa sub-region (Regional Development Australia Barossa 2010).
There is a strong emphasis on leadership throughout the study region, however it is not well
documented how well leadership initiatives are progressing and how strong uptake is on
leadership programs. A comment identified in community consultations conducted by Regional
Development Australia Barossa (2010) suggests that there are people in the region who display
leadership qualities ‘[a strength of the region is that there are] proactive individuals who embrace
change’.
Research highlights that when a critical local institution is threatened – as may happen in the
case of climate change - communities become most active in finding innovative and collaborative
solutions to ensure that local service are preserved. Leaders are integral to bringing together
disparate sections of the community, particularly in times of crisis or significant change when
participation by the wider community is needed to resolve the problem. Leaders bring together
the community both to keep them informed and to work together to facilitate a plan of action.
Public forums have proven to be one of the most important opportunities for information transfer
and learning in rural communities, and social relationships are the key to ensure that learning
and leadership is effective.
Leadership is important to the Central Local Government region. Key themes include the
importance of mentoring young leaders and succession planning. However, with the population
ageing, and younger people being less willing to become leaders, there is concern that
communities may lose the ability to achieve their goals.
11.5.3 Crime perceived/real
Levels of crime and perceived levels of crime are strong indicators of the strength and health of
community networks. While crime levels in the study region are low at present, disasters and
other events precipitated by climate change are likely to cause increases in specific types of
crime. These must be anticipated and countered to maintain the existing high levels of social
capital in affected communities.
Crime is a threat to social capital and areas of high social capital are rarely areas of high crime.
Similarly, a pervasive theme in the study of social capital is that as social capital declines, crime
increases. For these reasons it is important to assess the levels of crime in a region, along with
the perceived levels of crime. This information can provide insight into the state of the local social
capital (Mowling, Balston et al 2009).
Figures show that people living in cities have less satisfaction with safety and community
connection than for all other locations and as a result have less interpersonal connection and a
diminished sense of safety (Cummins et al 2005). A seminar for businesses in the region that
focussed on shoplifting, armed robbery and business security received no registrations, a
reflection of the low perception of crime as a problem in the area (Saideh Kent, Regional
Development Australia Yorke and Mid-North pers. comm. June 2011). A participant in a Regional
Development Australia Barossa (2010) community consultation also noted that the region has ‘a
relaxed lifestyle, clean air and minimal criminal activity’. This low level of perceived crime reflects
the actual level of crime measured by the regions statistics that show crime rates per 1,000
persons has gradually decreased over time and rates in the study area are significantly below the
state average (Figure 85).
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Figure 85: Crime rates for the study region and South Australia. The rate is the total number of offences
per 1000 persons in the population (Source: Australian Bureau of Statistics 2008).

Climate change has the potential to increase the levels of crime as research shows a close
correlation between climate change stressors (particularly heat) and the incidence of crime.
Individual’s daily habits and activities are described as ‘rhythmic’ and generally form patterns that
are repeated over time (Cohn 1990). Changes to the environment surrounding these people
might result in greater vulnerability to weather change and extremes and therefore a change in
behaviour. Individuals who are already sensitive to certain stressors may find that 'if an additional
stress is applied uniformly to everyone by a weather change, those who are already highly
stressed are more likely to exhibit behavioural or mood changes' (Moos 1976). People exhibiting
behavioural or mood changes due to the heat are likely to become irritated and aggressive, and
more likely to commit a crime. Likewise, natural disasters such as bushfires and floods also have
potential to disrupt the normal flow of human activity and give rise to both pro-social and
antisocial behavior (Wood-Harper and Frailing 2010). For some individuals, disaster is an
opportunity to take advantage of others’ misfortune and increased vulnerability, while others are
affected by displacement, emotions and irritators that lead to criminal activity.
While crime is not a significant issue at present in the region, it must be noted that there is likely
to be an increase in crime that runs parallel to the increase in climate change stressors.
Heatwaves are likely to be associated with an increase in personal violence (associated with
increased alcohol intake, increased stress and increased levels of mental health disturbance).
Disasters are likely to be associated with increased levels of property offences, as opportunistic
individuals loot the damaged or unattended property. These changes in crime patterns need to
be anticipated and prepared for.
A low level of perceived crime, and local statistics that show the crime rates in the Central Local
Government region is well below the state average, suggest that social capital is high.
11.5.4 Aboriginal and other minority cultural groups
There are relatively few people within the study region who do not speak English as their primary
language. This language homogeneity contributes to the high social capital of the region. Care
must be taken to ensure that other cultural differences are not a barrier to adaptive capacity. In
addition, it must be noted that Indigenous people are frequently more vulnerable to the effects of
climate change due to their low adaptive capacity, as they are disproportionately affected by
economic and educational barriers.
Linking with other cultural or community groups is considered to be a significant part of social
capital. The IPCC Third Assessment Report (TAR) identified indigenous peoples as one of the
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two most threatened groups (along with small island state populations) likely to suffer adversely
from climate change (IPCC 2007). While this largely stemmed from their dependence on natural
environmental systems and their low adaptive capacity, it must be noted that indigenous people
not living ‘on land’ are still significantly more likely to be vulnerable to the effects of climate
change for the same reasons that any individual with lower economic, social or human capital
would be vulnerable (Green 2006).
Generally, indigenous people’s socio-cultural and economic attachment, close relationship and
dependence upon the environment and its resources are very high, and many populations
remain dependent on natural resources. For this reason, Indigenous peoples are among the first
to face the direct consequences of climate change. ‘Indigenous communities already face
significant social and economic challenges, and climate change has the potential to exacerbate
the difficulties already faced by them such as political and economic marginalization, loss of land
and resources, human rights violations, discrimination and unemployment’ (UN Permanent
Forum on Indigenous Issues 2007). Socio-economic challenges place further disadvantage on
the indigenous population such as affordability of adaptation techniques such as air-conditioning
and access to medical care.
Within the region, 1.6% of the population identify themselves as an indigenous person, the
highest proportion (8.3%) resides in the Flinders Ranges Council area. Peoples of the Kaurna,
Narrungaa, Ngadjuri, Meru, Danggali, Nukunu, Barngala and Adnymathanha nations were
among the original inhabitants of the region and still maintain strong physical and spiritual links
with country (Department of Environment and Heritage 2007). Many people from other nation
groups also currently reside in the region. A key focus of the Yorke and Mid-North Regional
Roadmap is to ‘decrease the economic and social disadvantages of the Indigenous population of
the Yorke and Mid-North’ and a key priority is to “develop partnerships with other not-for-profit
organisations and government agencies to increase employment, social and economic
opportunities” for this indigenous population (Regional Development Australia Barossa 2010).
The Barossa Regional Roadmap recognises that there is a need to respect the traditions, history,
land, sites and objects of the Aboriginal peoples to contribute to improving Aboriginal well-being.
These policies indicate that the region is already facing existing challenges.
As with the general population, a high percentage of indigenous people in the region are ageing
and there is a low youth retention rate, particularly when compared to the state percentage
(Figure 86). Indigenous people experience the general health issues associated with ageing, and
are about three times more likely to be hospitalized than other Australians and so increase the
demand on the already under resourced medical facilities across the region (Australian Institute
of Health and Welfare 2008). Indigenous Australians also suffer a higher burden of emotional
distress and possible mental illness than that experienced by the wider community and greater
ill-health compared to non-indigenous people. These trends show that the indigenous population
across the region is at greater risk of health impacts due to a change in climate compared to nonindigenous people.
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Figure 86: Indigenous population percentage by age currently residing in the Central Local Government
Region (2006)(Australian Bureau of Statistics 2008).

Cultural diversity provides opportunities for diverse and unique ideas, business concepts, tourist
ventures and other income earning opportunities as well as creating a vibrant multicultural
community and is arguably one of Australia’s great strengths as a nation. However, cultural
differences between people and language barriers can threaten an individual’s potential to adapt
to climate change. Information empowers people to make informed decisions, and if
communication is not sufficient to meet the needs of the wider community, then the outcome of
the message is lost. Despite a number of different cultural backgrounds existing in the region, on
average only 0-1% of residents are not fluent at speaking English. Small parts of the study area
host 1-3% non-fluent English speaking residents, however, these are isolated cases (Australian
Bureau of Statistics 2002). Cultures represented in the region and include individuals born in
England (6%), Scotland (1%), Germany (1%) and the Netherlands (1%) (Figure 877).

Figure 87: Birthplace of individuals as a measure of the cultural diversity of the Central Local
Government Region (2006) (Australian Bureau of Statistics 2008).

Given the low proportion of non-fluent English speakers in the study region and the low
percentage of people from other cultures, the impact of climate change at a community level is
not likely to be significantly increased as a result.
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Indigenous people are generally more vulnerable to the effects of climate change because of
their dependence on natural environmental systems and their low adaptive capacity - for the
same reasons that any individual with lower economic, social or human capital would be. Overall,
cultural differences are not likely to create significant barriers to climate change adaptation
initiatives. Select areas (such as the Flinders Ranges Council) may choose to ensure that
specific efforts are made to address any particular challenges faced by non-English speaking
communities.
11.6 COMMUNITY PLANNING AND DEVELOPMENT
11.6.1 Internet usage
Internet usage within the study region is low when compared to the state average, however, it is
increasing. Access to the internet has the capacity to substitute for other resources and
overcome the barriers of distance for health, educational and social purposes. As each of these
three factors is critical for enhancing adaptive capacity, internet usage has the potential to
provide excellent value to the communities within the study region.
Communication methods are considered to be an important part of a community’s ability to
access information and thus to strengthen their social capital. The use of information channels
that enable access to information that is physically and/or institutionally remote is particularly
important for establishing and maintaining linking bonds, specifically bonds between individuals,
governments and institutions. Linking bonds are important to a community that may be seeking
new technologies and new adaptive approaches in response to climate change (Mowling,
Balston et al 2009).
In the 2006 census, there was a high percentage (46.2%) of residents that were not connected to
the internet, much lower than the state comparison (Figure 88). Dial-up was the most common
connection (66.7%) and only 32% of people had access to broadband (Figure 89).

Figure 88: Graph indicating comparison of percentage of uptake of internet connection in the Central
Local Government Region and South Australia (Source: Australian Bureau of Statistics 2008).
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Figure 89: Graph indicating percentage of uptake of internet connection by type in Central Local
Government Region and South Australia (Source: Australian Bureau of Statistics 2008).

In most parts of the Barossa sub-region (94%), there is no effective, high-speed internet access,
although broadband is generally available. Some small isolated areas around Templers,
Wasleys, the Eden Valley and outlying rural properties are without broadband access and are
reliant on satellite services (Regional Development Australia Barossa 2010).
The Yorke and Mid-North sub-regions had one of the lowest rates of broadband availability in the
state and it was noted that “access to modern, affordable and scalable broadband is a key
priority” for the area (Regional Development Australia Barossa 2010). Internet coverage in the
area was described at the workshop as imperative to people in the study region because ‘people
are dysfunctional without it’. High-speed internet access is particularly important for the health
sector to enable access to the most up to date information to aid with diagnosis of illness, and to
the business sector for productivity and to enable efficient core functioning.
Access to the internet varies across the region (Figure 90) and many people, particularly in the
more remote parts (southern Yorke Peninsula and Orroroo/Peterborough districts), are severely
disadvantaged by the lack of coverage. In a move to overcome this disparity, Regional
Development Australia Yorke and Mid-North, together with the Central Local Government Region
of SA, the Clare and Gilbert Valleys Council and the Regional Council of Goyder have developed
the Mid-North Broadband Project, in response to the business and community need for high
speed, high quality and reliable broadband services in the Yorke and Mid-North region.
The Mid-North Broadband Project has developed infrastructure capable of transmitting
broadband services wirelessly from point to point across the Mid-North, and now provides
approximately 6,100 residents with access to metro-comparable broadband services and pricing
(Regional Development Australia Yorke and Mid-North 2010). The project is now completed and
seven broadband towers have been erected across the region. The outcomes of the project are
expected to be an increase in business functions, specifically those relating to market access
beyond the local realm, increased social engagement and inclusiveness, increased retention of
youth (through online education, social networking and social content - movies, shopping etc.)
and easier access to online government services. These benefits will ensure that people in the
area are not at a disadvantage due to their residential location (Saideh Kent, Regional
Development Australia Yorke and Mid-North pers. comm. May 2011). In 2011 the project will be
extended through the Southern Flinders sub-region including the Port Pirie Regional Council,
District Council of Mount Remarkable and Northern Areas Council with funding support from the
South Australian Government (Regional Development Australia Yorke and Mid-North 2010).
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Figure 90: Availability of internet connection by type in the Central Local Government Region of SA
(2011).

These outcomes also align with expectations identified by the Central Local Government Region
of South Australia (2010) and meet growing needs for the area, particularly in combating the
negative effects of climate change. Broadband will greatly assist students with their learning and
development through video-links, communications between schools or elsewhere in the world.
Limited transport options in the study region and low educational levels mean access to
information is crucial to ensure up to date information is available and people can make informed
decisions and choices about climate change. Information and high speed internet access can
also help people overcome issues of social exclusion that has resulted due to lack of access or
transport options.
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Internet access, particularly broadband will ensure better information delivery and coordination
between health care providers and lead to improved health services, instant access to specialist
diagnosis and patient management information for local medical practitioners. This information is
imperative for the increased demand that climate change will place on the health system and
during disaster situations where specialist knowledge and additional advice will be required. It is
in these times, however, that the internet is least reliable. Workshop participants stated that
services are severely hampered during heat waves and the infrastructure is threatened by fire.
There are few people available to repair the facilities, so when the system goes down, it can take
long periods of time to repair it. There is an obvious need here for more service personnel to be
available for repair work, and improved infrastructure to cope with heatwaves.
Reduced costs, improved efficiency, increased revenues and competitiveness for local
businesses is another advantage of improved internet provision and so it is particularly important
for business managers to be able to access to the latest information to inform decisions and stay
ahead of their competitors.
The internet is also important for developing and maintaining social capital and is viewed as
stimulating positive change in people’s lives by creating new forms of online interaction and
enhancing offline relationships (Quan-Haase and Wellman 2003). The internet provides a
meeting place for individuals that share common interests and can overcome space and time
limitations. Given the lack of public transport available within the study area, and the limited
social interaction outlets in some of the more rural areas of the study region (particularly the far
north and bottom of Yorke Peninsula), the internet can assist greatly in helping networks form
and interactions to take place and so lead to a better informed population and increased sense of
belonging and identity. Communication can also increase organisational involvement and it has
the ability to mobilise collective action and so gives rise to social capital, and important factor in
people’s ability to adapt to climate change.
The internet can also fill communication gaps that might exist between face-to-face meetings and
provides another avenue for information sharing and gaining access to the latest information and
world class innovations that will help with adaptation techniques.
Effective internet connectivity has the potential to be an important factor in enhancing climate
change adaptation. Good internet connections have the potential to overcome many of the
barriers imposed by distance, both within formal networks such as health and education, and
also within informal networks. The enhanced communication that high speed internet access
brings will assist information flows in times of crisis (healthcare management, fire front
movements), and will also be equally helpful in ensuring that more mundane information
regarding long-term climate change mitigation (passive solar building design, new crop
management methods, detailed regional weather information) can be carried out on a daily basis.
The Central Local Government region is severely disadvantaged when needing to access high
speed quality internet connections, particularly broadband access, despite the fact that this
service is integral for businesses and individuals. Information channels are particularly important
to physically and/or institutionally remote people for establishing and maintaining linking bonds
that in turn are important to a community that may be seeking new technologies and new
adaptive approaches in response to climate change.
11.6.2 Employment
Employment is relatively high within the study region, indicating that many people have at least
some resources to enable their adaptive processes in response to the challenges of climate
change. However, as much of the region’s employment occurs in sectors that are susceptible to
climate change, this may not always be so. Employment vulnerability is increased by low skill
levels, and may make seeking alternative employment difficult.
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‘Climate change will damage many industries in Australia, which jeopardises hundreds of
thousands of jobs, particularly in those sectors most vulnerable to climate change such as
tourism and agriculture’ (Climate Action Network Australia 2011). Farmers and farm managers
are the most common occupations in the study region (refer previous section). However, possible
climate change stressors such as changes in temperature and rainfall are likely to have a
significant impact on farm businesses and the agricultural industry in the longer term. These
changes threaten the identity and livelihoods of more than half a million Australians, including a
large proportion of the study region directly reliant on fishing, farming and grazing. As a direct
result, some occupations may no longer be viable or may undergo major job cuts. As the main
industries in the area are reliant on agriculture, the effect is likely to be felt across the study
region.
Other impacts such as the introduction of a domestic carbon price under the Carbon Pollution
Reduction Scheme (CPRS) and input costs for new technology and techniques to combat the
effects of climate change will have consequences for all businesses in Australia and could lead
to employment cuts and an overall reduction in the workforce (Department of Innovation Industry
Science and Research 2011).
Youth unemployment in the Yorke and Mid-North area in 2006 was significantly high - 16% of
youth were without a job (Figure 91). The Southern Flinders contributes greatly to this statistic 21.9% of youth there were unemployed in 2006. This result is thought to be exaggerated due to
the high level of young people leaving the area to pursue tertiary education, and a lack of
transport options with which to attend work (and low licensing rate for young people) (Regional
Development Australia Yorke and Mid-North 2010). In the Barossa sub region, 40% of the
population reported that they work outside of the region and this highlights the importance of
Adelaide for employing many of the local people (Regional Development Australia Barossa
2010).

Figure 91: The unemployment levels in the Central Local Government Region compared with the state
(2003-2010) (Source: Australian Bureau of Statistics 2008).

The capacity to adapt to climate change varies between people, and people with good resources,
such as secure employment will find it easier to make adjustments. Those with vulnerability in
this area will have fewer resources to draw on and hence find it more difficult to make
adjustments (Stanley 2010). These disadvantages will push people to further disadvantage,
insecurity and possible exclusion from society. People with a lower skill level are more
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vulnerability to unemployment as they have fewer skills to draw and so less flexibility with job
options. Given the low levels of people in the study region who completed year 12 or more
(compared to the state average), the impacts of job loss as a result of climate change are likely
to be significant as people will have less knowledge to draw upon for alternative job options.
A lower than state average unemployment rate in the Central Local Government Region means
that most people will be equipped with good resources to adjust to change. However, low skill
rates mean that people have fewer skills to draw on when seeking alternate job opportunities and
they may risk unemployment as a result.
11.6.3 Regional occupation and industries
Employment diversity is limited within the study region, and is dominated by occupations that are
susceptible to the effects of climate change such as agriculture. To improve adaptive responses
to climate change, industry must be encouraged to adopt appropriate technologies, and to be
open to diversification to minimise risk exposure. These strategies are likely to improve long-term
survival of local industries, and consequent employment of local people.
The greater the diversity of employment opportunities, the greater the potential a community has
to adapt to the local alterations in the environment and economy brought about by climate
change. If people do not have all their eggs in one employment basket, they are significantly less
vulnerable to change. Should the pressures become too great upon one industry and it is
required to relocate (or succumb entirely), there will be other employment opportunities in other
industries and occupations that have proved less vulnerable. Multiple industry options help
ensure the future of a region, and multiple employment opportunities for household income
provide similar adaptability at the household or individual level (Mowling, Balston et al 2009).
The top three industries in the study region are sheep, beef cattle and grain farming; school
education and beverage manufacturing, all of which employ a large percentage of people when
compared to the state statistics (Figure 92). Sheep, beef cattle and grain farming and beverage
manufacturing in particular flag the regions reliance on agricultural systems for employment
opportunities and also represent a portion of seasonal and casual jobs that are common in the
region (particularly agriculture and viticulture) (Regional Development Australia Barossa 2010;
Regional Development Australia Yorke and Mid-North 2010). They are also two industries that
are particularly susceptible to climate change stressors such as changes to rainfall, temperature,
storm intensity and drought frequency that will increase impacts on agricultural systems (i.e.
stress livestock, damage crops and imperil fish stocks) and affect the viability of the industry
(Climate Action Network Australia 2011). Additionally, the agriculture sector is already known for
increasing job insecurity, low rates of pay, poor working conditions and growing levels of poverty.
Climate change challenges will place an enormous burden on already affected workers (Olsen
2009).
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Figure 92: Percentage of people employed in the top five industries (2007) (Source: EASY Data SA 2011).

The main industry also reflects the main occupation in the area - farmers and farm
managers (Figure 93). These figures omit the areas of skill shortages in metal fabrication,
building and construction, mining, health and aged care as outlined by the Regional
Development Boards Australia (Regional Development Australia Yorke and Mid-North 2010;
Regional Development Australia Barossa 2010). Skill shortages in health and aged care are
of concern when realising there will be an increased need for such services, particularly as
the population ages and puts more pressure on the health care system. Other problems
revolve around the already growing demand for more health and aged care resources,
particularly those needed to cope with disaster situations when services will be stretched
and needed immediately.

Figure 93: Persons employed by top five occupations in the study region and South Australia (Source:
Australian Bureau of Statistics 2008).

Given the potential impacts of climate change the major occupations and industry in the area, are
considered to be vulnerable. Communities require sustainable industries, particularly during the
uncertainties of climate change to ensure job stability, economic diversity and to draw on
resources and information to combat climate change impacts. Decreases in employment in one
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industry may also impact on other industries. For example, if jobs in the agricultural industry are
lost and people are forced to move away from the area to gain other employment, then the
education industry might feel the impact of decreased student numbers. Another example is the
centralisation of many government departments and the removal of government employment
from the regions, and the resultant loss of population and associated services (Climate Action
Network Australia 2011). These changes have already had a detrimental effect on rural
communities and have also decreased the level of accessible services and information for
people, and so make adaptation more difficult.
Adaptation measures in the agricultural sector (such as the modification of crops, improvement of
land management, and improved technologies) continue. However, the challenges brought on by
climate change are likely to be more extreme, occur at a faster rate than previously and cover
larger geographical areas (Olsen 2009). Given the inequalities that many people working in
agriculture already face (such as low rates of pay), introducing adaptation measures in a timely
manner becomes difficult. Given the large portion of the population who did not complete year 12
studies and the non-school qualifications (refer education and training section), few people in the
study region have the educational background to easily change professions and successfully
take up other employment opportunities. The Barossa sub-region is one exception as their
accessibility to the metropolitan area and greater diversity of employment options means even
those who are unskilled will have opportunities.
The two most profitable approaches to employment in an era of climate change impacts are likely
to be encouraging the adaptability of existing industries through new methods and new
technologies, and supporting diversification and alternative employment options should a
traditional employment sector be reduced or succumb entirely. Both of these options are
somewhat hampered by the low levels of education of many residents of the study region, but it
may be possible to overcome this limitation with targeted training, possibly via distance
education.
The main occupations in the Central Local Government region are farmers and farm managers.
The agricultural industry that they work in is particularly susceptible to climate change stressors.
Skill shortages exist in metal fabrication, building and construction, mining, health and aged care.
11.6.4 Household income
The study region has a significantly lower than average income when compared with the rest of
the state. Disposable income greatly affects the ability of an individual to adopt adaptive
measures such as air conditioning or climate–conscious building construction, and thereby
directly affects their vulnerability to climate change challenges such as heatwaves. This limitation
will need to be recognised, and where possible compensated for, by local agencies and
institutions - particularly in regions where income is exceptionally low.
Social exclusion in Australia is closely entwined with the understanding of poverty and low socioeconomic status. Social exclusion considers the multiple dimensions of poverty and
disadvantage that create barriers and make it difficult or impossible for people to participate fully
in society or to obtain a decent standard of living (Stanley 2010). In addition to people with low
incomes, other examples of individuals that may be at risk of social exclusion include those who
are unemployed, people who have a disability, the aged and young and people who live in
isolated areas.
There is also a close relationship between people’s socio-economic status and their health. Good
health is often characterised by people who are relatively mobile and do not feel obstructed by
life’s circumstances. There is a strong correlation between people with good health and those
who have a strong sense of community, the presence of social capital, a trust in people and
medium to high income. People who experience low income levels or sit at the lowest socioeconomic level often experience the highest rate of illness and death. Research also shows that
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often when a person’s socio-economic status improves, so does their health (Australian Institute
of Health and Welfare 2011).
The average percentage of income per household per week for the study region is generally
much lower than the state average (Figure 94). The southern Flinders sub-region is an exception
to this as household income there is comparable with the state level for nearly all income
categories, and surpasses the state average in some of the higher income brackets. This trend is
also the case for individual income as the sub-region which is comparable to the state level in
most income categories, particularly those at a higher level (Figure 95). On average, however,
the study region generally receives lower income than the state average at both a household and
individual level.

Figure 94: Average percentage of income per household per week in the Central Local Government
Region compared with the state (2006)(Source: Australian Bureau of Statistics 2007).
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Figure 95: Average percentage of income per person in the Central Local Government Region compared
with the state (2006)(Source: Australian Bureau of Statistics 2008).

Another way to measure the socio-economic status of areas is to use the Socio-economic
Indexes for Area (SEIFA) indexes. The SEIFA indexes used in this report are a summary
measure of a number of variables that represent different aspects of relative socio-economic
disadvantage and/or advantage in a geographic area (Australian Bureau of Statistics 2008). The
SEIFA indexes use different categories to measure people’s access to material and social
resources and the ability for people to participate in society as a means of capturing socioeconomic disadvantage. The results correspond closely with social inclusion as the measures to
determine the score reflect those that are used to determine peoples connection to community
and factors that influence peoples’ ability to fully participate in society (such as income,
educational attainment, occupation and housing condition etc.). A lower score indicates that an
area is relatively disadvantaged compared to an area with a higher score. All areas within South
Australia have been ordered from lowest to highest score, and then ranked against other regions
in South Australia.
The District Council of Peterborough, the Copper Coast District Council and Port Pirie City and
Districts all rank in the top ten most disadvantaged areas in South Australia from the 70 local
government areas assessed and therefore are represented in the bottom two deciles (Figure
96)(Australian Bureau of Statistics 2008). The Barossa District Council and Light Regional
Council areas rank highly on a state comparison and it can therefore be concluded that in these
areas there is greater access to a range of resources and services and that income levels are
relatively high.
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Figure 96: Socio-economic Indexes For Areas (SEIFA) scores and rank in SA by Local Government area
for relative socio-economic advantage and disadvantage (2006)(Australian Bureau of Statistics 2008).

Given that the natural environment affects every aspect of our economy and daily lives, impacts
on the environment brought about by climate change are expected to be an important
determinant of the costs of goods and services. As climate change stressors increase, so too will
the cost of living. For example, climate change is expected to increase insurance costs, increase
the demand for energy (and therefore increase electricity costs), increase the cost of health care
(due to reasons explored earlier in the chapter), increase transport and fuel costs and increase
public spending on infrastructure (Climate Action Network Australia 2011). Other secondary
effects could also include an increase in living costs, the cost of production for businesses, the
costs of carbon tax and lower yields. These costs are likely to be passed down to consumers and
impact on household spending. Households that are already vulnerable and in the low income
streams stand to be worse affected. Other impacts such as loss of jobs due to a declining
industry will also ultimately lead to less disposable incomes and less economic autonomy in the
area.
People with greater household income levels have more resources to draw from to mitigate or
adjust to the effects of climate change. The Yorke Peninsula, Mid-North and Southern Flinders
sub-regions do not have high levels of income and stand to be more at risk of the impacts of
climate change when compared to the Southern Flinders sub-region.
The Central Local Government region overall has a much lower than state average income
percentage per person, and means that households may be less able to access and afford the
adaption and mitigation actions necessary to minimise the impact of climate change.
11.6.5 Household size
Most households in the study region consist of two or more people, a fact that significantly
contributes to their adaptive capacity. Multiple occupant household are more likely to be
sustained by more than one income stream, and also have wider networks. They are therefore
less vulnerable to sudden changes in financial status and are also more likely to be linked in to
one or more social networks. These supports mean that the household is better placed to adapt
to changes such as those posed by the changing climate.
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People living in households with more than one person generally have more access to resources
than people who live alone. Larger households generally have a higher income base as it is
assumed that more than one person is employed or there is access to another income stream
and a greater network of people and organisations from which to draw information. In times of
change, larger households also have a greater chance of one of the occupants finding an
alternative career path if employment options become limited, or in the instance of farming an offfarm income, an important resource for dealing with climate change shocks (Bryan, Ringler et al.
2010).
In the study region, over half of the households (50.6%) live in a household either with their
husband or wife in a registered marriage or with their partner in a de facto marriage and 20.5% of
the population are children under 15 years of age (Figure 97). Lone person households account
for 10.7% of the households - 1% below the state average (Australian Bureau of Statistics 2011).
The Copper Coast, Flinders Ranges , Goyder, Orroroo/Carrieton, Port Pirie and Yorke Peninsula
local government areas all exceed the state average percentage of lone person households,
Peterborough particularly so as it has 16.6% of people living alone. These figures can be
attributed to the high percentage (52.1%) of people residing in the area that are separated,
divorced, never married or widowed and correlates with the well below state average individual
income, median housing loan repayments and average rent per week (Australian Bureau of
Statistics 2011).
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Figure 97: Relationship in household by percentage for the Central Local Government Region (2006)
(Source: Australian Bureau of Statistics 2008; Australian Bureau of Statistics 2011a).

Many living expenses in two plus person households are shared and therefore would not require
twice the income of a single person to maintain the same standard of living (Department of
Climate Change and Energy Efficiency 2010). Therefore households with more people are often
more likely to be able to maintain a higher standard of living and afford measures to adapt to
climate change. One person households are often lower income households and are therefore
less able to quickly respond to changing needs. The Peterborough area is particularly vulnerable
as there are a high proportion of lone person households in the area. Generally across the study
region however, most households consist of two or more people, which suggest they have a
greater range of access to information sources and networks to assist with adaptation to climate
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change. Implementing these measures may, however, become more difficult as household
income in the region (as referred to in the previous section) is generally below the state average
and will hamper much of the regions ability to quickly respond to changing needs.
Most households in the Central Local Government region contain two or more people, and so it is
likely that they have a greater range of access to income, information sources and social
networks to assist them in their adaptation to climate change.
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12 WORKSHOP, VULNERABILITY ANALYSIS AND RESULTS
12.1 THE WORKSHOP AND VULNERABILITY MATRIX ASSESSMENT
A regional workshop to capture local knowledge and complement technical panel input to the
vulnerability assessment process was run in Clare on the 31 May 2011 and was attended by 50
participants. Each participant was invited specifically for their individual perspective and
knowledge on an area of expertise. A list of participants and their areas of expertise, and a copy
of the workshop agenda are provided in Appendix 1.
The workshop was facilitated by Anita Crisp, Executive Officer, Central Local Government
Region and Jacqueline Balston, Director and Applied Climatologist, Jacqueline Balston and
Associates, lead researcher on the project. They were supported by the team of nine expert
project panel members who each facilitated a table that focussed on a particular dimension of the
study area – Economic capital (Anthony Kosturjak – SA Centre for Economic Studies); Physical
capital (Rohan Hamden - DPC); Broad acre cropping and livestock (Melissa Rebbeck - SARDI);
Viticulture, horticulture and forestry (Peter Hayman - SARDI); Terrestrial biodiversity (Tim Milne –
EAC-Ecological Evaluation); Water (Karla Billington – Natural Logic); Coastal Environments
(Murray Townsend – DENR Coast Protection Board), Emergency management and human
dimensions (Sylvia Roughan – Rural Solutions South Australia) and Age, education, employment
and social dimensions (Holly Cowan – Rural Solutions South Australia). There were between 4-6
participants at each of the nine tables in addition to the panel expert who acted as scribe and
provided impartial technical and process information and advice where needed.
The workshop opened with an overview of climate change and the likely impacts for the region
for the year 2030 and defined the future climate scenario that was to be used for the workshop.
This presentation was followed by a short presentation for each of the three triple bottom line
dimensions and described the indicators of climate change that would be considered. The full list
of indicators and their description is given in Table 26 below.
Using the framework for describing vulnerability (Figure 3) a matrix containing each of the
identified indicators and variables was created and metrics to quantify climate change exposure,
sensitivity and adaptive capacity developed to quantify vulnerability. So as to allow for a
comparative analysis between the indicators, a standardised scale to rank each of the
components of vulnerability was developed. Climate change stressors (heat wave, sea level rise
etc.) and their corresponding exposure scores (between 1 and 5) are shown in Table 21. The
score for each of the climate change stressors was determined using the table below.
Table 21: Scale selected for the allocation of scores for climate exposure.
Scale (exposure):
Description for qualitative data
Description for qualitative data
General description for quantitative data (%)

1
Very low
Rare
0-20%

2
Low
Unlikely
21-40%

3
Medium
Possible
41-60%

4
High
Likely
61-80%

5
Very high
Very likely
81-100%

Absolute change in temperature (oC)
Change in rainfall from baseline (%)
Increase in sea level (m)

0.01-0.4
1-5%
0.0-0.1

0.41-0.8
5-10%
0.11-0.2

0.81-1.2
10-15%
0.21-0.3

1.21-1.6
15-20%
0.31-0.4

1.61-2.0
20-25%
0.41-0.5

The first step in the workshop was for participants to select those climate change stressors that
they felt were relevant to their variables and modify the score if necessary (e.g. intensive
livestock in a shed are not exposed to some of the variables as a result of their modified
environment and inland systems are not exposed to sea level rise).
The sensitivity scores were then allocated and again ranged from 1-5 (Table 22). In some cases
(e.g. for predictions of yield and pasture productivity, and estimates of financial flow on effects to
other sectors of the economy from a reduction in agricultural production) sensitivity modelling
exercises had been undertaken prior to the workshop and details provided on the day for
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participants to refer to. The specific details of each of these modelling exercises are given in the
appropriate sections of the report.
Table 22: Scale selected for the allocation of scores for sensitivity.
Scale (sensitivity):
1
Description for qualitative data
Very low
Water quantity sensitivity Water allocations not
restricted. Where no
licensing occurs water
users have no water
restrictions in place;
available water can
meet full requirements
of uses, including water
dependent ecosystems.
Additional water
sources are not
required.

2
Low
Water allocations
restricted to 80% of
licence allocation.
Where no licensing
occurs users have first
stage water restrictions
in place; available water
can support
productivity, but in a
slightly diminished way;
minor damage to water
dependent ecosystems,
where full recovery
could be expected.
Additional water
required only in isolated
cases.

Drinking water quality Minimal modification to Modification to normal
sensitivity normal operation
operation with some
required
increase in operating
costs
No discernible human
impact
Potential for short term
minor water quality
incident
No discernible human
impact

Ecosystem water quality No discernible human
sensitivity impact

Minor damage to water
dependent ecosystems,
where full recovery
could be expected

3
Medium
Water allocations
restricted to 50% of
licence allocation.
Where no licensing
occurs users have 2nd
stage water restrictions
in place; available water
can meet basic
requirements (i.e. stock
water, irrigation to
sustain life of plants),
but can’t support
optimal productivity;
moderate damage to
water dependent
ecosystems, where
recovery would have
minor long term effects.
Moderate quantities of
additional water are
required.

4
High
Water allocations
restricted to 30% of
licence allocation.
Where no licensing
occurs users have
severe water restrictions
in place; available water
can meet basic
requirements (i.e. stock
water, irrigation to
sustain life of plants),
but can’t support
productivity; major
damage to water
dependent ecosystems,
where recovery would
have significant long
term effects.
Major quantities of
additional water are
required, but does not
require additional major
interbasin transfers.
Additional operational
Additional operational
procedures
procedures significantly
considerably increasing increasing costs (eg
costs (eg PAC, UV,
PAC, UV, enhanced
enhanced
coagulation). Boil water
coagulation)otential for notice issued.
short to medium
termminor water quality Potential for significant
incident
water quality incident
Increased monitoring
required

Continual monitoring
required

5
Very high
Water allocations
restricted to 5% of
licence allocation.
Where no licensing
occurs users have the
highest level of water
restrictions in place;
available water can’t
meet basic
requirements (i.e. stock
water, irrigation to
sustain life of plants);
irreversible damage to
water dependent
ecosystems.
Major quantities of
additional water are
required, which can not
be sourced from within
the region.

Failure of system
requiring notice not to
ingest water even after
boiling
Potential for significant
water quality incident
Probable risk to human
health resulting
sickness lasting up to
30 days, chronic health
issues and possible
death

Potential risk to human Likely risk to human
health
resulting
in to
health
resultingtoinwater Irreversible damage to
Moderate
damage
Major damage
water dependent
dependent ecosystems, water dependent
ecosystems, where
where recovery would
ecosystems
recovery would have
have significant long
minor long term effects term effects

Participants were then asked to describe how sensitive each of their variables were to each
climate stressor and provide a score from 1-5 as per Table 22. The impact of the climate stressor
on each variable was then described and the impact score calculated according to equation 1
below (Table 23).
Impact (I) = Exposure (E) + Sensitivity (S)

Equation 1.

Table 23: Resulting scale for impact used for the climate change vulnerability assessment.
Impact = exposure + sensitivity
Exposure
1
2
3
4
5

1
2
3
4
5
6

2
3
4
5
6
7

Sensitivity
3
4
5
6
7
8

4
5
6
7
8
9

5
6
7
8
9
10

Impact
9-10
7-8
5-6
3-4
1-2

Very high
High
Medium
Low
Very low

The next step was to consider the adaptive capacity of each variable to climate change. So as to
equate to the calculated impact score, the adaptive capacity score was between 2 and10. The
higher the adaptive capacity the lower the vulnerability, as per equation 2 and so a high adaptive
capacity score will reduce vulnerability and a low score will increase vulnerability.
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In addition to identifying inherent adaptive capacity, adaptation options that may be implemented
externally were also noted and the score for Adaptive Capacity from 1-10 was given as per Table
24. The final vulnerability score for each variable and stressor could then be calculated.
Table 24: Scale selected for the allocation of scores for adaptive capacity.
Scale (adaptive capacity):
1 to 2
3 to 4
5 to 6
7 to 8
9 to 10
Description for qualitative data
Very low
Low
Medium
High
Very high
Description for qualitative data
Rare
Unlikely
Possible
Likely
Very likely
Species adaptive capacity
Engangered
Very rare
Rare
Threatened
Common
% for quantitative data
81-100%
61-80%
41-60%
21-40%
0-20%
Vegetation communitites Vegetation community Vegetation community Vegetation Community Vegetation Community Vegetation Community
type primarily found in type primarily found in type primarily found in type primarily found in type primarily found in
relictual landscapes Fragmented landscapes fragmented landscapes variegated landscapes intact landscapes >90%
<10% remaining
10-30 % remaining
30-60% remaining
60-90% remaining
vegetation remaining

Participants were also asked in this stage of the workshop to identify those actions of adaptation
that could lead to perverse outcomes (maladaptation) when other dimensions of the region were
considered (e.g. providing increased water allocations to some areas results in a decrease in
water availability for other areas, installation of air conditioning throughout the region increases
the amount of fossil fuel burnt to provide the electricity and can result in overload of the electricity
networks during heat wave events), and also the possibility that some of the adaptation options
may be considered as win-win actions that would improve another capital and so result in a more
cost effective outcome.
Finally, a vulnerability score was calculated according to equation 2 below. A value of 10 was
added to the resulting vulnerability score to eliminate negative values (Table 25).
Vulnerability (V) = Impact (I) – Adaptive Capacity (AC)+10

Equation 2.

Table 25: Resulting scale for vulnerability used in the vulnerability assessment.
Vulnerability = (impact - adaptive capacity)+10
Impact
2
3
4
5
6
7
8
9
10

1
11
12
13
14
15
16
17
18
19

2
10
11
12
13
14
15
16
17
18

3
9
10
11
12
13
14
15
16
17

4
8
9
10
11
12
13
14
15
16

Vulnerability
Adaptive capacity
5
6
7
6
8
7
9
8
10
9
11
10
12
11
13
12
14
13
15
14

7
5
6
7
8
9
10
11
12
13

8
4
5
6
7
8
9
10
11
12

9
3
4
5
6
7
8
9
10
11

10
2
3
4
5
6
7
8
9
10

16-19
12-15
8-11
4-7
2-3

Very high
High
Medium
Low
Very low

At the end of each of the first two stages the facilitator at each table gave a brief summary of the
key findings from the working group. The completed tables were collated and input collated with
further details from the literature review, the technical panel and additional experts in relevant
fields.
The scores allocated for each of the components of variability were then reviewed by the
technical panel members and steering committee at a follow up meeting to consider the
robustness of the results when assessed at a whole of region integrated level.
The results of the full integrated vulnerability matrix analysis are described in detail in the results
sections following. Further exercises undertaken with workshop participants are outlined in the
following sections on values analysis and visioning.

- Page 233 of 336-

Table 26: Environment indicators and variables assessed for vulnerability.
Indicator
Landscape
fragm entation

Regional Native
Vegetation
Com m unities

Variable
Description
Native vegetation cover Approximately 94% of the pastoral zone remains uncleared but only 26% of agricultural areas remain uncleared (Northern and Yorke Natural Resource
Management Board 2009). Several hundreds have less than 5% of native vegetation remaining. In the agricultural areas most of the remaining vegetation is
on unarable ridges and the coastal strip. The southern tip of Yorke Peninsula also has significant quantities of remnant vegetation. DENR have conducted
mapping of fragmentation (currently unpublished) w ithin the region.
Coastal Mangroves
Mangroves in this region grow in sheltered intertidal areas. This community is characterised by dense, often mono-specific stands of Grey Mangrove
(Avicennia marina ssp. marina) occurring in tidal estuaries in the highly saline zone and along inter-tidal muddy seashores. This community extends along
the coast of Gulf St Vincent and into the Yorke Peninsula Botanical region w ith substantial areas at Port Gaw ler (including w ithin the Port Gaw ler
Conservation Park), Middle Beach and northw ards, around Port Wakefield and on the eastern shoreline of Yorke Peninsula south to Port Clinton. There are
areas of Mangrove around Port Prime, in the Thompsons Beach region, Webb Beach and the Port Parham region Along the eastern coast of Spencer Gulf,
Mangrove also occurs sporadically, for example at Pt Broughton, Pt Pirie, Pt Davis and Weeroona Island.
Coastal Samphire
Samphire vegetation is dominated by low , w oody, succulent or semi-succulent shrubs that are highly salt tolerant and w ell-adapted to life on temporarily or
Shrublands
permanently w aterlogged, saline soils. This community occurs along the intertidal and supra-tidal flats along the coast from Port Gaw ler to around Port
Wakefield and north of Wallaroo on the upper edges of the tidal range, in the flats and shallow depressions behind the coastline, the estuarine mouths of
creeks and rivers that reach the coast.
Coastal Dune and Cliff In coastal systems, there is a core group of species, largely confined to coastal dunes and cliffs, that are w idespread throughout the State. How ever,
Shrublands
distinct differences in vegetation structure, species composition and diversity occur across coastal systems depending upon the exposure, depth and
stability of soils. The most diverse vegetation occurs on the most stable and least exposed, hind-dunes and protected cliff-tops, w hile the vegetation on
exposed fore-dunes and cliff-top dunes tends to be low in diversity and/or relatively dw arfed in form. On exposed cliffs w ith little sand, vegetation may
include coastal species w hile resembling fringing vegetation but lacking diversity. Extensive areas of coastal dune systems occur on the ‘foot’ of Yorke
Peninsula, and betw een Hardw icke Bay and Port Victoria on the w estern side of the ‘leg’, w ith only limited areas or low foredunes on the east coast.
Behind the beaches and coastal flats from Gaw ler to Port Wakefield, and along the coastline further north on the w estern side of Spencer Gulf from Port
Broughton to Port Germein, there are low coastal sand dune formations, stranded dunes and shell-grit ridges that carry coastal dune vegetation.Cliffs run
almost continuously along the east coast of Yorke Peninsula and intermittently, alternating w ith dune formations, from Edithburgh around the coast to Corny
Point on the north-w est tip. Cliffs are rarer on the w est coast, but do occur, e.g. north of Balgow an. Dunes of various depth also occur on many cliff-tops
and are most common on the southern more exposed coastline w hile elsew here cliffs have little sandy substrate and are primarily limestone.
Coastal Mallee
This community occurs on calcareous soils in coastal or sub-coastal areas on the ‘foot’ of Yorke Peninsula. Eucalyptus diversifolia (Coastal White Mallee)
or E. rugosa (Kingscote Mallee) are generally dominant, and w hile the canopy composition of this community may vary slightly w ith other Mallee species
occurring as codominants, the dense shrub understorey under a dense to mid-dense, and often low canopy is characteristic of this sub-coastal/coastal
Inland Samphire
Samphire vegetation is dominated by low , w oody, succulent or semi-succulent shrubs that are highly salt tolerant and w ell-adapted to life on temporarily or
Shrublands
permanently w aterlogged, saline soils. This comunity occurs around saline lakes, depressions and on river floodplains, most notably near Lochiel and also
on the ‘foot’ of Yorke Peninsula.
Sw amp Paper-bark
Sw amp Paper-bark (Melaleuca halmaturorum) or occasionally, Dryland Tea-tree (Melaleuca lanceolata), w ith saline-tolerant understorey, forms dense
Shrublands
fringing vegetation on the higher ground of saline lagoons and seasonally inundated, black-soil flats that are part of the inland and sub-coastal sw amps of
Yorke Peninsula.
Thatching Grass sedgelands generally only occur in infrequently inundated saline sw amps on and near the ‘foot’ of Yorke Peninsula. This community
favours shallow seasonal inundation and long term w aterlogging w ith fresh-brackish w ater. Lack of inundation results in invasion of w aterlogging tolerant
shrubs (Melaleuca halmaturorum) and pasture w eeds (Fisher et al 2010).
Bulrush/Common Reed These sedgelands are found in association w ith fresh, semi permanent to permanent w aterbodies. Their distribution includes several major permanent
Sedgelands
w atercourses and associated catchments that drain the w estern side of the Northern Mount Lofty Ranges and the eastern side of the low er Southern
Flinders Ranges and cross the sub-coastal plains to the sea. The largest in terms of permanent, annual and peak flow is the Broughton River, w ith smaller
catchments being the Gaw ler, Wakefield and Light Rivers and their associated tributaries.
Thatching Grass
Sedgelands
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Indicator
Regional Native
Vegetation
Com m unities

Variable
Riparian Woodlands

Description
Riparian w oodlands in this region can have the follow ing overstorey species: River Red Gum, Eucalyptus camaldulensis var. camaldulensis Willow Wattle,
Broughton Willow , Acacia salicina, Black Box, Eucalyptus largiflorens (associated w ith Gaw ler River and Wakefield River), Inland SA Blue Gum,
Eucalyptus leucoxylon ssp. pruinosa, and Short-leaf Honey-myrtle, Melaleuca brevifolia (associated w ith naturally saline creeklines). Their distribution
includes several major permanent w atercourses and associated catchments that drain the w estern side of the Northern Mount Lofty Ranges and the
eastern side of the low er Southern Flinders Ranges and cross the sub-coastal plains to the sea. The largest in terms of permanent, annual and peak flow
is the Broughton River, w ith smaller catchments being the Gaw ler, Wakefield and Light Rivers and their associated tributaries.
Temperate Shrubby
The vegetation groups in this community are all open forests and w oodlands w ith understoreys dominated by densely spaced sclerophyllous shrubs
Woodlands
(plants w ith small, hard leaves) and are referred to as sclerophyll forests and w oodlands. Dominant overstorey species are mainly Eucalypts but may
include Allocasuarina verticillata (Drooping Sheoak) and Callitris gracilis (Southern Cypress Pine) and are generally >10m tall. Its distribution is in the
Southern Yorke Subregion, the Barossa Valley, the Clare Hills and the Southern Flinders Ranges.
Temperate Grassy
The vegetation formations included in this community are Woodlands w here native grasses, lilies, sedges, mat-rushes, other tussock and herbaceous
Woodlands
species, low shrubs and mat plants are a major part of the understorey. Grassy Woodlands occur throughout the Northern Agricultural region from the
Southern Flinders and throughout the Northern Mount Lofty Ranges. Dominant overstorey trees include Blue Gum, Eucalyptus leucoxylon, Peppermint Box,
Eucalyptus odorata, River Red Gum, Eucalyptus camaldulensis var. camaldulensis, Drooping Sheoak, Allocasuarina verticillata, Mallee Box, Eucalyptus
porosa, Drooping Sheoak, Allocasuarina verticillata, Southern Cypress Pine, Callitris gracilis, and Grey Box, Eucalyptus microcarpa. Includes tw o
ecological communities that have been listed as endangered or critically endangered under the Commonw ealth Environment Protection and Biodiversity
conservation Act 1999: Peppermint Box (Eucalyptus odorata) Grassy Woodland , and Grey Box (Eucalyptus microcarpa) Grassy Woodland.
Temperate Grasslands Grasslands (including Lomandra dominated Grasslands/Sedgelands) occur throughout the Northern Agricultural region from the Southern Flinders and
throughout the Northern Mount Lofty Ranges. Natural grasslands have been recorded in the Southern Flinders Ranges, along the Hummocks, in the Mallala
district and on the Northern Adelaide Plains. Includes Iron-grass Natural Temperate Grassland w hich has been listed as endangered under the
Commonw ealth Environment Protection and Biodiversity conservation Act 1999.
Mallee and Woodlands The vegetation groups in this community are Low Woodlands and Open Mallee dominated by Native Pine, Drooping Sheoak or Eucalypt species, w hich
Dense Shrub
characteristically carry a dense to mid-dense understorey. Occurs mainly in eastern side of the region and in the Southern Flinders Ranges on rocky hill
Understorey
slopes and other skeletal, infertile soils w here rainfall is <400mm.
Mallee and Woodlands The vegetation associations in this community are generally Low Woodlands and Mallee dominated by Eucalypt species, Black Oak, Southern Cypress Pine
Chenopod Shrub
and/or White Cypress Pine over an open shrub understorey in w hich both sclerophyll shrubs and chenopod shrubs (including many saltbush and bluebush
Understorey
species) are prominent. This community occurs on soils of moderate fertility, generally loam-based textures, w ith little surface rock and is strongly
associated w ith the w estern sub-coastal areas in the Mid North and on the sandy loams of gentle dune slopes w ithin consolidated dune-fields on Yorke
Peninsula. Mallee also occurs over a dense chenopod layer w here a tall sclerophyll shrub layer is lacking or very sparse; generally on the region’s drier
eastern boundaries.
Inland (Semi-arid) Tall
Shrublands

Inland Tall Shrublands w ith dominant shrubs including Acacia victoriae (Elegant Wattle), Acacia nyssophylla (Spine Bush), Dodonaea viscosa (Sticky Hopbush), Bursaria spinosa (Sw eet Bursaria), Eremophila longifolia (Weeping Emu-bush) and Senna (Cassia) species. This community tends to occur in the
low er rainfall areas (< 350mm), often in “w ash out” country of ranges, or in the drier north-eastern margins of the Northern Agricultural region but may
occur in areas of up to 450mm annual rainfall.

Northern Arid
Woodlands

Woodlands found on plains and low ranges w ith <250mm annual rainfall. Includes Western Myall (Acacia payrocarpa), Northern Cypress Pine (Callitris
gluaucophylla), False Sandalw ood (Myoporum platycarpum) and Black Oak (Casuarina pauper) w oodlands.

Northen Arid
Shrublands

Shrublands found on plains and low ranges w ith <250mm annual rainfall. Includes Pearl Bluebush (Maireana sedifolia), Black Bluebush (Maireana
pyramidata) shrublands.
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Indicator
Regional Native
Fauna

Regional Native
Flora

Surface w ater

Groundw ater

Variable
This indicator
considers key faunal
species groups w ithin
the area (based upon
the groupings of Gillem
and Urban (2008)).
This indicator
considers key floral
species groups w ithin
the area (based upon
the groupings of Gillem
and Urban (2008)).

Description
Seabirds (Albatrosses, Gannets and Boobies, Gulls, Skuas and allies, Oystercatchers, Shearw aters, Petrels and Diving-petrels, Storm-petrels. Waders
(Avocets, Stilts, Painted Snipes, Plovers and Dotterels, Sandpipers and Allies). Other w aterbirds (Cormorants, Cranes, Darters, Geese, Sw ans, Ducks,
Grebes, Bitterns, Herons, Ibises, Spoonbills, Pelicans, Rails, Crakes and Allies). Birds of prey. Other birds. All mammals. Bats. Marine mammals. Other
mammals. Frogs. Reptiles. Bony fishes. Lampreys.

Acacias. Grasses. Orchids. Chenopods. Daisies. Myrtles. Eucalyptus. Sedges. Legumes (pea flow ers). Aquatic. Other trees. Vines. Ferns. Hebs and
Forbes. Other shrubs.

Surface w ater quantity The four main catchments in the Yorke and Mid North regions are the Light, Broughton, Wakefield and Willochra w hich all contain ephemeral streams.
and flow s
Catchments w ithin the Barossa include the South Para and North Para Rivers w hich join w ithin the tow nship of Gaw ler and form the Gaw ler River (w hich
is a prescribed w atercourse), and the upper reaches of the Marne River and Saunders Creek w hich flow s east tow ard the River Murray. Rivers are
characterised by irregular flow s and long dry intermediate periods. There a three reservoirs w ithin the Mid North region and three w ithin the Barossa
region. All six reservoirs are operated by SA Water, w ith Mid North Reservoirs only used for emergency supplies w hile the reservoir in the Barossa are
part of SA Water's supply netw ork. Excluding public drinking w aters, surface w ater is mostly used for agricultural purposes via farm dams, w ith surface
w ater being prescribed and managed under a Water Allocation Plan in the Barossa Valley, Clare Valley, Gaw ler River and Marne River and Saunders
Creek. There are several inter-basin transfers from the River Murray into the CLGRSA. These include the Morgan - Whyalla and Sw an Reach to Paskeville
pipelines, w hich provide drinking w ater supplies to many tow ns and irrigation and stock supplies to areas in the Mid North and Yorke Peninsula,
respectively. The Clare Valley Water Supply Scheme connects to the Morgan-Whyalla distribution netw ork, providing filtered w ater to tow ns and irrigation
uses in the Clare Valley. The Barossa Infrastructure Limited (BIL) scheme, is another interbasin transfer from the River Murray, suppling irrigation w ater
w ithin the Barossa Valley.
Surface w ater quality

The salinity of w ater in streams of the region reflects the relative contributions of regional groundw ater and direct surface runoff to the stream. Hence
salinity is highly flow dependent and varies seasonally in response to the volume of surface runoff inputs, groundw ater level and groundw ater and
surface w ater intreactions During low to mid runoff seasons the relative proportion of saline groundw ater entering the w atercourse is higher and hence
salinities increase. Surface w ater salinities range betw een 150 mg/L in w inter to 15 to 20,000mg/L in summer-autumn, but are highly varibale w ith location.
Elevated nutrients levels can also be a problem regionally, and w ould be concentrated w ith reduced stream flow s. Large flow events flush salts and other
pollutants dow n the catchment and minimise the development of stagnant pools.

Groundw ater quantity
and recharge - rock
aquifers

Groundw ater resources across the region vary in type of aquifer, w ater quality and viability. Tonkin Consulting, 2005 states that there are three types of
groundw ater aquifer exist w ithin the CLGRSA; Sedimentary Rock Aquifers (Barossa Valley, Pirie-Torrens Basin, Wallow ay Basin, Willochre Basin; and St
Vincent Basin), Unconsolidated Sediments Aquifers (Booborow ie Valley and Low er York Peninsula) and w ith the remainder of the CLGRSA consisting
predominantly of fractured rock aquifers. There are three Prescribed Water Resources Areas (PWRA) in the CLGRSA that requires extractors to purchase
a licence to pump groundw ater for uses other than domestic or stock purposes: Clare Valley PWRA, Barossa PWRA and part of the Northern Adelaide
Plains PWA.

Groundw ater quality rock aquifers

Salinity is a key indicator of groundw ater quality in the region. As w ith surface w ater salinity, groundw ater salinity can vary w ith season and so trends
over time are the critical indicator. Groundw ater quality is highly variable across the region and w ithin specific aquifers. For example, w ithin the Willochra
area, groundw ater salinity varies considerably w ithin the three aquifer systems. Within the sedimentary basin, salinity varies considerably in the Tertiary
confined aquifer ranging from less than 1,000 mg/L in the recharge areas to more than 7,000 mg/L. The overlying Quaternary aquifer has an even greater
range of salinities w ith the low est value being around 400 mg/L in the south w est.
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Indicator
Groundw ater

Water
dependant
ecosystem s

Variable
Groundw ater quantity
and recharge unconsolidated
sediments

Description
Groundw ater resources across the region vary in type of aquifer, w ater quality and viability. Tonkin Consulting, 2005 states that there are three types of
groundw ater aquifer exist w ithin the CLGRSA; Sedimentary Rock Aquifers (Barossa Valley, Pirie-Torrens Basin, Wallow ay Basin, Willochre Basin; and St
Vincent Basin), Unconsolidated Sediments Aquifers (Booborow ie Valley and Low er York Peninsula) and w ith the remainder of the CLGRSA consisting
predominantly of fractured rock aquifers. There are three Prescribed Water Resources Areas (PWRA) in the CLGRSA that requires extractors to purchase
a licence to pump groundw ater for uses other than domestic or stock purposes: Clare Valley PWRA, Barossa PWRA and part of the Northern Adelaide
Plains PWA.

Groundw ater quality unconsolidated
sediments

Salinity is a key indicator of groundw ater quality in the region. As w ith surface w ater salinity, groundw ater salinity can vary w ith season and so trends
over time are the critical indicator. Groundw ater quality is highly variable across the region and w ithin specific aquifers. For example, w ithin the Willochra
area, groundw ater salinity varies considerably w ithin the three aquifer systems. Within the sedimentary basin, salinity varies considerably in the Tertiary
confined aquifer ranging from less than 1,000 mg/L in the recharge areas to more than 7,000 mg/L. The overlying Quaternary aquifer has an even greater
range of salinities w ith the low est value being around 400 mg/L in the south w est.

Surface w ater
There are some freshw ater w etlands in the Mid North and Southern Flinders Ranges but the remainder are saline. Fresh w ater dependent ecosystems
dependent ecosystems including w etlands, riparian areas and other aquatic ecosystems, are heavily reliant on the availability and quality of surface w ater. As a result of
reduced rainfall and diversions (farm dam and reservoirs), flow patterns w ithin the region have been fundamentally altered. This change in both the
volume of flow and seasonal flow patterns has had an impact on the natural environment of the river system. Significant alteration of the w atercourse and
deterioration of integrity to the Wakefield and Broughton rivers has been reported, w ith some impacts recorded along the Light River.
Groundw ater
Groundw ater surface w ater interaction is a major element of w ater resource dynamics in the region. Most rivers and streams w ithin the region are
dependent ecosystems reduced to a series of pools in drier months (some of w hich function as a refuge for aquatic plants and animals). These pools are often maintained by
discharge from shallow saline underground w ater, w hich are influenced by groundw ater recharge rates. Some regional rivers also have permanent base
flow , w ith groundw ater contributing to this flow in some circumstances. The importance of persistent or permanent flow in rivers/streams is indicated by
the diversity and number of plant and animal communities in these ecosystems. Wetlands and some terrestrial vegetation are also highly dependent on
groundw ater.

Dem and
constraints

Amount of w ater
required by humans

Increasing temperature, evaporation rates and heat w aves w ill increase demand for w ater supply. Requirements to increase in demand are also occurring
due to expansion of irrigated agriculture, the need to supply drinking w ater (of good quality and pressure) to coastal and regional tow ns, increase in
population (particularly in the Barossa and Light sub-regions), the desire to irrigate public open spaces (w ith impacts occurring in dry years). The largest
uses of SA Water mains w ater across the CLGRSA are primary and secondary industries (12,333 ML or 58%), residents (9,114 ML or 39%) and
commercial (588 ML or 3%) (Tonkin Consulting, 2005).
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Table 27: Economic indicators and variables assessed for vulnerability.
Indicator
Mining
Manufacturing

Construction
and engineering

Variable
Description of variable
Gross regional product Mining accounted for $48m or 1.1% of Gross Regional Product (GRP) in 2006/07. The mining sector w as responsible for 0.8% of GRP for the Barossa
South Australian Government Region (SAGR) and 1.4% of GRP for the Yorke and Mid North SAGR in 2006/07.
Gross regional product Manufacturing w as responsible for $846m or 19% of GRP for the region in 2006/07. The manufacturing sector's share of GRP is higher for the Barossa
SAGR (26%) than the Yorke and Mid North SAGR (13%). For the Barossa SAGR, w ine manufacturing alone accounts for 18% of GRP, w hile other
important manufacturing activities include other food products manufacturing (1.8%), non-metallic mineral products (1.4%), machinery and equipment
manufacturing (1.2%), and petrochemical and other chemical products (0.9%). The leading manufacturing sector for the Yorke and Mid North SAGR in
2006/07 w as basic non-ferrous metals and products manufacturing (4.3% of GRP), follow ed by w ine manufacturing (2.0%), food products manufacturing
(1.8%), petrochemical and other chemical products (1.3%), iron and steel (0.6%) and machinery and equipment manufacturing (0.6%).
Gross regional product The building and construction sector accounted for $271m or 6.2% of GRP in 2006/07.

Tourism

Number of visitors and Tourism is an important economic activity in the region and climate ranks high among those factors that tourists take into account w hen deciding upon their
tourist expenditure
holiday plans (Bigano et al 2005). The quality and nature of the local landscape, are directly affected by the climate,and it also determines the
attractiveness of a region as a tourism destination. The sustainability of tourism in some sub-regions (Barossa, Clare Valley) is closely tied to the
sustainability of the w ine industry. For the Tourism Regions that comprise the study area, the total number of visitors that w ent to each region in 2009/10 is
estimated to be 1.1m for the Barossa, 443,000 for Clare Valley, 817,000 for Flinders Ranges, and 883,000 for Yorke Peninsula. Tourism revenue is
determined by the number of visitors travelling to the region and their spending w ith local tourism operators (e.g. accommodation, cafes, restaurants,
recreational activities etc). Total expenditure by visitors to the four Tourism Regions w hich cover the study area - Barossa, Clare Valley, Yorke Peninsula
and Flinders Ranges - w as $625m in 2009/10, up from $554m in 2008/09. Visitor expenditure by region in 2009/10 w as $188m for the Barossa, $63m for
Clare Valley, $208m for Flinders Ranges and $166m for the Yorke Peninsula.

Retail Trade

Gross Regional
Product
Gross Regional
Product

The retail trade sector accounted for $243m or 5.6% of GRP in 2006/07. Retail trade is a labour intensive industry and accounted for approximately 13% of
full-time equivalent employment in 2006/07.
Business and personal services include communication services, finance and insurance, property and business services, cultural and recreational
services and personal services. Together these industries account for $438m or 10% of GRP for the region in 2006/07.

Kilometers of roads
and condition
Kilometers of rail and
condition
Number of ports and
jetties and condition
Extent of
telecommunications
infrastructure and
condition

There w as 26,541 km of roads located across the CLGR at 30 June 2007, of w hich 2,524 km (9.5%) w as sealed, 20,253 km (76%) unsealed and 3,764 km
(14%) unformed roads.
The Adelaide to Perth/Darw in rail link passes through the region, w hile the Bow man road-rail intermodal located in Port Wakefield (DC) provides links w ith
strategic eastern road freight routes.
There w ere 19 jetties/w harves in the study region as of 30 June 2007 - 12 w ere located in the Yorke Peninsula DC, 5 in Port Pirie C Dists (M), 1 in Copper
Coast (DC) and 1 in Mount Remarkable (DC). Exports leave the region via the deep sea ports of Wallaroo and Port Giles.
The quality of information and communications technology varies throughout the region. The CLGR has been poorly serviced in terms of broadband in the
past w ith 40% of the population in 2008 lacking access to affordable, reliable, high speed broadband and internet service providers (CLGR 2010).
Broadband services have improved through the Broadbanding Yorke Peninsula and Improving Broadbanding Services for Central Local Government Region
projects, although ADSL is only available in a few of the larger tow ns in the Mid North (DTEI 2010). Mobile phone coverage is relatively good near most
larger tow ns, but there are still significant gaps in coverage, particularly in the north of the region (DTEI 2010).

Business and
personal
services
Roads
Rail
Ports and
jetties
Telecom m unications
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Indicator
Electricity
supply

Buildings

Variable
Level of demand and
constraints

Description of variable
Represents the security of electricity supply, w hich is determined by demand and supply factors. The Yorke and Mid North region is considered to be
reasonably w ell serviced w ith pow er (DTEI 2010). Electricity is supplied to the various tow ns and localities via distribution substations. There are
approximately 61 substations and 10 zone substations across the entire CLGR. The Electricity System Development Plan (2010) identified a number of
energing or immediate constraints in the region, particularly in the Yorke Peninsula: the Hummocks and Kadina East connection points w ere assessed as
being immediately overloaded and in need of upgrades to meet the 2008 transmission code, w hile the Ardrossan West connection point w as also in need
of an upagrde w ith demand exceeding contingency capacity from 2010. In the Barossa region, the Dorrien connection point w as forecast to be 104%
overloaded in 2012/13, and therefore in need of an upgrade.

Levels of renew able
energy production

Production of renew able energy in the region. The Yorke and Mid North is considered to be an ideal location for w ind pow er given the topography of the
region and close proximity to the electricity netw ork (DTEI 2010). There w as 412MW of w ind farm capacity established in the region by mid 2010. Wind
farm capacity is expected to expand significantly: 243MW of w ind farm generation capacity w as under construction around mid 2010, w ith a futher
258MW of capacity in proposed w ind generation projects (AEMO 2010).
Refers to repair, maintenance and mitigation costs associated w ith climate change impacts on housing from sea level rise, temperature changes and
increased bushfire risk. Almost 20% of the current housing stock on the Yorke Peninsula is at risk from inundation from sea level rise by 2100. Without
adaption, annual average damage costs could reach $1m for Moonta Bay and Marion Bay, and about $4m for Port Broughton and Fisherman by 2070. At
Fisherman's Bay this risk extends to 80% of all the built environment in the settlement (Department of Climate Change 2009). The local government areas of
Barunga West and the Copper Coast have betw een 240 and 320 homes that are w ithin 110m of a 'soft' exposed coast that w ould be at risk from erosion.
The proposed residential development at Port Wakefield (Wakefield Waters) includes 2,700 homes and a 200 berth marina (Regional Development Australia
Yorke and Mid-North 2010).
Refers to repair, operational and mitigation costs associated w ith climate change impacts. There are currently 62 primary schools, 9 secondary schools
and 13 combined primary and secondary schools located in the Barossa and Yorke and Mid North South Australian Government Regions.
Refers to repair, operational and mitigation costs associated w ith climate change impacts. There are currently 19 hospital and health services in Yorke and
Mid North and 5 in the Barossa region (excludes Gaw ler Hospital).
SA Water operates approximately 8,000 km of w ater supply mains in the region and distributes about 22,000 ML of River Murray w ater across the region
(Tonkin Consulting 2005). Residents that are not connected to mains w ater rely heavily on rainw ater tanks and in some cases groundw ater w here the
quality is acceptable e.g. Melrose, Wilmington, Orroroo and southern Yorke Peninsula including Warooka and Point Turton (Tonkin Consulting 2005;
Department for Transport Energy and Infrastructure 2010). Pipes that carry w ater across the region w ere in many cases laid in the 1960s are now ageing
and nearing capacity (Planning SA 2007) and or problems maintining pressure. in some cases they also allow saline w ater intrusion into the w ater supply
rendering it unusable (Northern and Yorke Natural Resource Management Board 2009).
Grain cropping is one of the dominant economic activities in the region. The top six broad acre grain crops are w heat, barley, canola, field beans, peas and
lentils w orth $670 million in the 2005/6 financial year. Other crops grow n include oats, triticale, durum w heat, cereal for hay, lupins, chickpeas and vetch.
Wheat and barley are the most important crops, w ith w heat alone accounting for 29% of the gross value of agricultural production for the region. Barley
accounted for 18% in the 2005/6 financial year. Cereals are more dominant in the Yorke Peninsula, and up through the central part of the region stretching
from Wakefield (DC) across to Northern Areas (DC) and Goyder (DC).

Condition of housing

Condition of schools
Condition of hospitals
Water
infrastructure

Water netw orks and
infrastructure

Broadacre
crops

Level of production
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Indicator
Variable
Livestock: Beef, Level of production
sheep and w ool
production

Viticulture

Quantity and quality of
production of high
quality grape
production

Horticulture,
tree crops and
forestry
Com m ercial
fisheries

Level of production

Aquaculture

Level of production

Commercial catch and
effort

Description of variable
The Far North region mostly contains native pastures w hich consist of native grasses, annual grasses, native herbs, shrubs and legumes. The arable
areas that are in the pasture phase consist of annual grass, broadleaf w eeds and some medic. Some cereals are grow n for grazing. The livestock in the
region is mostly sheep for w ool and meat. The annual average pasture production for the region is estimated at 1500kg Dry Matter (dm)/ha
The Mid North and Yorke Peninsula region also has a large native pasture area but has more improved pastures for example lucence, medics and sub
clovers. Many of the pastures on the arable land left out of the crop phase have w eeds for example annual ryegrass and barley grass as w ell as
broadleaf w eeds w hich are all controlled w ith herbicide. Cereals and vetch are also sow n for grazing. The livestock in the region is mainly sheep for meat
and w ool w ith a small number of cattle. The annual average pasture production in both regions is estimated at around 6000kg dm/ha.
The Barossa region contains sheep for meat and w ool and cattle. The pastures consist of perennial grasses such as phalaris and perennial ryegrass w ith
subclovers or annual grasses of barley grass, w ild oats and sub clovers w ith Salvation Jane capew eed and geranium, The annual average pasture
production is estimated at around 8000kg dm/ha.
Livestock value for the entire Central Local Government Region of South Australia is around 19% to gross value of agricultural production for the region in
the 2005/6 financial year or $229 million. The gross value of sheep and lambs slaughtered w as $79 million, cattle and calves slaughtered w as $34 million,
goats slaughtered $0.3 million, w hile other livestock slaughtered w as $116 million. 64% of the production comes from the Light, Mallala, Wakefield and
Goyder council.
Winemaking and grape production account for 10% of the gross regional product in the 2005/6 financial year. It is larger if you consider the local supplying
industries of transport, packaging, tourism, etc.
The purchase value of total w ine grapes crushed in 2010 w as $105 million and $160 million in 2004. The region crushed 15% of all w ine grapes in SA in
2010, this does include some grapes purchased from outside the area. Note that most grape production in the region is focussed on premium to super
premium end of the market.
Horticulture on the Adelaide Plains in the Local Government areas of Mallala, Light, Playford and Wakefield had been valued at $92 million. The majority of
vegetables are greenhouse crops, including tomatoes, cucumbers, capsicums and there are field crops of potatoes, carrots, brassica, almonds, olives and
w ine grapes. In the expert group at Clare there w as no one from Adelaide Plains, but there w as representation of high value horticulture.
Commercial fisheries in the Spencer Gulf w ere valued at A$43.6 million in the 1999/2000 financial year w hile the praw n fisheries in the Gulf of St. Vincent
is valued at A$3.7 million (Department of Environment and Heritage 2007). Key species targeted in the South Australian marine scalefish w ild fishery
include King George Whiting (Sillaginodes punctata), Snapper (Pagrus auratus), Southern Sea Garfish (Hyporhamphus melanochir), Southern Calamary
(Sepioteuthis australis), Australian Salmon (Arripis spp.), Ocean Jackets (Nelusetta ayraudii), Sand crabs (Ovalipes australiensis) and Cockles (Katelysia
spp). The 2003/04 gross value of production for fishery w as estimated at A$22.6 million and in 2006/07 A$19.9 million. This figure does not include the
Southern Rock Lobster fishery or the recreational fishery that is in many cases equivalent in size and catch proportion (Jones and Noell 2005; Primary
Industries and Resources South Australia 2008).
Aquaculture is still an emerging industry in the Central Local Government Region. There are currently 30 - 48? operators on Yorke Peninsula w ho
contributed approximately A$7 million in the 2000/2001 financial year (Department of Environment and Heritage 2007; Regional Development Australia Yorke
and Mid-North 2010). There are 35 oyster leases on Yorke Peninsula and nine trial sites on land.
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Table 28: Social indicators and variables assessed for vulnerability.
Indicator
Com m unity
Planning and
Developm ent

Variable
Internet usage

Employment

Regional occupation
and industries
Household income

Description of variable
Internet usage assesses community linking, w hich is necessary for enabling action across pow er gradients in the community - i.e. w orking w ith
Govternment depts. etc regarding climate change. In a rural regions the internet is a significant source of information relating to climate change and
resilience strategies and may assist communities in the future, as they make information more accessible and reinforce local relationships w ithout the need
of physical travel. Alternatively cost may act as a barrier and actually make rural communities fall further behind (relative to the rest of the on-line
community). Business and people on the land are particularly reliant on the internet for core function and productivity and the need increases on days of
extreme heat w hen people seek information about fire w arnings. The health sector requires the internet to access important information, particularly
doctors w orking in remote locations. Online information can help people w ith self diagnosis of health issues w hich reduces the pressure on general
practicioners and gives an immediate diagnosis.
Employment w ill be affected directly by climate change effects, and in w ays that are difficult to anticipate. A drought may reduce employment throughout
the affected region as the economy slow s and primary producers cease spending. On the other hand, a local disaster may boost employment in certain
fields in the clean-up and rebuilding during the aftermath. Employment is affected by age, and so is likely to reduce in line w ith the aging population. People
w ith secure employment and w ho have a regular income w ill find it easier to afford adaptation measures and have greater access to resources and
information to make decisions and help buffer climate change impacts.
Possible alternative income sources if climate change impacts on original income source. For example there may be changes in agricultural and tourist
activity, and these in turn w ill affect employment and income.
Income reflects vulnerability to climate change and impacts mitigation capacity. Poverty is an established indicator of vulnerability to change, including
climate change. Ability to mitigate change impacts, including those of climate change, is directly correlated w ith household income.

Household size
Household size is correlated to increased vulnerability in many aspects of community life. A smaller household does not have the same resources to draw
(number of persons in upon that a larger one does, and in addition is likely to be comparatively disadvantaged in other w ays such as a reduced income. Smaller households are
the household)
generally more likely to be lacking in social capital as w ell as financial capital, making response to climate change significantly more difficult.
Social
Inclusion

Sense of belonging to
community

Strong community bonds are necessary for successful implementation of community action on climate change. Many of the communities in the study area
have a high percentage of lone person households, as w ell as ageing populations. These are factors that can contribute to a loss of a sense of belonging.
This is a trend that is likely to continue. Low levels of trust reduce social capital and make individuals hesitant to w ork for the collective good. Traditionally
trust has been high in rural areas, but it is possible that this is reducing over time. Membership to community associations provides access to information
and resources, as w ell as reinforcing interpersonal measures such as trust and belonging. Without bonding community efforts tend to be fragmented.
Falling population reduces the number of people able to be part of the bonding process. Reduced income prevents people from participating as fully in
memberships. This is another aspect of community bridging, and it is necessary for the successful gathering of information and resources to respond to
climate change. Weak netw orks fail to provide suitable resources to retain rural youth. Weak netw orks mean that bridging is poor and that the community
finds it hard to locate and implement ideas, resources, information. It is difficult to predict the future of this variable, as new technologies such as the
internet may come to have a significant role in future years.

Leadership.

Community bridging is necessary for successful gathering of information and resources, in order to respond effectively to climate change. Strong
leadership often provides this bridging function, by reaching out to other leaders and encouraging the exchange of information and resources. Rural
leadership is often subject to 'burnout' as individuals are pushed beyond the limits of their ow n personal resources.
A low level of perceived crime indicates that a community is high in social capital and likely to be prepared to enter into activities of personal and mutual
benefit. Ground truthing of perceived level of crime can provide a method of checking if there is a discrepancy betw een perception and reality, w hich in
turn may illustrate the social capital of a community.

Perceived level of
crimeActual
level of crime

Aboriginal and other
Aboriginal and other minority cultural groups are vulnerable to being left outside the mainstream of information and resource provision due to differing
minority cultural groups cultural expectations.
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Indicator
Em ergency
Managem ent

Variable
Description of variable
Volunteerism - and the Increases or (more likely) decreases in volunteerism w ill affect the w ay emergency services operate. Rates of volunteering have been falling throughout
volunteer population.
the w estern w orld over the past few decades and this trend is not likely to reverse in the near future.
Changes in the
community being
served, and the
services provided.
Resourcing and
governance.

Education

Level of education.

Alterations in the composition of the community being served w ill affect the type of service provided. As communities age, people w ill become less able to
attend to their ow n needs in emergency circumstances, and w ill become less resilient overall in disaster situations, increasing the w orkload of existing
services. The type of service most needed by the community may change. It is possible that climate induced changes w ill alter the type and intensity of
services required (e.g. increased heatw aves may create a significant increase in ambulance transports due to heatstroke and heat related accidents).
Resourcing and governance w ill both affect, and be affected by, changing community needs. Changing service priorities w ill require changing funding
priorities. A changing volunteer base w ill also require different management, and it is important that this is acknow ledged, or there w ill be both unmet
needs and a miss-allocation of resources.
Represents level of informational resources and educational skills individuals can draw on to respond to climate change. Individuals w ith higher education
levels are better situated to respond to challenges brought about by climate change and are often also better equipped to seek information/resources they
cannot immediately access. Rural levels of education are generally low er than comparable urban scores.

Access to education
facilities

Access to education facilities has a direct bearing on the alibility of people to respond to the challenges of a changing climate. Standard educational
institutions provide people w ith the skills required to research and reason, and other educational facilities (colleges, on line learning etc) enable them to
access the information they need to make good choices in a changing environment.
Retaining young people Youth retention is essential for the survival of rural communities, both to maintain morale (the sense of 'w orking for the future') and for maintaining
population critical mass and providing labour and resources for industry into the future. Youth help maintain critical skills and labour base.
Health

Access to medical
care

Given increased climate change related climatic changes/lifestyle related stress, medical care becomes more important. Distribution of healthcare is
important, as is the ability to actually travel to healthcare providers. Single person, older, financially disadvantaged and socially isolated persons all find
access more challenging. Some of these individuals are also more exposed to some climate change stressors as w ell and so may have greater need for
medical care. (For example older people w ho are reluctant to use air-conditioning may also find travelling to health care difficult).

Age

Older and younger individuals are less resilient to effects of climate change physically. The region has a distinctive age profile: an increase in the over fifty
age bracket; a lack of 20-40 yr olds; and a comparative increase in 10-20 yr olds compared w ith all of SA. The Barossa in particular has a high proportion
of young families, and the trend is likely to continue. How ever overall the region is experiencing a trend tow ard an increase in aged individuals.

Activity/outputs

Increased temperatures mean that individuals are likely to become less productive. People may chose not to w ork in extreme heat for safety reasons,
thereby deliberately low ering productivity, or they may find heat hampers their ability to successfully complete tasks. Effects may be direct (heatstroke) or
indirect (illness due to heat-induced contaminated food).
Heat can act as an additional stressor to those w ho are already in poor mental health. Drought has a proven relationship w ith increased rates of anxiety
and depression. Climate induced disasters induce both long and short term psycho-social responses. The trend is for mental health issues to become more
frequent and more severe as climate induced changes become more frequent. Those in need of mental health assistance may find it difficult to access
care. While the rates of mental health issues are similar in urban and rural areas, the ability of individuals to access suitable assistance is much poorer in
rural areas. Regional rates of suicide are generally considered to be 25% higher than for metro areas (higher still for males, at about 40%) and this trend is
likely to continue if there is no intervention.

Mental w ellbeing and
suicide
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12.2 VULNERABILITY MATRIX RESULTS ENVIRONMENTAL CAPITAL
12.2.1 Sensitivity to and impacts from climate change for the environmental capital
Table 29 below describes the sensitivity to, and impact from, climate change for each of the
indicators and variables assessed as part of the environmental capital.
Table 29: Descriptions of the sensitivity and potential impact from climate change to the environmental
indicators assessed.
Variable
Native vegetation
cover

Sensitivity rationale
Approximately 94% of the pastoral zone remains
uncleared but only 26% of agricultural areas remain
uncleared (Northern and Yorke Natural Resource
Management Board 2009). Several hundreds have less
than 5% of native vegetation remaining. In the agricultural
areas most of the remaining vegetation is on unarable
ridges and the coastal strip. Species and communities in
highly fragmented landscapes have their opportunities for
dispersal limited (either the organism itself or propagules),
and are at risk of localised extinctions due to smaller
population sizes and lack of connectivity. The very highly
fragmented landscape in the project area provides very
limited adaptation opportunities.

Potential Im pact
Species that surive in a changing climate w ill either be
tolerant of changes, or adapt to the conditions w ithin their
current location or be able to disperse to areas w ith more
suitable conditions (Berg et al 2010, Steffen et al 2009).
Species in highly fragmented landscapes w ill be less able
to adapt to the effects of climate changeas: Lack of
connectivity in fragmented landscapes minimises
dispersal opportunities. :In areas w here past clearance
of habitat has left small isolated areas that can only hold
small populations (as is characteristic of this area),
species are prone to loss of genetic variablity through
inbreeding (Lindenmayer and Burgman 2006), and hence
loss of adaptive capacity.

Vegetation
communities

Factors expected to increase the sensitivity of a
vegetation community type w ill depend upon the species
that make up that vegetation community. The expert
w orkshop w ill consider the follow ing factors w hen
allocating a sensitivity score:
• Narrow range of physiological tolerance to factors such
as temperature, w ater availability and fire
• Low genetic variability
• Long generation times, long time to sexual maturity and
low reproductive output
• Specialised requirements for other species (e.g. for a
disperser, prey species, pollinator or photosynthetic
symbiont) or for a particular habitat that may itself be
restricted (e.g. a particular soil type)
• Poor dispersal ability
• Narrow geographic range
• Dependence on environmental triggers or cues that may
be disrupted by climate change.
Mangroves can tolerate high salinities how ever they w ill
cease photosynthesis w hen leaf temperatures reach 3840 degrees celcius (Clough et al., 1982 in Gilman et al.
2008) and therefore are likely to be negatively effected by
hotter average temperatures and more days over 40
degrees.
● sensitivity to SLR depends on migratory capacity
● The sensitivity for all the veg. communities to
increased atmospheric carbon may be positive?
● With increased heatw ave frequency and intensity,
photosynthesis could shut-dow n for days at a time

See below for community specific potential impacts, but
w ill include reduction in range, abundance and distribution
of some vegetation community types, changes in
structure and composition of others.

Regional Native Vegetation

Landscape fragmentation

Ind

Vegetation communitites

Coastal Mangroves

Significant decrease in areas of suitable habitat as a
result of sea level rise and temperature chagnes and thus
decrease in current range, abundance and distribution.
Southerly migation of populations w here suitable habitat is
available.

Coastal Samphire
Shrublands

● The limits to evaporation and 'leaf burn' w ere unknow n Significant decrease in areas of suitable habitat asd a
by the panel
result of sea level rise and thus decrease in current
● the impact of w eeds w as believed to be greatest on
range, abundance and distribution.
the edges of communities, as few species are as salttolerant as samphire

Coastal Dune and
Cliff Shrublands

● There are expected to be significant differences
Erosion and collapse of coastal foreshore, indudation of
betw een cliff and dune communities and the adaptive
coastal vegetation communitites and assets, landw ard
capacities and responses
migration of vegetation communities.
● Cliffs are less sensitive sea level rise and erosion than
dunes

Coastal Mallee

The key concern for this vegetation type w as the impact Significant change in structure and composition of
of change in frequency of bushfires, both as a result of
vegetation type. Decrease in threatened species
climate change, but also as a result of the increased
populations.
frequency of controlled burns for asset protection w hich
may impact on the structure and composition of this plant
community. This increase in fire frequency w ould also
increase secondary exposure to w eeds. This community
also harbours several key threatened species, including
Malleefow l.
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Variable
Inland Samphire
Shrublands

Sensitivity rationale
Potential Im pact
This community is susceptible to rainfall decrease, as w ell Significant decrease in areas of suitable habitat and thus
as to w ater table drop. It is noted that in some areas this decrease in current range, abundance and distribution.
vegetation type may have evolved from freshw ater
vegetation types w ithin the last century. The consultation
panel also felt that, despite unlikely to burn, this vegetation
type may still be sensitive to heat from adjacent fire.

Sw amp Paper-bark
Shrublands

This community is susceptible to rainfall decrease, as w ell Shift in location of suitable habitat: may invade areas of
as to w ater table drop. It is noted that in some areas this previously riparian vegetation or sedgelands.
vegetation type may have evolved from freshw ater
vegetation types w ithin the last century. This vegetation
type may also invade other vegetation community types in
a reduced rainfall scenario.

Thatching Grass
Sedgelands

Likely to be highly sensitive to decreased rainfall, as
w ater needs are quite specific (shallow seasonal
inundation in w aterlogged soils). May be prone to
invasion by w aterlogging tolerant shrubs and pasture
w eeds in a reduced rainfall scenario.

Bulrush/Common
Reed Sedgelands

Highly sensitive to changes in w ater availability. Also
Significant decrease in areas of suitable habitat and thus
harbour important components of regional biodiversity
decrease in current range, abundance and distribution.
(fish, birds, Krefft's Tiger Snake, Spalding Blow n Grass),
particularly w hen in association w ith permanent pools.
Exposed to new w eed incursions due to corridor nature
of w atercourses that w ill enable w eed spread. Senstive
to these invasions due to disturbance events (eg
flooding).

Riparian Woodlands

Highly sensitive to changes in w ater availability. Also
Significant decrease in w ater availability, loss in condition
harbour important components of regional biodiversity
leading to death in overstorey trees and decrease in
(fish, birds, Krefft's Tiger Snake, Spalding Blow n Grass), current range, abundance and distribution.
particularly w hen in association w ith permanent pools.
Exposed to new w eed incursions, and invasion by
existing w eeds that w ill be favoured by climatic changes
and can colonise readily after disturbance events (Pepper
Tree, Olive, Bathurst Burr, Boxthorn). Panel believed that
northern Riparian w oodlands w ould not be as sensitive
as southern w oodlands as they w ould be adapted to
infrequent and varied rainfall. Consider Southern Flinders
as a separate case for this reason.The presence of
mature Red Gums indicates that fresh w ater has been
available for at least 2-3 out of every 10 years to support
the trees . Healthy trees tend to rely on soil moisture
reserves accessed by their shallow roots (usually w ithin
2-4 m of the surface) w ith the ability to sw itch to deeper
roots (>4m) tapping into groundw ater reserves in dry
periods. A key factor is the inter-linking of w ater
sources, w ith surface w ater flow s in streams recharging
w ater tables and deeper aquifers, and these are
important groundw ater sources for the trees.

Temperate Shrubby
Woodlands

This community type, w ith its sclerophyll shrub
Changes in structure and composition of vegetation,
understorey, particularly sensitive to changes in bushfire increased w eed levels, threats to associated bird species
frequency and intensity. The panel also believed that
as a result of structural/compositional change.
decreasing rainfall w ill modify the species composition of
this community and decrease canopy cover in the
overstorey. Weeds w ill be given increased opportunities
to colonise as grazing pressure is expected to increase in
dry years, and w eeds may proliferate w ith changing fire
regimes.

Temperate Grassy
Woodlands

This community may be susceptible to increased invasion Increased levels of w eed invasion, particularly w oody
by both w oody w eed species, as w ell as by native
w eeds. Change in structural composition to impact upon
shrubs, in a w armer,drier climate w ith increased CO2
associated open w oodland bird species.
levels. Supported by Hughes (2003) "Climate Change in
Australia: Trends, Projections and Impacts" Austral
Ecology 28:423-443.

Temperate
Grasslands

This community may be susceptible to increased invasion
by both w oody w eed species, as w ell as by native
shrubs, in a w armer,drier climate w ith increased CO2
levels. Supported by Hughes (2003) "Climate Change in
Australia: Trends, Projections and Impacts" Austral
Ecology 28:423-443. Loss of perennial and annual
grazing sensitive herbs expected. Overall decrease in
quality but may see increase in quantity of derived
grassland states (see right).

Vegetation communitites

Ind
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Significant decrease in areas of suitable habitat and thus
decrease in current range, abundance and distribution.

Loss of species and structural diversity in high quality
grasslands. Already degraded or anthropogenic
grasslands likely to cope w ell as remnant species hardy
and tolerant of grazing.

Water dependant ecosystems

Regional Native Flora

Regional Native Fauna

Vegetation communitites

Ind

Variable
Mallee and
Woodlands Dense
Shrub Understorey

Sensitivity rationale
This community may be particularly vulnerable to low er
rainfall, as it occurs on shallow soils w here moisture
retention is low . It w ill also be impacted both as a result
of climate change, but also as a result of the increased
frequency of controlled burns for asset protection w hich
may impact on the structure and co mposition of this plant
community. This increase in fire frequency w ould also
increase secondary exposure to w eeds. Grazing
pressure may also increase as this vegetation may be
used for fodder in below average rainfall years.

Potential Im pact
Changes in structure and composition of vegetation,
increased w eed levels, threats to associated bird species
as a result of structural/compositional change.

Mallee and
Woodlands
Chenopod Shrub
Understorey

Increased abundance of arid suited chenopod shrubs in Changes in structure and composition of vegetation,
the understorey, w ith decrease in sclerophyll. Weed
increased w eed levels, threats to associated bird species
increase as more arid suited species invade (eg Wheel
as a result of structural/compositional change.
Cactus). Grazing pressure may also increase as this
vegetation may be used for fodder in below average
rainfall years, increasing opportunities for w eed invasion.

Inland (Semi-arid) Tall Low sensitivity as this is a successional or often
Shrublands
anthropogenically derived vegetation community highly
adapted to disturbance.

May increase in abundance and distibution as highly
adapted to disturbance and ecologically tolerant.

Northern Arid
Woodlands

Low regenerative capacity of overstorey trees noted:
may be restricted in climate change scenario, particularly
in drier climate. Otherw ise considered low sensitivity.

Long term decrease in overstorey cover if regenerative
opportunities are limited.

Northen Arid
Shrublands

Wide ranging, ecologically tolerant vegetation community
type.

This indicator
considers key faunal
species groups
w ithin the area
(based upon the
groupings of Gillem
and Urban (2008))
and their condition
now and w ith
predicted changes in
climate

Factors expected to increase the sensitivity of a faunal
species group include:
• Narrow range of physiological tolerance to factors such
as temperature, w ater availability and fire
• Low genetic variability
• Long generation times, long time to sexual maturity and
low reproductive output
• Specialised requirements for other species (e.g. for a
disperser, prey species, pollinator or photosynthetic
symbiont) or for a particular habitat that may itself be
restricted (e.g. a particular soil type)
• Poor dispersal ability
• Narrow geographic range
• Dependence on environmental triggers or cues that may
be disrupted by climate change. The expert w orkshop
considered these factors w hen allocating a sensitivity
score.

The high proportion of species that are already of poor
conservation status, the community level sensitivities
noted above, and the highly fragmented nature of the
region mean the species of the region are already at risk.
Climate change w ill add to, and interact w ith, these range
of existing regional stressors. Localised patch based
extinctions of species is likely, w hich may cumulatively
result in regional extinctions due to the lack of
connectivity in the central areas landscape.

This indicator
considers key floral
species groups
w ithin the area
(based upon the
groupings of Gillem
and Urban (2008))
and their condition
now and w ith
predicted changes in
climate

Most flora groups throughout the region are already of
poor conservation status. Most notable are Aquatic
species, Herbs and Forbs, Legumes, Orchids, Sedges,
Shrubs and Eucalypts, all of w hich have more than 50%
of species w ithin their group Rare, Vulnerable,
Endangered or Critically Endangered. Over 50% of all
species have rare or higher conservation status. Thus
the native flora of the region must be considered to be
extremely sensitive to climate change.

The high proportion of species that are already of poor
conservation status, the community level sensitivities
noted above, and the highly fragmented nature of the
region mean the species of the region are already at risk.
Climate change w ill add to, and interact w ith, these range
of existing regional stressors. Localised patch based
extinctions of species is likely, w hich may cumulatively
result in regional extinctions due to the lack of
connectivity in the central areas landscape.

Surface w ater
dependent
ecosystems

Decrease in rainfall and hence less catchment run-off.
Increase evaporation from river and stream pools and
w etlands. The start of the catchment run-off season w ill
be delayed (significantly impacting the total annual run-off
from the catchment); Increased frequency of drought
years. Decreased frequency of high run-off years
(w hich are required to provide given environmental
flow s).

Changes to available surface w ater w ill influence stream
pool and w etland quantities and flow s w ithin streams and
rivers. Regional evaluation considered that many aquatic
ecosystems are highly sensitive, w ith some being on the
breach of ecological collapse. While it w as acknow ledge
that many aquatic ecosystems don't need much rainfall
and can occur w ith intermittent flow , the reduction of
these periodic flow s w ould have a major impact.

Groundw ater
dependent
ecosystems

Decrease in rainfall and hence less groundw ater
recharge. The Department for Water estimates that
recharge in the Clare Valley w ill decrease by 30% by
2030 and up to 58% by 2070 (under a high emissions
scenario). The interface betw een groundw ater and
surface w ater is highly sensitive to changes in
groundw ater levels, w ith a small reduction in
groundw ater level having the potential to cause a
considerable disconnect w ith river pools, w etlands and
terrestrial vegetation.

Reduced recharge w ill low er groundw ater levels w hich
decreases the ability of terrestrial vegetation to access
w ater and reduces interactions w ith surface w ater
ecosystems.
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Variable
Surface w ater
quantity and flow s

Sensitivity rationale
Decrease in rainfall and hence less catchment run-off.
Increase evaporation from w ater storages (w ith
particularly issues associated w ith w inter rainfall). The
start of the catchment run-off season w ill be delayed
(significantly impacting the total annual run-off from the
catchment). Increased frequency of drought years.
Decreased frequency of high run-off years (that are
required to fill major storages and enable dow n stream
environmental flow s). Some w ater use in the region is
derived from River Murray supplies. CSIRO estimate that
surface w ater availability may decline by 11% across
both the MDB and Murray region of the MDB by 2030
under a median climate change scenario, although actual
surface w ater use is expected to fall by less (4%) due to
the nature of w ater sharing arrangements. For the
Wakefield and Hutt River catchments, projected
reductions in median annual runoff are 24% and 32%
respectively in the 2030 climate w ith a low emissions
scenario, and 57% and 73% respectively in the 2070
climate w ith a high emissions scenario (Department for
Water, 2011). The results indicate that the Clare Valley
PWRA region is highly susceptible to projected climate
changes, w ith the impact on runoff approximately 4.7
times greater than the change in w inter rainfall that
produced the change. For example, for the 2050 high
emission scenario, a 12% reduction in w inter rainfall
leads to a 58% reduction in runoff.

Potential Im pact
Available surface w ater w ill influence farm dam and
reservoir storages, the heath of riverine ecosystems,
groundw ater recharge (in some areas), and the collection
of w ater from rainw ater tanks and stormw ater ponds.
The decrease in river flow s, w ill cause a build up of instream sediments and salinity levels w ithin pools, w hich
is likely to have a major impact on ecosystem health ( as
many aquatic ecosystems are already highly altered and
have salinities w hich only support limited species). It is
also considered that reduced river flow s w ill lead to a
complete loss of flow s in the low er sections of some
catchments and discharges to the marine environment.
Increased temperatures w ill exacerbate this impact,
through possible increases in evaporation (subject to
humidity) and increased evapotranspiration. Increasing
temperature, evaporation rates and heat w aves w ill
increase demand for w ater supply. Based on possible
future rainfall, temperature and evaporation scenarios
developed by the CSIRO, SA Water (2010) estimates that
“climate variation could potentially increase Yorke
Peninsula w ater demand by approximately 13% by 2030,
and 30% by 2070”. Reduced supplies of w ater including
River Murray allocations for irrigators and tow nships.
Increased use of w ater restrictions. It w as noted that
600mm of rainfall w as the threshold for sustainable
irrigation from surface w ater run-off (particularly in the
Southern Flinders) and hence reductions may be lead to
practices becoming non-viable.

Surface w ater quality Increased temperatures and stagnant w ater due to low
flow conditions. Decreased surface w ater flow s w ould
act to increase stream salinity, w hile low ering
w atertables w ould act to decrease stream salinity (as the
contribution from groundw ater w ould be less).

The presence of biofilms in distribution pipes can causes
obstructions, damage to pipe surfaces, increased
disinfectant demand, aesthetic issues (e.g. changes in
taste, odour and colour of the w ater) and can also be a
threat to pubic health. Algae in w ater storage can lead to
the development of toxins in the w ater, w hile treatment
(w ith copper - sulphate for example) can have
environmental impacts and lead to contaminant sludge
from w ater treatment plants. If additional w ater treatment
is required for drinking w ater supplies, additional costs
are considerable. Toxins from algae can impact the health
of stock drinking from dams and streams. If stream salinity
increases, the intermittent stream flow could 'pulse'
salinity slugs dow nstream, impacting on aquatic
ecosystems throughout the catchment. With regard to
salinity, it is considered that many ecosystems (such as
red gum)s are now highly sensitivity, w ith further
increases in salinity causing die-back or in many cases
irreversible damage (e.g. Low er Wakefield River). Such
w ater quality thresholds, often mean that impact classes
can be missed, (i.e. going from a moderate impact to a
very high impact).

Groundw ater
quantity and
recharge - rock
aquifers

Reduced recharge due to less rainfall and surface w ater
(w hich connects to groundw ater). The Department for
Water estimates that recharge in the Clare Valley w ill
decrease by 30% by 2030 and up to 58% by 2070
(under a high emissions scenario).

Available groundw ater w ill influence; groundw ater levels
(and the ability to abstract w ater for agricultural and other
purposes), contributions to rivers and streams (through
groundw ater / surface w ater interaction), less discharge
to the marine environment, and less access for
groundw ater dependent ecosystems. Regional evaluation
noted that the impact w ithin rock and fractured aquifers is
likely to be greater than unconsolidated sediment aquifers
given that the volume of the resource is generally less,
and w ith annual recharge directly influencing
groundw ater levels.

Groundw ater quality - Regional monitoring has indicated that increasing salinities
rock aquifers
occur as groundw ater levels decline. The extent to
w hich salinity w ould increase is very site specific and is
difficult to predict. Increases in sea w ater intrusion may
lead to increased aquifer salinity in some coastal
locations, w here the groundw ater gradient is low as a
result of reduced w ater tables and increased sea levels.

Increase salinities w ithin bores and impacts to
groundw ater dependent ecosystems, irrigation, and
drinking w ater supplies. The degree of impact is relative
to the current w ater quality and use thresholds. In many
cases salinity levels are already close to exceeding
thresholds for specific uses (i.e. drinking w ater, irrigation
or providing for the environment) and further increases
w ould render such uses non-viable w ithout treatment or
shandying w ith an alternative sources.

Groundwater - rock aquifer

Surface water

Surface water

Ind
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Demand constraints

Groundwater - unconsolidated aquifer

Ind

Variable
Groundw ater
quantity and
recharge unconsolidated
sediments

Sensitivity rationale
Reduced recharge due to less rainfall and surface w ater
(w hich connects to groundw ater). The Department for
Water estimates that recharge in the Clare Valley w ill
decrease by 30% by 2030 and up to 58% by 2070
(under a high emissions scenario).

Potential Im pact
Available groundw ater w ill influence; groundw ater levels
(and the ability to abstract w ater for agricultural and other
purposes), contributions to rivers and streams (through
groundw ater / surface w ater interaction), less discharge
to the marine environment, and less access for
groundw ater dependent ecosystems. Regional evaluation
noted that the impact w ithin rock and fractured aquifers is
likely to be greater than unconsolidated sediment aquifers
given that the volume of the resource is generally less,
and w ith annual recharge directly influencing
groundw ater levels.

Groundw ater quality - Regional monitoring has indicated that increasing salinities
unconsolidated
occur as groundw ater levels decline. The extent to
sediments
w hich salinity w ould increase is very site specific and is
difficult to predict. Increases in sea w ater intrusion may
lead to increased aquifer salinity in some coastal
locations, w here the groundw ater gradient is low as a
result of reduced w ater tables and increased sea levels.

Increase salinities w ithin bores and impacts to
groundw ater dependent ecosystems, irrigation, and
drinking w ater supplies. The degree of impact is relative
to the current w ater quality and use thresholds. In many
cases salinity levels are already close to exceeding
thresholds for specific uses (i.e. drinking w ater, irrigation
or providing for the environment) and further increases
w ould render such uses non-viable w ithout treatment or
shandying w ith an alternative sources.

Amount of w ater
required by humans

Increased demand for w ater resources in an already
supply constrained environment. Leading to reduce
confidence in w ater security w ith potential impacts on
development and tourism potential. Stress to community
as private gardens and public open spaces are impacted
(due to w ater restrictions).

Increased evapotranspiration and increased irrigation
demands. CSIRO estimate that climate variation could
potentially increase overall Yorke Peninsula demand for
w ater by 13% by 2030, and 30% by 2070. In terms of the
potential risks posed by climate change to w ater
resources in South Australia, the Department for Water
has identified groundw ater resources in the Clare Valley
and surface w ater resources in the Clare Valley and
Barossa Valley as being among the high priority
resources in South Australia. With regard to changes in
demand, it has been estimated that w ater demand for
vines w ithin the Barossa Valley equates to approximately
4% per degree of w arning (Hayman et al. 2007). AWE,
2010, have utilised this value and estimate that under a
moderate climate change scenario this increase in
irrigation demands w ould equate to 100ML by 2045.

12.2.2 Adaptive capacity, adaptation options and adverse implications/potential to benefit
from implementing actions for environmental indicators
Table 30 on the following pages describe the inherent adaptive capacity of each of the
environmental indicators and variables assessed. Where there is the option for externally driven
adaptation options to be implemented these are also noted and the possible opportunities for
additional benefit or adverse outcomes (maladaptation) as a result of implementing the actions
are also described. Adaptive actions are expected to reduce sensitivity or boost adaptive
capacity and therefore reduce vulnerability. This explanation is relevant for the tables of adaptive
capacity for the economic and social capital provided in the relevant results sections following.
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Table 30: Descriptions of the adaptive capacity and possible adaptive measures to reduce climate change vulnerability for the environment indicators assessed.

Regional Native
Vegetation

Landscape
fragmentation

Ind

Variable
Native vegetation cover

Adaptive capacity description
Highly fragmented vegetation communities, or those w ith restricted
range, have limited capacity to adapt.

Vegetation communities

See below for adaptive capacities of individual communities, but
generally poor, due to limited range, distribution and ecological
tolerances of some vegetation community types, limited know ledge and
understanding of reconstruction methods.

Coastal Mangroves

● Mangrove is spread across significant temperaturerange in SA
● is able to migrate quickly
● has a limited capacity to deal w ith heat w aves
● w ill crow d out saltmarsh and migrate up rivers
● adaptive capacity is dependent on natural and built barriers
● there is a critical need to plan ahead to prevent erecting barriers to
migration
● saltmarsh is distributed across w ide temperature and rainfall
distributions
● w ill migrate readily, subject to barriers, see above
● capacity to migrate is N-S or to groundw ater is high on uninterrupted
coastal fringes, reduced by development and land use
● dune stabilisation w orks can assist adaptation
● Foredune species are tougher and hindune species more vulnerable
● dunes could be w atered
● heatw ave and bushfire risk is higher further inland, aw ay from the
moderating influence of the sea
● Fuel reduction burns w ould harm the veg. community as species not
adapted to fire
● Weed control w ould be beneficial
Adaptive capacity of cliffs higher than dunes.
Restricted in range and distribution
Very restricted distribution w ithin the landscape, often surrounded by
land w ith alternative land use
Restricted in range and distribution but may potentially spread into more
moisture dependent vegetation communities.
Very restricted in range and distribution, and specific habitat
requirements
Rapid generation time and hardy, provided w ater is available.
Very restricted in range and distribution, but revegetation of w aterw ays
w ith more tolerant species or variants could provide similar habitat
values to those currently provided by these communities
Restricted to flanks and tops of ranges in relatively high rainfall areas
mean little natural adaptive capacity and few available areas for
reconstruction.

Coastal Samphire Shrublands

Vegetation communitites

Coastal Dune and Cliff Shrublands

Coastal Mallee
Inland Samphire Shrublands
Sw amp Paper-bark Shrublands
Thatching Grass Sedgelands
Bulrush/Common Reed Sedgelands
Riparian Woodlands

Temperate Shrubby Woodlands
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Adverse im plcations

Potential to benefit

●range likely to decrease
●planning to avoid creating barriers to adaptation could constrain
coastal development

● it's considered unlikely that species w ill be lost

As above

●adaptation for w eed exposure could be compromised as business
case for w eed control is harder to develop than for agricultural w eeds
● adapting for decreased rainfall by w atering dunes w ould have an
impact on w ater resources
● w eed control costs w ould likely increase

● maintaining dune stability by w atering could reduce impacts on
development and infrastructure caused by sand dune drift

Could spread into areas currently inhabited by more moisture dependent
or less tolerant of salinity eg sedgelands

Regional Native Flora

Regional Native Fauna

Vegetation communitites

Ind

Variable
Temperate Grassy Woodlands

Adaptive capacity description
Highly fragmented and already compromised by w eed invasion means
little adaptive capacity. Few available areas for reconstruction as the
nature of soils has been changed by fertiliser addition. Restricted to
moderate to high fertility soils in high rainfall areas.

Temperate Grasslands

Adverse im plcations

Potential to benefit

Distributed on hillslopes and hilltops w ith some N-S connectivity. Many
hardy core species already highly adapted to intense grazing and can
recover quickly due to rapid generation times. May see an overall
increase of this vegetation community in extent (due to derived
grassland states becoming more common) but decrease in overall
quality (diversity of species).
Mallee and Woodlands Dense Shrub Moderate range and distribution but restricted soil suitability. Many key
Understorey
understorey species (eg Epacrids) difficult to propagate.
Mallee and Woodlands Chenopod
Moderate range and distribution, and chenopod species in understorey
Shrub Understorey
tolerant of reduced rainfall.
Inland (Semi-arid) Tall Shrublands
Highly adaptive primary colonising vegetation type.
Northern Arid Woodlands
Widespread, but may be at edge of ecological tolerance in many places

May increase in overall area of occupancy as other vegetation states
transition to a derived grassland state by a series of drivers, including
overgrazing and fire, secondary products of climate change.

Northen Arid Shrublands

Widespread

May increase in distribution as other, more rainfall dependent, treed
vegetation types transition to this shrubland vegetation type.

This indicator considers key faunal
species groups w ithin the area
(based upon the groupings of Gillem
and Urban (2008)) and their
condition now and w ith predicted
changes in climate by considering
the number of species that have a
series of key attributes that
predispose them to be susceptible
to climate change.
This indicator considers key floral
species groups w ithin the area
(based upon the groupings of Gillem
and Urban (2008)) and their
condition now and w ith predicted
changes in climate by considering
the number of species that have a
series of key attributes that
predispose them to be susceptible
to climate change.

Due to the highly fragmented nature of this region, the poor conservation
status of most species groups and the difficult nature of assisted
species recovery, the adaptive capacity has been rated as very low for
fauna species.

The highly fragmented nature of this region means that the inherent
adaptive capacity of flora species is very low , as movement and gene
flow across the landscape is difficult. How ever this low natural
adaptive capacity can be supplemented by humans by appropriate
propagation and revegetation, as w ell as by other adaptive techniques
discussed later in this report. For this reason, the adaptive capacity has
been allocated a low score.
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May increase in distribution as sclerophyll dominated mallee communities
transition to this chenopd dominated vegetation type.

Variable
Surface w ater quantity and flow s

Adaptive capacity description
The region has already utilised a variety of adaptive responses w ith
regard to w ater resource management. These include the utilisation of
multiple sources (surface w ater and groundw ater), inter-basin
transfers, various recycled w ater alternatives and w ater restrictions
and conservation measures. These options enable w ater managers to
maintain a flexible system, w hich is required given the high natural
variability of surface w ater flow s and quality and yield of groundw ater
aquifers.. In order to maintain a level of w ater security in the future the
current options need to be expanded and alternatives found (for
example the re-use of stormw ater in many tow ns is currently
underutilised and the possibility of small scale desalination units could be
examined). The further development of Water Allocation Plans is
considered important, both to take into account the current findings of
the Department for Water 'Impacts of Climate Change on Water
Resources’ (ICCWR) project and to refine understanding of surface
w ater and groundw ater supplies, environmental w ater requirements
and the needs of license holders. Measures to minimise all losses is
also a priority, such as evaporative losses from storages, pipeline leaks
and or the inefficient use of w ater. DWLBC and SA Water are
developing regional supply/demand statements w hich w ill consider
w ater supply and use over the next 40 yrs. Such long term planning,
including the requirement to rationalise w ater use in some areas is
required, w ith an overall need to reduce w ater use w here management
w ithin sustainable limits can not be achieved.

Adverse im plcations
Infrastructure solutions that seek to secure alternative w ater resources
may be expensive (e.g. desalinisation); security of supply may decline
below w hat is deemed acceptable by w ater users; inter-basin transfers
may put pressure on resources from the originating catchment and may
lead to environmental impacts in the receiving catchment; management
actions applied may be the result of funding available rather than
integrated w ater management or secondary impacts may have
detrimental impacts (i.e. w ater taken from one location and provided to
another w ith no net regional benefit).

Surface w ater quality

SA Water can treat w ater storages to reduce algae numbers. Biofilms
can be managed through the maintenance of w ater pressure and the
avoidance of spikes in pipeline flow s (to ensure sloughing does not
occur). Surface w ater could be desalinated on a small scale, w here
specific thresholds are required (i.e. drinking w ater or irrigation).
Catchments can be revegetated and riparian zones improved to reduce
ecosystem sensitivity. All actions w hich improve surface w ater flow s
w ithin the catchment w ould generally improve w ater quality.

Additional w ater treatment w ill incur costs and have the potential to lead Catchment improvement actions w ill lead to other environmental benefits
to the formation of treatment by-products and or environmental impacts. and improve aesthetics of the region.

Surface w ater dependent
ecosystems

The region currently has many adaptive management options w ith
Further decline in riparian and aquatic ecosystem health in streams,
regard to w ater resource management. Water Allocation Plans take into rivers and w etlands. Loss of environmental refuges (pools).
account the environmental flow requirements. Additional modelling and
assessment is required to further integrate the needs of the environment
w ith w ater allocation planning under climate change scenarios.
Improvements in riparian zone health through revegetation and
rehabilitation in seen to be important regional. The removal of
environmental pollutants w as also seen to be important and w ould
decrease the vulnerability of the ecosystem. It w as also considered
that the ecological value of farm dams could be improved and that
actions should be taken to ensure that pool riffle sequences of the major
river streams is maintained. As a last result option, it w as considered
that particularly species may need to be relocated to more suitable
environments as the full extent of climate change impacts occur.

Water dependant ecosystems

Surface water

Ind
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Potential to benefit
Develop expertise in sustainable w ater management and design
technologies and services. Develop integrated w ater management
plans, w hich account for all w ater sources and the needs of all users.
Such a plan w ould have sufficient flexibility to have operational
arrangements for dry, average and w et years and w ould supply w ater
w hich is fit for purpose.

Develop integrated w ater management plans, w hich accounts for all
w ater sources and the needs of all users. Such a plan w ould have
sufficient flexibility to have operational arrangements for dry, average
and w et years and w ould supply w ater w hich is fit for purpose.

Groundwater - rock aquifers

Ind

Variable
Adaptive capacity description
Groundw ater quantity and recharge The region currently has many adaptive management options w ith
- rock aquifers
regard to w ater resource management. These include the utilisation of
multiple sources (surface w ater and groundw ater), interbasin transfers,
various recycled w ater alternatives and w ater restrictions and
conservation measures. These options enable w ater managers to
maintain a flexibility system, w hich is required given the high natural
variability of surface w ater flow s. In order to maintain a level of w ater
security in the future the current options need to be expanded and
alternatives found (for example the re-use of stormw ater in many tow ns
is under utilised). The further development of Water Allocation Plans is
considered important, both to take into account the current findings of
the Department for Water 'Impacts of Climate Change on Water
Resources’ (ICCWR) project and to refine understanding of surface
w ater and groundw ater supplies (e.g. groundw ater recharge rates),
environmental w ater requirements and the needs of license holders.
Regional evaluation expressed the need to minimise all loses throughout
the systems (w ith many license holders pumping from bores to dams
prior to use, w hich leads to considerable evaporative losses) Some
groundw ater access trenches are still used, again leading to
considerable losses. The use of ASR or MAR to decrease pressure on
some groundw ater aquifers w as also considered a possibility (and
w ould minimise evaporative losses). Slow ing w ater movement w ithin
the catchment (through in stream w eirs or catchment contour banking)
can considerably increase recharge rates. The regional perspective
w as also held that in some cases there needs to be a decreased
emphasis on achieving grow th and productively, w ith the ability to live
w ithin sustainable limits being a high prioirty.

Adverse im plcations
Infrastructure solutions that seek to secure alternative w ater resources
may be expensive (e.g. desalinisation); security of supply may decline
below w hat is deemed acceptable by w ater users; inter-basin transfers
may put pressure on resources from the originating catchment and may
lead to environmental impacts in the receiving catchment; management
actions applied may be the result of funding available rather than
integrated w ater management or secondary impacts may have
detrimental impacts (i.e. w ater taken from one location and provided to
another w ith no net regional benefit).

Potential to benefit
Develop expertise in sustainable w ater management and design
technologies and services. Develop integrated w ater management
plans, w hich account for all w ater sources and the needs of all users.
Such a plan w ould have sufficient flexibility to have operational
arrangements for dry, average and w et years and w ould supply w ater
w hich is fit for purpose.

Water dependant
ecosystems

Groundw ater quality - rock aquifers If salinities increase beyond requirements for specific uses, alternative Desalination of bore w ater is costly and leads to the production of brine The potential development of small scale desalination technologies
supplies w ould need to be found (see above). A change in w ater use (w hich needs to be disposed of to the environment).
w hich can improve the quality of life for small regional centres.
to those w hich can w ithstand higher salinities could occur in some
areas. Desalination or shandying saline w ater w ith another better quality
source (w here available) are also possibilities.
Groundw ater dependent
ecosystems

The region currently has many adaptive management options w ith
Further decline in groundw ater dependent ecosystems.
regard to w ater resource management. Water Allocation Plans take into
account the environmental flow requirements. Additional modelling and
assessment is required to further integrate the needs of the environment
w ith w ater allocation planning under climate change scenarios.
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Develop integrated w ater management plans, w hich accounts for all
w ater sources and the needs of all users. Such a plan w ould have
sufficient flexibility to have operational arrangements for dry, average
and w et years and w ould supply w ater w hich is fit for purpose.

Groundwater - unconsolidated aquifers

Ind

Variable
Adaptive capacity description
Groundw ater quantity and recharge The region currently has many adaptive management options w ith
- unconsolidated sediments
regard to w ater resource management. These include the utilisation of
multiple sources (surface w ater and groundw ater), interbasin transfers,
various recycled w ater alternatives and w ater restrictions and
conservation measures. These options enable w ater managers to
maintain a flexibility system, w hich is required given the high natural
variability of surface w ater flow s. In order to maintain a level of w ater
security in the future the current options need to be expanded and
alternatives found (for example the re-use of stormw ater in many tow ns
is under utilised). The further development of Water Allocation Plans is
considered important, both to take into account the current findings of
the Department for Water 'Impacts of Climate Change on Water
Resources’ (ICCWR) project and to refine understanding of surface
w ater and groundw ater supplies (e.g. groundw ater recharge rates),
environmental w ater requirements and the needs of license holders.
Regional evaluation expressed the need to minimise all loses throughout
the systems (w ith many license holders pumping from bores to dams
prior to use, w hich leads to considerable evaporative losses) Some
groundw ater access trenches are still used, again leading to
considerable losses. The use of ASR or MAR to decrease pressure on
some groundw ater aquifers w as also considered a possibility (and
w ould minimise evaporative losses). Slow ing w ater movement w ithin
the catchment (through in stream w eirs or catchment contour banking)
can considerably increase recharge rates. The regional perspective
w as also held that in some cases there needs to be a decreased
emphasis on achieving grow th and productively, and the ability to live
w ithin sustainable limits is a high prioirty.

Adverse im plcations
Infrastructure solutions that seek to secure alternative w ater resources
may be expensive (e.g. desalinisation); security of supply may decline
below w hat is deemed acceptable by w ater users; inter-basin transfers
may put pressure on resources from the originating catchment and may
lead to environmental impacts in the receiving catchment; management
actions applied may be the result of funding available rather than
integrated w ater management or secondary impacts may have
detrimental impacts (i.e. w ater taken from one location and provided to
another w ith no net regional benefit).

Groundw ater quality unconsolidated sediments

Desalination of bore w ater is costly and leads to the production of brine The potential development of small scale desalination technologies
(w hich needs to be disposed of to the environment).
w hich can improve the quality of life for small regional centres.

Demand constraints

Amount of w ater required by
humans

If salinities increase beyond requirements for specific uses, alternative
supplies w ould need to be found (see above). A change in w ater use
to those w hich can w ithstand higher salinities could occur in some
areas. Desalination or shandying saline w ater w ith another better quality
source (w here available) are also possibilities.
Scope to improve w ater use efficiency through improved irrigation
efficiency, and business and household efficiency i.e. w ater efficient
appliances, and increased recycling. Opportunities to utilise other w ater
recourses, including recycling stormw ater and w astew ater. State policy
to limit grow th w here w ater demand w ould lead to over extraction of the
resource (both w ithin the region and w ithin other catchments). From a
regional perspective it w as considered that alternative pricing structures
could be developed, and that education and social conditioning of w ater
users still had a role to play. The use of w ater w ithin public open
spaces w as considered important (particularly for large w ater users
such as golf courses). Regional, it w as considered that all POS should
be irrigated w ith w ater w hich is fit for purpose, rather than potable
supplies, and that most reserves should be 'brow ned off in dry
seasons', w ith only some sporting ovals irrigated to their full
requirements. Regional feedback also suggested the use of government
incentives to encourage industry into low w ater use activities/ Regional
feedback also indicated that in many sub-regions there are very large
stock and domestic dams w ithin the catchment (and that these are
unlicensed and not w ithin the management of WAP).
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Potential human desire to use resources beyond its sustainable limits in
order to meet future demands. Regional anecdotal information suggests
that increasing irrigation efficiencies could lead to the build of salinity in
the soil profile due to insufficient supplementary w ater being applied to
flush aw ay accumulated salts.

Potential to benefit
Develop expertise in sustainable w ater management and design
technologies and services. Develop integrated w ater management
plans, w hich account for all w ater sources and the needs of all users.
Such a plan w ould have sufficient flexibility to have operational
arrangements for dry, average and w et years and w ould supply w ater
w hich is fit for purpose.

Develop expertise in sustainable w ater management and design
technologies and services. Develop integrated w ater management
plans, w hich account for all w ater sources and the needs of all users
(inlcuding the environment). Such a plan w ould have sufficient flexibility
to have operational arrangements for dry, average and w et years and
w ould supply w ater w hich is fit for purpose. A community that learns to
live w ith the variability of w ater resources and manages w ithin these
limits.

12.2.3 Vulnerability matrix scores for the environmental capital
Scores for exposure, sensitivity, potential impact, adaptive capacity and vulnerability to climate
change were allocated / calculated for each of the environmental capital variables assessed as
per the methodology outlined at the beginning of the results section and are shown in Table 31
below and over.
Table 31: Allocated scores for exposure (E), sensitivity (S), potential impact (PI), adaptive capacity (AC)
and vulnerability (V) for the environmental indicators.
Indicator

Variable

Climate exposure

Landscape
Native vegetation cover
fragm entation
Average Score for Indicator
Regional Native
Vegetation communities (overall)
Vegetation
Average Score for Indicator
Vegetation
Coastal Mangroves
com m unitites
Variable Average
Coastal Samphire Shrublands
Variable Average
Coastal Dune and Cliff Shrublands

AC
Score

V Score

Combined climate change stresssor score

2.62

5.00

7.62

1.00

16.62

Mean of all community scores (below )

2.62
3.44

5.00
3.65

7.62
7.09

1.00
4.06

16.62
13.03

Combined climate change impacts (average)

3.44
4.00

3.65
4.00

7.09
8.00

4.06
6.00

13.03
12.00

4.00
4.00
4.00
3.00

4.00
4.00
4.00
3.00

8.00
8.00
8.00
6.00

6.00
8.00
8.00
6.00

12.00
10.00
10.00
10.00

Combined climate change impacts

3.00
3.5
3.50
3
3.00
3
3.00
3
3.00
3
3.00
3.5
3.50
4
4.00
4
4.00
3.5
3.50
4
4.00
3.5
3.50
3.5
3.50
3
3.00
3
3.00
3.44
2.62

3.00
4.00
4.00
5.00
5.00
3.00
3.00
5.00
5.00
5.00
5.00
5.00
5.00
4.00
4.00
4.00
4.00
3.00
3.00
4.00
4.00
3.00
3.00
2.00
2.00
2.00
2.00
2.00
2.00
3.65
4.00

6.00
7.50
7.50
8.00
8.00
6.00
6.00
8.00
8.00
8.00
8.00
8.50
8.50
8.00
8.00
8.00
8.00
6.50
6.50
8.00
8.00
6.50
6.50
5.50
5.50
5.00
5.00
5.00
5.00
7.09
6.62

6.00
2.00
2.00
2.00
2.00
4.00
4.00
2.00
2.00
6.00
6.00
3.00
3.00
1.00
1.00
2.00
2.00
5.00
5.00
2.00
2.00
4.00
4.00
7.00
7.00
3.00
3.00
6.00
6.00
4.06
1.00

10.00
15.50
15.50
16.00
16.00
12.00
12.00
16.00
16.00
12.00
12.00
15.50
15.50
17.00
17.00
16.00
16.00
11.50
11.50
16.00
16.00
12.50
12.50
8.50
8.50
12.00
12.00
9.00
9.00
13.03
15.62

Combined climate change impacts

2.62

5.00

7.62

1.00

16.62

Combined climate change impacts

2.62

5.00

7.62

1.00

16.62

Combined climate change impacts
Combined climate change impacts
Combined climate change impacts
Combined climate change impacts
Combined climate change impacts
Combined climate change impacts
Combined climate change impacts
Combined climate change impacts
Combined climate change impacts
Combined climate change impacts

2.62
2.62
2.62
2.62
2.62
2.62
2.62
2.62
2.62
2.62
2.62
2.62
2.62
2.62
2.62
2.62
2.62
2.62
2.62
2.62
2.62
2.62
2.62
2.62
2.62
2.62
2.62

4.00
3.00
3.00
3.00
4.00
3.00
5.00
2.00
4.00
4.00
3.77
2.00
3.00
5.00
2.00
3.00
3.00
4.00
3.00
3.00
5.00
3.00
3.00
3.00
3.00
3.00
3.20

6.62
5.62
5.62
5.62
6.62
5.62
7.62
4.62
6.62
6.62
6.39
4.62
5.62
7.62
4.62
5.62
5.62
6.62
5.62
5.62
7.62
5.62
5.62
5.62
5.62
5.62
5.82

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00

15.62
14.62
14.62
14.62
15.62
14.62
16.62
13.62
15.62
15.62
15.39
12.62
13.62
15.62
12.62
13.62
13.62
14.62
13.62
13.62
15.62
13.62
13.62
13.62
13.62
13.62
13.82

Combined climate change impacts (average)
Combined climate change impacts (average)

Variable Average
Coastal Mallee
Variable Average
Inland Samphire Shrublands
Variable Average
Sw amp Paper-bark Shrublands
Variable Average
Thatching Grass Sedgelands
Variable Average
Bulrush/Common Reed Sedgelands
Variable Average
Riparian Woodlands
Variable Average
Temperate Shrubby Woodlands
Variable Average
Temperate Grassy Woodlands
Variable Average
Temperate Grasslands
Variable Average
Mallee and Woodlands Dense Shrub Understorey
Variable Average
Mallee and Woodlands Chenopod Shrub Understorey
Variable Average
Inland (Semi-arid) Tall Shrublands
Variable Average
Northern Arid Woodlands
Variable Average
Northen Arid Shrublands
Variable Average
Average Score for Indicator
Regional Native
Seabirds (Albatrosses, Gannets and Boobies, Gulls,
Fauna
Skuas and allies, Oystercatchers, Shearw aters,
Petrels and Diving-petrels, Storm-petrels
Waders (Avocets, Stilts, Painted Snipes, Plovers and
Dotterels, Sandpipers and Allies)
Other w aterbirds (Cormorants, Cranes, Darters,
Geese, Sw ans, Ducks, Grebes, Bitterns, Herons,
Ibises, Spoonbills, Pelicans, Rails, Crakes and Allies)
Birds of prey
Other birds
All mammals
Bats
Marine mammals
Other Mammals
Frogs
Reptiles
Bony Fishes
Lampreys
Average Score for Indicator
Regional Native
Acacias
Flora
Grasses
Orchids
Chenopods
Daisies
Myrtles
Eucalypts
Sedges
Legumes (pea flow ers)
Aquatic
Other Trees
Vines
Ferns
Herbs & Forbs
Other Shrubs
Average Score for Indicator

E Score S Score PI Score

Combined climate change impacts
Combined climate change impacts
Combined climate change impacts
Combined climate change impacts
Combined climate change impacts
Combined climate change impacts
Combined climate change impacts
Combined climate change impacts
Combined climate change impacts
Combined climate change impacts
Combined climate change impacts
Combined climate change impacts
Combined climate change impacts
Combined climate change impacts

Combined climate change impacts
Combined climate change impacts
Combined climate change impacts
Combined climate change impacts
Combined climate change impacts
Combined climate change impacts
Combined climate change impacts
Combined climate change impacts
Combined climate change impacts
Combined climate change impacts
Combined climate change impacts
Combined climate change impacts
Combined climate change impacts
Combined climate change impacts
Combined climate change impacts
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Indicator

Variable

Climate exposure

Surface w ater

Surface w ater quantity and flow s

Winter May - Oct rainfall decrease of 10.4% for
the Southern Flinders
Winter May - Oct rainfall decrease of 8.4-8.8% for
the Mid-North, Yorke Peninsula and Barossa

Modified Variable Average
Surface w ater quality

E Score S Score PI Score

Winter May - Oct rainfall decrease of 10.4% for
the Southern Flinders
Winter May - Oct rainfall decrease of 8.4-8.8% for
the Mid-North, Yorke Peninsula and Barossa

Modified Variable Average
Average Score for Indicator
Groundw ater
Groundw ater quantity and recharge - rock aquifers

Modified Variable Average
Groundw ater quality - rock aquifers

Winter May - Oct rainfall decrease of 10.4% for
the Southern Flinders
Winter May - Oct rainfall decrease of 8.4-8.8% for
the Mid-North, Yorke Peninsula and Barossa
Winter May - Oct rainfall decrease of 10.4% for
the Southern Flinders
Winter May - Oct rainfall decrease of 8.4-8.8% for
the Mid-North, Yorke Peninsula and Barossa

Modified Variable Average
Groundw ater quantity and recharge - unconsolidated
sediments

Modified Variable Average
Groundw ater quality - unconsolidated sediments

Winter May - Oct rainfall decrease of 10.4% for
the Southern Flinders
Winter May - Oct rainfall decrease of 8.4-8.8% for
the Mid-North, Yorke Peninsula and Barossa
Winter May - Oct rainfall decrease of 10.4% for
the Southern Flinders

Modified Variable Average
Average Score for Indicator
Water dependant
Surface w ater dependent ecosystems
ecosystem s

Winter May - Oct rainfall decrease of 10.4% for
the Southern Flinders
Winter May - Oct rainfall decrease of 8.4-8.8% for
the Mid-North, Yorke Peninsula and Barossa

Modified Variable Average
Groundw ater dependent ecosystems

Winter May - Oct rainfall decrease of 10.4% for
the Southern Flinders
Winter May - Oct rainfall decrease of 8.4-8.8% for
the Mid-North, Yorke Peninsula and Barossa

Modified Variable Average
Average Score for Indicator
Dem and
Amount of w ater required by humans
constraints

Winter May - Oct rainfall decrease of 10.4% for
the Southern Flinders
Winter May - Oct rainfall decrease of 8.4-8.8% for
the Mid-North, Yorke Peninsula and Barossa

AC
Score

V Score

3

4.00

7.00

3.00

14.00

2

4.00

6.00

5.00

11.00

4.00
3

4.00
3.00

8.00
6.00

4.00
3.00

14.00
13.00

2

4.00

6.00

5.00

11.00

4.00
4.00
3

3.50
3.75
4.00

7.50
7.75
7.00

4.00
4.00
3.00

13.50
13.75
14.00

2

4.00

6.00

5.00

11.00

3.00
3

4.00
4.00

7.00
7.00

4.00
3.00

13.00
14.00

2

4.00

6.00

5.00

11.00

3.00
3

4.00
3.00

7.00
6.00

4.00
4.00

13.00
12.00

2

3.00

5.00

6.00

9.00

3.00
3

3.00
3.00

6.00
6.00

5.00
4.00

11.00
12.00

3.00
3.00
3

3.00
3.50
4.00

6.00
6.50
7.00

4.00
4.25
2.00

12.00
12.25
15.00

2

3.00

5.00

4.00

11.00

4.00
3

3.50
4.00

7.50
7.00

3.00
2.00

14.50
15.00

2

3.00

5.00

5.00

10.00

3.00
3.50
3

3.50
3.50
4.00

6.50
7.00
7.00

3.50
3.25
5.00

13.00
13.75
12.00

2

3.00

5.00

7.00

8.00

Average Score for Indicator

2.50

3.50

6.00

6.00

10.00

Final score for bottom line

3.04

3.73

6.77

3.19

13.58

The above data were summarised to show the final scores for the components of vulnerability for
each indicator and is shown in Table 32 and Figure 98 below.
Table 32: Summary table of exposure, sensitivity, potential impact, adaptive capacity and vulnerability
scores for the environmental indicators.
Indicator

Exposure Sensitivity

Potential
Impact

Adaptive Vulnerability
Capacity

Landscape fragm entation
Regional Native Vegetation Com m unities
Regional Native Fauna
Regional Native Flora
Surface w ater
Groundw ater
Water dependant ecosystem s
Dem and constraints

2.62
3.44
2.62
2.62
4.00
3.00
3.50
2.50

5.00
3.65
3.77
3.20
3.75
3.50
3.50
3.50

7.62
7.09
6.39
5.82
7.75
6.50
7.00
6.00

1.00
4.06
1.00
2.00
4.00
4.25
3.25
6.00

16.62
13.03
15.39
13.82
13.75
12.25
13.75
10.00

Final score for bottom line

3.04

3.73

6.77

3.20

13.58

Low
>1 - 2
>2 - 4
>2 - 4
>3 - 7

Medium
>2 - 3
>4 - 6
>4 - 6
>7 - 11

High
>3 - 4
>6 - 8
>6 - 8
>11 - 15

Very high
>4 - 5
>8 - 10
>8 - 10
>15 - 19

Score description:

Very low
0 -1
Im pact
0-2
Adaptive capacity
0-2
Vulnerability
0-3

Exposure and sensitivity
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18.0
16.0
14.0
12.0
10.0
8.0
6.0

Exposure

4.0

Sensitivity

2.0

Potential Impact

0.0

Adaptive Capacity
Vulnerability

Figure 98: Exposure, sensitivity, adaptive capacity and vulnerability scores for the environmental
indicators assessed.
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12.3 VULNERABILITY MATRIX RESULTS ECONOMIC CAPITAL
12.3.1 Sensitivity to and impacts from climate change for the economic capital
Table 33 below and over describes the sensitivity to, and impact from, climate change for each of
the indicators and variables assessed as part of the economic capital.
Table 33: Descriptions of the sensitivity and potential impact from climate change to the economic
indicators assessed.
Variable
Gross Regional
Product (alternative
indicator w ould
include total
employment)

Sensitivity description
Adverse impacts of climate change on local production
and incomes in leading sectors of the economy (farming,
viticulture and tourism) w ill flow through to the business
and personal services sector. It is estimated that a 1%
decline in production in the agricultural sector in the Yorke
and Low er North South Australian government region
w ould lead to a 0.2% decrease in production for the
finance and insurance sector and a 0.4% decrease in
production for the personal services sector, all other
things being equal (note that these are only indicative
estimates based on a range of assumptions and data
limitations).
Gross regional
Adverse w eather events may interrupt production, w hile
product (alternative decreased reliability of energy and w ater supplies may
indicators include
constrain prodution. Carbon pricing may increase cost
volume of production, structures, reducing potential investment. Impact of
total employment)
carbon pricing w ill depend to some extent on carbon
pricing policies in other economies.

Gross regional
product (alternative
indicators include
volume of production,
total employment)

Manufacturing

Potential Im pacts
Reductions in revenue and employment due to flow on
effects arising from the impact of climate change on
agriculture, manufacturing, viticulture and tourism. Some
businesses and services may relocate to other regions.

Mining activities are dependent on the location of mineral
deposits (often in harsh environments), making them
sensitive to climate. Mining operations typically have
sustantial infrastructure, energy and w ater requirements,
that may be vulnerable to climate change. In addition,
mining has been a significant grow th industry for
Australia and may be a potential grow th industry for the
region. Although extractive activities in the region are
curently limited, w orld class deposits of copper, lead,
zinc, iron ore, nickel, chromium and mineral sands have
been previously identified.

Mining activities have high energy and w ater use reliability issues are therefore a concern, although many
already operate in hot conditions so an extra degree may
not be significant in this context. Small copper deposits
have potential for development (i.e. current activity is
limited, but potential grow th industry). Processing is the
most vulnerable aspect of mining (i.e. sensitivity of actual
extraction activities is less than processing). Coal seam
Impact of heatw aves is expected to rise over time.
gas liquidation outside Orroroo and Balaklava may be
particularly vulnerable to carbon pricing but this depends
on how carbon is assessed for different types of mining
processes. For example, impact may be dependent on
the type of mining method i.e. underground versus open
cut.

Mining

Business and personal
services

Ind

Sesitivty w ill be influenced by the type of mining activity.
Generally considered to be 3 but could be 5 for some
activities.
Exposure indicator based on average of rainfall,
temperature and bushfire risk exposures as these are
considered most directly relevant.

An increase in cost structures.

Adverse w eather events may interrupt production, w hile
decreased reliability of energy and w ater supplies may
constrain production. Carbon pricing may increase cost
structures, reducing potential investment. It w ould be
difficult the separate the effects of climate change from
other factors that w ill influence the prospects for
manufacturing, including: exhange rates, competitiveness
of overseas competitors, technological change.

Increased energy demand and therefore increased
energy inpout costs.

As stable temperature environments are often reqired for
food and other manufacturing activities, these activities
are exposed to changes in heat and temperature.
Manufacturing activites in general are very dependent on
energy sources - reliability of energy supplies is therefore
a key issue for the region. Increases in temperature pose
important OH&S issues in relation to the farm sector and
manufacturing. For example, one w inery had to
aircondition bottling space for OHS reasons, resulting in a
large increase in energy demand.
Carbon pricing may have a particular impact in respect of
transport costs given the rural location of the region. Zinc
manufacturer in Southern Flinders (Pirie) may be quite
exposed to carbon pricing, but potentially less significant
in Yorke Peninsula based manufacturing operations.
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Increased risk of interruptions to production due to an
increased risk of electricity suppy failures.

Variable
Number of visitors
and tourist
expenditure

Sensitivity description
The number of visitors and duration of stay may decline in
response to: an increase in temperatures including
extremes during summer periods; a deterioration in the
local landscape and sustainability of the w ine industry
due to reduced rainfall and hotter temperatures; a
decrease in the quality of local beaches due to sea level
rise and increased erosion; and an increase in the cost of
fuel. The negative effects of climate change may be
offset by an overall rise in tourism demand due to global
population grow th and rising economic prosperity in
developing nations. Carbon pricing of $20 to $50 per
tonne may increase the overall trip costs to Australia for
visitors from selected countries from 3 to 17% depending
on the nature of the damage scenario for aircraft
emissions. The impact on tourism numbers w ill ultimately
depend on the price sensitivity of travellers w hich varies
across traveller and market segments.
There are significant regional variations in terms of the
sensitivty and impact on tourism from climate change. For
instance, tourism is relatively more significant during the
w inter period for Barossa and Clare Valley, so increase
in w inter temperatures may be a potential benefit. On the
other hand, an increase in summer temperature w ould
increase the hot season reducing the Barossa tourism
season, but it could increase demand for tourism in
coastal areas i.e. beaches, sw imming. Temperature
change considered to have a limited effect on Yorke
Peninsula. Water is an important input for tourists across
all regions, and a decline in rainfall w ould reduce the
quantitiy available but may also reduce quality e.g.
increase salinity. Changes in rainfall and temperature w ill
have an impact on the local landscape - considered very
important and potentially more significant for the Yorke,
Mid North and Clare regions. Impact of sea level rise in
coastal areas on tourism is a significant unknow n.
Assigned a medium level score on ths basis of an impact
being possible and w orkshop feedback implying that
rainfall changes may be relatively more significant. A
separate and higher sensitivity score has been assigned
for Yorke Peninsula on the basis that 'going to the beach'
is a significant tourism activity in the region.

Tourism

Ind

Construction and engineering

There is little public transport in the region so tourists are
more exposed to any impact of carbon pricing on
transport costs.

Gross regional
product (alternative
indicators include
value of building
approvals, total
employment)

Barossa has year round tourism based on the w ine
industry and associated culture and heritage.
Sustainability of w ine industry is therefore significant,
although production impact may not be as significant as
quality impact, w hich has implications for tourism. Water
an important factor for the w ine industry. A medium level
sensitivity score has been assigned on the basis of
production of high quality grapes being assessed as
having a medium overall vulnerability score.
An increase in temperature and frequency of heatw aves
during summer may prevent w orkers from engaging in
w ork due to health and safety reasons. A decrease in the
reliability of energy and w ater supplies may interrupt
construction and engineering activities. Adverse impacts
of climate change on local production and incomes in
Construction and engineering are sensitive to interuptions
to energy supplies. Increasing temperatures present
OH&S issues and may increase building maintenance
costs. Rising sea levels present a threat to coastal
buildings and infrastructure (e.g. pow er station), and
inundation in low lying areas may be significant. Changes
Heatw aves in particular w ould have significant
implications for OH&S.
Sensitivity assessed as being 3 to 4.Assumed to be the
low er based on Treasury modelling suggesting low
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Potential Im pacts
Decrease in visitors to the region and the viability of local
tourism operators.
Temperature changes may alter tourism seasons, leading
to a potential decline or increase in visitor numbers
depending on the region and time of year.

Decrease in visitation due to reduced beach amenity.
Decrease in visitation due to reduced beach amenity.

Heatw aves w ould reduce visitation and/or expenditure as
people do not go out as often during hot/extreme
conditions. The actual impacts w ill be time dependent as
January is the key tourism season for all regions although to a lesser extent for the Barossa - meaning
heatw aves during this period w ould have the greatest
impact.

Carbon pricing may increase transport costs [WS]. Note
that reductions in fuel excise may accompany carbon
pricing, off setting some of the impact on transport costs.

Interruptions to construction and engineering activity due
to interruptions to energy supply and OH&S issues
preventing w ork.

Impacts of inundation and rising sea levels are particularly
severe for Yorke Peninsula and other coastal areas in the
region. Sensitivity score is in respect of these vulnerable
regions (a sensitivity score of 1 could be assigned for
landlocked regions).

Increase in the cost of raw materials and operating costs
(e.g. fuel and eletrcity).

Variable
Gross Regional
Product (alternative
indicator w ould
include total
employment)

Sensitivity description
Any adverse impacts of climate change on local
production and incomes in leading sectors of the
economy (farming, viticulture and tourism) w ill flow
through to the retail trade sector, w hich is dependent on
spending by local households. Direct exposures to climate
change are probably minimal, although summer
temperature increase may increase cooling requirements
and energy use in some sectors (e.g. food retailing). It is
estimated that a 1 per cent decline in productivity in the
agricultural sector w ould decrease total production for
the retail trade sector by 0.4 per cent in the Barossa and
by 0.4 per cent in the Yorke and Mid North South
Significant increases in peak energy demand during
heatw aves w ould decrease visitation to outlets and
increase energy costs. Drought is considered a
substantial issue.
Kilometers of roads
Changes in temperature and rainfall patterns can interact
and condition
w here higher temperatures increase cracking of bitumen,
w hich compounds the effects of increased rainfall
(Austroads 2004). Reductions in rainfall may reduce
Rainfall intensity impacts unsealed roads. Prolonged dry
periods cause unsealed roads to break up - roads need
to be kept moist to perform best.
Some coastal roads w ill be exposed to sea level rise and
erosion.
Prolonged heatw aves have largest impact as it
destablisers binder. Heatw aves reduce availability of
maintenance crew s.
Fires melt bitumen.
Kilometers of rail and Changes in temperature and rainfall patterns can interact
condition
w here higher temperatures increase expansion and
movement of rail tracks and infrastructure. Impact on rails
may increase maintenance costs.

Potential Im pacts
Reductions in revenue and employment due to flow on
effects arising from the impact of climate change on
agriculture, manufacturing, viticulture and tourism. Size of
the retail sector could decline and some businesses may
relocate to other regions.

Deterioration of roads.

In coastal tow nships 1 per cent of roads.

Interruptions to rail service and increased repair and
maintenance costs.
Flooding events: may result in breach of rail lines.

Bow mans - grain. Sensitivity scores assigned by
technical member. Buckling of rail lines is a high risk
during extreme heat events, hence sensitivity is low for
an increase in average temperatures but high to very high
for an increase in the intensity and frequency of
heatw aves.

Rail

Roads

Retail Trade

Ind

Rail lines are predominantly inland from the coast, but rail
lines near coastal areas (e.g. ports) may be exposure.
Modelling of sea level rise in respect of rail line location
w ould be required for a thorough assessment.

Telecommunications

Ports and jetties

Number of ports and
jetties and condition

Extent of
telecommunications
infrastructure and
condition

Buckling of lines during extreme heat w aves.
Fires could lead to closure of grain receiving areas;
braking trains can also cause fires.
Port engineers advise that sea level rise w ould affect
harbour infrastructure and the standard of service of port
structures (Ports Australia 2008). Climate change events
may affect ports through changing
frequencies/magnitudes of storms, tidal and storm
surges, flooding, w ind direction and erosion, w ith
associated impacts upon our seaborne trade (Ports
Australia 2008). All sensitivity scores assigned by
technical committee member.
Storm surge effect.
Changes in marine species/density/introduced species
w ith sea temperature might conceiveably have an impact
on w ooden jetties. Changes in acidity could have a minor
impact on concrete structures.
During heatw aves can't use elevators due to spark risk.
Increased temperatues and extreme w eather events
could damage telecommunications infrastructure.
Increased emergencies w ill increase pressure on
communication netw orks.
Poor broadband coverage means poor economic and
social development.
Reliability of netw ork.
Climate change exacerbates existing issues.
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Sea level rise may result in greater penetration of w ave
energy into harbours potentially causing increased
coastal erosion, navigation difficulties and damage to port
infrastructure. Wharf/drainage assets could be affected
by higher sea levels, especially w ith maintenance of
those assets (Ports Australia 2008). In addition to
increased maintenance and repair costs, there may be
increased service interruptions due to more frequent high
sea level storm events.
Smaller recreational jetties at risk to damage from storm
surge and perhaps a change of marine biota that may
damage w ooden jetties. Concrete jetties may be affected
by increased corrosion in more acidic w ater. Damage to
jetties w ill have a flow on effect to the tourism industry.
Telecommunication services could be disrupted.
Consideration of threats from high temperatures,
increased bushfire risk.

Electricity supply

Ind

Variable
Sensitivity description
Level of demand and Increasing temperature and heat w aves w ill increase
constraints
energy demand in summer. Increased temperatues may
decrease the efficiency of electricity infrastructure w hile
extreme w eather events could damage energy
infrastructure leading to supply interruptions. It is
estimated that a 1oC rise in electricity w ould lead to a 5%
increase in peak electricty demand during summer for
Adelaide (How den and Crimp 2001), w hile elsew here a
1oC rise has been estimated to decrease thermal
efficicency in some energy facilities by 3%.
Some regions have limits to supply of netw ork; unreliable
in high usage situations.
Pow er is shut dow n during extreme fire w eather.
Increase price of supply. Windfarms become more
profitable and viable therefore increased development eventually reach netw ork capacity.
Carbon price w ill increse costs for cabon intensive
generators, but w ill increase competitiveness of
renew able energy sources.
Levels of renew able More renew able energy - high w ind energy potential in
energy production
parts of the region.
Windfarms are susceptible to hot w eather, extreme fire
w eather and high w ind speeds. Solar panels become
less efficient if temperatures rise above 25oC and so
productvity reduces and life span of the panel reduce.
Condition of housing

Disruptions to electricity supply has business and social
Significantly increased infrastructure costs due to
netw ork upgrade.

Reduced frost is a good thing in respect of electricity.

More renew able energy - high w ind energy potential in
parts of the region.

Carbon price w ill increase viability of w ind and solar
farms.
Rising sea levels lead to property damage in coastal
Damage to coastal properties, including permnanent loss
areas. Increasing temperature and heat w aves w ill
of properties. Increasing temperature and heat w aves w ill
increase energy demand in summer. Increased
increase energy demand in summer. Increased
temperatues and extreme w eather events could increase temperatues and extreme w eather events could increase
repair and maintenance costs.
repair and maintenance costs.

Buildings

Drying soils impacts foundations. Increased summer
temperatures and changes to summer rainfall all
contribute to building stability and cracking. Increased
levels of saline groundw ater and the consequent salt
damp in low -lying coastal buildings, particularly older ones
w ith failed or no damp courses w ill impact on building
habitability and integrity. The saline groundw ater issue
w ill be particularly apparent in low -lying areas such as
Port Pirie and parts of DC Mallala and have a greater
impact on older buildings. Bushfire risk is increased for
exposed housing. Coastal inundation and erosion risk for
coastal housing. Repair and maintenance costs increase
due to cracking of soils. More shade areas (e.g. pergolas)
required. Frost reduction is generally good for this
variable.
Condition of schools

Increased temperatures w ill increase demand for
electricity / cooling. Also the possibility of a greater
number of days that students are sent home as required
by the government's hot w eather policy.

Condition of hospitals Increased temperatures w ill increase demand for
electricity / cooling by hospitals during peak summer
periods. Increased temperatures and heatw aves may
also increase the number of people presenting w ith heat
stress.

Water netw orks and
infrastructure
Water infrastructure

Potential Im pacts
An increased frequency of pow er outages. Electricity is
an essential service and loss of pow er can result in
significant economic and social costs.
Impacts w ill be higher if there is an increased frequency
of electrical storms.

More heat trauma capacity w ill be required. Increased
maintenance of buildings themselves - refer above.
Demand on SA Water mains supply w ill increase (w ith
urban expansion, demand from irrigated crops under
climate change scenarios and the desire to increase
tourism and light industry). This level of demand may be
beyond the current capacity of w ater treatment plants
and netw orks, w ith pressure, high salinities and
maintaining a chlorine residual already a problem in some
areas. Sustainable yields w ill decrease across surface
w ater and groundw ater catchments, w ith surface w ater
and rock aquifers being most sensitive to climate change
impacts.
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Increased temperatures w ill increase demand for
electricity / cooling . Also the possibility of a greater
number of days that students are sent home as required
by the government's hot w eather policy.
Increased temperatures w ill increase demand for
electricity / cooling by hospitals during peak summer
periods.

Reduce security of supply, additional costs associated
w ith the delivery of potable w ater. Inability to expand
netw ork to meet future demands at a cost w hich regional
communities can w ithstand.

Variable
Level of production

Sensitivity description
Summer Nov-Apr rainfall decrease: Most sensitive areas
are far north as summer rain is a bigger % of rain, some
areas rely on heavy rain to fill dams. Opportunity
cropping in mid north and yorke peninsula (YP) w ith
higher summer rain. Increased summer w eeds.
Influences mineralisation and chemical breakdow n.
Frost: Although average cold temps may not increase, the
threat of frost remains and can be w orse if drying occurs
as moisture in the soil decreases the amount of frost
damage. Furthermore the adverse impacts of frost are
that increase in temps w ill cause a crop to flow er earlier
into a w indow of more frequent cold temps. Frost not as
much of a risk on YP. Short season crops sow n early
are at an increased risk of frost. Heatw aves: Have a big
impact on dow ngrading quality, and thus income.
Bushfires: a large risk though risk greater in summer
w hen crops harvested. (Scored 3 in far north and 2 on
YP so average 2.5 Combined: Grain production is very
much rainfall dependant. If temperature alone increased
up to 2oC and CO2 increased to 450ppm, then grain
production w ould increase (as modelled by APSIM show n
in report). How ever if temperature and carbon dioxide
increase and rainfall decreases from 5 to 20% then grain
production decreases accordingly, in all of the regions in
the study area. Dow ngrade of quality as important as
reduction in yield in terms of impact on income. Less
premium quality as combined effect gets w orse.

Potential Im pacts
Later break = Later sow ing = yield penalty roughly
20kg/ha/day after May 25th
Dry Autumn or early finish = quality dow ngrade, higher
screenings
More summer rain = grain spouting, ruined hay cuts,
Intense rain = w ater logging, run off and erosion
Warmer temperatures = earlier flow ering inside frost risk
w indow
Heat stress or heat w aves = higher screenings and
dow ngrade of quality
Wind erosion
Increased salinity build up in surface w ater, ground w ater
and soils
Increased stress due to increased variability
Unknow n break outs of pest plants and animals
Colder w inter temperatures reduce spring grow th
Poorer soil organic matter
Drop in w ater table

Level of production

Sum m er rain: run off a concern for the far north to fill
dams. Less feed available.
Heatw aves: a 3oC increase in temperature causes
livestock to not eat and camp (so reduces meat
production.
Com bined: Livestock production is driven by the quality
of available pasture and supplementary feed supplied.
Supplementary feed is dependant upon availability and
income; how ever pasture production is driven by rainfall,
temperature and carbon dioxide.
If temperature alone increased up to 2oC and CO2
increased to 450ppm, then pasture production w ould
increase (as modelled by Grass Gro). How ever if
temperature and carbon dioxide increases as above and
rainfall decreases from 5 to 20% then pasture production
decreases accordingly, in all of the regions in the study
area. Pasture supply is also available for less time.

Impacts pasture detail
Deep rooted, w oody plants and legumes are likely to be

Livestock: Beef, sheep and wool production

Broadacre crops

Ind

Horticulture, tree crops and forestry

Level of production

High value horticulture has many similarities to viticulture,
an important difference is the requirement for w inter
chilling w hich varies betw een verities. High value
horticulture is sensitive to temperature and drought.
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advantaged over grasses at higher CO2 levels due to their
ability to tap deep w ater reserves w hile still competing
w ith grasses for moisture in the shallow soil layers.
Rising CO2 levels and increasing temperatures, along w ith
changing rainfall patterns, w ill alter pasture productivity.
Reduced pasture forage quality and digestibility. Intense
rain = w ater logging, run off and erosion. Changed
species composition. Increased carbon dioxide w ill boost
the grow th of w eeds too.
Warmer temperatures = changed grow th . Drop in w ater
table. Increased salinity build up in surface w ater, ground
w ater and soils.
Unknow n break outs of pest plants and animals
Colder w inter temperatures reduce spring grow th
Better w ater use efficiency under changes pasture
species composition
Poorer soil organic matter
Impacts animals: Heat stress reduces productivity,
decreases productive rates, increases concerns about
animal w elfare, and increases the mortality rate.
Animals respond to heat stress by: increasing body
temperature, increasing respiration, changing their
metabolic rate and maintenance requirements, increasing
w ater intake, increasing evaporative w ater loss, reducing
feed intake, changing blood hormone content, possible
increased susceptibility to parasites.
Warm er w inters: A major concern for w armer w inters
is the lack of w inter chilling. As w ith viticulture second
risk is w armer w inters accelerating the timing of budburst
and increasing frost risk. There is also concern about
pests and disease that require cold w inters to keep
polpulations in check. Warm er sum m ers : High quality
horticulture relies on cool summers, in this region this is
achieved by elevation but there is concern from w armer
summers in terms of quality Drier w inters As the major
source of w ater is rainfall over the w inter period w hich is
stored in the root zone and in farm dams, hence
horticulture is sensitive to drier w inters. Drier sum m ers
Although some summer rain is of benefit as it
supplements irrigation, w et summers (like 2010/11) cause
disease problems and challenges for harvest. Increase
in heatw ave frequency and intensity Heat w aves
can have a devastating effect on fruit quality, including
sunburn. Increase in bushfire risk. There is a threat
of actual fire damage w ith few er reports of smoke taint.

Variable
Quantity and quality
of production of high
quality grape
production

Sensitivity description
Viticulture is highly temperature sensitive, the production
of high quality w ine grapes is especially sensitive to
w arming and heatw aves. Most grapes in Clare are
irrigated, but the level of irrigation is relatively small (0.4 to
0.6 ML/ha) w hereas some w arm inland grape grow ers
w ill apply up to 8 ML/ha. The region is dependent on
rainfall over the w inter.

Potential Im pacts
Warm er w inters: If w armer w inters accelerate the
timing of budburst and the incidence of spring frost
remains the same of reduces slightly, frost risk could be a
substantial problem. Warm er sum m ers : Wine grape
grow ing in the region is classified as cool climate,
how ever the maximum temperatures in summer are quite
high, viticulturists rely on cool nights as an important
recovery time for vines. Higher mean temperatures are
likely to shift key ripening processes from late summer
and mid autumn earlier to hotter times of the year, this is
likely to reduce the quality. Drier w inters Most grapes in
Clare are irrigated, but the level of irrigation is relatively
small (0.4 to 0.6 ML/ha) w hereas some w arm inland
grape grow ers w ill apply up to 8 ML/ha. The major source
of w ater is rainfall over the w inter period w hich is stored
in the root zone and in farm dams, hence viticulture is
very sensitive to drier w inters. Drier sum m ers One of
the advantages of a Mediterranean climate for viticulture
is the low summer rainfall. Although some summer rain is
of benefit as it supplements irrigation, w et summers (like
2010/11) cause major disease problems. Increase in
heatw ave frequency and intensity Quality w ine
grape production is very sensitive to heat w aves, the
timing of the heatw ave w ill have an impact on different
varieties. Increase in bushfire risk. Quality w ine
grape production is sensitive to smoke taint, hence both
direct impact of bushfires and controlled burning can
have an impact.

Commercial catch
and effort

• already hypersaline environment of upper gulfs may
become more saline in summer months, similarly already
very w arm in upper gulfs, may reach sub-optimal/lethal
range for some species already at the limit of their
temperature range.
• more w ind (blow n dust) and increased storms (run off)
may increase sediment and nutrient levels
• increased storm activity
• increases or changes in salinity/temperature/w ind
speed/currents, depth of mixed layer
• increased risk of invasive species
• change in range of keystone species
• the ocean
temp is treated the same as summer air temps • large
shifts in foodw ebs
• changes in species range and distribution
• increasing variability in catch and recruitment
• increased storm activity
• increases or changes in salinity/temperature/w ind
speed/currents, depth of mixed layer

• loss of some species
• phytoplankton blooms, loss of seagrass due to nutrient
loads
• may impact fishing activities, damage gear
• recruitment variability or failure
• displacement by feral species
• keystone species can impact w hole environment (eg ,
purple urchin now in Tasmania, forcing urchin barrens
and impacting on w hole ecosystem and many fisheries.
Fishers may need to travel further to reach target species
• storm activity may impact fishing activities, damage gear,
increased costs

Level of production

• more w ind (blow n dust) and increased storms (run off)
may increase sediment and nutrient levels
• alteration of current, w inds and mixed layer depth
• increases in temperature and pH
• increased evaporation and temperature in onshore
farms and hatcheries
• more frequent and intense storms
• food chain changes
• offshore and onshore operations considered in the
analysis

• increases in phytoplankton blooms
• changes in primary productivity
• altered distribution of diseases
• increase in biofouling and marine pests
• changes in shell deposition rates in molluscs
• damage to infrastructure and loss of stock
• increase in sediment transport
• shortage of suitable feed stocks for finfish aquaculture
• erosion around onshore facilities
• flooding and stock mortality in onshore ponds
• loss of stock from sediment transport (as in Pt Lincoln in
1996)
• likely to increase the cost of doing business ie some
activities may become un economic
• increased sensitivity to disease, parasites
• likely to become too w arm to grow abalone in Spencer
Gulf, either on shore or off shore
• storm damage to operations, increased cost of
insurance, increased coast of anchoring infrastructure
and stronger cages
• entanglement risks to marine mammals from
infrastructure damaged by storms (eg ABA, Elliston in
2010) may affect public perception.

Aquaculture

Commercial fisheries

Viticulture

Ind
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12.3.2 Adaptive capacity, adaptation options and adverse implications/potential to benefit from implementing actions for economic in dicators
Table 34: Descriptions of the adaptive capacity and possible adaptive measures to reduce climate change vulnerability for the economic indicators assessed.
Variable
Gross regional
product (alternative
indicators include
volume of production,
total employment)

Adaptive m easures
Mining industry is considered to be highly adaptive to changes in climate
(Hodgkinson et al 2010). Adaption may be achieved through
technological, organisational and planning changes e.g. increased
maintenance, altering timing of production activities, adopting fly-in flyout arrangements, tailoring mining design to take into account more
extreme temperature and w eather scenarios.

Adverse im plications / Possible negative affects / Cons
Some adaptive measures may involve increased use of energy (e.g.
intensive cooling), w hich create a negative feedback loop in terms of
increased energy needs, greater carbon emissions.

Potential to benefit / Opportunities / Pros
Some mines have actually required de-w atering w hich involved sending
w ater to evaporation ponds - potential for w ater re-use here.

Adaptive measures include increased use of night shifts, although many Options are likely to be costly - eg automation.
companies already use 24/7 operations. Mining companies have
signifcant R&D budgets, so their potential to investigate and deploy new
technologies is considered good. An example w as given of the
Seaw ater Greenhouse located at Port Agusta w hich uses solar pow er
to desalinate seaw ater to grow tomatoes and other crops. Mining
companies could make similar use of solar pow er and desalinisation as
an adaptive strategy.

Mining

Ind

Construction and engineering

Manufacturing

Adaptive capacity varies from 2-3 for extractive mining activities to 6-9
for mining processing activities. Have assumed a median AC score of 5
for the purposes of assessment.
Gross regional
product (alternative
indicators include
volume of production,
total employment)

Gross regional
product (alternative
indicators include
value of building
approvals, total
employment)

Adaption and augementation strategies to secure and improve w ater
and energy supplies. Produce and raw materials may be imported from
other regions.

Adaption strategies may increase cost structures, decreasing
competitiveness.

Changing production activities to reduce carbon intensity, including
exploring renew able energy sources. Adoption of backup energy
supplies using renew able sources e.g. solar pow er recharged
batteries. Exploring potential for reuse of w ater (e.g. in w ine
manufacturing). Shifing operations to cooler periods such as increased
use of night shifts. Other adaptive measures in respect of energy
include maximising w aste heat (e.g. cogeneration) and converting to gas
pow ered operations, w hich still produce CO2 emissions but at low er
levels. How ever, potential for adoption of new technologies and
processes may be quite low in some cases (ie Nyrstar).
Altering w orking regiemes e.g., commencing w orking day earlier in order
to finish before peak temperatures are reached during the afternoon
period. Some builders may be able to secure additional activity outside
the region (e.g. those located in southern area in respect of northern
Adelaide metro area).

New technologies and processes may be costly and also require
upfront capital (i.e. beyond financing of some organisations). While
options exist, there are barriers in terms of practical implications, cost
issues and complex infrastructure barriers e.g. gas infrastructure
constraints.

Changes in w ork shifts to favour cooler periods. Use of alternative
building materials and more energy efficient building design.
Construction of defences such as sea w alls, surge barriers, and natural
defences such as mangroves. Upgrade drainage systems. Relocate
buildings and settlements further inland. Adaptive capacity in short term
is limited given long lead times associated w ith implementing changes to
the built environment and significant costs involved.
Highly uncertain. Potential to adopt alternative contruction technologies
and designs that are more carbon efficient. Costs of raw materials w ill
rise, although other underlying fundamentals, namely increasing global
demand for resources, may be far more significant.
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Relocation of construction activity outside the region.

Apparently there are a number of small w ineries in the region that are
carbon neutral. Demonstrates potential to adopt eco friendly production
activities.One potential course of action is to investigate how these
w ineries achieve carbon neutrality - i.e. are they genuinely carbon
neutral - to determine w hether their solutions can be effectively
leveraged by other manufacturers.

Opportunities in terms of energy efficient and environmentally friendly
building design.

Ind

Variable
Number of visitors
and tourist
expenditure

Adaptive m easures
Measures to improve comfort during hot periods include making
increased use of air conditioning, installation of sw imming pools and
improved building design to improve passive cooling and energy
efficiency. Adoption of renew able energies, w hich may be a competitive
selling point. Engaging w ith and better informing smaller tourism
operators in respect of adaption strategies.

Adverse im plications / Possible negative affects / Cons
Potential to benefit / Opportunities / Pros
Some adaptive measures may involve increased use of energy (e.g.
shifting production to cooler night time periods), w hich create a negative
feedback loop in terms of increased energy needs, greater carbon
emissions.

Potential for maladaptation in terms of reducing w ater available for other
Improving w ater and energy efficency use and alternative sources. For
potential uses. Consequently need better data on w ater requirements
example, increasing cost of pow er may be adressed by installing
and sustainable yields, w hich w ould also provide benefits to other
renew able energy. Aquifer storage could be utilised for w ater use (e.g.
industries.
Salisbury, but can be expensive). Emphasising w ater use for the
landscape to maintain flora and fauna.
In terms of rescheduling events at short notice and to cooler periods,
there may be difficulties w ith securing w orkers at these times.
Diversifying the tourism product of the region - e.g. beyond w ine for the
Barossa. Opportunities in terms of environmental tourism, exploring
different seasonal opportunities (i.e. w inter opportunities), tourism
w ilderness and extreme experiences (i.e. drought).

Tourism

New technologies (i.e. inverted air conditioning) to improve comfort
levels for visitors. Adaptive capacity assessed as 7 for Barossa and 4
for other regions due to greater w ater resources in the Barossa.
In terms of special events, operators are able to reschedule events at
relatively short notice and can change the timing of events to cooler
periods i.e. night time. Cooling may also be achieved through
technologocal soultions such as mist sprays.
Utilising information technollgoy for practical and promotional purposes
rather than more energy intensive conventional uses.
Leveraging climate change aw areness to promote ecotourism - (i.e.
rammed earth buildings for tourism venues).
Increased educational aw areness and promoting more responsible use
of materials e.g. using less, producing less w aste, minimising packaging
including reusing items, measures to improve packaging efficiency
including reycling levy and taxation of excessive packaging.Adaptive
capacity to broadscale sea level rise is considered low for Yorke
Peninsula although extent of adaptiv+C36e capacity is highly uncertain.
Have assigned a higher adaptive capacity for other regions on the basis
of there being more scope to develop inland alternatives. Adaptive
capacity scores for carbon pricing and sustainability of w ine industry
have been assigned by technical member. Adaptive capacity considered
high for tourism given significant renew able energy potential in the
region. Adaptive capacity for sustainability of w ine industry is
considered medium over the timeframe of this analysis given adaptive
capacity scores assigned for viticulture. How ever, adaptive capacity in
the longer term may be low given lack of existing viticulture activity in the
drier northern parts of the region.
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Ports and jetties

Rail

Roads

Business and
personal services

Retail Trade

Ind

Variable
Gross Regional
Product (alternative
indicator w ould
include total
employment)

Adaptive m easures
Adaptive responses should be focused on those that improve the
sustainability of the leading sectors of the economy that are most
vulnerable to climate change. Retail trade w ill adapt to the extent that
climate change changes the structure of the regional economy rather
than its aggregate size.

Adverse im plications / Possible negative affects / Cons

Potential to benefit / Opportunities / Pros

Better management of w aste (i.e. digital TV sw itchover as an example
of a policy that generated e-w aste w ithout addressing the w aste
disposal aspects). More environmentally friendly packaging.

Gross Regional
Product (alternative
indicator w ould
include total
employment)

Potential for adaptive measures is considered likely and w ould include
adoption of passive cooling building design, renew able energy pow ered
cooling.
Adaptive responses should be focused on those that improve the
sustainability of the leading sectors of the economy that are most
vulnerable to climate change.

Kilometers of roads
and condition

Designing and constructing roads to a higher standard. Review
specifications. Larger drainage systems..Flexible w orking hours.
Review emergency management procedures. Research into open
surface road construction e.g. use of brine. Build up road for sea level
inundation.
Kilometers of rail and Upgrade specifications to cope w ith temperature changes. [WS]
condition
Operational and engineering measures can be employed to mitigate
against rail buckling. These measures include reducing train speeds,
speed restrictions during hot periods, improving temperature of stress
monitoring of rail lines, track strengthening, raising the design neutral
temperature of the rail line installed over time.
Build up rail lines to cope w ith sea level inundation.
Construct fire breaks alongside rail lines.
Number of ports and Ports are in the process of developing specific strategic plans in
jetties and condition response to the impacts of climate change such as design
considerations to cope w ith sea level increases w ithin port expansion
plans. Such strategic plans are being based upon risk assessments
utilising the most recent data. How ever, constantly changing predictions
make such assessments difficult (Ports Australia 2008).
Replace/refurbish recreational jetties over time, taking into account
expected changes in sea level rise and storm activity. Options may
include protective coatings to timber and concrete structures.
Make proactive changes. Explore and adopt engineering options. Use
blow er for grain silos. Adaptive capacity score for bushfire risk
assigned by technical committee member. Adaptive measures may
include construction of firebreaks, improved OHS measures, engineering
solutions. High uncertainty concerning extent of adaptive capacity.
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Transport infrastructure costs rise. Increased cost of road construction Need to be included in asset management and long term investment
and maintenance - particularly around transport hubs. Large costs.
planning.

Speed restrictions w ill reduce travel times and may increase operational
costs. Possible adaptation solutions may be expensive.

The cost of continually redecking low jetties is high. Cost of demolishing The main benefits are ongoing recreational use and habitat. The costand/or replacing is very high. Cost of repiling or treating piles is high.
benefit for commercial facilities w ould likely justify the adaptation costs.

Buildings

Electricity supply

Telecommunications

Ind

Variable
Extent of
telecommunications
infrastructure and
condition

Adaptive m easures
Improve quality of netw ork. Lobby for cheaper and/or faster satellite
access (non-terrestrial).

Adverse im plications / Possible negative affects / Cons

Level of demand and Adoption of renew able energy sources, demand side energy policies to Infrastructure changes are very high cost options.
constraints
reduce demand and improve energy efficiency. Examples include
alternative pricing arrangements, employing sound environmental design
principles in respect of homes and buildings.
Lobby government and/or ESCOSA to upgrade netw ork infrastructure.
Employ small generator w ind/solar to provide back up w hen pow er
unavailable from grid. Demand management options to reduce stress on
grid. Gas back up e.g. fridge, cooking, hot w ater etc.
Levels of renew able New renew able energy sources may be developed across the region
energy production
such as solar, w ind and w ave pow er.
Condition of housing Adoption of solar pow er technology may supplement a percentage of
Existing stock could prematurely reach end-of-life because of damage.
building pow er requirements. Energy efficient practices such design for
solar gain, improved insulation, solar hot w ater heating, use of natural
There is a need to plan so as not to reduce AC in other areas.
light, vegetation for cooling and shelter, use of external blinds etc.
Expansion of government rebates and grants for retrofitting of existing
Need to avoid treating short-term issues at the expense of the longbuildings to the 5 star energy rating. Improved design and tow n planning term.
standards to carbon neutral buildings.
The cost of adapting to saline and rising groundw atw er w ould need to
New buildings are considered very adaptable to climate change as
be assessed against the cost of a new structure (including embedded
measures can include a raft of changes for energy efficiency and
energy, and social considerations).
design against future climate change impacts. For example, more intense
rainfall events require steeper roofs, shading for summer heat,
A carbojn price w ould alter the assessment of renovating/adapting an
increased insulation. Adaptation to rising sea levels is very high but
older building or rebuilding.
ultimately costly if it involves relocating built infrastructure further inland.
This may also have implications for other forms of land use e.g. lost
agricultural land use. Planning changes must reduce exposure of new
buildings to sea level rise, relocation or adaptation to this stressor is
very costly.
Condition of schools

Adoption of solar pow er technology may supplement a percentage of
hospitals pow er requirements along w ith energy efficient practices
such as better insulation and more use of natural light.
Condition of hospitals Adoption of solar pow er technology may supplement a percentage of
hospitals pow er requirements along w ith energy efficient practices
such as better insulation and more use of natural light.
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Potential to benefit / Opportunities / Pros

Could use strategic risk management to identify priority investment areas

Water infrastructure

Ind

Variable
Water netw orks and
infrastructure

Broadacre crops

Level of production

Adaptive m easures
Water treatment plants and netw orks can be upgraded to improve
services. The region has and can be augmented by inter-basin
transfers in the future. Regional feedback suggested increasing
competition into the market place, w ith the separation of policy and
w ater infrastructure delivery considered important. Regional it w as also
considered important to further diversify supply options (including
w herever possible to reuse of stormw ater and w astew ater) w ith small
scale desalination of remote bores requiring further investigation.
Greenfield urban centres should apply WSUD principles to minimise
potable w ater demands and optimise the use of on-site reuse.
Transformational Change (from Hayman, Alexander DAFF report, May
2011)
•
Shift enterprise - Leave one region and move farming enterprise
to a region w ith more favoured climate
•
Change production system -Change from dryland to irrigation to
try to increase predictability of w ater supply in existing area
.Diversifying land ow nership rather than expanding locally
•
Change farming enterprise- Eg move from cropping to 100%
livestock
•
Adjust enterprise mix- Change the mix of cropping and livestock
•
Change business overheads- Spread the cost of capital and
labour betw een farm enterprises
•
Buy more land-Expand farm area w ithin the same region
Adjustment Change
•
Change rotations and crop sequences
•
Introduce fallow ing and or longer pasture phase
•
Change crop species
•
Reduce high input and climatically risky crops like pulses and
canola
•
Change crop varieties
Group Comments
Summer rain; Retain stubble cover, improve w ater storage and reduce
evaporation
Frost: Use more tolerant varieties, agronomic practices to reduce frost
like delving, look at sow ing times, use GMO’s in future.
Heatw aves: Canopy management to reduce evaporation, row
orientation to reduce exposure to heat and hot north w inds so north
facing row s, good crop nutrition but careful not to burn crops w ith
excess N. N fixing bacteria. Heat tolerant varieties
Bushfire risk: very little, no trucks in paddocks.
Price on Carbon: Photosynthetic plants
Combined: as per above w eek control, dry sow ing, stubble
management, some changes to enterprises in far north (more
vulnerable). Changes to sow ing time in mid north.
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Adverse im plications / Possible negative affects / Cons
Potential to benefit / Opportunities / Pros
Infrastructure solutions that seek to secure alternative w ater resources Improve security and quality of supply.
may be expensive (e.g. desalinisation); security of supply may decline
below w hat is deemed acceptable by w ater users; inter-basin transfers
may put pressure on resources from the originating catchment and may
lead to environmental impacts in the receiving catchment; management
actions applied may be the result of funding available, rather than
integrated w ater management or secondary impacts may have
detrimental impacts (i.e. w ater taken from one location and provided to
another w ith no net regional benefit).
With less summer rain, surface groundw ater recharge w ill be reduced
GMO useage may have market resistance (if used for frost and heat
tolerant varieities)
Increased frost risk due to w armer temperatures accelerating plant
grow th causing crops to flow er earlier. Only one extreme cold temp in
flow ering can cause devastation.
Opportunistic cropping means opportunity in the good years but much
less in the bad years so less crop
Impacts on high quality crops w orse like lentils and canola.
10 units of fossil fuel to get 1 unit of food. Group w anted to include
Ocean temperature but w e did not score it. Ocean temperature
increase to them could mean more humidity, more disease, possible
increase in localised rainfall, increased salinity.

Livestock: Beef, sheep and wool production

Ind

Variable
Level of production

Adaptive m easures
Minimise need for supplementary feed by;
• Review ing lambing and calving times, age at first joining, stocking
rates, sale times, pasture species composition.
• Look at core breeding and more trading
Increase flexibility in farming systems by;
•
Varying sale times/rules, confinement feeding, movement, more
animal trading (core breeding), self replacing system, agistment
Better pasture utilisation by grazing management systems
•
Controlled, cell, rotational, confinement, movement
•
Larger mobs for shorter periods of time
•
Match livestock feed demand to pasture production
•
Maintain high pasture quality by adequate fertiliser
•
Maintaining pasture in grow th stage 2
•
Ensure adequate nutrition to pregnant mums to ensure secondary
fibres
Adjust stocking rates and introduce diverse grazing and fodder options.
Select or breed animals more resilient to heat stress.
Reduce heat stress on stock by:
Providing better shade and shelter.
Providing plenty of drinking w ater.
Plant additional trees to provide protection against strong w inds and
storms.
Plan additional w atering options for expected longer dry spells.
Condider solar pow ered pumps and w ater lines.
Conserve existing w aters and storages by reducing leakage, installing
covers and increasing dam depth to reduce evaporation.
Consider treatment and recycling of w astew aters from other areas of
the farm.
Adapt fodder conservation and conserved fodder use strategies.
Consider long term storage of fodder and the option of holding more
fodder in reserve to address the higher likelihood of poor seasons.
Use feedlotting strategies, w here appropriate, w ith careful planning.
Consider feed-lot systems to ease pressure on stressed pastures.
Trial drought tolerant pasture species. Reliance on perennials in far
north. Use N fixing fodder crops
Use seasonal outlooks and gras gro to plan w hen animals w ill be at
vulnerable stages like pregnancy or lambing or calving.

- Page 267 of 336-

Adverse im plications / Possible negative affects / Cons
If livestock sold in bad years then income inceases in the short term but
decreases in the long term. We need to be careful w hat w e grow and
w here

Potential to benefit / Opportunities / Pros

Variable
Quantity and quality
of production of high
quality grape
production

Adaptive m easures
● Warm er w inters: In the short term there is an option to change the
timing of pruning, in the long term it is possible to change verities
● Warm er sum m ers : In the short term there are options relating to
canopy management, long term solutions may involve seeking cooler
subregions and/or changing varieties.
● Drier w inters There are many innovations in terms of using the
rain that falls as efficiently as possible these include further
improvements in irrigation technology. w ater storage and mulching. This
may also require discussion of w ater legislation
● Drier sum m ers Although drier summers are generally beneficial,
there w ill be a challenge of improved irrigation requirements. Improved
forecasts of w et summers w ould be an adaptation option.
● Increase in heatw ave frequency and intensity Adaptation
options relate to canopy management, managing the land betw een the
vine row s (vegetation rather than bare) and w atering prior to a forecast
event.
● Warm er w inters: It is possible to use chemicals to induce
flow ering in the long term it is possible to change verities
● Warm er sum m ers : In the short term there are options relating to
tree management and irrigation, long term solutions may involve seeking
cooler subregions and/or changing varieties or crop types.
● Drier w inters There are many innovations in terms of using the
rain that falls as efficiently as possible these include further
improvements in irrigation technology. w ater storage and mulching. This
may also require discussion of w ater legislation
● Drier sum m ers Although drier summers are generally beneficial,
there w ill be a challenge of improved irrigation requirements. Improved
forecasts of w et summers w ould be an adaptation option.
● Increase in heatw ave frequency and intensity Adaptation
options relate to canopy management, managing the orchard floor
(vegetation rather than bare) and w atering prior to a forecast event.
● Increase in bushfire risk. Aspects of bushfire risk can be
managed w ith adequate resources including forecasts.

Adverse im plications / Possible negative affects / Cons
Potential to benefit / Opportunities / Pros
● One response to a reduction in rainfall is increased irrigation and this ● The recent drought has show n the high level of adaptive capacity
increases the risks of salinity.
and innovation in w ater management

Commercial catch
and effort

• increased flexibility in fishing regulations/policy to allow fishers to
adapt to changing species distributions/abundances
• better monitoring, both of fish stocks and environmental indicators
such as w ater quality to fine tune management arrangements

• may be changes in species, more variability in catches
• risk of recruitment failure
• displacement of effort
• fisheries may become uneconomic

Level of production

• better monitoring of environmental indicators such as w ater quality to
fine tune management arrangements
• development and adoption of national standards for anchoring
• move operations to deeper w ater/further offshore
• selective breeding, adapt species to changes in temperature

Viticulture

Ind

Aquaculture Commercial
fisheries

Horticulture, tree crops and forestry

Level of production
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● A major challenge for the industry faced w ith significant price
pressure is to keep costs low , most of the adaptation option include
increased costs.

● A major challenge for the industry faced w ith significant price
pressure is to keep costs low , most of the adaptation option include
increased costs.

● There are possibilities of new varieties w hich show promise

● Most orchards in the region grow a variety of tree crops and this is a
source of resilience, there are opportunities to change depending on
climate and markets.

● Horticulture is currently an efficient w ater user, increased irrigation
w ill require monitoring and control of salinity

• grow th rate of fish and invertebrates likely to increase
• increase in range for tropical remnant species such as blue crabs
• possible increases in species like squid w ith more flexible life history
strategies may provide new opportunities
• grow th rate of fish and invertebrates likely to increase
• increases in phytoplankton blooms (if not toxic species) w ill benefit
filter feeder such as oysters
• development of new feed types based on plant materials
• may be able to grow more tropical species

12.3.3 Vulnerability matrix scores for the economic capital
Scores for exposure, sensitivity, potential impact, adaptive capacity and vulnerability to climate
change for each of the economic capital variables assessed are shown in Table 35 below and
over.
Table 35: Allocated scores for exposure (E), sensitivity (S), potential impact (PI), adaptive capacity (AC)
and vulnerability (V) for the economic indicators assessed.
Indicator

Variable

Climate exposure

Mining

Gross regional product (alternative indicators include
volume of production, total employment)

Increased heatw ave frequency (52%) and
intensity
Price on carbon
Secondary stressor - Reliability of w ater and
energy supplies

Average Score for Indicator
Manufacturing

Gross regional product (alternative indicators include
volume of production, total employment)

Price on carbon
Combined climate change impacts (average)
Secondary stressor - Reliability of energy supplies

Average Score for Indicator
Construction and
engineering

Gross regional product (alternative indicators include
value of building approvals, total employment)

Winter May - Oct temp increase of 0.8oC: Southern
Flinders
Winter May - Oct temp increase of 0.66-0.76oC:
Mid-North, Yorke Peninsula and Barossa
Summer Nov - Apr temp increases of 0.87-0.81oC
for the Southern Flinders and Mid-North
Increased inundation (15-20cm) and coastal
erosion (10-20m) from sea level rise and storm
surge
Increased heatw ave frequency (52%) and
intensity
Price on carbon

Average Score for Indicator
Tourism

Winter May - Oct temp increase of 0.8oC: Southern
Flinders
Winter May - Oct temp increase of 0.66-0.76oC:
Mid-North, Yorke Peninsula and Barossa
Summer Nov - Apr temp increases of 0.87-0.81oC
for the Southern Flinders and Mid-North
Summer Nov - Apr temp increase of 0.69-0.75oC
for the Yorke Peninsula and Barossa
Winter May - Oct rainfall decrease of 10.4% for
the Southern Flinders
Winter May - Oct rainfall decrease of 8.4-8.8% for
the Mid-North, Yorke Peninsula
Summer Nov - Apr rainfall decrease of 3.3-3.7%
across all sub-regions excluding Barossa
Winter May - Oct rainfall decrease of 8.4-8.8% for
the Barossa
Summer Nov - Apr rainfall decrease of 3.3-3.7%
for Barossa
Increased inundation (15-20cm) and coastal
erosion (10-20m) from sea level rise and storm
surge for Yorke Peninsula
Increased inundation (15-20cm) and coastal
erosion (10-20m) from sea level rise and storm
surge across all sub-regions excluding Yorke
Peninsula
Increased heatw ave frequency (52%) and
intensity
Increased bushfire frequency (55% for extreme

Number of visitors and tourist expenditure

Gross Regional Product (alternative indicator w ould
include total employment)

PI Score

AC Score

2.00

5.00

6.00

V Score
9.00

1

4.00

5.00

3.00

12.00
8.40

2.4

2.00

4.40

6.00

2.13

2.67

4.80

5.00

9.80

1
2.64

4.00
3.00

5.00
5.64

4.00
6.50

11.00
9.14

2.30

5.00

7.30

4.00

13.30

1.98

4.00

5.98

4.83

11.15

3

3.00

6.00

7.00

9.00

2

3.00

5.00

7.00

8.00

3

3.00

6.00

7.00

9.00

2

4.00

6.00

6.00

10.00

3

4.00

7.00

5.00

12.00

1

3.00

4.00

4.00

10.00

2.33

3.33

5.67

6.00

9.67

3

1.00

4.00

8.00

6.00

2

1.00

3.00

8.00

5.00

3

2.00

5.00

8.00

7.00

2

1.00

3.00

7.00

6.00

3

4.00

7.00

4.00

13.00

2

4.00

6.00

4.00

12.00

1

4.00

5.00

4.00

11.00

2

4.00

6.00

7.00

9.00

1

4.00

5.00

7.00

8.00

2

4.00

6.00

4.00

12.00

2

3.00

5.00

5.00

10.00

3

3.00

6.00

6.00

10.00

3

4.00

7.00

6.00

11.00

1

3.00

4.00

7.00

7.00

Sustainability of w ine industry

3

4.00

7.00

6.00

11.00

2.20

3.07

5.27

6.07

9.20

3

3.00

6.00

7.00

9.00

3

3.00

6.00

5.00

11.00

3.00

3.00

6.00

6.00

10.00

2.53

3.00

5.53

8.00

7.53

2.53

3.00

5.53

8.00

7.53

3

2.00

5.00

8.00

7.00

2

2.00

4.00

8.00

6.00

3

2.00

5.00

8.00

7.00

2

2.00

4.00

8.00

6.00

3

2.00

5.00

8.00

7.00

2

2.00

4.00

8.00

6.00

2

4.00

6.00

8.00

8.00

3

4.00

7.00

8.00

9.00

3

3.00

6.00

7.00

9.00

1

3.00

4.00

5.00

9.00

2.40

2.60

5.00

7.60

7.40

Increased heatw ave frequency (52%) and
intensity
Secondary stressor - Economic flow on impacts
from key sectors affected by climate change

Average Score for Indicator
Business and
Gross Regional Product (alternative indicator w ould
personal services
include total employment)
Average Score for Indicator

Combined climate change impacts (average)

Roads

Winter May - Oct temp increase of 0.8oC: Southern
Flinders
Winter May - Oct temp increase of 0.66-0.76oC:
Mid-North, Yorke Peninsula and Barossa
Summer Nov - Apr temp increases of 0.87-0.81oC
for the Southern Flinders and Mid-North
Summer Nov - Apr temp increase of 0.69-0.75oC
for the Yorke Peninsula and Barossa
Winter May - Oct rainfall decrease of 10.4% for
the Southern Flinders
Winter May - Oct rainfall decrease of 8.4-8.8% for
the Mid-North, Yorke Peninsula and Barossa
Increased inundation (15-20cm) and coastal
erosion (10-20m) from sea level rise and storm
surge
Increased heatw ave frequency (52%) and
intensity
Increased bushfire frequency (55% for extreme

Kilometers of roads and condition

S Score

3

FFID) and intensity
Price on carbon
Average Score for Indicator
Retail Trade

E Score

FFID) and intensity
Price on carbon
Average Score for Indicator
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Indicator

Variable

Climate exposure

Telecom m unications

Extent of telecommunications infrastructure and
condition

Increased inundation (15-20cm) and coastal
erosion (10-20m) from sea level rise and storm
surge
Increased heatw ave frequency (52%) and
intensity
Increased bushfire frequency (55% for extreme

E Score

S Score

PI Score

AC Score

V Score

2

2.00

4.00

7.00

7.00

3

2.00

5.00

8.00

7.00

3

2.00

5.00

8.00

7.00

2.67
3

2.00
1.00

4.67
4.0

7.67
6.00

7.00
8.00

2

1.00

3.0

6.00

7.00

3

5.00

8.0

6.00

12.00

2

5.00

7.0

6.00

11.00

3

1.00

4.0

7.00

7.00

2

1.00

3.0

7.00

6.00

1

1.00

2.0

7.00

5.00

2

1.00

3.0

6.00

7.00

3

5.00

8.0

7.00

11.00

3

5.00

8.0

6.00

12.00
6.00

FFID) and intensity
Average Score for Indicator
Electricity supply
Level of demand and constraints

Winter May - Oct temp increase of 0.8oC: Southern
Flinders
Winter May - Oct temp increase of 0.66-0.76oC:
Mid-North, Yorke Peninsula and Barossa
Summer Nov - Apr temp increases of 0.87-0.81oC
for the Southern Flinders and Mid-North
Summer Nov - Apr temp increase of 0.69-0.75oC
for the Yorke Peninsula and Barossa
Winter May - Oct rainfall decrease of 10.4% for
the Southern Flinders
Winter May - Oct rainfall decrease of 8.4-8.8% for
the Mid-North, Yorke Peninsula and Barossa
Summer Nov - Apr rainfall decrease of 3.3-3.7%
across all sub-regions
Increased inundation (15-20cm) and coastal
erosion (10-20m) from sea level rise and storm
surge
Increased heatw ave frequency (52%) and
intensity
Increased bushfire frequency (55% for extreme
FFID) and intensity
Price on carbon

Variable Average
Levels of renew able energy production

Increased heatw ave frequency (52%) and
intensity bushfire frequency (55% for extreme
Increased

1

2.00

3.0

7.00

2.27

2.55

4.82

6.45

8.36

3

5.00

8.00

7.00

11.00

3

5.00

8.00

6.00

12.00

3.00

5.00

8.00

6.50

11.50

2.64

3.77

6.41

6.48

9.93

3

2.00

5.0

7.00

8.00

2

2.00

4.0

7.00

7.00

3

2.00

5.0

7.00

8.00

2

2.00

4.0

7.00

7.00

3

2.00

5.0

6.00

9.00

2

2.00

4.0

6.00

8.00

1

2.00

3.0

6.00

7.00

2

5.00

7.0

8.00

9.00

3

3.00

6.0

7.00

9.00

3

4.00

7.0

5.00

12.00

FFID) and intensity
Variable Average
Average Score for Indicator
Buildings

Condition of housing

o

Winter May - Oct temp increase of 0.8 C: Southern
Flinders
Winter May - Oct temp increase of 0.66-0.76oC:
Mid-North, Yorke Peninsula and Barossa
Summer Nov - Apr temp increases of 0.87-0.81oC
for the Southern Flinders and Mid-North
Summer Nov - Apr temp increase of 0.69-0.75oC
for the Yorke Peninsula and Barossa
Winter May - Oct rainfall decrease of 10.4% for
the Southern Flinders
Winter May - Oct rainfall decrease of 8.4-8.8% for
the Mid-North, Yorke Peninsula and Barossa
Summer Nov - Apr rainfall decrease of 3.3-3.7%
across all sub-regions
Increased inundation (15-20cm) and coastal
erosion (10-20m) from sea level rise and storm
surge
Increased heatw ave frequency (52%) and
intensity
Increased bushfire frequency (55% for extreme
FFID) and intensity
Saline groundw ater intrusion

Variable Average
Condition of schools

o

Winter May - Oct temp increase of 0.8 C: Southern
Flinders
Winter May - Oct temp increase of 0.66-0.76oC:
Mid-North, Yorke Peninsula and Barossa
Summer Nov - Apr temp increases of 0.87-0.81oC
for the Southern Flinders and Mid-North
Summer Nov - Apr temp increase of 0.69-0.75oC
for the Yorke Peninsula and Barossa
Winter May - Oct rainfall decrease of 10.4% for
the Southern Flinders
Winter May - Oct rainfall decrease of 8.4-8.8% for
the Mid-North, Yorke Peninsula and Barossa
Summer Nov - Apr rainfall decrease of 3.3-3.7%
across all sub-regions
Increased inundation (15-20cm) and coastal
erosion (10-20m) from sea level rise and storm
surge
Increased heatw ave frequency (52%) and
intensity
Increased bushfire frequency (55% for extreme

2

4.00

6.0

8.00

8.00

2.40

2.60

5.00

6.60

8.40

3

2.00

5.0

7.00

8.00

2

2.00

4.0

7.00

7.00

3

2.00

5.0

7.00

8.00

2

2.00

4.0

7.00

7.00

3

2.00

5.0

6.00

9.00

2

2.00

4.0

6.00

8.00

1

2.00

3.0

6.00

7.00

2

5.00

7.0

8.00

9.00

3

3.00

6.0

7.00

9.00

3

4.00

7.0

5.00

12.00

2.40

2.60

5.00

6.60

8.40

3

2.00

5.0

7.00

8.00

2

2.00

4.0

7.00

7.00

3

2.00

5.0

7.00

8.00

2

2.00

4.0

7.00

7.00

3

2.00

5.0

6.00

9.00

2

2.00

4.0

6.00

8.00

1

2.00

3.0

6.00

7.00

2

5.00

7.0

8.00

9.00

3

3.00

6.0

7.00

9.00

3

4.00

7.0

5.00

12.00

2.40

2.60

5.00

6.60

8.40

2.40

2.60

5.00

6.60

8.40

FFID) and intensity
Variable Average
Condition of hospitals

Winter May - Oct temp increase of 0.8oC: Southern
Flinders
Winter May - Oct temp increase of 0.66-0.76oC:
Mid-North, Yorke Peninsula and Barossa
Summer Nov - Apr temp increases of 0.87-0.81oC
for the Southern Flinders and Mid-North
Summer Nov - Apr temp increase of 0.69-0.75oC
for the Yorke Peninsula and Barossa
Winter May - Oct rainfall decrease of 10.4% for
the Southern Flinders
Winter May - Oct rainfall decrease of 8.4-8.8% for
the Mid-North, Yorke Peninsula and Barossa
Summer Nov - Apr rainfall decrease of 3.3-3.7%
across all sub-regions
Increased inundation (15-20cm) and coastal
erosion (10-20m) from sea level rise and storm
surge
Increased heatw ave frequency (52%) and
intensity
Increased bushfire frequency (55% for extreme
FFID) and intensity

Variable Average
Average Score for Indicator
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Indicator

Variable

Climate exposure

Rail

Kilometers of rail and condition

Winter May - Oct temp increase of 0.8oC: Southern
Flinders
Winter May - Oct temp increase of 0.66-0.76oC:
Mid-North, Yorke Peninsula and Barossa
Summer Nov - Apr temp increases of 0.87-0.81oC
for the Southern Flinders and Mid-North
Summer Nov - Apr temp increase of 0.69-0.75oC
for the Yorke Peninsula and Barossa
Increased inundation (15-20cm) and coastal
erosion (10-20m) from sea level rise and storm
surge
Increased heatw ave frequency (52%) and
intensity
Increased bushfire frequency (55% for extreme

E Score

S Score

PI Score

AC Score

V Score

3

2.00

5.00

6.00

9.00

2

2.00

4.00

6.00

8.00

3

2.00

5.00

6.00

9.00

2

2.00

4.00

6.00

8.00

2

3.00

5.00

5.00

10.00

3

4.50

7.50

5.00

12.50

3

4.00

7.00

7.00

10.00

2.57

2.79

5.36

5.86

9.50

2

4.00

6.00

7.00

9.00

9.00

FFID) and intensity
Average Score for Indicator
Ports and jetties

Number of ports and jetties and condition

Average Score for Indicator
Water infrastructure

Water netw orks and infrastructure

Average Score for Indicator
Broadacre crops
Level of production

Average Score for Indicator
Livestock: Beef,
Level of production
sheep and w ool
production

Increased inundation (15-20cm) and coastal
erosion (10-20m) from sea level rise and storm
surge
Increased heatw ave frequency (52%) and
intensity
Winter May - Oct rainfall decrease of 10.4% for
the Southern Flinders
Winter May - Oct rainfall decrease of 8.4-8.8% for
the Mid-North, Yorke Peninsula and Barossa
Summer Nov - Apr rainfall decrease of 3.3-3.7%
across all sub-regions
Minor reduced frost incidence
Increased heatw ave frequency (52%) and
intensity
Increased bushfire frequency (55% for extreme
FFID) and intensity
Price on carbon
Combined climate change impacts (average)
Summer Nov - Apr rainfall decrease of 3.3-3.7%
across all sub-regions
Minor reduced frost incidence
Increased heatw ave frequency (52%) and
intensity
Increased bushfire frequency (55% for extreme
FFID) and intensity
Price on carbon
Combined climate change impacts (average)

Average Score for Indicator
Viticulture
Quantity and quality of production of high quality grape Winter May - Oct temp increase of 0.8oC: Southern
production
Flinders
Winter May - Oct temp increase of 0.66-0.76oC:
Mid-North, Yorke Peninsula and Barossa
Summer Nov - Apr temp increases of 0.87-0.81oC
for the Southern Flinders and Mid-North
Summer Nov - Apr temp increase of 0.69-0.75oC
for the Yorke Peninsula and Barossa
Winter May - Oct rainfall decrease of 10.4% for
the Southern Flinders
Winter May - Oct rainfall decrease of 8.4-8.8% for
the Mid-North, Yorke Peninsula and Barossa
Increased heatw ave frequency (52%) and
intensity
Increased bushfire frequency (55% for extreme
FFID) and intensity
Average Score for Indicator
Horticulture, tree
Level of production
Winter May - Oct temp increase of 0.8oC: Southern
crops and forestry
Flinders
Winter May - Oct temp increase of 0.66-0.76oC:
Mid-North, Yorke Peninsula and Barossa
Summer Nov - Apr temp increases of 0.87-0.81oC
for the Southern Flinders and Mid-North
Summer Nov - Apr temp increase of 0.69-0.75oC
for the Yorke Peninsula and Barossa
Winter May - Oct rainfall decrease of 10.4% for
the Southern Flinders
Winter May - Oct rainfall decrease of 8.4-8.8% for
the Mid-North, Yorke Peninsula and Barossa
Increased heatw ave frequency (52%) and
Increased bushfire frequency (55% for extreme
Average Score for Indicator
Com m ercial fisheries Commercial catch and effort
Increased heatw ave frequency (52%) and
intensity
Increased ocean temperatures by 0.92oC
Increased ocean acidity by a pH ranking of 0.13
Price on carbon
Average Score for Indicator
Aquaculture
Level of production
Increased inundation (15-20cm) and coastal
erosion (10-20m) from sea level rise and storm
surge
Increased ocean temperatures by 0.92oC
Increased ocean acidity by a pH ranking of 0.13
Increased heatw ave frequency (52%) and
intensity
Price on carbon
Average Score for Indicator

Final score for bottom line
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3

3.00

6.00

7.00

2.50

3.50

6.00

7.00

9.00

3

3.00

6.00

5.00

11.00

2

3.00

5.00

7.00

8.00

2.50
1

3.00
2.50

5.50
3.50

6.00
7.00

9.50
6.50

1
3

3.00
4.00

4.00
7.00

4.00

10.00
12.00

3

2.50

5.50

5.00
13.00

1
2.53
1.92
1

4.00
4.00
3.33
4.00

5.00
6.53
5.26
5.00

2.50
9.00
8.00
5.92
8.00

1
3

2.00
4.00

3.00
7.00

4.00
7.00

9.00
10.00

3

3.00

6.00

9.00

7.00

1
2.53
1.92
3

4.00
3.50
3.42
1.00

5.00
6.03
5.34
4.00

8.00
8.00
7.33
8.00

7.00
8.03
8.01
6.00

2

1.00

3.00

8.00

5.00

3

3.00

6.00

6.00

10.00

2

4.50

6.50

6.00

10.50

3

4.50

7.50

4.00

13.50

2

0.50

2.50

7.00

5.50

3

4.00

7.00

5.00

12.00

3

4.00

7.00

8.00

9.00

2.63
3

2.81
4.00

5.44
7.00

6.50
7.00

8.94
10.00

2

4.00

6.00

7.00

9.00

3

3.00

6.00

6.00

10.00

2

3.00

5.00

6.00

9.00

3

4.00

7.00

4.00

13.00

2

0.50

2.50

7.00

5.50

3
3
2.63
3

4.00
3.00
3.19
4.00

7.00
6.00
5.81
7.00

5.00
7.00
6.13
6.00

12.00
9.00
9.69
11.00

3
5
1
3.00
2

4.00
2.00
4.00
3.50
4.00

7.00
7.00
5.00
6.50
6.00

3.00
7.00
2.00
4.50
5.00

14.00
10.00
13.00
12.00
11.00

3
5
3

4.00
3.00
4.00

7.00
8.00
7.00

6.00
5.00
6.00

11.00
13.00
11.00

6.00
8.53
9.34
7.00

1
2.80

3.00
3.60

4.00
6.40

2.00
4.80

12.00
11.60

2.51

3.11

5.57

6.23

9.35

The above data were summarised to show the final scores for the components of vulnerability for
each indicator (Table 36 and Figure 99) below.
Table 36: Summary table of exposure, sensitivity, potential impact, adaptive capacity and vulnerability
scores for the economic indicators.
Indicator

Exposure Sensitivity

Potential
Impact

Adaptive Vulnerability
Capacity

Mining
Manufacturing
Construction and engineering
Tourism
Retail Trade
Business and personal services
Roads
Rail
Ports and jetties
Telecom m unications
Electricity supply
Buildings
Water infrastructure
Broadacre crops
Livestock: Beef, sheep and w ool production
Viticulture
Horticulture, tree crops and forestry
Com m ercial fisheries
Aquaculture

2.13
1.98
2.33
2.20
3.00
2.53
2.40
2.57
2.50
2.67
2.64
2.40
2.50
2.53
2.50
2.63
2.63
3.00
2.80

2.67
4.00
3.33
3.07
3.00
3.00
2.60
2.79
3.50
2.00
3.77
2.60
3.00
3.33
3.42
2.81
3.19
3.50
3.60

4.80
5.98
5.67
5.27
6.00
5.53
5.00
5.36
6.00
4.67
6.41
5.00
5.50
5.26
5.34
5.44
5.81
6.50
6.40

5.00
4.83
6.00
6.07
6.00
8.00
7.60
5.86
7.00
7.67
6.48
6.60
6.00
5.92
7.33
6.50
6.13
4.50
4.80

9.80
11.15
9.67
9.20
10.00
7.53
7.40
9.50
9.00
7.00
9.93
8.40
9.50
9.34
8.01
8.94
9.69
12.00
11.60

Final score for bottom line

2.51

3.11

5.57

6.23

9.35

Low
>1 - 2
>2 - 4
>2 - 4
>3 - 7

Medium
>2 - 3
>4 - 6
>4 - 6
>7 - 11

High
>3 - 4
>6 - 8
>6 - 8
>11 - 15

Very high
>4 - 5
>8 - 10
>8 - 10
>15 - 19

Score description:

Very low
0 -1
Im pact
0-2
Adaptive capacity
0-2
Vulnerability
0-3

Exposure and sensitivity

14.0
12.0
10.0
8.0
6.0
Exposure

4.0

Sensitivity
2.0

Potential Impact

0.0

Adaptive Capacity
Vulnerability

Figure 99: Exposure, sensitivity, adaptive capacity and vulnerability scores for the economic indicators
assessed.
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12.4 VULNERABILITY MATRIX RESULTS SOCIAL CAPITAL
12.4.1 Sensitivity to and impacts from climate change for the social capital
Table 37 below describes the sensitivity to, and impact from, climate change for each of the
indicators and variables assessed as part of the social capital.
Table 37: Descriptions of the sensitivity and potential impact from climate change to the social indicators
assessed.
Ind

Variable
Internet usage

Community Planning and Development

Employment

Sensitivity description
Heatw aves often interfere w ith connection to the internet
and cause interruptions to service provision. Bushfires
pose a significant threat to on ground infrastructure and
can completely destroy service provision.

Potential Im pacts
Days of extreme heat can limit internet connection and
lessen people's aw areness of fire dangers and w arnings
leaving people w ith less or no time to prepare for
emergency situations.

Prohibitive cost or poor access to appropriate
technologies may prevent access. A high percentage of
the study region are w ithout the internet, and of those
w ho are, majority are connected to slow dial-up
connections. Many parts of the region are unable to
access broadband services because the technology and
infrastructure is not available in the region. Engineers
required for maintenance and repairing infrastructure
travel long distances in regional areas. The Yorke
Peninsula sub region only has one engineer to service the
entire area w hich puts increased pressure on that person
and means connections can be dow n for long periods of
time. Heat and rain often interfere w ith connection and
this is often the days w hen people are more reliant on it
(fire danger days etc.).

The loss of infrastructure due to bushfire w ill lessen
people's ability to access the internet for an increased
period of time.
Low rates of internet usage w ill significantly hamper rural
areas ability to access climate change related information,
reducing effectiveness (even if skills are present).
Reduced or low rates of internet usage may decrease
social capital by lessening online interaction w hich can
positively contribute to connectedness and enhancing
offline relationships.

Currently unemployment levels across the region are
much low er than the state average; how ever, youth
unemployment levels are very high. Casual and seasonal
employment across the region is common, particularly in
vulnerable industries such as agriculture and viticulture.
Employment levels across the region w ill alter as
industries are affected by climate change.

High unemployment rates (and therefore low income
levels) w ill hamper the ability for households to put
measures in place for adaptation to climate change and
w ill limit the resources individuals can draw on to make
adjustments.

There are likely to be substantial changes in employment
patterns as industries respond to climate change
challenges.

A decrease in job availability in vulnerable industries
across the region such as tourism, agriculture and
viticulture w ill have devistating impacts on the levels of
unemployment
across the
Lack
of diversification
w ill region.
be a significant problem as it

Regional occupation
and industries

Diversification enables those vulnerable to changes in
w eather patterns to support themselves w hen climatic
conditions are unsuitable (either on a short or longer
timescale). Diversification increases likelihood of personal
and therefore community survival. Tw o of the top five
industies in the region (sheep, beef cattle and grain
farming and beverage manufacturing) are likely to be
directly impacted by climate change impacts. Other
industries in the area such as school education and
hospitals may also be affected by the effects that climate
change has on people of the region (i.e. impact of heat on
health increases the need for hospital occupations and an
exodus of the area might mean less reliance on the
education system). The agricultural sector is expected to
decline in employment numbers over the years as more
dependence is placed on technology.

Household income

A price on carbon w ill exacerbate household spending.

implies a drop in income and the flow -on effects from that
- loss of population, decreasing economic activity etc. The
loss of a businesse can hamper mental w ellbeing,
particularly for businesses that have been in the family
for generations.

Low income households w ill be most impacted by
imposed prices on carbon- if the cost may force some
households to fall further behind and cut spending in
other areas such as health.
The study region has a significantly reduced average
Low income levels in the study region mean that
income compared to that of the rest of South Australia.
households are less likely to be able to afford adaptation
This means that the financial resources available to buffer measures (such as air-conditioners) and w ill be affected
the effects of climate change at an individual level are
by increasing climate related costs such as insurance,
also significantly low er. It is not likely that this situation
electricity aand fuel costs.
w ill improve in the foreseeable future.
Loss of jobs due to climate change impacts on industries Households in the low income bracket w ill be further
and occupations and an increase in the cost of food (due impacted by increasing costs w hich may force some to
to impacts on industry) further threaten household
struggle to meet payments.
payments.
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Community Planning
and Development

Ind

Variable
Household size
(number of persons
in the household)

Sensitivity description
Parts of the study region have a high proportion of lone
person households. With an ageing population and low
youth retention rates, this trend is likely to continue.
Majority of households are made up of tw o or more
people, how ever, low household income and the ageing
population hamper the resources available for these
households.

Social Inclusion

Sense of belonging to The sense of belonging to a community can be
community
fragmented by loss of population, low er incomes, lack of
opportunities to interact and poor human capital. It is
expected that peoples sense of belonging in the study
region w ill decrease as the population drops because
leadership and activities w ill begin to decline. Trust is
indicative of the strength of bridging in a community and
the ability of a community to w ork w ith 'people not like us'.
Poor trust hampers bridging activity and thus increases
vulnerability. Volunteers numbers in the study region are
declining due to the ageing population. Other people in the
region have an opportunity to lend a hand (such as
volunteering time to drive public transport), how ever they
w ont. Membership to community organisations is a
readily visible w ay of assessing the degree to w hich
individuals are prepared to w ork w ith and w ithin the
community on matters of mutual benefit such as climate
change. Memberships in the region are generally high in
the sport and recreation field, how ever increasing costs
and less volunteer support means that numbers are
beginning to drop.

Leadership.

Perceived level of
crimeActual
level of crime

Potential Im pacts
Small households and a number of lone person
households in the region mean that people are not w ell
positioned to draw on substantial resources for
adaptability. These households w ill have less access to
financial resources to afford adaptation techniques and
have less netw orks to gain important information and
know ledge from.

Low sense of belonging decreases likelihood of
community involvement in efforts to combat climate
change. This situation leads to less efficiently used
resources, low er individual and community morale. Having
a sense of belonging is integral in rural areas. Without it,
people are less likely to get involved in community activity
and as a result events w ill be poorly attended. Availability
of resources w ill also drop meaning that memberships
(such as to a football team) w ill suffer. Poor community
bonds mean that a community is poorly positioned to
capture information, and also to perform w hatever
activities need to be undertaken to mitigate the effects of
climate change. Low er population reduces resilience, as
there are less social resources to be brought into play
against climate change. Reduced income means that there
is less financial capital to contribute to enriching social
capital. It also reduces the ability of the community to
spend on climate change adaptation strategies. Poor
community netw orks reduce the chances of developing
and implementing climate change solutions. Falling
populations and demographic changes reduce the
resilience of the community and deprive it on social
capital. Reduced numbers of contact opportunities mean
that resources (information and/or physical) are less likely
to be optimally used. Miss-allocation and/or inappropriate
use, or failure to access them at all is likely.

Leadership from State and Federal- change must come
from the bottom- politicians are in for a short time. Olderless volunteers, more pull on funding, limited funds. Weak
netw orks and relationships do not enable a community to
maximise it's use of resources w hen tackling climate
change. Weak netw orks make the loss of youth more
likely and reduce the opportunities for exchange of ideas
and resources.

Reduced income lessens people's ability to be able to
afford memberships and resources and bonding
opportunities are lost. A smaller population base means
that less human resources are available to volunteer, join
clubs and form netw orks.

A community w ith clear leadership is more likely to make
rational choices w hen allocating resources to cope w ith
change. Many leaders in the area are ageing and there is
no uptake from younger generations in to leadership
roles. Generally there are few er 'doers' in the community,
and given the falling population numbers, the community
believe that the council w ill become more important in
helping provide leadership functions in the future.

Lack of effective succession w ill result in community
efforts to adapt to climate change being less directed and
less effective. Few er leaders means less people to make
vital decisions that might affect the entire communitypeople under pressure make poor decisions. This
situation is exacerbated in emergency situations,
particularly as they are not w ell resourced in a financial
sense either. Council's, natural resources management
boards and other organisations may be required to assist
in leadership positions.

Many of the leaders in the region are ageing and climate
change stressors, particularly heat, can w ill bear the
biggest burden on these people.

Health affects on the ageing (w hich make up majority of
the leadership base in the region) w ill disable their
potential to lead and contribute meaning adaptation
measures w ill be less directed and less effective.

Increased crime indicates w eaker bonds w ithin the
community and is likely to indicate a reduced ability to
respond to climate change challenges. Crime may be due
to poorer economic circumstances, or may be due to
poorer mental health outcomes due to climate change.
Heat and other stressors can increase crime rates, and
for some individuals, times follow ing disaster are an
opportunity to take advantage of other misfortune. Crime
rates across the region are low and reducing over most
of the study area. Based on this study's research,
perception of crime is likely to accurately reflect actual
levels of crime as community assessments at present are
very accurate. Crime can be used as an early indicator
of Social Capital health. Crime rates vary across the
region w ith the community associating crime w ith low er
socio-economic groups. 'Not in our backyard' mentality as
crime is really only associated w ith heat in New York and
large cities, not in the study region.

Perception of increase in crime w ill w eaken bonds w hich
enable the community to w ork together effectively.
Increased crime w ill w eaken the community response to
climate change challenges. An increase in crime,
particularly after a disaster situation w ill w eaken trust in
the community.
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Education

Emergency Management

Social Inclusion

Ind

Variable
Aboriginal and other
minority cultural
groups

Sensitivity description
Indigenous people have been identified as being at high
risk of adverse climate change effects. The study regions
do not exhibit a high degree of diversity and minority
cultural groups are few . There are no indications that this
is likely to change in the future.

Potential Im pacts
Some cultural groups may be isolated from climate
change adaptation activities and/or be unable to command
the resources they require for their ow n climate change
mitigation activities. Communities w ithout strong links to
the w ider community can be left w ith limited access to
resources.

Volunteerism - and
the volunteer
population.

The level of community volunteering may alter significantly
as community perceptions and community composition
changes in response to climate change stimuli. This
situation is compounded by a declining rural population
and ageing populations generally. The composition of the
volunteer population may change as the broader
population changes, or because of specific stimulus on
the subset of the population that volunteers. Less
volunteer numbers is thought to be a consequence of a
low er population levels and increasing legislation that
many believe is too difficult to w ork w ith and is putting too
much responsibility on to volunteers. Generally volunteers
are also ageing w ith the population w ith many thought to
be 55 plus years old on average.

The first line of defence in disaster situations or even
times of community crisis in rural communities is the
largely volunteer emergency services. A decline in this
service w ill leave populations extremely
vulnerable.Volunteers may bring different know ledge
bases w ith them. Skills may need to be upgraded,
including some that have been taken for granted in the
past, such as local know ledge. Low er socio-economic
areas often do not have the social capital to see
themselves as volunteers and instead expect ‘someone
else’ to do it for them. As the population drops, so too
does the number of volunteers to draw from and so putts
more reliance on government leadership and money for
support.

Changes in the
community being
served, and the
services provided.

The needs of the community being served by an
emergency service may change in response to climate
change. The nature of the emergencies being attended
may alter significantly as climate and w eather patterns
alter.The ageing population is most sensitive to climate
change stressors and w ill increasingly put pressure on
emergency services in the study region, particularly
ambulances. The ageing also have less access to public
transport and are not as able to evacuate in times of
disaster, w hich puts more pressure on emergency
services. Demands on local government are increasing,
particularly in low er socio-economic areas.

Existing services may not service the communities
requirements under future climate change scenarios and
so leave the community vulnerable and possibly w asting
resources. Services must expand proportionately to an
expanding population, or commit to providing a service to
a declining one. Existing know ledge and training may be
inadequate or inappropriate. Traditional skills may not
match new hazards. Centralisation of services, less
volunteer numbers and not enough money for
improvements to infrastructure is hampering the regions
ability to respond.

Resourcing and
governance.

Resourcing and governance requirements of the
emergency services may change as a result of a
different volunteer population, a different set of
community service needs, and/or changing emergency
events. The community believes that funding w ill shift to
infrastructure as a priority and lessen resources for
community building activities and community development.
Governance is view ed as imperitive to achieving results,
how ever, currently it seems that top dow n systems are
not effective in meeting community needs.

Changing needs that remain unmet leave both volunteers
and community members exposed to poor outcomes in
emergency situations. For example, CFS members may
find themselves frequently responding to flash flooding
w ith inadequate equipment and training. The community
believe that currently it takes some sort of disaster to
trigger proper resourcing and response from higher up.

Level of education.

In the study region levels of education are low , and there
is a trend for younger people seeking tertiary education to
leave as there are few local opportunities for them. The
community thinks that people shouldn't have to travel
aw ay from the region to gain access to education,
instead there should be greater provision of education
w ithin the area and online.

Lack of suitable education reduces human capital and
reduces individual and community resilience to climate
change stressors. Poorly educated individuals often
become socially isolated w hen they are older and w ill
have less access to know ledge and financial resources
to mitigate climate change effects. Agribusiness is a major
industry in the region and often people begin w orking in
the area w hen they are young and w ithout education.
This has contributed to low non-school qualifications in
the region. Many parents are considering the costs of
higher education versus the possible earning potential for
their children to gain a job in the mining sector and are
choosing for them not to be further educated so they can
immediately begin earning money. Disadvantaged people
are less likely than people w ithout disadvantage to
access education.

Access to education Access to further information regarding the best
facilities
strategies w ith w hich to respond to climate change
enables greater flexibility and greater likelihood of
success. There is limited access to educational facilities
w ithin the study region, and this is furter exacerbated by
a lack of public transport options to access existing
facilities and a lack of young people w ho have a licence
to drive themselves to the facilities. Generally it seems
that education opportunities w ithin the region are not w ell
suited to the needs of people or industry. The concept of
lifelong learning is important to the community w ho believe
that education should be continually taking place over a
persons life. This includes training on the job. The
community relate lack of education w ith lack of
employment options. There is a need to educate people in
the city w ith a focus of teaching new skills that can be
adapted in communities.

Lack of formal information flow s w ill hinder both
individuals and the community in their efforts to adapt to
climate change. Even if appropriate skills exist w ith the
community they w ill not be able to be effectively deployed
w ithout an understanding of w hat needs to be done. The
community believe that there is hesitation and resignation
for up skilling including accepting climate change related
information. The use of technology for education means
that lecturers don't know students personally. It is hard to
find employers w ith the time and money to invest in
education.
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Health

Education

Ind

Variable
Level of education.

Sensitivity description
In the study region levels of education are low , and there
is a trend for younger people seeking tertiary education to
leave as there are few local opportunities for them. The
community thinks that people shouldn't have to travel
aw ay from the region to gain access to education,
instead there should be greater provision of education
w ithin the area and online.

Potential Im pacts
Lack of suitable education reduces human capital and
reduces individual and community resilience to climate
change stressors. Poorly educated individuals often
become socially isolated w hen they are older and w ill
have less access to know ledge and financial resources
to mitigate climate change effects. Agribusiness is a major
industry in the region and often people begin w orking in
the area w hen they are young and w ithout education.
This has contributed to low non-school qualifications in
the region. Many parents are considering the costs of
higher education versus the possible earning potential for
their children to gain a job in the mining sector and are
choosing for them not to be further educated so they can
immediately begin earning money. Disadvantaged people
are less likely than people w ithout disadvantage to
access education.

Access to education Access to further information regarding the best
facilities
strategies w ith w hich to respond to climate change
enables greater flexibility and greater likelihood of
success. There is limited access to educational facilities
w ithin the study region, and this is furter exacerbated by
a lack of public transport options to access existing
facilities and a lack of young people w ho have a licence
to drive themselves to the facilities. Generally it seems
that education opportunities w ithin the region are not w ell
suited to the needs of people or industry. The concept of
lifelong learning is important to the community w ho believe
that education should be continually taking place over a
persons life. This includes training on the job. The
community relate lack of education w ith lack of
employment options. There is a need to educate people in
the city w ith a focus of teaching new skills that can be
adapted in communities.

Lack of formal information flow s w ill hinder both
individuals and the community in their efforts to adapt to
climate change. Even if appropriate skills exist w ith the
community they w ill not be able to be effectively deployed
w ithout an understanding of w hat needs to be done. The
community believe that there is hesitation and resignation
for up skilling including accepting climate change related
information. The use of technology for education means
that lecturers don't know students personally. It is hard to
find employers w ith the time and money to invest in
education.

Retaining young
people

The trend for maintaining youth in the study region is poor,
as there is both a discernable lack of younger people in
demographic models, and a more general social trend of
younger people leaving regional areas to pursue further
education and careers in metropolitan areas. The
community expressed concerns that there is nothing
w orth keeping youth in the area for (they w ill be
disadvantaged) and there needs to be viable employment
options, education and training and opportunities for them
to stay. The 35+ age group is being retained as people
return after leaving the area for a period of time. Young
people go off to Adelaide for education, cultural
experience and other opportunities and they don't return.
Many jobs in the region consider w ho you know , not
w hat you know w hich is contributing to driving young
people out of the area.

Loss of youth w ill result in loss of vigour in local
communities and economies. Alternative industries w ill
lack a labour pool. The social capital w ill suffer as young
people are needed for the future generation of leaders
and innovators and contribute w here the ageing
population are no longer able. Non-viable and
unsustainable communities w ill not retain or attract youth
and the community believes many areas in the study
region are suffering this effect- and w ill not be able to
evolve w ithout retention. Football clubs and other
memberships are declining as a result. More strain is
being put on the ageing community as youth are not
available to be active in roles or take up membership or
leadership opportunities.

Age

The very young and the very old are more vulnerable to
the effects of climate change, particularly the heat
stressors and other extemes. Older people generally
have poorer health to begin w ith, and additional stressors
mean they are more susceptible to the effects of climate
change. Older people are less mobile and in times of
disaster are reliant on others for assistance. An increase
in temperature over time gives people more opportunity to
become aclimatised, how ever, extremes bring heat stress
and other more critical and immediate impacts. The
community believe that it is generally harder for
populations of elderly in outlying communities to interact
w ith others and gain access to health services. Small
country tow ns are likened to retirement villages due to the
high mean population of elderly. Systematic, behavioural
and cultural change is the only w ay to adapt and the aged
are more sensitive to this. The aged are also outlined as
disadvantaged in regards to the resources they can draw
on in times of change (i.e. the internet).

More ambulance transfers, greater draw on medical
resources, potential loss of life. The elderly are identified
as finding change intimidating, and therefore adapting to
change can cause anxiety and mental strain w hich can
contribute to poorer mental health. A small pool of doctors
in the region mean that paramedics and the use of
ambulance servcies are more highly relied upon. Many
doctors also fall in to the ageing category, w ith some
identified in the study region as 65-72 years old.
Compounding the disadvantages that the elderly face, the
community believes that extremes and heat stress
severely hamper people's ability to access care and
contribute to the social capital through netw orking in the
community. The internet is seen as a w ay forw ard to help
cut dow n w aiting time to gain appointments and physically
sitting in a w aiting room. People's life expectancy is
increasing w hich w ill put further pressure on the current
health system. The ageing are less likely to train and take
up opportunities. Youth retention rates are low - aged are
being forced to volunteer beyond their capacity.
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Ind

Variable
Access to medical
care

Sensitivity description
Increase in summer heat impacting on physical health,
productivity, and morale. Increase in summer heat
impacting on physical health, productivity, and morale.
Floods present an immediate threat to the w ellbeing of
individuals.

Potential Im pacts
Increase in negative health effects, decrease in
productivity, increase demand for air-conditioning and
w ater. Increase in vector borne diseases w ith
concomitant loss in productivity and drain on healthcare
resources.

Drought conditions leading to higher dust levels in the
atmosphere, possibly more frequent dust storms. Air
pollution (particulate matter, increased ozone etc) has
deleterious effects on lung function and can increase the
prevalance of asthma.

Increase in negative health effects, decrease in
productivity, increase demand for air-conditioning and
w ater. Increase in vector borne diseases w ith
concomitant loss in productivity and drain on healthcare
resources. Increase in the dislocating effects of flood
events (social,
physical,
Increase
asthma
Increased
demand
on thefinancial).
health system
as ainresult
of

Increase in health related effects of prolonged or intense
heatw aves not present yet, but anticipated.

those w ho succumb to the physical and mental effects of
increasedinheat.
Bushfires present an immediate threat to the w ellbeing of Increase
the dislocating effects of bushfire events
individuals - the young and old are less able to respond to (social, physical, financial).
disaster situations.
Increased fuel costs.

The very young and the very old are more vulnerable to
climate change stressors.

More ambulance transfers, greater draw on medical
resources, potential loss of life.

Possible increase in vector borne diseases due to
increased mosquito populations (i.e. dengue fever). Food
spoilage due to heat can lead to gastroenteritis and other
health issues.

Increased demand on the health system as a result of
those w ho succumb to the physical effects of disease
and gastroenteritis. Potential ongoing health issues as a
result.

Increase in summer heat impacting on physical health,
productivity and morale. This is a particular issue for
outside w orkers.

Increase in negative health effects, decrease in
productivity, increase demand for air-conditioning and
w ater. Increase in vector borne diseases w ith
concomitant loss in productivity and drain on healthcare
resources.

Increase in summer heat impacting on physical health,
productivity and morale. This is a particular issue for
outside w orkers.

Increase in negative health effects, decrease in
productivity, increase in demand for air-conditioning and
w ater. Increase in vector borne diseases w ith
concomitant loss in productivity and drain on healthcare
resources.
Increase in the dislocating effects of flood events (social,
physical, financial).

Health

Activity/outputs

Increased costs in fuel etc leads to service reduction.
Less accessibility. Greater distances betw een service
providers.

Floods present an immediate threat to the w ellbeing of
individuals and the ability to perform w ork (displacement,
w
orkplace
flooded etc.)
Drought
conditions
leading to higher dust levels in the
atmosphere, possibly more frequent dust storms. Air
pollution (particulate matter, increased ozone etc) has
deleterious effects on lung function. This is particularly an
issue for in
outside
orkers.effects of prolonged or intense
Increase
healthwrelated
heatw aves.

Increase in asthma and other respiratory conditions
related to increased airborne particulate matter. More sick
days and less opportunity to complete daily tasks.
Increased demand on the health system as a result of
those w ho succumb to the physical and mental effects of
increased heat. Heat policies may prevent people from
w orking under certain conditions meaning productivity
drops.

Bushfires present an immediate threat to the w ellbeing of Increase in the dislocating effects of bushfire events
individuals - the young and old are less able to respond to (social, physical, financial).
disaster situations.
Increased
costs in fuel etc leads to service reduction.
Increased fuel costs and less ability to access w ork and
service providers. Workplaces may suffer as a result
leading to less resources.
Mental w ellbeing and Mental w ellbeing can decline noticeably during prolonged
suicide
heatw aves and in response to dramatic climatic
occurrences. Psycho-social costs are both immediate and
ongoing follow ing climate induced disaster events. An
increase in costs associated w ith accessing assistance
may reduce the ability of individuals, particularly alreadyvulnerable individuals, from being able to reach to help
they require. Global w arming can trigger the bad thoughts
about 'don't talk to me about global w arming, it depresses
me!'
Drought and other climatic influences on industries can
impact on people's health and w ellbeing- loss of income,
loss of stock and not know ing w hat to expect in the
future can cause anxiety and depression.
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A decrease in mental w ellbeing impacts both the individual
(and their ability to undertake appropriate activities) and
the community of w hich they are a part.H3 Moderate
mental health problems can impact on community
participation and reduce community effectiveness.
Severe mental health problems are an additional draw dow n on the scarce health resources of the community.

Climate change induces changes to demands on primary
producers and others w ho lack the resources they
require to make changes or otherw ise cope may lead to
an increase in suicide. Weather changes and more
pronounced seasonality themselves may lead to an
increase in suicide.

12.4.2 Adaptive capacity, adaptation options and adverse implications/potential to benefit from implementing actions for social indicators
Table 38: Descriptions of the adaptive capacity and possible adaptive measures to reduce climate change vulnerability for the social indicators assessed.
Ind

Variable

Adaptive m easures

Adverse im plications

Potential to benefit

Internet usage

The Mid North Broadband Project w ill locate tow ers closer to internet
users to increase the reliability of the service provided.

The coverage of this project does not span across the entire region,
only the Mid-North sub region.

Faster and more reliable internet connection and speeds.

Community Planning and Development

Satellite internet provision of service.

Satellite internet can have technical limitations that may affect
usefulness and performance.
Possibility of strong support for upgrading and extending of internet
If internet usage becomes too great then it w ill potentially drain the
access. The Mid-North Broadband Project w ill enable more households community of volunteers, lessen membership numbers and lead to social
across the study region to gain access to broadband internet and
isolation as people are too busy online and not using other outlets for
provision of increased speed and reliability of the service provided.
social interaction. The cost of increased internet infrastructure is huge
Provision of publically accessible internet connections in local
and may decrease spending in other critical areas. Online shopping can
businesses and services (i.e. libraries) w ill allow greater accessibility to lead to a loss of regional expenditure and the local economy suffers as
the internet and encourages other forms of social interaction w ithin the a consequence. Increased infrastructure could potentially degrade
community. Prioritise the region for the national broadband netw ork to
environmental systems (clearance etc for tow ers) and impede on public
enhance employment opportunities and thus bolster rural community
amenity.
populations (remote employment).

Satellite internet provision removes the need for on ground
infrastructure.
Better internet provision allow s socially isolated people to be included in
online methods of netw orking, better access to climate change
information and adaptability methods and helps w ith connectedness.
Increased service provision and competitiveness in the market w ill
contribute to a low ering of cost for internet usage. The health sector
can benefit as doctors and other health professionals have immediate
access to information to aid w ith diagnosis and make informed
decisions. Some businesses (such as post offices) may benefit from
online purchases (sent via mail).

Innovation w ithin businesses w ill help to overcome climate change
impacts and provide adaptation potential. Further educational attainment
for those in at risk industries so employees can gain empoyment in other
areas should they lose their job. Provision of training to current
employees w ill help give aw areness of climate change impacts and help
employees understand mitigation methods and be innovative in coming
up w ith solutions.

Innovation can be expensive to invest in and implement. Few non-school
educational institutions exist in the region and therefore people gaining
additional educational attainment w ould be foced to move out of the
area. Training employees w ill prove costly and might futher impact on an
employers budget.

Households look for options of off-farm income. Diversification of
industries and potential value add enterprises w ithin business.

Off-farm income could lead to less w orkforce on farm, particularly in
family farms and increase demand on w orkers. Diversification and value
adding ventures can be very costly and further impact on a business.
Diversification methods may not be viable in a changing climate,
particularly if they have not be trialled before.

Innovation can provide low cost solutions and can be applied to region
specific issues. Greater educational attainment for individuals w ill allow
for greater scope w hen looking for new employment and increase the
potential for new regional occupations and industries. Training provided
by w orkplaces can influence individuals adaptation measures at a
household level and allow the business to diversify if new skills are
learned and employees have a greater understanding climate change,
it's impacts
and how
to mitigate
them. source of income for households
Off-farm
income
w ill provide
another

Regional occupation
and industries

Encourage diversification. Acknow ledge that some diversification
strategies may be more successful than others but that the process of
diversification is itself valuable in developing resilience. Education and
training the w orkplace. There is potential for more opportunities to be
created through existing jobs (value adding) such as w aste (recycling
schemes etc.).

Diversification can be costly, time consuming and divert w orkplaces
aw ay from their core business. Diversification could result in
displacement of staff if their skill base no longer matches that of the
industry and new expertise is seeked. Education and training in the
w orkplace is expensive and does not alw ays benefit the business or
employee.

Diversification allow s industries new opportunities and a potential new
source of income. Education and training increases the potential for
individuals to seek new opportunities if others are lost and assist in
mitigating climate change impacts at a w orkplace and household level.
The community believes that if training is performed locally, people may
w ant to be employed locally w hich w ill boost employment figures in the
region.

Household income

Training and education of individuals. Encouragement of those not
w orking to engage in employment. People w orking on family farms can
gain off-farm employment. Create a household buget. Relocate to an
area that is more affordable or offers more employment opportunities.

Training and education adds additional costs and may not be affordable
for already struggling households. A potential exodus of people from the
region to areas w ith more opportunities. Off-farm employment can place
more pressure on the person remaining on farm. Relocation might not
necessarily prove to be advantageous, particularly as set up costs are
expensive and uprooting someone from their community could result in
anquiety, particularly in a new area w here the person has not
established netw orks and a sense of identity.

Education and training increases employment and job opportunities and
equips people w ith know ledge and resources to make more informed
decisions. Off-farm income increases household income and can
increase the initial businesses potential to be innovative and afford
technologies to help w ith adaptation to climate change effects.
Relocation can provide people w ith increase opportunities in
employment, social netw orking, education etc.

Employment
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that may be struggling due to their reliance on an industry that is
affected by climate change. Diversification and value adding adds
potential for a new source of income and allow s people the opportunity
to stay w ithin the industry that they are passionate about.

Community Planning and
Development

Ind

Variable
Household size
(number of persons
in the household)

Adaptive m easures
Adverse im plications
More focus on shared living arrangements (i.e. community living, coMoving in to new housing or a new area can alter peoples perception of
housing) and more retirement and aged care live in facilities constructed. identitiy, particularly the elderly w ho have previously lived in the same
place for a long period of time. Costs associated w ith purchasing or
renting new property can be high. Some people's personal space might
be compramised (lack of privacy) w hich can lead to conflict w ith
neighbours.

Social Inclusion

Sense of belonging to Maintenance of existing levels of 'belonging'. Community groups need to
community
be better resourced and have access to improved infrastructure and
cost cutting features, such as solar systems (w hich should be
subsidised by government). Formal recognition of the importance of
membership to local organisations to the broader community. Support
and subsidy from local institutions such as local Councils etc. Attempt to
attract/retain youth locally. Increased support and subsidy of
organisations by broader community in acknow ledgement that the
benefit is w ider than just fulfilling the organisation's stated goals e.g. that
football club is about more than just the sporting aspect. Succession
planning for future leaders and core business of membership
organisations is important.

Leadership.

Perceived level of
crimeActual
level of crime

Assuming social capital remains strong, negative effects are likely to be
few er. How ever as netw orks often are susceptible to both external
influences, (climate change or other) and feedback loops w here good
reinforces good, or bad reinforces bad, it is extremely difficult to make a
firm projection multiple decades into the future. If youth remain in the
area, there may be few employment opportunities for them. Increased or
improved infrastructure may be reflected in fees for membership.
Sometimes money is inappropriately spent and does not reflect the
actual needs of the community. Sometimes funding arrives late and is
unable to be spent in the timelines specified so is taken back.

Potential to benefit
Provision of live in aged care facilities means that elderly couples and
lone people w ill have access to accommodation that is more suited to
their needs (i.e. smaller living areas, more suitable facilities w ithin, better
insulation and cooling). This w ill lead to a reduction in energy
expenditure. Shared living arrangements can allow sharing of resourcesinformation and physical resources w hich can aid adaptation to climate
change. Neighbours and netw orks of people living closely encourages
information sharing, bonding and other forms of social inclusion and w ill
give people greater access to resources required to combat climate
change effects.
Trust levels in the region are likely to remain high, particularly if current
memberships are maintained. Better resources could entice new
memberships. If people are formally recognised for their contribution to
local organisations, more people are likely to join. Subsidies w ill provide
benefit for organisations and individuals and encourage higher
participation rates w hich w ill increase netw orking and social inclusion.
Succession planning and training w ill ensure a pool of future leaders
and secure the organisation longer term.

Where possible, membership fees need to be minimised. The formation
of new clubs and opportunities that are free to access w ill increase
participation. More opportunities need to be made available to people
remaining in regional areas to make living in them attractive.

Minimising membership fees can mean that the clubs themselves are
More affordable for people to participate and hence a bigger
placed in financial w orry and unable to meet payments. Opening of new membership base meaning individuals have more resources to draw on
or free to access clubs may place pressure on existing clubs as they
during change.
compete for membership.

Develop and encourage leadership and succession initiatives.
Financially rew ard people for their effort. Leaders need resources to
lead w ith. Peer support and training and education programs.

Financial rew ards may attract someone to the role for the w rong
reasons. If financial incentives are given, leadership roles may be very
competitive and cause tension betw een community members, therefore
lessening the social capital. Paying leaders w ill likely increase
membership costs for organisations as a means to afford the new costs
and might mean an organisation has to cut funding elsew here (i.e. for
some adaptation techniques, such as new air conditioners etc.).

New leaders can contribute to new and innovative ideas and give the
community a better chance of adapting to climate change impacts. New
leaders can contribute to a w ider range of people w ho experience a
sense of belonging by bringing a new netw ork of people w ith them or
experiencing a sense of belonging that w as previously not present. A
stronger leadership base w ill be more effective in times of disaster,
such as floods and fire, and be more able to effectively netw ork w ith
other leaders to gain greater resources and communicate more
effectively w ith the community.

Succession planning. Youth need to feel valued and an important part of Training and mentoring young leaders might be in vain if they leave the
the process. Mentoring programs so the ageing can encourage and
region shortly after (high youth exodus in the study region). Young
assist younger generations to become leaders.
people may be lacking in experience and may have less access to
resources.

Young people often have better education for using technology and w ill
be more able to netw ork w ith people in a range of means (online, faceto-face, text messages etc.) w hich w ill contribute to greater information
sharing, particularly in times of disaster w hen a quick response is
needed.

Education about crime as people in the study region seem to be rather
complacent. Additional police and security must be available follow ing a
disaster.

More education about crime could further prevent incidents such as pety
theft as people are more vigilent w ith their posessions. This w ould
reduce the crime rate further. Low levels of crime increase trust in the
community w hich w ill increase memberships, bonding and netw orks- a
resource for combatting climate change impacts.
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Too much emphasis on crime may enhance community fear. Additional
resources to combat crime are expensive and may be detracted from
areas w here they are more greatly needed. Uptake of education may be
low due to the current complacency of the community and perception
that crime is not a major issue.

Emergency Management

Social
Inclusion

Ind

Variable
Aboriginal and other
minority cultural
groups

Adaptive m easures
Aboriginal and other groups likely to be encouraged to undertake and or
partner in appropriate climate change mitigation activities. Resources
about the possible effects of climate change and mitigation activities
need to be provided in a number of different languages and forms to
cater for the w ider community.

Adverse im plications
The cost of producing resource material w ould be high and need to be
region specific. Mitigation activities may not align w ith traditional or
cultural beliefs.

Potential to benefit
Provision of resources and meaningful engagement w ill contribute to
social inclusion of cultural groups and act as another resource for
information and about climate change mitigation strategies. A w ider
community understanding w ill help contributte to collective action w hich
is likely to have a far better outcome than people w orking in silos.

Volunteerism - and
the volunteer
population.

Encourage vigorous and inclusive recruitment campaigns. Consider the
deployment of a paid emergency service. Consider the amalgamation of
emergency services to maximise use of resources (including staff).
Encourage non-traditional volunteers - w omen, non-Anglo-Saxon,
'junior brigades'. Make use of non-operational volunteers in support
capacities so as to retain older volunteers.

People in management positions w ont listen to locals. There are too
many regulations, particularly to become an emergency response
volunteer (18 months training for ambulance officers). No staff are
available on high risk fire days. Some young and inexperienced
volunteers might not be mentally prepared for disaster scenes. Paid
emergency service positions w ill have to be monitored- could potentially
lose the volunteer base if some people are being paid and others not.
Being asked to conform to rigid regulations or traditions that have no
apparent meaning or purpose for some people.

A larger base of people to draw volunteers from, particularly in disaster
situations. Volunteering benefits the community in times of need and
increases social capital through bonding, netw orking and developing a
sense of trust in the community. Retaining the ageing population in the
volunteering sphere helps to keep them active and involved in the
community. Volunteer training can increase the know ledge base of the
region and equip people w ith new skills that could be transferrable in to
employment options.

Changes in the
community being
served, and the
services provided.

Monitor needs and expectations of the community. For example, an aged
community w ill have significantly greater requirements from the
emergency services in response to most disaster situations than a
younger and more able population might. Ensure needs and responses
are w ell matched. Ensure volunteers are w ell trained and up-to-date in
appropriate response requirements.

Distance issues can increase response time, particularly for volunteers
w ho are not manning a station. Training requirements and associated
costs (travel, time aw ay from w ork etc.) can limit people's ability to
commit. Too many resources focussing in one area can detract from
other vulnerable groups. Decreasing resources (i.e. w ater) limit the
potential of some emergency response units (i.e. fire trucks).

Better education and resourcing allow s faster and more effective
emergency responses. Monitoring community needs ahead of time w ill
help w ith allocating resources and makign predictions ahead of time
w hich leads to more effective emergency response.

Resourcing and
governance.

Monitor changing needs and ensure that bodies supporting emergency
services are both aw are and responsive to changing circumstances.
Prepare for high levels of uncertainty. People on the ground
(households) need resources to better equip for times of disaster so
sole reliance does not lie w ith emergency response personnel. It is
important that vertical information and resource flow s are effectively
enabled betw een the various tiers of government. Financial resources
need to be available and appropriately allocated. Education about climate
change and government structure at a ground level is seen as integral.
Alternative energy sources and the use of technology is important to
best equip emergency responses w ith resources they need.
Appropriate planning procedures need to be in place to deal w ith
disasters- this includes predicting population levels for the future.
Regulatory controls on population levels, buildings etc. w ill help in times
of potential disaster.

There is a risk of over governance. Leaders and people in management
positions may not act out of fear of making the w rong decision. Many
leaders in high positions do not fully understand or believe that climate
change is a threat. Resources at a household level may be too
expensive and not attainable for a vast amount of the population.

Ensuring effective governance processes both horizontally and
vertically w ill help to prevent service and know ledge gaps, and w ill
encourage multifaceted and w ell-informed responses. Education and
equipping w ith resources at a household level may decrease the
reliance on emergency services in times of distress or disaster. More
functional and dynamic coordination across and betw een local councils
and other local entities, to ensure that information, services and
resources are effectively deployed across the study region.
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Education

Ind

Variable
Level of education.

Adaptive m easures
Adverse im plications
Ensure provision of the highest possible education levels locally.
Lack of transport and young people w ithout licences and cost inhibitors
Encourage and facilitate use of distance and online education programs. may limit accessibility to educational options.
Encourage on the job education and training opportunities, particularly
for the agribusiness industry. Encourage incentives for people w ho
complete year 12 studies. Generally it is believed that baseline education
levels need to be raised to increase literacy and numeracy, particularly
for school leavers.

Potential to benefit
A more skilled w orkforce, particularly in agribusiness w hich w ill assist
in innovation and adaptation techniques. More skills w ithin the study
region mean more resources for communities to draw on for adaptation
and mitgating climate change impacts. A broader skill base allow for
diversification of the regions industries if climate change impacts on the
existing industries. Education and aw areness-raising enables people to
make w ell-informed, long term, sustainable decisions about climate
change.

Lobby to government for an increase in grant and scholarship
opportunities for people from regional areas w ho pursue further
education. Hold group w orkshops and seminars w hich are more
affordable.

Scholarships and grants w ill encourage greater participation in nonschool education and w ill particularly assist those w ho are already
disadvantaged. Workshops and seminars w ill contribute to educational
needs and help inform people about climate change and potential
mitigation methods as w ell as contribute to social inclusion through
bonding and netw orking.

Access to education Increase accessibility to educational facilities, by use of internet, mobile
facilities
providers or other locally adapted methods. There is a regional push for
institutions to deliver training and education options beyond the
metropolitan area w hich includes training for people already in
employment. Training and education needs to be regional specific and
tailored to meet the needs of industries and people. A recognition
system for employers w ho contribute to training outputs w ill hopefully
encourage uptake of on job training. Public transport systems w ill
increase accessibility to available institutions and training in schools so
students can obtain L plates w ill increase the amount of young people
w ih a licence.

Retaining young
people

The quality and cost of training and education differs betw een providers
and learnings can be inconsistent. Extra competition in provision of
education may force some providers out. Currently there is not sufficient
funding to implement many adaptive measures.

Online and other means to be educated besides face to face options
allow s greater accessibility and hence more people are able to learn and
gain know ledge resources. Training can be regulated w ith appropriate
processes. Competitiveness amongst provides might drive dow n the
cost to participate. If people are 'falling through the gaps' in schools,
then online learning can contribute to filling the gaps. Learning allow s
people to be more resourceful, efficient and increase innovation w hich
positively increases people adaptive capacity. Tailored training and
education programs contribute to industries and occupations in the area
and can lead to new innovation, diversification and more efficiencies
plus boost employment opportunities.

More public transport options for people participating in education and
training. Online and alternative access options for those located beyond
public transport and grants and scholarships to make educational
attainment more affordable.

Few people are available to drive public transport. Online education and
training contributes less to local social capital as people are not in the
community bonding. This removes an important resource for people
needing to adapt to change.

Public transport allow s cheaper alternatives to driving personal vehicles
and increasing household spending. Scholarships and grants allow
greater flexibility and accessibilty of education to people w ho may
otherw ise be unable to afford it. Face to face education contributes to
social capital by creating a learning environment and bonding.

Conscious development of programs to employ and retain youth.
Increase public facilities and services (such as sport facilities) and make
regional living attractive. Communities need to be more accepting of
young people and make them feel like they belong in the community.
More public transport options need to be made available so youth can
access services w ithin the region and educational facilities. Local media
need to adapt and view youth more positively (currently focus too
heavily on drink driving, vandalism etc.).

Money and resources that are youth focussed and youth centric mean
the ageing population may miss out. Increasing public facilities and
services w ill be costly and may show no benefit. If opportunities are not
made available to youth then they w ill be the ones w ho are affected
long term and it may limit their future potential.

If the media show positive youth messages then there may be w ider
acceptance of youth over the region. More transport gives youth more
access to education and training to gain know ledge resources and
contribute to the social capital through bonding. More resources and
netw orks enables adaption to take place. A lack of youth keeps the old
people active through the need to get involved and contributes to social
w ellbeing for the elderly.
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Ind

Variable
Access to medical
care

Adaptive m easures
Greater use of air-conditioning, greater draw on w ater supplies.
Improved and targeted local health care systems. Monitoring of know n
vectors, control programs w here appropriate, and public education
systems regarding the relevant diseases .

Adverse im plications
Greater energy consumption and w ater usage- increase in household
running costs. State w ater availability drops. Heightened public
aw areness can cause fear.

Potential to benefit
Less impact on public health and therefore demands on the health
system drop. Greater public aw areness can lead to changed practices
that minimise the potential effects.

Greater use of air-conditioning, greater draw on w ater supplies.
Improved and targeted local health care systems. Monitoring of know n
vectors, control programs w here appropriate, and public education
systems regarding the relevant diseases .

Greater energy consumption and w ater usage- increase in household
running costs. State w ater availability drops. Heightened public
aw areness can cause fear.

Less impact on public health and therefore demands on the health
system drop. Greater public aw areness can lead to changed practices
that minimise the potential effects.

Health

Creation and implementation of flood management systems, creation and The process w ould be expensive to implement.
implementation of disaster (flood) response systems.
Improved local health care programs. Monitoring and public w arning
program for air particulate matter.

Heightened public aw areness can cause fear. Less time spent outdoors- Greater public aw areness can lead to changed practices that minimise
this could affect other sectors, such as sport and recreation, and social the potential effects. Aw areness can lead to early detection of
inclusion (less netw orking in the community).
symptoms and lessen the extent of the impact.

Improved and targeted local health care systems.

Costly and could divert spending aw ay from other priority areas.

Implementation of bushfire response systems.

Emergencies can be anticipated as likely to occur, but their scale, timing
and location are unknow n. Costly process.

Potential for subsidy of fuel costs. Public transport options made
available.

Age

Greater public aw areness can mean people are aw are of the w arning
signs in advance and able to remove themselves from the situation or
minimise the impact.

Health care systems are better equipped to deal w ith localised issues
and able to respond efficiently.

Emergency response systems can respond more efficiently and
effectively in times of disaster. Local hazards can be identified early
and mitigation measures put in place.
Depending on the health issue, public transport could infect others w ith Greater and cheaper access to medical facilities. Allow s household
their condition. Few volunteers available to drive public transport- w ould income to be spent in other priority areas. Potential for netw orking and
have to be a paid position, w hich could prove costly.
bonding on public transport

Improved local health care systems.

A costly process and w ill not be effective if people cannot access.

Health care systems are better equipped to deal w ith localised issues
and able to respond efficiently.

Improved management of the food transport cold chain. Improved food
hygiene practices. Improved management and contagious disease.
Education programs for households.

Increased business costs- businesses are already more likely to be
'struggling' w ith other increasing prices.

Businesses and individuals are more aw are of the potential dangers and
can put measures in place to mitigate the effects.

Improved local health care systems. Greater use of air conditioning.
Public transport for aged to access health facilities. Building regulations
(design- best use light, shade, use of insulation etc.). Community
education, specifically via community leaders and champions. This can
lead to cultural and behavioural change (more family members
accountable for their loved ones, the use of technology and internet).
Community living arrangements-the aged move in to more sustainable
housing that doubles as a care facility. Emergency management planning
specifically targeted at the aged. Transport improvements. Health,
fitness, nutrition and resilience education.

Increased cost of living. Increased carbon emissions. Greater risk of
infection (air-conditioners). Risk of the aged becoming too reliant on
adaptive measures (i.e. air conditioners). Increased health issues as a
result of not going outside in to elements (vitamin D deficiency, asthma
increased because of a lack of exercise etc.). The cost of housing
regulations is likely to be too high for households. Increasing internet
usage for access to health information may further slow the connection
speed. People may not choose to accept adaptive and behavioural
change. Many adaption techniques expensive. Moving people off of the
land is difficult because in many cases it has been in the family for
generations and the aged have a sense of connection and belonging to
it- it helps form their identity. This could negatively affect mental health.

More jobs in the aged care and health sectors increases economy and
household income. Health programs and education can improve health
and life expectancy and decrease the demand on the health system.
Community housing options might decrease emissions and household
spending (more environmentally friendly and efficient, especially for
limited number households) and can increase bonding opportunities.
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Ind

Variable
Activity/outputs

Adaptive m easures
Greater use of air-conditioning, greater draw on w ater supplies.
Improved and targeted local health care systems. Monitoring of know n
vectors, control programs w here appropriate, and public education
systems regarding the relevant diseases. Heat policies introduced in to
w orkplaces.

Adverse im plications
Greater energy consumption and w ater usage- increase in household
running costs. State w ater availability drops. Heightened public
aw areness can cause fear. Heat policies may introduce a system for
w orkers to be sent home meaning less household income and less
resources to draw on.

Potential to benefit
Less impact on public health and therefore demands on the health
system drop. Greater public aw areness can lead to changed practices
that minimise the potential effects.

Greater use of air-conditioning, greater draw on w ater supplies.
Improved and targeted local health care systems. Monitoring of know n
vectors, control programs w here appropriate, and public education
systems regarding the relevant diseases. Heat policies introduced in to
w orkplaces.

Greater energy consumption and w ater usage- increase in household
running costs. State w ater availability drops. Heightened public
aw areness can cause fear. Heat policies may introduce a system for
w orkers to be sent home meaning less household income and less
resources to draw on.

Less impact on public health and therefore demands on the health
system drop. Greater public aw areness can lead to changed practices
that minimise the potential effects.

Health

Creation and implementation of flood management systems, creation and The process w ould be expensive to implement.
implementation of disaster (flood) response systems. Workplace policies
relating to expectations during a flood situation.

Greater public aw areness can mean people are aw are of the w arning
signs in advance and able to remove themselves from the situation or
minimise the impact.

Improved local health care programs. Monitoring and public w arning
program for air particulate matter.
Improved and targeted local health care systems and heat policies for
w orkers, particularly those that w ork outdoors.

Heightened public aw areness can cause fear. Less time spent outdoors- Greater public aw areness can lead to changed practices that minimise
this can effect other sectors, such as sport and recreation, and social the potential effects. Aw areness can lead to early detection of
inclusion
(less
netw
orking
in the community).
symptoms
lessenare
thebetter
extentequipped
of the impact.
Costly
and
could
divert
spending
aw ay from other priority areas.
Health
careand
systems
to deal w ith localised issues
and able to respond efficiently. Heat policies minimise employees
exposure to climate change stressors.

Implementation of bushfire response systems.

Emergencies can be anticipated as likely to occur, but their scale, timing
and location are unknow n. Costly process.

Potential for subsidy of fuel costs. Public transport options made
available so people can continue to access w orkplaces and services.

Depending on the health issue, public transport could infect others w ith Greater and cheaper access to medical facilities. Allow s household
their condition. Few volunteers available to drive public transport- w ould income to be spent in other priority areas. Potential for netw orking and
have to be a paid position, w hich could prove costly.
bonding on public transport

Mental w ellbeing and Reduce the effects of heatw aves by use of air-conditioners. Ensure
Additional air-conditioner usage increases household expenditure
suicide
that local health care providers are aw are of increased mental health
(pow er usage). A reliance on being indoors w ill create barriers for
risks and that they have the resources needed to respond appropriately. social interaction (not leaving the home to netw ork and bond).
Increase of provision of mental health services and ensuring that
access is enabled for all members of the community. Education in the
community.
Ensure that local health care providers are aw are of increased mental
Many mental health sufferers do not seek help and therefore increased
health risks and that they have the resources needed to respond
services w ill not necessarily be of any benefit.
appropriately. Increase of provision of mental health services and
ensuring that access is enabled for all members of the community.
Specific education and aw areness programs targeted at the most at risk
industries.
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Emergency response systems can respond more efficiently and
effectively in times of disaster. Local hazards can be identified early
and mitigation measures put in place.

Minimising the impact of heat on individuals w ill decrease negative
mental w ellbeing. A specific mental health program and service w ill help
identify at risk individuals and minimise impacts before they w orsen.
Community education programs w ill help family and friends recognise
symptoms and assist the sufferer in seeking help.
A specific mental health program and service w ill help identify at risk
individuals and minimise impacts before they w orsen. Community
education programs w ill help family and friends recognise symptoms
and assist the sufferer in seeking help.

12.4.3 Vulnerability matrix results for the social capital
The scores for exposure, sensitivity, potential impact, adaptive capacity and vulnerability to
climate change for each of the social capital variables and are shown in Table 39 below.
Table 39: Allocated scores for exposure (E), sensitivity (S), potential impact (PI), adaptive capacity (AC)
and vulnerability (V) for the social indicators assessed.
Indicator

Variable

Climate exposure

Com m unity
Planning and
Developm ent

Internet usage

Increased heatw ave frequency (52%) and
Increased bushfire frequency (55% for extreme
FFID) and intensity
Combined climate change stressor score

E Score S Score PI Score

AC
Score

V Score

3.00
2.00

2.00
2.00

5.00
4.00

7.00
7.00

8.00
7.00

2.00
2.33
3.00
3.00
3.00
3.00
3.00
2.00
1.00
2.00
1.67
2.00
2.00
2.40
2.00
2.00
2.00
2.00
4.00
3.00
2.00
2.00
2.00
2.00
2.25

3.00
2.33
4.00
3.00
3.50
3.00
3.00
2.00
4.00
2.00
2.67
3.00
3.00
2.90
3.00
2.00
2.50
4.00
3.00
3.50
2.00
2.00
2.00
2.00
2.50

5.00
4.67
7.00
6.00
6.50
6.00
6.00
4.00
5.00
4.00
4.33
5.00
5.00
5.30
5.00
4.00
4.50
6.00
7.00
6.50
4.00
4.00
4.00
4.00
4.75

6.00
6.67
5.00
5.00
5.00
6.00
6.00
6.00
5.00
4.00
5.00
6.00
6.00
5.73
5.00
4.00
4.50
5.00
6.00
5.50
7.00
7.00
5.00
5.00
5.50

9.00
8.00
12.00
11.00
11.50
10.00
10.00
8.00
10.00
10.00
9.33
9.00
9.00
9.57
10.00
10.00
10.00
11.00
11.00
11.00
7.00
7.00
9.00
9.00
9.25

Combined climate change stressor score

3.00

3.00

6.00

4.00

12.00

Combined climate change stressor score

3.00
3.00

3.00
4.00

6.00
7.00

4.00
6.00

12.00
11.00

3.00
2.00
2.00
2.67
2.00
1.00
1.50
2.00
2.00
2.00
3.00
3.00
2.17
3.00

4.00
3.00
3.00
3.33
3.00
2.00
2.50
4.00
4.00
4.00
4.00
4.00
3.50
3.00

7.00
5.00
5.00
6.00
5.00
3.00
4.00
6.00
6.00
3.00
7.00
3.50
3.50
6.00

6.00
5.50
5.50
5.17
5.50
5.00
5.25
5.00
5.00
5.00
5.00
5.00
5.08
7.00

11.00
9.50
9.50
10.83
9.50
8.00
8.75
11.00
11.00
11.00
12.00
12.00
10.58
9.00

2.00

3.00

5.00

7.00

8.00

2.00

1.00

3.00

5.00

8.00

1.00

1.00

2.00

6.00

6.00

3.00
3.00

2.00
3.00

5.00
6.00

4.00
7.00

11.00
9.00

1.00
3.00
1.00
2.11
4.00
4.00
3.00

2.00
3.00
2.00
2.22
4.00
4.00
3.00

3.00
6.00
3.00
4.33
8.00
8.00
6.00

8.00
4.00
4.00
5.78
7.50
7.50
7.00

5.00
12.00
9.00
8.56
10.50
10.50
9.00

2.00

3.00

5.00

7.00

8.00

2.00

1.00

3.00

5.00

8.00

1.00

2.00

3.00

6.00

7.00

3.00
3.00

3.00
2.00

6.00
5.00

5.00
7.00

11.00
8.00

Variable Average
Average Score for Indicator

1.00
2.14
3.00
1.00
2.00
2.56

1.00
2.14
2.00
3.00
2.50
2.72

2.00
4.29
5.00
4.00
4.50
5.28

8.00
6.43
4.00
4.00
4.00
5.93

4.00
7.86
11.00
10.00
10.50
9.35

Final score for bottom line

2.41

2.99

4.97

5.48

9.92

Variable Average
Employment

Combined climate change stressor score
Secondary climate change impact score

Variable Average
Regional occupation and industries
Variable Average
Household income

Combined climate change stressor score
Price on carbon
Combined climate change stressor score
Secondary climate change impact score

Variable Average
Household size (number of persons in the household)
Variable Average
Average Score for Indicator
Social Inclusion
Sense of belonging to community
Variable Average
Leadership
Variable Average
Perceived level of crime and actual level of crime
Variable Average
Aboriginal and other minority cultural groups
Variable Average
Average Score for Indicator
Em ergency
Managem ent

Volunteerism - and the volunteer population

Variable Average
Changes in the community being served, and the
services provided
Variable Average
Resourcing and governance
Variable Average
Average Score for Indicator
Education
Level of education
Variable Average
Access to education facilities
Variable Average
Retaining young people
Variable Average
Average Score for Indicator
Health
Access to medical care

Combined climate change stressor score

Combined climate change stressor score
Secondary climate change impact score
Combined climate change stressor score
Secondary climate change impact score
Combined climate change stressor score
Combined climate change stressor score

Combined climate change stressor score

Combined climate change stressor score
Secondary climate change impact score
Combined climate change stressor score
Secondary climate change impact score
Combined climate change stressor score

Summer Nov - Apr temp increases of 0.87-0.81oC
for the Southern Flinders and Mid-North
Summer Nov - Apr temp increase of 0.69-0.75oC
for the Yorke Peninsula and Barossa
Winter May - Oct rainfall decrease of 8.4-8.8% for
the Mid-North, Yorke Peninsula and Barossa
Summer Nov - Apr rainfall decrease of 3.3-3.7%
across all sub-regions
Increased heatw ave frequency (52%) and
Increased bushfire frequency (55% for extreme
FFID) and intensity
Price on carbon
Combined climate change stressor score
Secondary climate change impact score

Variable Average
Age
Variable Average
Activity/outputs

Combined climate change stressor score
Summer Nov - Apr temp increases of 0.87-0.81oC
for the Southern Flinders and Mid-North
Summer Nov - Apr temp increase of 0.69-0.75oC
for the Yorke Peninsula and Barossa
Winter May - Oct rainfall decrease of 8.4-8.8% for
the Mid-North, Yorke Peninsula and Barossa
Summer Nov - Apr rainfall decrease of 3.3-3.7%
across all sub-regions
Increased heatw ave frequency (52%) and
Increased bushfire frequency (55% for extreme
FFID) and intensity
Price on carbon

Variable Average
Mental w ellbeing and suicide

Increased heatw ave frequency (52%) and
Secondary climate change impact score
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The above data were summarised to show the final scores for the components of vulnerability for
each indicator (Table 40 and Figure 100 below).
Table 40: Summary table of exposure, sensitivity, potential impact, adaptive capacity and vulnerability
scores for the social indicators.
Indicator

Exposure Sensitivity Potential Adaptive Vulnerability
Impact Capacity

Com m unity Planning and Developm ent
Social Inclusion
Em ergency Managem ent
Education
Health

2.40
2.25
2.67
2.17
2.56

2.90
2.50
3.33
3.50
2.72

5.30
4.75
6.00
3.50
5.28

5.73
5.50
5.17
5.08
5.93

9.57
9.25
10.83
10.58
9.35

Final score for bottom line

2.41

2.99

4.97

5.48

9.92

Low
>1 - 2
>2 - 4
>2 - 4
>3 - 7

Medium
>2 - 3
>4 - 6
>4 - 6
>7 - 11

High
>3 - 4
>6 - 8
>6 - 8
>11 - 15

Very high
>4 - 5
>8 - 10
>8 - 10
>15 - 19

Score description:

Very low
0 -1
Im pact
0-2
Adaptive capacity
0-2
Vulnerability
0-3

Exposure and sensitivity

12.00

10.00
8.00
6.00
4.00

Exposure

2.00

Sensitivity

0.00

Potential Impact
Adaptive Capacity
Vulnerability

Figure 100: Exposure, sensitivity, adaptive capacity and vulnerability scores for the social indicators
assessed.

12.4.4 Vulnerability matrix results integrated
The integrated results compare the assessment scores for each of the three triple bottom line
dimensions detailed above. Scores are shown below in Table 41 and plotted as a bar chart in
Figure 101, and a spider and Venn diagram in Figure 102. The Venn diagram shows the
integrated nature of the study and highlights how although there are issues specific to the
environmental, economic and social capitals, there will be numerous issues that interact with
each other within the context of climate change. The area of each circle represents the relative
size of the vulnerability for each dimension according to the allocated score. All vulnerability
scores are out of a potential maximum score of 19.
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Table 41: Summary table of exposure, sensitivity, potential impact, adaptive capacity and vulnerability
scores for each of the environmental, economic and social bottom line dimensions.
Bottom line

Exposure Sensitivity Potential Adaptive Vulnerability
Impact Capacity

Environmental
Economic
Social

3.04
2.51
2.41

Score description:

Very low
0 -1
Im pact
0-2
Adaptive capacity
0-2
Vulnerability
0-3

Exposure and sensitivity

3.73
3.11
2.99
Low
>1 - 2
>2 - 4
>2 - 4
>3 - 7

6.77
5.57
4.97
Medium
>2 - 3
>4 - 6
>4 - 6
>7 - 11

3.20
6.23
5.48
High
>3 - 4
>6 - 8
>6 - 8
>11 - 15

13.58
9.35
9.92
Very high
>4 - 5
>8 - 10
>8 - 10
>15 - 19

16.00

14.00

12.00

10.00

Exposure
Sensitivity

8.00

Potential Impact
Adaptive Capacity

6.00

Vulnerability

4.00

2.00

0.00
Environmental

Economic

Social

Figure 101: Exposure, sensitivity, adaptive capacity and vulnerability scores for each of the
environmental, economic and social bottom line dimensions.
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Figure 102: (Left) Spider diagram showing the exposure, sensitivity, adaptive capacity and vulnerability
scores for each of the environmental, economic and social bottom line dimensions; (Right) Venn diagram
showing the vulnerability of each of the three capitals to climate change. The area of each circle shows the
relative size of the score for each dimension.

12.5 DISCUSSION OF VULNERABILITY MATRIX RESULTS
Before considering the results of the vulnerability matrix analysis, there are number of important
points to be aware of in the analysis.
First, the matrix methodology aimed to provide a rigorous, transparent framework on which to
base the allocation of scores for exposure, sensitivity and adaptive capacity so that the resulting
vulnerability of the selected variables might be comparable. In addition, the scores allocated
were based on an extensive literature review, technical input and local knowledge. However, the
scores are still subjective in nature and variables may easily have been allocated different scores
on another day by the same group or by other individuals replicating the process. In addition,
limitations in knowledge and the complexity of interrelationships between various variables
means that nobody has a complete understanding of the full ramifications of climate change
across such a diverse geographical area.
Secondly, the analysis was focussed on changes in the climate that are expected by the year
2030. Between 2011 and 2030, the changes in the climate relative to what might be expected by
the end of the century are not expected to be as large as those we will see in later decades due
to the non-linear nature of climate changes. For this reason a simple extrapolation of the results
for this analysis may not hold true when considering longer time frames. For example sea level
rise in the region is expected to be about 15-20 cm compared to 1990 levels and so there is
limited impact by 2030 on road infrastructure because of historical and current planning
constraints. However, a sea level rise of over one metre by the end of the century (or more) will
have significantly larger impacts on existing infrastructure and so will need to be considered now
as the relocation of existing and construction of new infrastructure may well have a life span that
means it will be subjected to future inundation. In addition, the capacity of a system to adapt to
the greater impacts may not be as good as it is to smaller changes. For example, an animal has
a certain capacity to adapt to increased temperature by changing some of its behavioural
patterns but beyond a certain level it will be constrained by its genetic makeup. Changes to the
frequency of an event will also at some point bring about a tipping point that results in ecological,
social or economic collapse due to the failure of the system to adapt. An example of this type of
change is a persistent drought extends long enough to require a change to the underlying
agricultural enterprise from cropping to grazing with the associated reduction in income to the
farmer and community. Or, a series of intense bushfires that come too frequent for the original
woodland to re-establish and results in the conversion of the area to a different ecosystem,
potentially one that is more grass dominant. The timing of these tipping points is impossible to
predict and can be the result of a smaller incremental change in the climate or an extreme event
made worse by climate change.
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Finally, it is not possible at a regional scale to identify isolated spatial areas of high or low
variability within the same indicator. For example, buildings generally have a low sensitivity to
climate change. However, if the building is sited close to an erosive cost then its sensitivity to sea
level rise will be very high. It is important therefore when considering the results to bear in mind
that within the same indicator there will be some spatial areas that are more vulnerable than
others. Likewise, within an economic sector or vegetation community, there will be some specific
industries or species that will be more vulnerable than others, both because of their spatial
location within the region but also because of the sensitivity and adaptive capacity to the climate
change stressors. Again, without determining the responses of each and every component of the
system it is difficult to allocate a score that is representative of all the variables within each of the
three capitals. It is recommended that the specific sections of the report that describe each of the
indicators is read in conjunction with the results described here so as to get a more
comprehensive understanding of the issues involved.
Considering the above points, the scores calculated for vulnerability in the matrix analysis
provide interesting and for the most part intuitively accurate results. The environmental capital of
the region ranked as the most vulnerable due to the high sensitivity of ecosystems to the climate
changes that are expected to continue at a rate that exceeds the capacity of most organisms to
evolve. In addition, most ecosystems have a low adaptive capacity, particularly those that are
under additional pressure from other human impacts such as vegetation clearing, pollution, water
extraction and changes to weed, pest and disease incidence in response to climate change.
Natural ecosystems that are bounded by landscapes modified for urbanisation or agriculture
have no capacity to shift higher, landward or poleward to colonise areas that may be more
climatically suitable. In particular, fragmented landscapes separated by highly modified land that
is not easily remediated do not have the corridors required for movement of climatically stressed
species and so are considered the most vulnerable indicator of the analysis. The study region is
characterised by its high level of fragmentation.
Regional native fauna also ranked as very highly vulnerable because of their current poor
conservation status that leads to high sensitivity and very low adaptive capacity. Adaptive
capacity is also constrained by the extremely fragmented landscape of the study region. Human
intervention, to support fauna species of particular conservation concern, has to date had little
success in halting the decline of fauna species. This failure can be attributed to a variety of
factors, including the scientific complexity of managing species and associated ecosystems, and
the high level of investment of time and resources required to recover species, issues that are
expected to become even more pressing with future climate changes.
Regional native flora also ranked as highly vulnerable to the expected climate changes, for
similar reasons as those detailed for fauna. The adaptive capacity of native flora is marginally
higher than that for fauna because of the options for appropriate propagation and revegetation,
and other adaptive techniques discussed in this report.
Regional native vegetation communities were also highly vulnerable, although as noted in the
report, the vulnerability amongst vegetation types varied widely. Some vegetation types, by their
intrinsic nature, are highly opportunistic and will adapt better to climate change. Assisted
adaptation, through revegetation programs, is restricted by a lack of capacity to recreate
vegetation that performs the same ecological function as naturally occurring remnant vegetation
types.
Water dependent ecosystems were also highly vulnerable, particularly those reliant on surface
water that is currently highly limited and likely to be significantly reduced even in the next 20
years as a result of reductions in rainfall and the compounding reductions in surface runoff.
Whilst adaptive capacity for these ecosystems was still rated as low, it was recognised that
careful management of this resource (through appropriate water allocation planning) may allow
for a managed adaptive response. However, the realisation of this response may be tempered by
the conflicting demands of other water use, especially in a climate change context.
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As would be expected, because of the limited and degraded status of both surface water and to a
lesser extent ground water, and the expected decreases in rainfall and runoff over the
assessment period, these two indicators were also ranked as highly vulnerable to expected
climate changes by 2030.
Demand constraints, or the amount of water demanded by humans was the environmental
indicator with the lowest vulnerability due to its relatively higher adaptive capacity. Demand for
water for human use can be reduced via improvements in water efficiency, recycling of storm
water and use of water that has been desalinated.
On average, the economic capital of the region was less vulnerable than the environmental
capital because of a generally high adaptive capacity and slightly reduced sensitivity. The only
sectors that scored as highly vulnerable were the commercial wild catch fisheries and
aquaculture. As with the high vulnerability for native fauna, both of these industries are
dependent on species that rely on habitats and environmental conditions to which they have
evolved. In the Central Local Government region all aquaculture is offshore and so is subjected
to the same climate stresses as the wild fishery including increases in ocean temperature,
increased ocean acidity and reduced stream flow from the land for nursery habitat and nutrient
input. However, aquaculture is a somewhat controlled system and so its adaptive capacity was
scored marginally higher than the wild fishery. In addition, because of the greater boat distances
covered by wild catch fishing, the commercial wild fishery was considered more sensitive to a
price on carbon and therefore increases in fuel costs.
Compared to the environment and fisheries dependant industries, agricultural enterprises have a
greater adaptive capacity to the changes expected in the climate by 2030. Agricultural
enterprises are able to tactically make alterations to management within the season to manage
climate events as they occur and so are generally more robust. However, in some regions where
tactical management changes will not suffice, agriculture will be more vulnerable. In the Central
Local Government Region tree crops, broad-acre crops and viticulture were considered to be
more vulnerable to climate change than livestock systems because there are more options for
livestock management during a growing season and over the longer period than for a crop. Stock
can be supplementarily fed, numbers can be reduced and individuals can be moved around. In
contrast, tree crops and vines are long-lived agricultural investments that are not mobile and so
will be more sensitive to longer changes in the climate as well as extreme events such as frost,
fire or heat wave.
Manufacturing was the only other indicator apart from commercial fisheries and aquaculture in
the economic capital that scored as highly vulnerable, a function of a high and very high
sensitivity to a price on carbon and the reliability of electricity supplies respectively and a medium
adaptive capacity. Much of the manufacturing in the region is dependent on agriculture (e.g. food
and wine production) and so will be affected by changes in crop production levels and quality of
produce. In addition, manufacturing will likely be stressed by other changes in the climate as
well, including direct impacts from heatwaves on workers, cold storage facilities and temperature
dependant manufacturing activities, and secondary impacts from rising energy costs and
reduced water supplies.
Apart from telecommunications (that was scored as having a low vulnerability to climate change)
the remaining indictors were assessed as moderately vulnerable although with minor differences
in their exposure, sensitivity and adaptive capacity. Retail trade as a ‘downstream’ industry relies
heavily on the economic health of the region and so was considered the next most vulnerable
indictor of the economic capital in this study. Although direct effects of heatwaves may affect
visitation and food storage, it will be the secondary or indirect impacts of reduced consumer
spending in response to reductions in profitability of other sections of the economy that will
probably have a largest impact. Compared to personal services that are usually considered
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essential in nature (health, business, financial etc.), retail trading is more often based on
discretionary spending and for that reason is more likely to be affected.
Industries where workers, resources or infrastructure have a relatively higher sensitivity or lower
adaptive capacity to changes in the climate (mining, construction and engineering, electricity
supply) ranked slightly lower in vulnerability although still moderate. For the energy supply, it is
expected that an increase in the frequency and intensity of heatwaves and bushfires, coupled
with increases in peak energy demand will increase the likelihood of supply failures. For mining
and construction, heatwaves are likely to affect outdoor workers and reductions in the reliability
or increases in the cost of energy and water will possibly create problems. In addition, the mining
industry is considered highly sensitive to a price on carbon. Processing activities are considered
to have a higher degree of vulnerability compared to extractive activities due to their greater
energy and water requirements. Each of these latter indicators (mining and construction and
engineering), is expected to have medium adaptive capacity.
For infrastructure, rail lines are sensitive to heatwaves in particular and considered to have less
adaptive capacity than roads to future changes in the climate because of their very high
sensitivity to heat waves and bushfire. Ports / wharves and jetties are obviously highly sensitive
to sea level rise and coastal erosion although it is expected that adaptive measures necessary by
2030 should be minimal. Water infrastructure in the region was considered more vulnerable than
roads and buildings mainly because much of it was laid in the 1960s and is now aged and nearly
capacity and in some places allow salt water to intrude into the system – a problem that will
worsen with climate change.
The least vulnerable indicators in the economic capital were infrastructure – telecommunications
networks, road networks and buildings because of their low -moderate sensitivity and high
adaptive capacity – assuming regular maintenance and improvements. Climate changes
expected by the year 2030 in the study region are not significantly large enough to affect the
structural integrity of most infrastructure (apart from perhaps rail and ports / jetties) built to
withstand current conditions away from the coast. It should be noted however, that future
structures will need to be built to revised standards to maintain their moderate to low
vulnerability. The majority of infrastructure in the region is not sited close to an erosional coast or
likely to be affected by inundation and so is not sensitive to sea level rise and associated risks.
However, those segments that are in the hazard zone would be more vulnerable than indicated
in this assessment – a point that needs to be considered when determining priorities for action.
The Department of Climate Change ‘First Pass National Assessment of Climate Change Risks to
Australia’s Coast’ (2009) and following supplements, and the Yorke Peninsula and NE Gulf St
Vincent Sea Flood Risk Mapping project (Guy 2011) commissioned by the State Government
should be referred to in these cases.
The social capital of the region was considered moderately vulnerable to climate change, but
slightly more than the economic capital, a result that may be expected as the heath of human
settlements is dependent on both the environmental and economic capital but has much more
adaptive capacity than the environment. All the indicators in the social capital scored medium /
moderate in vulnerability with only small differences between them – partly because most of the
variables were affected by an average of the full set of climate stresses as a measure of the
changes across the region.
Both emergency management and education were considered to be highly sensitive to the
climate stresses including the expected increase in the frequency and intensity of heatwaves and
bushfires. Social inclusion and community planning and development were moderately sensitive
to the stresses. All indicators were considered to have moderate adaptive capacity although
emergency management was somewhat less due a hollowing out of the age group in the
demographics of the region where most of the volunteers are sourced, a general drop in
volunteer recruitment and only moderate support for resources and governance.
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Education is considered crucial for developing the adaptive capacity of the region to the future
changes expected and so the relative lack of advanced education facilities in the region is
considered a key constraint in building the adaptive capacity of the social capital.
In summary, because of the high sensitivity and low adaptive capacity of the environmental
capital in the region is considered to be highly vulnerable to climate change, more so than the
economic or social capitals and so will need the most support to survive the coming changes.
Because of the comparatively lower sensitivity and high adaptive capacity of the economic
bottom line, the economy of the region is considered to have a medium vulnerability. Industries,
and services that are currently struggling economically, in particular manufacturing, commercial
fisheries , aquaculture and retail trade, or infrastructure in need of repair, particularly water and
rail, should be the first priority for assistance. The social capital of the region was also considered
to have a medium vulnerability to climate change but marginally more than the economic capital.
Those sectors of the community that are already under stress, and the lack of advanced
education options in the region would be obvious areas for priority support over the coming
decades.
It is important to note that these results are describing the vulnerability of each of the indicators
to the climate change stresses for the year 2030. Long-term decisions that will be affected by
climate changes beyond this period will need to be assessed on the basis of the changes in the
climate over longer time frames. Additionally, these results do not take into account the
economic, environmental or social value or structural importance of these indicators – a
necessary component of deciding priorities for action in the region. For example, an indicator
may score as highly vulnerable but if it does not contribute a large amount to the economy of the
region, or is not valued by the residents of the area for environmental or cultural reasons then it
may not be a priority for action. For example, while mining is recorded as having as marginally
higher degree of vulnerability relative to viticulture, one should arguably give more weight to
impacts on the viticulture sector due to the relative larger contribution that viticulture activities
presently make to the region’s economy in terms of employment and gross production, and its
strategic importance to the winemaking sector as a supply industry. The following stage of the
assessment aimed to get some understanding of the values associated with each of the
indicators assessed.
12.6 VALUES ANALYSIS
Although the above assessment identified those indicators and variables that were considered to
be most vulnerable to climate change for the year 2030, actions to reduce the vulnerability of all
the indicators will probably not be possible due to financial constraints. For that reason it was
considered important to assess the community values attributed to each of the indicators by subregion as a way of determining priorities for action and expenditure.
At the completion of the matrix exercise, during the afternoon tea coffee break, participants at the
workshop were grouped according to each of the sub-regions of the study area that they lived in
(Yorke Peninsula, Southern Flinders, Mid-North or Barossa) and asked to allocate one value
point to each of five indicators they felt were most important for their sub-region. The number of
value points allocated to each of the variables is shown below in Table 42 for the environment
indicators, Table 43 for the economic indicators and Table 44 for the social indicators.
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Table 42: Value points allocated to each variable and indicator of the environmental capital by workshop
participants from each sub-region.
Indicator

Variable

Landscape fragm entation
Indicator total star count
Regional Native Vegetation
Com m unities
Indicator total star count
Vegetation com m unitites

Native vegetation cover

Indicator total star count
Surface w ater
Indicator total star count
Groundw ater

Indicator total star count
Water dependant ecosystem s
Indicator total star count
Dem and constraints
Indicator total star count

Vegetation communities

Coastal Mangroves
Coastal Samphire Shrublands
Coastal Dune and Cliff Shrublands
Coastal Mallee
Inland Samphire Shrublands
Sw amp Paper-bark Shrublands
Thatching Grass Sedgelands
Bulrush/Common Reed Sedgelands
Riparian Woodlands
Temperate Shrubby Woodlands
Temperate Grassy Woodlands
Temperate Grasslands
Mallee and Woodlands Dense Shrub
Understorey
Mallee and Woodlands Chenopod Shrub
Understorey
Inland (Semi-arid) Tall Shrublands
Northern Arid Woodlands
Northen Arid Shrublands
Surface w ater quantity and flow s
Surface w ater quality
Groundw ater quantity and recharge unconsolidated sediments
Groundw ater quality - rock aquifers
Surface w ater dependent ecosystems
Groundw ater dependent ecosystems
Amount of w ater required by humans

Environmental bottom line total value score
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Southern Mid-North Barossa Yorke
Total
Flinders
Peninsula value
3
6
3
0
3
6
3
0
0
0
2
0

12
12
2

0
3
0
0
0
0
0
0
0
3
0
3
0
0

0
0
0
0
0
0
0
0
0
1
0
1
0
0

2
3
3
0
0
0
0
0
0
2
0
2
0
0

0
2
2
0
1
0
0
1
0
0
1
0
0
0

2
8
5
0
1
0
0
1
0
6
1
6
0
0

0

0

2

0

2

1
0
0
10
5
0
5
5

0
0
0
2
5
0
5
6

0
0
0
12
5
0
5
1

0
0
0
7
0
0
2

1
0
0
31
15
0
15
14

1
6
1
0
1
0
0

1
7
2
1
3
0
0

1
2
0
0
0
0
0

0
2
1
0
1
0
0

3
17
4
1
5
0
0

25

23

24

10

82

Table 43: Value points allocated to each variable and indicator of the economic capital by workshop
participants from each sub-region.
Indicator

Variable

Mining

Gross regional product

Indicator total star count

Southern Mid-North Barossa Yorke
Total
Flinders
Peninsula value
0
0
0
0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Number of visitors

8

2

1

2

13

Tourist expenditure

0

0

0

0

0

8

2

1

2

13

0

0

0

0

0

0

0

0

0

0

2

3

0

0

5

2

3

0

0

5

2

5

3

2

12

2

5

3

2

12

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1

0

0

1

Indicator total star count

Extent of telecommunications infrastructure
and condition

0

1

0

0

1

Electricity supply

Level of demand and constraints

0

0

0

0

0

Levels of renew able energy production

1

2

0

0

3

1

2

0

0

3

Condition of housing

0

0

2

0

2

Condition of schools

0

0

0

0

0

Condition of hospitals

0

0

0

0

0

0

0

2

0

2

0

0

0

0

0

0

0

0

0

0

6

6

2

2

16

6

6

2

2

16

6

0

0

0

6

6

0

0

0

6

0

10

2

2

14

0

10

2

2

14

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

25

29

10

8

72

Manufacturing

Gross regional product

Indicator total star count
Construction and engineering

Gross regional product

Indicator total star count
Tourism
Indicator total star count
Retail Trade

Gross regional product

Indicator total star count
Business and personal services

Gross regional product

Indicator total star count
Roads

Kilometers of roads and condition

Indicator total star count
Rail

Kilometers of rail and condition

Indicator total star count
Ports and jetties

Number of ports and jetties and condition

Indicator total star count
Telecom m unications

Indicator total star count
Buildings

Indicator total star count
Water infrastructure

Water netw orks and infrastructure

Indicator total star count
Broadacre crops

Level of production

Indicator total star count
Livestock: Beef, sheep and w ool
production
Indicator total star count

Level of production

Viticulture

Quantity and quality of production of high
quality grape production

Indicator total star count
Horticulture, tree crops and forestry

Level of production

Indicator total star count
Com m ercial fisheries

Commercial catch and effort

Indicator total star count
Aquaculture

Level of production

Indicator total star count

Economic bottom line total value score

- Page 293 of 336-

Table 44: Value points allocated to each variable and indicator of the social capital by workshop
participants from each sub-region.
Indicator

Variable

Com m unity Planning and
Developm ent

Internet usage

Southern Mid-North Barossa Yorke
Total
Flinders
Peninsula value
2
0
1
3

Employment

0

0

0

0

0

Regional occupation and industries

0

0

0

0

0

Household income

0

0

0

0

0

Household size (number of persons in the
household)

0

0

0

0

0

Indicator total star count
Social Inclusion

2

0

1

3

6

Sense of belonging to community

0

0

1

0

1

Leadership

3

4

1

0

8

Perceived and actual levels of crime

0

0

0

0

0

Aboriginal and other minority cultural
groups

0

0

0

0

0

Indicator total star count
Em ergency Managem ent

3

4

2

0

9

Volunteerism - and the volunteer population

0

1

0

1

2

Changes in the community being served,
and the services provided
Resourcing and governance

0

0

0

0

0

5

2

3

1

11

5

3

3

2

13

Level of education

1

1

1

1

4

Access to education facilities

2

2

2

0

6

Retaining young people

7

3

1

2

13

Indicator total star count
Education

Indicator total star count
Health

6

10

6

4

3

23

Access to medical care

0

0

0

0

0

Age

4

2

0

3

9

Activity/outputs

0

0

0

0

0

Mental w ellbeing and suicide

0

0

0

0

0

4

2

0

3

9

24

15

10

11

60

Indicator total star count

Social bottom line total value score

Because there were an unequal number of participants representing each different sub-region,
the number of points for each capital was standardised as a percentage of the total number of
points allocated to each sub-region to allow for a sub-region and bottom line comparison Table
45. The standardised results were also plotted in Figure 103.
Table 45: Standardised number of value points allocated to each of the three capitals by workshop
participants from each sub-region.
Bottom line

Environmental
Economic
Social
TOTAL

Southern
Flinders

Mid-North Barossa

34
34
32
100
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34
43
22
100

55
23
23
100

Yorke
Peninsula

34
28
38
100

60
50
40

Environmental

30

Economic
Social

20
10

0
Southern
Flinders

Mid-North

Barossa

Yorke
Peninsula

Figure 103: Value score allocated by workshop participants to each of the environmental, economic and
social capitals for each sub-region.

12.7 DISCUSSION OF VALUES ANALYSIS RESULTS
Before considering the results of the values analysis it is important to recognise that there was
only a very small sample of the population who reside in the area questioned about their values
(participants of the workshop). It would be wise to consider undertaking a larger values analysis
across the community if these types of outputs are considered useful.
For the environmental capital, vegetation communities, in particular mangroves, riparian
woodland and grassy woodlands scored highest followed by ground and surface water. When
standardised against the other capitals for the number of participants from each sub-region, the
scores for the environmental capital were highest for the Barossa (55) and the same for the other
three sub-regions (34). The Barossa also scored the environmental capital higher than social or
economic.
Within the economic capital, broadacre crops were valued highest (16) followed by viticulture
(14) and tourism (13). The result is no doubt a reflection of the economic value of each of the
industries and highlights the rural nature of the region and its inhabitants. Roads were given the
next highest score and perhaps reflect concerns about connectivity within and out of the region.
When compared with the other capitals, the economic capital was rated highest in the Mid-North
(43) and at a similar level for the other three sub-regions (Southern Flinders:34, Barossa: 23, and
Yorke Peninsula: 28). The economic capital ranked higher than the other two capitals in the
Barossa.
For the social capital, the indicators of education ranked by far the highest, followed by
emergency management, and then health and social inclusion equally. The social capital scored
highest in the Yorke Peninsula sub-region.
Across all sub-regions, the environmental capital scored the most value points overall (82) and
possibly reflects a general appreciation for nature and the aesthetics and lifestyle associated with
living in a rural area. Ranked second in value by the participants at the workshop was the
economic capital (72) and thirdly the social capital (60).
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12.8 VISIONING EXERCISE
The first two workshop sessions were positivist in nature; utilising the vulnerability matrix in a
tightly structured manner and focussing participants’ thoughts on climate change in relation to the
components of exposure, sensitivity, and adaptive capacity. For the final session for the day, a
different approach was introduced so as to identify barriers and knowledge gaps that might
hinder adaptive action to reduce vulnerability. The technique of visioning has been used by
researchers elsewhere to good effect and provides an opportunity to capture how participants
imagine they will achieve the future for their region so as to align with those values identified in
the previous section. The ideas and aspirations captured through this technique can assist the
action planning processes as this technique often captures concepts, icons and landscapes that
are important to the community, yet which are easily lost in more formal assessment processes.
12.8.1 Using Interpretivist Methodology in Vulnerability Assessment
Visioning and story-telling are considered to be a part of the interpretivist suite of tools in social
research. The techniques are qualitative rather than quantitative in nature and so the results
cannot be assessed numerically but instead require an assessment of human behaviour and the
reasons behind that behaviour (Hammersley n.d.). The ‘stories’ are about places, people and
happenings rather than industries or economics, and that they depend on participant
perspectives and processes rather than positivist or ‘scientific’ processes (McIntyre 1988). In this
particular instance the story-telling methodology also has the advantage of being a ‘right brain’ or
creative activity, rather than a ‘left brain’ or logical activity, thereby offering a change of pace for
the workshop participants.
Information derived in an interpretivist way is frequently driven by a more holistic outlook than
information given in response to a specific question or set of questions that are designed to elicit
a specific response. People tend respond using the whole of the information at their disposal,
including things such as subjective experience, personal preference and childhood memories.
This may sound alarmingly unscientific, but in fact can be very useful because it taps into the
lived experiences of people and gives them a forum to express important but difficult-to-quantify
ideas that other formats (such as the matrices used in the morning sessions) may not.
12.8.2 Methodology
In their sub-regional groups, participants sat at a table that had a variety of natural and manmade objects broadly relating to each sub-region. For example the Barossa table held wine
corks; the Yorke Peninsula shells; and the Flinders table rail-way track spikes. Other objects
included computer hardware, gum leaves, electrical insulators, grain, and other objects designed
to be thought-provoking and stimulating, and participants were encouraged to pick up and play
with any item that looked appealing. This brief activity was intended to set the stage for the
relatively informal visioning exercise, the last activity for the day.
After spending a few minutes in quiet thought considering those aspects of their region that they
valued and the learnings of the day, participants were asked to imagine what their region would
be like in the year 2030 and to describe the vision as a ‘story’. The story was intended to be a
retrospective view of their area, outlining both the ‘achieved’ goals in 2030 and also the
strategies used to achieve them. In this case, stories were shared in the group and a list of dot
points that captured the key points noted on paper. To guide discussion, participants were asked
to answer four questions: What did you do to achieve your vision for 2030, what resources did
you need, what problems did you encounter and how did you overcome them. The session was
informal and all ideas were accepted. At the conclusion of the process each group reported back
on their story to the rest of the workshop participants.
12.8.3 Outputs
The outputs of the session were a series of statements relating to each sub-region. Whilst the
outputs did not turn out to be a narrative in the conventional story sense, they never-the-less
clearly conveyed a sense of the preferred future, the ‘visualised 2030’, for each group and area.
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Each ‘story’ included creative elements and wishful thinking that carry a message about the
future as envisioned by the various participants. By examining the transcripts, many important
themes can be detected for each area. The transcriptions of the ‘stories’ are given below, with
the points listed as they were given, as far as possible:
BAROSSA 2030
VISION 2030
1.
2.
3.
4.
5.

Educate community on climate adaptation and environmental stewardship
Integrated design focus
Infrastructure for the future funded by those who use it
Good policy on renewables
Focus on value and improving agriculture

WHAT WE NEEDED TO GET THERE
Samphire Coast
 Warmer days
 Environmental recreation
 Ensure less recreational vehicles on coast
 Increased value and local community
 Low impact water sports
 Interpretive cycle paths
 Vibrant, usable and used education interpretive centre – no mansions
 Sympathetic and appropriate housing
 Better access to coast
 Local job opportunities and communities
 Water and energy self sufficient
 Appropriate recreation and fishing
 Protected areas with some regulated access
 I-phone app – local interpretive
Two Wells
 Vibrant food industry
 Well-designed town centres, well designed expansion that is water and energy efficient
 Horticulture industry utilising effluent water
 Local, ongoing farmers market
 Value adding opportunities to local produce
 Primary school and high school in the town
 Linked to Adelaide and to Roseworthy university
 Linked by train – efficient public transport
 Well managed hobby farms with focus on more commercial animal husbandry operations.
 Co-generation for energy needs
 Water and waste management efficiency
Mallala
 Transport serviced
 Better services
 Northern intermodal
 Northern facility for waste management
Gawler
 Heritage transit oriented development (TOD)
 Main town focuses around (unclear)
 Community gardens
 Education hub
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Walkable precincts
Cluster housing
Health services
Hub
Car free Julian Terrace
Accommodation
Restaurants
Cycle linked
Designated park and ride interchange for train to Adelaide

Roseworthy
 The perfect development
 State of the art
 Water reuse
 Green corridors
 Energy and water efficient housing and community
 Education focussed
 Premium grain production
 Cycle path from Southern Flinders to Willunga complete!
 Broadband everywhere
 Rewire for renewable energy
Barossa Valley
 World heritage listed
 Prosperous wine industry
 Renewed village profile
 Cycle/walking paths connected
 Sensitive tourism growth
 Many restaurants using local produce
 Fund (unclear) control
 Water self sufficient
 Local transport – connected
 Shared services
 Increased densities
 Accommodation for all
 Outdoors (unclear) for tourists/visitors
 Food value adding
MID-NORTH 2030
VISION FOR 2030
 Preserving present features
 Retain natural landscapes – treed hills
 Vibrant communities – attracting young people
 Attracting families
 Job creation through improved education
 Nationally recognised environmental education centre
 Considerable increase in viable wind industry
 Productive agriculture
 Ecotourism – premium region tourism; heritage tourism
 Utilising non-productive land for carbon farming
 More wind farms, appropriately located
 National broadband network – fully utilised for educational outcomes and wireless networks
 Leadership – opportunity to grow
 People working together
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Minimum educational requirements introduced
Explorers hall of fame
Biodiversity – areas maintained and wind-farms introduced in a more integrated way
Everyone has a pygmy bluetongue for a pet
Maintain and enhance boutique wine industry – sustain, not expand
Better utilisation of existing water sources
Retirement villages
More integration of cultures
No irrigated grapes
Clare valley world class
First region to export wine to Mars!
Unlimited budget and funding
More wealth
Improved health services
Training and education – available and accessible;
leadership empowerment
World trade – we are leaders

WHAT WE NEEDED TO GET THERE
 Habitat – conservation and creation
 Training and education
 Using Clare valley branded products ‘clean and green’ product association
 Employment and education – training and education facilities
 Opportunities following education
 Fun park creation
 Waterproof region
 Enhancing sporting opportunities
 Pricing of water for production is sustainable
SOUTHERN FLINDERS 2030
VISION FOR 2030
Thriving communities driven by:
 Resilient agri-business and tourism and a multifaceted economically viable businesses
 A healthy, vibrant natural environment
 Energy and water efficient housing
 Community-based food security
 Recognition that the landscapes we value, have value
 Increased protection and production from our woody vegetation
WHAT WE NEEDED TO GET THERE
 Funding for agricultural and ecological research and extension
 Conscious decision towards collaborative and decentralised services and industry
 Completed rail trail from Wilmington to Yacka
 Legislation and financial incentives in place to encourage independence for energy and water
supply (self-sufficiency).

YORKE PENINSULA 2030
VISION 2030
 Protection of our coastal towns – sea walls, protection works
 Remnant vegetation, sand dunes, dune fencing and revegetation
 Agricultural land out of production, vegetation corridors, increase biodiversity, increase native
pollination
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WHAT WE NEEDED TO GET THERE
 We have new and better production systems – reduction in nitrous oxide and methane,
increased use of native vegetation i.e. Eremophilas and improved strains for methane
absorption.
 Total stubble retention
 Improved soils
 Increased use of native pastures and shrubs
 Increased CO2 benefits, adapted to less rain
 Transitioning to new products – reducing annual grain crops
 Green energy production
 Reduced storm water
 Improved solar technology
 Improved plant selections
 Improved irrigation
 Energy efficient housing design – not retrofitting air conditioners!
 Bigger coastal communities – but where do marine parks fit?
 Ecotourism, including recreational use of marine parks
 Rail system – to move grain with more carbon efficient mechanisms, to serve the new mines
and the deep sea ports!
 Broadband – for social connectivity
 Rock sea walls – to break wave action and provide walking trails and beach access and base
for native gardens. A levy bank system as plan B.
 Storm driven tourism!
 Efficient public transport
 Feral free Yorke Peninsula – fence across the top (John Walmsley style)
 Changed community standards and expectations regarding lifestyle and environment
 Road system – relocated due to sea encroaching – Port Wakefield also, at lower height.
 Community planning – to avoid bad subdivisions etc.
 Link salt lakes for alternative recreational location.
 Toll gate to get tourists to pay for required infrastructure.
 Manage motorbike use via dedicated motorbike parks
 Attract more grey nomads – good for local economy.
WHAT WE NEEDED TO GET THERE
 Federal funding
 Total transport infrastructure overhaul
 Power and water overhaul
 One way highway for the tourists (one end with a tollgate!) to ensure each town gets its share
of tourism dollars.
12.8.4 Summary of visioning results
Whilst close examination of the transcripts is undoubtedly capable of uncovering a wide variety of
local preferences regarding the future of each region, unfortunately it was beyond the scope of
this project to expand on these in detail. However, several key themes of relevance to the social,
economic and environmental sectors within the study region were identified and are listed below:
Environmental capital






Protect the land and the local ecosystems;
Protect local icons (such as pigmy bluetongues and dry land grapes);
Recognise that the landscapes we value, have value;
Renewable energy;
Improve and adapt housing;
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Integrated design and planning processes;
Protect remnant vegetation, increase biodiversity;
Manage coastal effects; and
A healthy, vibrant natural environment.

Economic capital










Enhance local economic viability;
Protect the key local industries;
Find funds to resource locally approved change;
Manage tourism to maximise benefit and minimise negative impacts;
Manage new industry to maximise benefit and minimise negative impacts;
Focus on valuing and improving agriculture;
Funding for agricultural and ecological research and extension;
Renewable energy; and
Integrated design and planning processes.

Social capital








Protect the communities – celebrate local difference;
Protect the local cultures as they, are but don’t fossilise them. Change is welcome as
long as it is in keeping with local spirit;
Protect local icons (such as pigmy bluetongues and dryland grapes);
Vibrant communities – attracting young people and families;
Leadership empowerment;
Training and education – support and facilities; and
Connect people – transport, broadband internet.

12.9 DISCUSSION OF VISIONING EXERCISE RESULTS
The points identified in the visioning exercise are considered important to consider in the context
of developing actions and priorities within the region. Although they represent just a small
number of residents in the study area they do provide an indication of the values that are
considered important in the region and the necessary tools, knowledge and support that may be
required to protect those values.
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13 KNOWLEDGE GAPS AND RECOMMENDATIONS
Throughout the process of undertaking the literature review and integrated vulnerability
assessment for this study, gaps in data and knowledge were noted by the technical and
stakeholder panels. This section of the report outlines those knowledge gaps identified both in
this analysis, and those identified in previous research, planning and policy documents that are
relevant to this study.
The recommendations comprise suggestions for further research, policy implementation and
other actions that should be considered in the development of a climate change action plan for
the region.
13.1 KNOWLEDGE GAPS
13.1.1 Environmental Capital Knowledge Gaps
Water


Research to optimise the best triple bottom line solution to the allocation of diminished water
resources between human and environmental water needs in a warmer and drier climate are
needed.



Additional modelling and assessment is required to further integrate the needs of the
environment with water allocation planning under climate change scenarios. Specifically, the
interaction of surface water and groundwater needs further consideration, to ensure
sustainable flows for rivers and streams in the region.



The ramifications of saline water intrusion into groundwater and near-coast wetland habitats is
not well understood or quantified at this stage and needs further research.



It is important to understand (and evaluate into the future) how land use and agricultural
practices change in response to the changing climate and water resource constraints, and
how these changes will affect regional water demand.



The Department for Water 'Impacts of Climate Change on Water Resources’ (ICCWR) project
has already assessed water reserves in priority areas of the State, including the Clare Valley
PWRA and the Baroota PWRA. Other prescribed surface water and groundwater resources in
the Barossa, Northern Adelaide Plains, and Marne Saunders are scheduled for completion by
the end of 2012. However, water resources outside of prescribed areas need to be evaluated
to ensure that communities reliant upon them understand their sensitivity to future climate
induced changes and are prepared to respond. Assessments of water resources in areas
outside the prescribed areas will be restricted due to water resource knowledge gaps as these
areas have not been a focus for resource monitoring or modelling to date.

Ecosystems and species


A lack of high resolution topographic maps (Digital Elevation Models) for land use planning,
ecosystem migration and barriers to migration are limiting planning processes to adaptively
manage future climate change impacts.



Assessing vulnerability at the individual species level requires a comprehensive
understanding of the ecology of each individual species. Unfortunately our knowledge of the
basic biology of most species within the study region is inadequate and does not allow us to
predict specific responses to climate change with confidence. There is a lack of
understanding of the direct effects of climate change on species, including knowledge of:
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Physiological tolerances of species
Adaptive capacity of species, including their ability to adapt both behaviourally and
physiologically
Genetic structure and variation within species and populations
Dispersal capabilities
We also need to define where within the region there are locations that act as
significant refugia for species in a climate change scenario.



There is a lack of landscape scale monitoring that can detect changes in ecosystems and
respond to these changes in a climate change context. Collecting the required information
will include monitoring of both direct and indirect impacts of climate change and will be
crucial for informing adaptive management in the future and responding to unexpected or
unpredicted outcomes of climate change.



To understand the effects of climate change at an ecosystem level also requires an
overarching understanding of the relationship of each species with every other species in its
local environment. There needs to be a greater understanding of:
o Which species are core to the maintenance of ecosystem diversity (keystone species)
o Ecological cascades and trophic structures within ecosystems
o Key physical elements in ecosystems
o Interactions with existing stressors such as fire, clearing, grazing, invasive species,
salinity, disease and water extraction
o The role of biotic versus abiotic factors in controlling species distributions and
population dynamics
o Community assembly rules that will be useful predictors for assessing responses to
rapid climate change



Modelling, using the range and distribution of key component plant species of different
vegetation types as an indication of their physiological tolerance, would also provide
additional perspective on the vulnerability of the different vegetation communities of the
region.

13.1.2 Economic Capital Knowledge Gaps


The breath of economic and physical capital considered in the analysis means that potential
impacts and adaptive capacity for these items has typically been considered in general
terms. There is a need for more industry specific modelling in many cases.



Key underpinning industries in the region (i.e. agriculture and manufacturing) are vulnerable
to climate change, and negative production outcomes for these sectors will flow through to
downstream industries, rippling through the economy. The possible extent of these
downstream impacts including the nature of relationships between different industry sectors
is uncertain, due in part to the uncertain nature of future climate change impacts on
production in those leading sectors. While more detailed modelling could be undertaken to
better understand the potential flow on effects, the existing importance of agriculture and
manufacturing industries to the region’s economy and their sensitivity to climate change
provides a clear rationale for focusing adaptation measures in these areas.



The vulnerability of some economic activities to specific stressors is to some degree
dependent on future developments in overseas markets which are highly uncertain. For
example, negative impacts on competitiveness due to carbon pricing and large scale
investment in adaptation will be mitigated to the extent that similar measures are adopted
overseas.



Future technological change may significantly alter the capacity for mitigation and adaption,
including the relative balance between the two. However, current policy should not be
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formed on the basis of some transformative technology emerging given the potential for
catastrophic impacts under unmitigated climate change.


Political uncertainty including significant changes in policy can affect incentives to invest in
mitigation and adaptation.

Agriculture


Some of the agricultural research on vulnerability was based on modelled assumptions. In
particular, the results when Grass Gro was used to predict pasture growth in the far north
(Morchard) results indicated that the increase in temperature that we are locked into by 2030
will enhance growth even with a rainfall decline. However, this is modelled data only and
needs further research and on-ground validation.



The horticulture data used in this study was based on Queensland research underpinned by
some field trial data in SA. More locally specific data on the impacts of climate change on
horticulture is needed for this region.

Infrastructure


Potential impacts and adaptations based on studies of other geographic areas may not
apply to the same degree in the Central Local Government Region and sub-regions. A more
thorough and detailed assessment would require engagement of specialist technical
expertise on specific infrastructure such as ports, jetties, railways, electricity and natural gas.

Energy


The reliability of energy supplies was identified as a key secondary stressor for many
economic activities. The extent to which future climate change impacts have been factored
into the planning for energy infrastructure in the region is unknown. The State’s electricity
infrastructure provider – ETSA Utilities – would be best placed to assess the climate change
risks facing the local network.



A number of potential adaptation options involve increased energy use (e.g. automation, air
conditioning) that would have implications for energy supply in the region. The level of
demand that these adaptations may place on future energy needs is uncertain, but they
could be significant given the existing warm climate of the region.

13.1.3 Social Capital Knowledge Gaps


Limited information is available for the Flinders Ranges area of the study region.

Health


More information is needed about the ageing population and how this will impact on the
study region. Special consideration needs to be given to the health sector as it is expected
the demands will increase with climate change stressors.



Mental health and climate change are not well documented currently.



Regional suicide rates are not available (sensitive information?)



Information on social dislocation after a climate change event is not well researched.
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Social inclusion


Leadership- the number of leaders, how well engaged they are and resources available to
them, are all unknown or not documented.



Social inclusion and a sense of belonging to the community are not well documented and
could form part of Regional Development Australia (Barossa and Yorke and Mid-North’s)
Regional Roadmaps in the future.



Little information has been documented about perceived crime in the area. It would seem that
people are reasonably complacent. Could this lead to an increase in crime across the region,
particularly after disaster situations?



Need further research to establish memberships across the region in different fields (i.e. sport
and recreation, arts, emergency management etc.)



No localised information available about the potential climate change impacts on Aboriginal
people residing in the study region.



No literature is directly available about small or lone person households and their
susceptibility to climate change stressors.

Community planning and development


Regional internet service coverage maps (for all providers) are either not available or poorly
documented.



Are rural young lacking in resilience due to high expectations from services and technology?



Is there a ‘third’ vulnerable group (other than the very old and the very young) made up of
those who are maladapted due to excessive reliance on air-conditioning?



Are mechanisms in place to provide the necessary funds to local and other levels of
government, to ensure the required service provision?



There is little information available about regional occupations and industries and how
climate change impacts on communities who are reliant on one or two major industries only.

Emergency management


Further research is needed to establish whether or not volunteer levels will rise or fall locally.



Elders in the region need to be consulted with regard to their own emergency management
strategies.

Education


Incentives or other methods for retaining/retrieving the educated youth who leave the
region are not clearly understood and would be valuable to know.
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13.2 POLICY RECOMMENDATIONS
13.2.1 Environmental Capital Recommendations
Water Resources Management


Develop a policy for re-apportioning the reduced capacity of water resources between
human, economic and environmental requirements under future climate scenarios so that
there is a clear understanding of future water resource allocations for the region.



Monitor and manage habitat change in near-coast wetlands in the region as a result of
saline water intrusion into groundwater.



Research the effect on water demand in the region through changing land use and
agricultural practices in response to the changing climate and water resource constraints.

Species Management


Identify species that will fill equivalent ecological roles as existing endemic species move
out of an area due to changing climatic conditions; and evaluate whether native invaders
are moving in response to climate change and whether they should be allowed to persist.



Apply biosecurity policies to limit human-induced movement of invasive organisms into
new areas that may become habitable to them with changes in the climate.



Support the movement of beneficial or threatened species by providing appropriate
structural mechanisms including connected landscapes and appropriate cover or
structural trees and choose plant species and genetic provenance for restoration with
climate change in mind.



Investigate gene banking and ex-situ conservation for species without current solutions
where later restoration may be possible and consider translocation of poorly dispersed
and vulnerable species to suitable bioclimatic zones.

Ecosystems and Biodiversity Management


Manage the landscape to accommodate uncertainties of climate change impact on
biodiversity and enhance the resilience and capabilities of ecosystems and their
component species to self-adapt and reorganise by identifying and prioritising key
regional refugia and managing threats including, pests, weeds, grazing, pollution, fire and
fragmentation.



Manage natural ecosystems as large units across boundaries through collaborative
programs to ensure maximum possible biodiversity gains are made for investment effort
and plan for reserves that encompass heterogeneity to allow for ecosystem selfadaptation.



Identify and protect key natural assets and transition zones to accommodate future
changes in climatic conditions.



Ensure development and NRM plans minimise the impact of climate change on
biodiversity by including appropriate buffer zones for the movement of species under
changed conditions.
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Develop monitoring strategies that allow for adaptive management at species and
community levels and that build the capacity of local landholders to monitor and
adaptively manage the ecosystems on their land.



Develop multiple management strategies for any given environment to reduce the chance
of maladaptation, increase understanding of responses to management intervention and
allow for alternative species movements to occur.

Landscape management


Develop management scenarios and adaptation pathways to assist land and
conservation managers in appropriate intervention actions and practices.



Research and develop management plans for altered disturbance regimes within the
landscape, especially changes as a result of fire to decide which areas have a higher
priority for protection.



Improve and manage connectivity across the entire landscape mosaic to maintain
species and ecosystem diversity – including remnants of native vegetation, and
monitor/learn from species survival in unexpected combinations.



Capitalise on opportunities in the region from climate mitigation strategies such as carbon
sequestration and ensure programs deliver a beneficial biodiversity outcome.

13.2.2 Economic Capital Recommendations
Businesses and industry


Support business and industries to mitigate and adapt to climate change risks through
practical business improvement programs.



Support the transition of workers from industries that are not economically sustainable
due to climate change.



Encourage autonomous adaptation within business through the provision of regional level
information on future climate change trends. Most adaptation will need to be undertaken
autonomously by the private sector and the costs of adaptation are likely to be lower if
individuals and businesses have information that allows them to undertake adaptation in
a consciously planned rather than reactive manner.



Develop strategies and materials that target leading industry sectors, particularly
agriculture and manufacturing, to improve their awareness of climate change issues and
possible adaptation options. Examples include information papers, information sessions
and workshops, newspaper articles etc.

Infrastructure


Support for a multi-agency approach with Local, State and Federal Government, and
industry to consider options to reduce the impact of inundation and shoreline recession to
commercial buildings, light industry, roads and rail infrastructure in identified high risk
areas across the Region – Port Pirie, Yorke Peninsula and Mt Remarkable, as identified
in the Department of Climate Change and Energy Efficiency; Climate Change Risks to
Coastal Buildings and Infrastructure - A Supplement to the First Pass National
Assessment; 2011.
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Produce guidelines to reduce the impacts of near-coast saline groundwater intrusion and
the consequent impacts on salt damp, stormwater detention capacity, and affected built
environment.



Provide infrastructure to support sustainable business practices, including increased rail
infrastructure, improved telecommunications, greater storm water and waste water reuse, improved water infrastructure, and increased renewable energy.



Review resilience of local coastal public infrastructure (e.g. jetties and beaches) to
inundation and erosion from sea level rise, and prioritise infrastructure for protection,
refurbishment, replacement and possible decommissioning based on vulnerability and
other key factors such as cost and demand.



Ensure that climate change risks are taken into account when designing and
implementing long lived public assets and infrastructure, recognising that incurring
additional capital costs upfront to ensure that assets have the capacity to cope with future
climate change stressors will likely be cheaper than retrofitting or repairing assets at a
later date. Key considerations to include:
o Review and update bushfire and heatwave management strategies to incorporate
risks associated with an expected increase in the frequency of these extreme events;
o Liaise with major utility providers to ensure that climate change risks are factored
into future planning of infrastructure for the region. Transport, water, electricity and
telecommunications infrastructure are key areas in this respect.



Adopt passive cooling design principles and renewable energy technologies in private
and public buildings to minimise exposure to climate change stressors including energy
price increases, energy supply failures etc.

Planning





Update land use planning regulations to prevent development in areas that are highly
vulnerable to climate change related threats including coastal (sea level rise and coastal
erosion) and bush fire risks, to avoid future costs in terms of direct damages,
compensation or necessary reactive adaptation measures. Key considerations to include:
Maintain and implement Coast Protection Board policies in the planning system to ensure
development is adapted to the expected impacts of sea level rise, including dune drift,
flooding and coastal erosion:
Ensure appropriate zoning to protect community assets and activities.

Innovation and leadership


Develop opportunities for water reuse and harvesting, including fit-for-purpose water use
in townships. Stormwater capture and storage options, that do not compromise existing
environmental flows but which reduce demand on potable supplies, need to be explored.



Promote the growth of sustainable industries in the region including:
o Develop an integrated strategy for renewable energy development in the region that
includes an assessment of the most suitable locations and minimises land use
conflicts with other sectors.
o Determine the most feasible economic opportunities for the region for carbontrading, low carbon technologies and new industry emergence.



Develop and promote case studies of local or other relevant businesses that have
factored climate change impacts into their existing operations (e.g. carbon neutral
wineries) to demonstrate practical methods for adapting to climate change and improve
awareness of climate change issues.
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Regionally support and capitalise on measures that are designed to mitigate climate
change including international agreements on emissions reductions, measures to reduce
greenhouse gas emissions including carbon pricing, cap and trade systems, abatement
measures etc.

13.2.3 Social Capital Recommendations
Health


Provide more aged care facilities to cope with the growing demand of the ageing
population. The region has a disproportionately high number of older people, and it is
reasonable to anticipate that a significant number of individuals will need to call on aged
care services as they can no longer care for themselves due to conditions caused or
exacerbated by climate-change related heat or dust menace, or because of heat-induced
dementia, or depression caused by external influences such as prolonged drought.
Enabling these people to remain in their local communities will help maintain established
social networks and also reduce the flow of people from the area. Providing more aged
care facilities in the region will also increase jobs in the health sector and contribute to
employment targets by providing more job opportunities in the health care sector.



Improvements to mental health facilities and improvements to the accessibility of mental
health care services to mitigate increases in climate change related stressors such as
extended heat periods and drought which are likely to increase the percentage of people
who suffer mental health conditions, noting that young men are particularly vulnerable.



Improve education about mental health in the region and the impact of extreme heat
events on mental health to help people in the community identify behaviour or warning
signs so at-risk-individuals can be supported and early intervention can take place.



Provide for a range of flexible models of care tailored to meet the needs of local
communities as climate change stressors increase including an increase in-home and
outreach care, nursing, in-home care, increased residential and accommodation facilities
etc. to support at risk individuals (such as the elderly, disabled and people with existing
ailments).



Facilitate increased investment in public transport across the region, particularly for
accessing health care and educational facilities, as demand for these is likely to rise as
people attempt to find ways to mitigate the effects of climate change – specifically nonacute health effects, and an increased demand for self-education, as professional and
lifestyle adaptations to climate change increase. People will seek out the services they
require, both via digital media and physically via various forms of transport. An effective
public transport system would reduce carbon emissions due to greater efficiency.. It is
recognised that there are not sufficient volunteer numbers to provide a driver for
transport, so paid positions must be considered.



Maintain and potentially decentralise the public health infrastructure including mental
health services and health education. Currently access to health facilities in the region is
a problem as many people live at least half an hour’s drive away from their closest health
care provider. This was shown to be an issue during the recent prolonged drought, where
individuals suffering from depression caused or exacerbated by the drought were isolated
from much-needed mental health support. Such stressful events are likely to increase
with the increasing impact of a changing climate. An increase in the facilities and levels of
support offered in existing facilities will also help minimise travel and access costs.
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Social inclusion


Develop a community engagement program with Regional Partners, and support from
State and Federal Government, to re-engage local communities about climate change
and the need to move to a more sustainable long term future.



Develop programs that support communities to work together to take practical actions to
adapt to climate change.

Community planning and development


Support communities to minimise their contribution to climate change by reducing
greenhouse gas emissions.



Ensure communities have equitable access to resources such as power, water and
natural landscapes for recreation and community activities as the impact of climate
change is realised and support communities to address pricing pressure for resources by
investigating alternate sources/ improved efficiencies etc.



Improve internet infrastructure and access across the region to help overcome climate
change related impacts by enabling direct access to information and resources to assist
private individuals and businesses in designing and implementing climate change
mitigation initiatives. It is likely that the internet will become increasingly important as part
of the social network for a community that may not be able to travel on catastrophic fire
days, or who may not wish to generate unnecessary greenhouse gases. An increase in
publically accessible internet outlets will allow for more information sharing and gathering
and so overcome other service limitations.



Utilise services that already exist in the area more effectively (e.g. school buses that
make daily deliveries to households on route (bread, newspapers etc.) This will reduce
the level of greenhouse gas emissions in the region, and will also serve to strengthen
community bonds at a time when they are most useful.

Emergency management


Develop strategies to boost emergency services volunteer numbers in the region ahead
of climate change related incidents to offset the losses attributed to an ageing population
and high rate of youth exodus, and consider options to integrate volunteerism to ensure
that the expectations of volunteers, career staff and the community are achieved.



Ensure that community members, especially community leaders, emergency services
personnel and health professionals are aware of the available support services in the
region so they are able to ‘spread the word’ and effectively reach out and support
individuals at risk from the impact of climate change such as bushfire and heat related
event.

Education


Increase education programs to engage with the community about climate change and
the expected impacts at a local level, in addition to considering options to locally mitigate
greenhouse gas emissions and adapt to the changes.



Increase opportunity for educational attainment that is not university based with outputs
that are specific to the study region (i.e. on farm apprenticeships and local delivery
models in viticulture, agriculture etc.). If youth and others can obtain a qualification while
still living in the study region they will remain in the area and help to strengthen
community bonds and increase the adaptive capacity of the community at a time when
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adaptive requirements are high. Education is critical, as an effective adaptive response
will require new ideas as well as young and vigorous people with a commitment to the
local area to implement them. Not all of the activities that will be required will be of the
type most frequently supported by tertiary education – some will be local solutions for
local problems that will still require some form of structured informational support.


Develop online education systems tailored to meet the demands of industry and
individuals in the study region. Such options will help overcome travel problems and may
reduce associated costs.



Increase training and job development in the green industries through government,
business and educational institutions to increase up-take of renewable energy, lower
energy costs for vulnerable people and provide jobs in training and employment.



Develop clear adaptation pathways so people have support for transitioning in to new
employment, and are appropriately retrained and re-skilled and encourage industry to
increase on the job training and development, especially in skills that will be needed for
climate change mitigation and adaptation.



Ensure additional educational resources (such as information pamphlets etc.) to cater for
Aboriginal and other minority cultural groups, particularly those that cannot speak
English, are designed to meet the needs of these groups and distributed.

13.2.4 Whole of region recommendations
A number of recommendations from the study spanned both sub-regions and capitals and so are
presented here as whole of region recommendations:


It is recommended that the Central Local Government Region of Councils, Northern and
Yorke NRM Board and Regional Development Australia Yorke and Mid-North continue to
work collaboratively to provide coordination and leadership and promote a 'whole of
community', inter-agency approach to managing and mitigating climate change across
the Mid-North and Yorke region.



Undertake a concept and feasibility study as the first step towards establishment of a
'Regional Sustainability' Centre for the Mid-North and Yorke Region.



Provide regional coordination resources to establish a common point of contact,
information and coordination for climate change in the region.



Seek to more closely align and coordinate external and agency research projects with the
priorities identified in this vulnerability assessment to ensure that local needs are at the
forefront of climate change related research and investment in the region.



Review and update this regional vulnerability assessment as access to more precise and
locally relevant data and information on climate change becomes available.



Support development of adaptation plans that consider the projected impacts of climate
change, and case studies in areas of focus such as:
o Community capacity –change/increase in vulnerability of communities, total
population and demographic pattern affecting the structure and strength of
community networks.
o Agriculture production capacity– soil condition and health to sustain continued viable
production, research into plant water use efficiency and impacts on production
practices;
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o
o
o

Planning and development–change/expansion of bushfire prone zones, rising sea
level in coastal areas;
Land use change pressure –impact on economic base of region, loss of productive
agricultural land, carbon farming initiatives potential impact;
Ecosystem health –change/loss of habitat health leading to increase/loss
endangered/threatened species, expanded spread/new pests incursions, particularly
water-dependent and coastal, estuarine and marine ecosystems.



Seek financial, human and regulatory support for Councils to implement solutions for
identified key impact areas in relation to asset management, public health, management
or fit for purpose public open and recreational space, business continuity and loss of
utilities, development and building standards, bushfire management, coastal inundation,
cool refuges, water resources, tree and environmental management and loss or change
of industry, as identified in the Local Government Mutual Liability Scheme Climate
Adaptation Plans.



Promote and showcase local initiatives aimed at addressing climate change impact or
mitigation.



Prepare a comprehensive, high resolution Digital Elevation Model for the Northern and
Yorke coastline to assist future planning and risk management across environmental,
economic and community considerations.



Monitor and review studies and research that have relevance to climate change in the
region, promote findings to stakeholders and incorporate into government policy where
appropriate, for example the Northern and Yorke Demand and Supply Statement, CSIRO
research on climate change risks and adaptation strategies for the mining and exploration
industries, and a product gap audit of tourism development in the Barossa that is being
conducted on behalf of the Department of Resources, Energy and Tourism.
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Council specific impacts and recommendations identified:
Council
Barossa

Mallala

Light
Barunga west

Copper coast

Yorke Peninsula

Wakefield

Key impact areas and recommendations
Loss of economic viability of wine industry
Planning of buildings that meet energy efficiency and thermal comfort
standards
Water Sensitive Urban Design of land division
Building in Bushfire-prone areas compliance
Resilience of Asset Management Planning
Maintaining Public Open Space to acceptable standards
Liability for development approvals along the coast
Deficient development controls
Recreational facilities “unfit for purpose”
Managing power loss
Management of Parks and Reserves
Street tree failure
Levee bank and Thompsons Beach
Levees meeting Coast Protection Board standards
Sustainability management within Council
Reduced amenity of the foreshore
Building damage and maintenance
Inundation of greater Port Broughton area
Insufficient coastal mapping for planning decisions
Changes to coastal processes and asset life
Beach reduction/ breakwater levels
Food borne illness
Boat ramp relocation
Emergency response impacting on service delivery
Water security (public open space)
Deterioration/inundation of roads impacting on traffic
Damage to ovals
Increasing cost of water
Sea Level Rise and Coastal storm surge
Increase management and costs to undertake spatial mapping for informing
Development planning and asset management
Reviewing asset management plans for coastal infrastructure
Assessing the long term viability of Coastal Caravan Parks
Increase provision of Council plant and equipment to bushfire
Maintaining Council buildings
Maintaining the road network
Management of Council infrastructure and land at Pt Wakefield
Maintaining effluent pumps along the coast
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Council
Flinders Ranges

Mt Remarkable

Orroroo /
Carrieton

Peterborough

Clare and
Gilbert Valleys

Goyder

Key impact areas and recommendations
Managing access to Council-owned recreational areas during hazardous
bushfire weather
Acquisition of resources to meet Council’s statutory responsibilities for
environmental and public health
Managing community expectations for cool refuge during extreme heat events
Maintaining service delivery during loss of service from key utilities
Achieving financial sustainability as costs for asset management planning and
recovery increase
Managing the amenity of townships to keep pace with community and tourist
expectations
Inundation of Port Germein
Stormwater infrastructure
Zoning of new developments
Assessment of development applications
Hygienic health
Inspectorial services
Roadside vegetation & biodiversity/Pest plants & diseases
Road Infrastructure flooding
Maintaining water quality at the Pt Flinders water scheme
Business interruption & service delivery
Reduced service delivery resulting from emergency management function
Flooding impact on financial sustainability and service levels
Stormwater damage to roads, stormwater and infrastructure
Increased insurance costs
Loss of utilities
Maintaining service delivery during loss of service from key utilities
Leading the community with emergency management policy
Achieving financial sustainability as costs for asset management planning and
recovery increase, particularly from extreme rainfall events
Exploring opportunities for maintaining water security to ensure the amenity of
townships keeps pace with community and tourist expectations
Maintenance of road network
Increased food inspections of premises
Maintenance and repairs to Council-owned buildings
Replacement of Tourist signs
Maintaining condition and functionality of parks and reserves
Providing adequate air conditioning to recreation centres
Condition of trees within its Caravan Parks
Fire protection practices
Increased monitoring of condition of flammable undergrowth (fuel)
Monitoring of fire protection facilities
Management of trees in public areas
Manage superintending of temporary road barriers, signs and bollards
Provision of adequate level of food inspections
supply artificial shade and appropriate facilities for hot days (including extra
staff at swimming pools)
Development and maintenance of sport and recreation facilities in line with
community expectation on sporting ground low impact surfaces and provision
of other vegetated lawns and gardens in community facilities
Bushfire Prevention planning for the district
Provision of guidance and implementation of bushfire prevention strategies
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Council
Northern Areas

Port Pirie

Key impact areas and recommendations
Food handling facilities and practices
Planning and management of community events
Appropriate delivery of essential health related services in the district
Protection of the community from the outbreak of communicable disease
Community water conservation
Development and maintenance of sport and recreation facilities in line with
community expectation
Joint initiatives that lead to improvements to the environment
Development and management of tourism associated with community land and
assets
Facilitate sustainable management of the built environment
Ensure appropriate development in high bushfire areas/zones
Failure of stormwater system due to capacity issues in Koolunga, Crystal
Brook, Redhill, Pt Pirie results in increased flooding response and liability
claims.
Current gravity outfall of stormwater management system will be inoperable
during coastal inundation, storm surge and/or high tide.
Potential for liability claims and/or legal administration associated with
approved development applications in areas vulnerable to coastal inundation.
Increased resources associated with analysing the effectiveness of the current
levee system to meet increases in sea level rise and the combined effects of
storm surge and king tides.
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15 GLOSSARY
ABS
Australian Bureau of Statistics
ABARE
Australia Bureau of Agricultural and Resource Economics
ADAPTATION
Adaptations are actions taken to help communities and ecosystems moderate, cope with, or take
advantage of actual or expected changes in climate conditions.
ADAPTIVE CAPACITY
Adaptive capacity is 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. The adaptive capacity of a system or society describes its ability
to modify its characteristics or behaviour so as to cope better with changes in external conditions.
The more adaptive a system the less vulnerable it is. Adaptive capacity is also defined as the
property of a system to adjust its characteristics or behaviour to expand its coping range under
existing climate variability or future climate conditions.
APSIM
The Agricultural Production Systems Simulator (http://www.apsim.info/)
APSRU
The Agricultural Production Systems Research Unit (CSIRO)
AR4
The IPCC Fourth Assessment Report
AWC
The available water capacity. Equivalent to plant available water capacity (PAWC).
BDBSA
Biological database of South Australia
BOM
Bureau of Meteorology
CLIMATE
Climate summarises the average, range and variability of weather elements, e.g. precipitation,
wind speed, air temperature, humidity, and sunshine hours (solar radiation), observed over many
years (typically > 30 years) at a location or across an area.
CLIMATE VARIABILITY
Climate variability refers to variations in the mean state of climate on all temporal and spatial
scales beyond that of individual weather events. Examples of climate variability include extended
droughts, floods, and conditions that result from periodic El Niño and La Niña events.
CLIMATE CHANGE / GLOBAL WARMING
Anthropogenic or human induced climate change otherwise known as global warming refers to
shifts in the mean state of the climate or in its variability, persisting for an extended period
(decades or longer) as a result of changes to the composition of the atmosphere via the addition
of greenhouse gases form human activities.
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CPRS
Carbon Pollution Reduction Scheme
CSIRO
Commonwealth Scientific and Research Organisation
DEH
Department of Environment and Heritage
DROUGHT
Drought in general means acute water shortage. When dry conditions are not relieved by equally
wet periods over a number of years, or when a shorter period of dry is exceptional, it is
commonly called drought.
DWLBC
The Department of Water, Land and Biodiversity Conservation, South Australia.
ECONOMIC CAPTIAL / BOTTOM LINE
Economic or financial capital is the real economic value of an organisation and is defined as the
profit “after deducting the cost of all inputs including the cost of the capital tied up” (Wikipedia
2010).
ENVIRONMENTAL CAPITAL / BOTTOM LINE
Natural or environmental capital includes the biotic and abiotic, renewable and non-renewable
resources of the earth and includes plants, animals, minerals, gases, water and the interrelated
systems of a healthy ecosystem such as recycling, pollution extraction, water collection and
management of soil erosion. Environmental capital can be defined as the “total of renewable and
non-renewable natural resources” (The Business Directory 2011).
EPA
Environment Protection Authority
EPBC
Environmental Protection and Biodiversity Conservation Act 1999
EXPOSURE
Exposure relates to the influences or stimuli that impact on a system. In this study, exposure is a
measure of the predicted changes in the climate for the year 2030.
FINANCIAL CAPITAL
Financial capital is the level, variability and diversity of income sources, and access to other
financial resources (credit and savings) that together contribute to wealth.
GRP/GSP
Gross Regional/State Product: A measure of the net economic contribution of an economic
activity to the region in question. It represents the value of output less the costs of goods and
services used in producing the output.
HUMAN CAPITAL / BOTTOM LINE
Human capital refers to the stock of competences, knowledge and personality attributes
embodied in the ability to perform work to produce economic value. It includes the skills
accumulated by a worker through education and experience (Smith 1776). Human capital is
defined by the United Nations as "the productive wealth embodied in labour, skills and
knowledge" (United Nations 2010).
ICCWR Project
Impacts of Climate Change on Water Resources Project
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MDB
Murray Darling Basin
NRM
Natural Resource Management
NRM Board
Natural Resources Management Board
GCM
Global Climate Model
IPCC
Intergovernmental Panel on Climate Change
LITTORAL
In coastal environments, the littoral zone extends from the high water mark, which is rarely
inundated, to shoreline areas that are permanently submerged. It always includes the intertidal
zone and is often used to mean the same as the intertidal zone. However, the meaning of "littoral
zone" can extend well beyond the intertidal zone.
NATURAL CAPITAL
Natural capital is the productivity of land, and biological actions to sustain productivity, as well as
the water and biological resources.
NPWA
National Parks and Wildlife Act, 1972.
PAWC
Plant Available Water Capacity
PHENOLOGY
The study of the timing of natural events, such as plant and animal life cycle events, and how
these are influenced by seasonal and interannual variations in climate. Common examples
include the date that migrating birds return, the first flower dates for plants, and the date on which
a lake freezes in the autumn or opens in the spring. Phenological records help alert us about the
events of nature and provide interesting comparisons between years and among different
geographic regions. If recorded carefully and consistently, these records also have scientific
value for understanding the interactions between organisms and their environment and for
assessing the impacts of climate change.
PHYSICAL CAPTIAL
Physical capital is the value of capital items produced by economic activity from other types of
capital and can include infrastructure, equipment and improvements in genetic resources (crops,
livestock).
PWRA
Prescribed Water Resources Areas
RAMSAR
The Convention on Wetlands, signed in Ramsar, Iran, in 1971. It provides a framework for the
protection of wetlands on a national and international basis.
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RISK
Risk is the product of consequences and likelihood - what can happen, and what are the odds of
it happening. Both of these factors are important in determining whether and how we address
specific risks.
SAGR
South Australian Government Region
SENSITIVITY
Sensitivity reflects the responsiveness of a system to climatic influences, and the degree to
which changes in climate might affect that system in its current form. Sensitive systems are
highly responsive to climate and can be significantly affected by small climate changes.
SOCIAL CAPITAL
Social capital reciprocal claims on others by virtue of social relationships, the close social bonds
that facilitate cooperative action and the social bridging, and linking though which ideas and
resources are accessed.
TRIPLE BOTTOM LINE
The triple bottom line is an expanded criteria for measuring organisational and societal success
that includes not only the financial, but social and environmental dimensions of performance as
well.
VULNERABILITY
Vulnerability to the impacts of climate change is a function of exposure to climate conditions,
sensitivity to those conditions, and the capacity to adapt to the changes. The IPCC defines
vulnerability as the degree to which a system is susceptible to, or unable to cope with, adverse
effects of climate change.
WEATHER
Weather describes atmospheric conditions at a particular place in terms of air temperature,
precipitation, wind speed, pressure, and humidity.
WUE
Water Use Efficiency
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17 APPENDIX 1 – Workshop participants
Participants at the integrated climate change vulnerability matrix assessment workshop held in
Clare represented a wide range of stakeholders from across the region. Their names are list in
the table below.
ECONOMIC
GROUP 1: Broadacre Agriculture
Michael Richards 0427 547 052
Chris Davey
Mary-Anne Young
Susan Sweeney
Greg Butler
Kathie Bowman
Susan Carn

michael.nynrm@internode.on.net
chris@ypag.com.au
Mary-Anne.Young@sa.gov.au
susan.sweeney@sa.gov.au
greg@santfa.com.au
bullyacre@bigpond.com.au
carnnomi@bigpond.com

GROUP 2: Viticulture/Horticulture
Clark Ingham
Caroline Schaefer
John Peet
Beth Walton
Jackie O'Reilley

Clark.Ingham@sa.gov.au
roysch@bigpond.com
John.Peet@nynrm.sa.gov.au
Jimbeth1@tpg.com.au
oreillysorchard@esat.net.au

GROUP 3: Economic
Kelly-Anne Saffin
Anne Moroney
Ian Miller
Colin Davies
Judy Partington
Lynne Walden

ceo@yorkeandmidnorth.com.au
anne@barossa.org.au
Ian.Miller@nynrm.sa.gov.au
cjd@frc.sa.gov.au
crpartington@goyder.sa.gov.au
Lynne.Walden@nynrm.sa.gov.au

GROUP 4: Infrastructure
Michael Lange
Roy Blight
Brendon Schulz
Mark Kay

blange@barossa.sa.gov.au
rblight@cgvc.sa.gov.au
Mark.Kay@sa.gov.au

ENVIRONMENT
GROUP 5: Water
Andrew Philpott
Saideh Kent
Kris Swaffer
Kerry Ward
Ian Baldwin

aphilpott@light.sa.gov.au
skent@yorkeandmidnorth.com.au
kristyn.swaffer@sa.gov.au
kooroona5@bigpond.com
IBaldwin@barossa.sa.gov.au

GROUP 6: Terrestrial Biodiversity
Anne Brown
Andy Sharp
Chris Madigan
Andy Nicholls
Pam Pilkington
Ian Falkenberg

brown@greeningsa.org.au
Andy.Sharp@sa.gov.au
chris.madigan@adelaide.nrm.sa.gov.au
anicholls@goyder.sa.gov.au
couspilk@bigpond.net.au
Ian.Falkenberg@sa.gov.au
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GROUP 7: Coast & Marine
David Sloper
Aleisa Lomanna
Deb Allen
Stephen Goldsworthy

david.sloper@nynrm.sa.gov.au
aleisal@mallala.sa.gov.au
Deborah.Allen@sa.gov.au
stephen.goldsworthy@yorke.sa.gov.au

SOCIAL/COMMUNITY
GROUP 8: Health, Education &
Disadvantage
Jarrad Davies
David Cowell
Jillian Wood
Peter Stockings
Mark Smith
Lawrence Heath

Jarrad.davies@sa.gov.au
businessadviser@yorkeregion.com.au
woodtajr@bigpond.com
peter.stockings@yorke.sa.gov.au
ehco@mtr.sa.gov.au
lawrence@peterborough.sa.gov.au

GROUP 9: Community
Development and Emergency
Management
Michael McCauley
Rebecca Freeman
Trevor Wood
Muriel Scholz
Terry Barnes
David Briony

RebeccaF@Mallala.sa.gov.au
twood@goyder.sa.gov.au
cedo@mtr.sa.gov.au
tdb@peterborough.sa.gov.au
david@peterborough.sa.gov.au
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18 APPENDIX 2 - Workshop agenda for facilitators
9.00 Arrival and coffee
(Materials – A printed list of participants for signing in, blank sticky name tags, pens. The
facilitators for each table will wear a name tag with a coloured sticker that corresponds with their
area of expertise so they are readily identifiable – economic blue, social yellow and environment
green.)

9.30 Introductions, project background and expected workshop outcomes
Anita
9.45 Climate change science context, projections for the Central LG Region, the
climate stressors and year 2030 – scenario
Jacqui
10.00 Water, Economic, Social and Environmental Impacts of climate change
Karla, Anthony, Holly, Tim (10 minutes each)
10.40 Morning tea break

11.00 Workshop Session 1 – Exposure, Sensitivity and Impacts of Climate
Change. Workshop Instructions and examples
Jacqui
Materials on each of the workshop tables:
- Tables will be identified by a coloured helium balloon with the group name on it.
- An A0 copies of each matrix template. The matrix has just the first three columns showing at this
stage, the reminder might be folded underneath. Sections for input and scores are left blank for
input by the group.
- A smaller A3 copy of the matrix in current draft is on the table for reference and examples that
the facilitator can use.
- Coloured pens, crayons and biros.
- A set of context maps that show where the key assets, infrastructure, population etc are found in
the region as reference.
- A copy of the climate change scenarios and scenario maps.
- A print out of the climate stressors and exposure rankings.
- Coloured Post-it Notes.
- Coloured stickers – 5 for each participant.
- Snacks, water, drinking glasses.

11:15 Participants break into the following tables according to their area of
interest or expertise:
Economic
Agriculture – cropping,
grazing, intensive livestock
Viticulture, wines and
horticulture
Physical capital

Environmental
Terrestrial biodiversity

Social
Emergency management

Coasts and marine, fishing,
aquaculture
Water

Health, social inclusion

Financial capital
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Education, skills, community
planning

Sessions will run concurrently. There will be a maximum of six people per table in each group.
For session one of the workshop:
1. Participants to review the variables listed and prioritise them for action.
2. Exposures are considered and those that are not relevant crossed out.
3. Participants describe in dot points their understanding of the sensitivity of the variable to each
of the listed exposures and a scribe writes down the points.
4. A sensitivity (S Score) will then be entered against each exposure.
5. Participants then focus on the next variable and repeat until all the sensitivity boxes and scores
are filled in.
6. If there is time, the impacts boxes can then be filled in, again dot points, and the Impact score
calculated (I Score = E Score + S Score).
If the table is happy that they have completed the matrix to their best capacity and participants
have other areas that they would like to have input to they can “bumble bee” to other areas (look
but not get involved) and bring back relevant information to their matrix. Alternatively they can
add their comments to the large matrix on the back wall that contains all the points so far
covered.
The facilitator for each table is responsible for ensuring that the matrix is completed, and that
there is fair and equitable discussion and input to the final decision on a score. The facilitator also
needs to make sure that the focus is maintained and people don’t become bored or frustrated with
the process.

12:15 Short facilitated plenary summary of the top Impacts identified at each
table.
12.30 Lunch break

1.00 Workshop Session 2 – Adaptive Capacity, Adverse Implications and
Opportunities. Workshop Instructions and examples
Jacqui
Materials at each table as before. The last columns of the matrix are now visible for filling in.

1:15

Participants return to their tables of interest or expertise.

For session two of the workshop:
1. Participants can review the input and add anything that came to them over lunch and again
prioritise them for action – perhaps according to impact score?
2. Participants will now identify the possible adaptive capacity for each of the variables
3. An Adaptive Capacity score (A Score) is then entered onto the matrix.
4. The Vulnerability score can then be calculated.
Once the matrix is completed, possible adverse implications or problems associated with any of the
adaptive capacity options listed as well as opportunities that may have been identified can be
added to the matrix against each variable. Again, in the last half hour participants can “bumble
bee” to other groups and bring the information back to their table or have input to the master
matrix on the back wall if they wish.
Facilitators should make sure that again the critical sections of the matrix are completed and that
participants don’t become bored, frustrated or interrupt other tables that might be working well.
Once the group has completed the task if others want to join then that is ok.

2:15 Facilitated review of the key vulnerabilities outcomes for each table.
2:30 Poster session and coffee.
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Table facilitators will stick each of the matrices up on the wall next to the master matrix and stand
there during coffee to answer questions that people may have as they mingle and drink coffee.
Participants are given five coloured stickers for their region and are asked that over coffee they
view the “posters” and vote for the variables they feel are most important to them and their
region.

3:15 A vision for your sub-region - Priorities for Action and Knowledge Gaps –
Sub-regional groups. Workshop Instructions and examples
Jacqui
Materials:
– A2 storyline templates for each table.
– Coloured pens/biros.
– Map of the region for context and drawing / writing on.
The final session will be run as a storyline. Participants break into sub-regional groups (perhaps
according local government areas if the groups are too big) and imagine they are now in the year
2030 and they compose a story of what their region is like, what it was like in 2011, and what
steps they took to get to where they are now. The story should identify key actions that were
taken to address the main themes that have been identified, possible problems they encountered
along the way and how they overcame those, what resources they needed to get there and who
provided them, and what opportunities they took. The story will be written into an A2 template
that has a column down the right hand side that allows for dot points of knowledge gaps to be
listed.

4:00 Sub-regional groups read their story.
4.15 pm – Summary and Next Steps – full group
Anita
Participants will be provided with the completed matrix that will be collated and sent
around to get further input from colleagues or follow up thoughts that they may have
themselves. Participants who were particularly interested in particular areas can let Anita
know so they will be contacted on things that may be of relevance for them.
A full report will be written that includes all the outcomes of the workshop.
4.30 Close
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