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Preface/Abstract 

Following discussions within the Tourism and Climate Change Taskforce in 2007 – 2008, the Sustainable 
Tourism Cooperative Research Centre (STCRC) decided to undertake a study of the potential adaptations to 
climate change in five key tourist destinations in Australia: Kakadu National Park, the Cairns region (including 
the Great Barrier Reef and Wet Tropics rainforest), the Blue Mountains, the Barossa Valley and the Victorian 
Alps. The Department of Resources, Energy and Tourism provided funding support for the study. 

The overall aim of this project was to examine the climate change impacts (economic and non-economic) on 
the tourism sector in five Australian regional tourism destinations (Figure 1) over the next 10, 40 and 60 years 
(2020, 2050 and 2070).  

The goal of the project was to build a framework to inform and prioritise adaptation strategies which can be 
undertaken by destinations and tourism businesses. To do this, the climate change vulnerability of each 
destination was assessed, with a focus on the potential impacts on tourism infrastructure, activities and 
operational costs. The project was intended to ascertain the adequacy of available data and information to enable 
research-specific findings.  

This research project has examined existing knowledge on anticipated biophysical changes and, through 
primary research (stakeholder interviews and social learning workshops), gauged the expected adaptive 
approaches of destination communities and the tourism sector to these changes for 2020, 2050 and 2070, and 
then estimated likely economic consequences. It is expected that key outcomes will be an early assessment of the 
adaptive capacity of tourism communities, estimates of costs and the development of a robust research agenda 
based on refining an initial model of tourism, business and destination adaptation.  

This technical report is divided into four distinct parts. Part 1 (Chapters 1 and 2) provides an introduction to 
the project in a global context, including the aims and objectives of the study and an introduction to the five case 
study regions. It then describes the methodology applied to ascertain the non-economic impacts of climate 
change at four of the five case study regions (Chapter 2).  

The five case studies are then presented as five separate chapters in Part 2 (Chapters 3 – 7). The Victorian 
Alps case study was derived from a separate, larger multi-sector study of climate change impacts and adaptation 
in the region, and the authors have provided a summary of their work in relation to the tourism sector in Chapter 
7 of this technical report. It should be stressed that the approach and methodology in that study were different to 
the other four case studies, and this presents some limitations when integrating across case studies in Part 4 of 
this report. 

Part 3 (Chapter 8) deals with the economic impacts of climate change across the five destinations, based on 
The Enormous Regional Model (TERM). This may be considered a preliminary assessment at the case study 
level of the expected impacts of climate change on Gross Regional Product and projected rates of growth in 
domestic and international tourism for 2020, 2050 and 2070. 

In Part 4 (Chapters 9 and 10) the findings across the five case study regions are integrated and synthesised, 
and a future agenda is set for applying the approach to other Australian tourism regions. Chapter 9 provides a 
discussion and integration across the Kakadu, Cairns, Blue Mountains and Barossa Valley case study regions. In 
particular, themes for mitigation and adaptation are considered that have emerged from the separate case studies 
that might have wider applicability across other Australian tourist destinations. Finally, Chapter 10 provides 
recommendations from the study for future research in the area of climate change and adaptation in tourism 
destinations. The chapter also provides suggestions and guidance for how this might achieved in a practical 
sense, in terms of a tourism sector ‘tool kit’. 
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SUMMARY 

Objectives 

This project was intended to ascertain the adequacy of available data and information to enable research specific 
findings. Based on the current available data, the main objectives of this study were to: 

1. Structure and direct desktop research on climate change in relation to the biophysical and socioeconomic 
characteristics of the five case study regions. 

2. Direct field work in each case study region, including semi-structured interviews with tourism, business, 
government and community representatives. 

3. Undertake social learning workshops with representative groups in each case study region. 
4. Develop a model that identifies non-economic impacts and will allow data input and impact projections. 
5. Identify adaptation options and strategies for each case study region. 
6. Estimate economic impacts in the five case study regions—both for tourism’s contribution to Regional 

Gross Product and regional employment. 
7. Develop a model that can be generalised to other destinations. 
8. Identify additional knowledge, processes and information gaps to support the development of a 

comprehensive research agenda for tourism and climate change in Australia. 
9. Identify practical tools to respond to the multiple impacts of climate change at key tourist destinations. 
10. Present a final technical report incorporating the five case study tourism destination reports, addressing 

both economic and non-economic impacts of climate change and adaptation strategies to minimise or 
reverse any adverse impacts. 

Methodology 

• Define the case study region based on local government areas according to the Australian Bureau of 
Statistics. 

• Conduct desktop reviews of existing knowledge at each destination. 
• Review current knowledge of demand side tourism to inform economic analysis. 
• Conduct an economic analysis of the tourist industry for the five tourist destinations for 2020, 2050 and 

2070. 
• Review current knowledge of climate change in the five case study regions.  
• Review current knowledge of the degree to which tourism is climate dependent.  
• Use a visitor, industry, community and environment (VICE) Model1 to identify key stakeholders 

organisations in the tourist sector, populate the VICE and use a snowballing technique to expand the 
representation. 

• Conduct semi-structured stakeholder interviews with key individuals to develop adaptation strategies and 
identify knowledge gaps.  

• Apply CSIRO model climate change projections for 2020, 2050 and 2070 to the five tourist destinations 
to provide some context for the social learning workshops. 

• Conduct workshops in each of the regions to prioritise adaptation strategies for the three climate change 
scenarios, which were linked to biophysical changes at each destination.  

                                                           

1 This acronym for a tourism stakeholder grid originated with the Tourism Management Institute (2007) and has 
subsequently been developed and deployed by Lincoln University (Sleeman, Simmons (2007) as a participatory 
framework in its Tourism Planning Toolkit (Ministry of Tourism, New Zealand 2008).  
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Key Findings Across Regions 

The key findings are based on the climate change scenarios for 2020, 2050 and 2070 modelled for this project 
for each case study region. Changes in climate prior to 2030 do not vary greatly from one emission scenario to 
another. Therefore, a mid-range emission scenario for 2020 (A1B family) is used in this report. Changes beyond 
2030 are more dependent on the emission scenario, so for 2050 and 2070 report “low” and “high” emission 
scenarios (B1 and A1FI families) are reported. This executive summary reports the 50th percentiles of each 
emission scenario. Each of the Special Report of Emission Scenarios is based on a plausible storyline of future 
global demographic, economic and technological change in the 21st century, and applied by the 
Intergovernmental Panel on Climate Change (IPCC). Key variables reported are air temperature, rainfall, rainfall 
seasonality, extreme weather events, sea level rise, extreme fire weather, sea surface temperature and snow. 

There was a high level of awareness of climate change across all sectors in all regions. However, the depth of 
understanding was highly variable both within and across sectors. To examine the degree to which adaptation 
strategies were broadly applicable to all destinations examined in this study, all of the strategies nominated were 
categorised as high priority for each destination, to come up with some general themes. The identified theme 
areas are listed below. 

Theme 1: Green 
The Green theme represents those adaptation strategies that were nominated along the ‘green and clean’ and 
‘sustainability’ lines, including many water and energy saving initiatives that represent best practice for small 
(and large) businesses. Although many of these strategies are most often thought of as mitigation strategies, 
many of them were put forward in the context of how the destination could be marketed as a ‘green’ destination, 
which represents an adaptation to growing tourist concerns about the tourism footprint. 

Theme 2: Data and knowledge 
Adaptation strategies listed under the data and knowledge theme include those that touch on some aspects of data 
inadequacies, both in terms of businesses and climate change data, and also those which captured the widely held 
view that there is a real need for increased data collection and improved storage and sharing of data. 

Theme 3: Disaster management 
Strategies which sought to improve how disasters are managed fell into this category. They not only included 
aspects of resource requirements, but also captured concerns about how media treats natural disasters and how 
media-fuelled hysteria, which can damage a destination’s image, needs to be better managed by the tourism 
sector. 

Theme 4: Marketing 
Strategies which sought to highlight particular aspects of the destination in brand recognition and marketing 
initiatives were listed in this theme. 

Theme 5: Planning 
Many adaptation strategies revolved around the need for improved and better informed planning of both built 
and natural environments. These strategies fell into the planning theme. 

Theme 6: Community 
Community themed adaptation strategies revolved around the idea of local identity, the need to produce food 
locally (and support it) and the need for strong community-government relationships. Only two of the 
destinations (Cairns and Barossa Valley) had community-themed adaptation strategies, which not only highlights 
the local residents’ attachment to these destinations, but also the feeling that they would be willing to fight for 
the businesses and the tourism market in these regions 

Theme 7: Resources 
As for planning, many adaptation strategies were nominated that focused on the management of resources, both 
built and natural and the need for additional resources (in both of these areas) to support the implementation of 
adaptation strategies. 

Capacity for adaptation strategy adoption and implementation 
In all destinations, stakeholder workshops revealed considerable institutional, legal, community and resource 
limitations that inhibit, or are at least perceived to inhibit, the timely implementation of adaptation strategies. 
Interestingly, this is despite the fact that all destinations nominated sustainable use of resources, especially water 
and energy, as an adaptation strategy which clearly represents best practice and has been shown to save 
businesses lots of money. Nevertheless, there were numerous and often-articulated barriers to implementing the 
suggested adaptation strategies, including those listed below. 
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Uncertainty and scepticism surrounding climate change projections 
Numerous stakeholders indicated: a) that they were sceptical about the perceived role that human activities have 
had in stimulating climate change; and/or b) that the geographical scale (super-regional at best) and uncertainty 
in climate change projection modelling resulted in considerable uncertainty on their part in terms of how much 
they were willing to invest (intellectually and economically) in climate change adaptation. Although scepticism 
within the workshop groups was generally quite low, workshop participants commented that there was enough 
scepticism in the community to prohibit rapid and significant adaptation. Not all stakeholders were concerned 
about the scale of climate change projections and many recognised the fact that as a global phenomenon there 
will be no escaping from climate change. Nevertheless, in terms of evaluating priority actions within their 
destination, many participants felt it would be necessary for regional-scale projections to be created to assist with 
the planning and response process. 

Despite uncertainty and concern regarding the science of climate change and how it is likely to impact 
regional communities and industries, all stakeholders recognised the threat that climate change (or even media 
relating to climate change) poses to the regional communities that give tourism in the case study destinations its 
particular character. In this context, tourism demand could be significantly reduced simply by perceived changes, 
hence the above call for more regionally relevant and up-to-date information. Coupled with stakeholders 
concerns about media coverage of climate change and natural disasters, it seems that climate change is, and will 
continue to be, a major issue confronting tourism in regional Australia. 

Communication and community involvement 
Although not all destinations examined in this study had tight-knit communities, there was an overwhelming 
view that local communities and stakeholders are required to be heavily involved in the planning and 
implementation of adaptation strategies. Whilst resources frequently came up as a limiting factor in this local 
‘grass roots’ approach, few participants felt that a top-down, national approach would work for all destinations. 
Clearly, there was a consistent view that locals know their destinations best and they, therefore, should be the 
ones coordinating and implementing adaptation. As one respondent commented,  

Local communities are… central to the adaptation of the region as they provide the raw materials from which the 
tourist experience is packed, marketed and sold.  

Adding to this view was the sentiment that a national approach would not adequately consider the importance 
of the local community in creating, influencing and contributing to the sense of place and indeed, making 
tourism possible. 

Communication and inclusion also appear to be important features of how a successful adaptation plan could 
be implemented. Many respondents expressed their concern about the number of and overlap between climate 
change research projects, initiatives and granting schemes. Specifically, some stakeholders had been involved in 
multiple climate change workshops and felt that more coordination and communication among (and within) 
sectors like the government (at all levels), the tourism industry, local community groups and researchers is 
required. 

Adaptive capacity of tourism—an industry built around small and medium enterprises 
One of the major perceived limitations to adaptation within the tourism sector is the high proportion of small and 
medium enterprises (SMEs) that characterise regional tourism. Specifically, a lot of concern revolves around the 
fact that these smaller enterprises are operating on small overheads with little or no capital or capacity to 
implement major adaptation strategies. Furthermore, very few SMEs are able to plan on timeframes longer than 
a couple of years, and as a result, making changes now, which will cost something, with a view to threats that 
may or may not eventuate in 10, 20 or 50 years time, is not something that many of these smaller operators are 
willing (or able) to do. 

In contrast, the overwhelming view across destinations was that bigger operators were more likely to be 
planning and implementing adaptation strategies now, as they have more resources and may have a 
responsibility to their stakeholders to manage the risks of climate change impacts on business operations and 
bottom lines. 

Adaptation strategy adoption 
The adoption of adaptation strategies will require some, if not all, of the following: 

• Confidence that the climate really is changing and that increased variability in climate is part of the 
process. 

• Motivation to avoid risk or take up opportunities. 
• Demonstration of new technologies. 
• Transitional and legislative support from government. 
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• Resources from government and private stakeholders. 
• Effective monitoring and evaluation—climate change is a moving target. 

Economic impacts of climate change on tourism in the case study regions 
This project is the first that examines the likely flow-on effects of climate change on tourism activity, or in other 
words climate change induced tourism impacts, on the regional tourism economies of Australia in the modelling 
framework of a fully bottom-up Computable General Equilibrium (CGE) Model. The project was developed in 
two stages, first to estimate the impacts of climate change alone, and then from that basis the impacts of tourism 
changes were measured against the base case. The inputs in the first stage of the climate change effects were 
taken from the Garnaut Climate Change Review (Garnaut 2008).  

Results indicate that the economy will be adversely affected, and more so in the second half of the century 
than in the next decade. Overall, the economy declines steadily over time, due to (a) the climate change effect on 
productivity losses of labour, capital and intermediate inputs, and (b) loss of export demands from overseas as 
tougher international competition against young developing countries increases. The loss of capital productivity 
makes the economy relatively more capital intensive; thus investment becomes an important driver of growth. 
Coupled with the lower level of productivity, the loss of overseas exports results in a reduction in domestic 
production, which subsequently reduces labour income and household consumption. In a comparison, the 
adverse impact of climate change falls more on wage earners than on owners of capital. 

Tourism impact in the context of this project is an extension of climate change analysis, which explicitly 
attempts to measure the flow-on effect of climate change on tourism activity by applying guesstimates of 
tourists’ responses to losses of tourist attraction. In the longer term, it is almost a case that losses of tourist 
attraction imply losses of tourism demand.  

Lower demand for tourism has the effect of stimulating mining and manufacturing to expand their outputs 
and exports further. Given that the tourism sector is labour intensive, while mining and manufacturing are 
relatively more capital intensive, this diversion of resources actually shifts the structure of the economy toward 
being more capital intensive. The negative impact on wage earners is exacerbated. 

At the national level, the total of climate change induced tourism impacts given in this report is insignificant, 
as this project examines only five out of many tourism destinations in Australia. If all destinations across 
Australia are taken into account, the national impact would be very likely significant. 

At the regional level, tourism impacts are not distributed evenly across tourism destinations, as it largely 
depends on how tourism-reliant a destination is. The Victorian Alps region is the hardest hit region, because its 
tourism output shares 25% in the total output produced by the region; the second hardest hit region is the 
Tropical North Queensland, with 13% of tourism share. 

It is important to note that the flow-on effects of climate change on tourism activity in fact are an endogenous 
factor in the climate change process. And it is these climate change induced tourism impacts that can change the 
actual impact level of climate change as a whole on a region. Results in Chapter 8 points out that Kakadu is the 
most affected region under the climate change effect alone, the rest of Northern Territory and the rest of 
Australia are the next two regions after Kakadu. However, when the climate change induced tourism impacts are 
considered, Alpine Victoria and Tropical North Queensland (Cairns) are the most affected regions. As a result, 
climate change analysis, without further consideration of its induced tourism impact, will very likely 
underestimate the total economic costs to a region under climate change effects.  

Integration across case studies 

Common points across regions 

• Significant knowledge gaps around climate change, level of uncertainty and adaptation. 
• Degree of scepticism in the community that climate change is associated with anthropogenic behaviour.  
• Better communication is needed across sectors, i.e. government, tourist industry, community and 

researchers, on the likely impacts of climate change and how to adapt to avoid duplication.  
• Need to consider the importance of the community in creating, influencing, and contributing to the sense 

of place and making tourism possible.  
• In all regions, tourism demand could be reduced by changes which affect the character of the landscape, 

the region’s economy or the strength of community spirit.  
• Bigger operators were more likely than smaller operators to be planning and responding to impacts by 

implementing adaptation and mitigation strategies. They are more likely to have the resources to act, and 
may have a responsibility to shareholders to manage the risks of climate change impacts.  
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• Local communities are seen as being central to the adaptation of the region as they provide the raw 
materials from which the tourist experience is packaged, marketed and sold.  

• Climate change is recognised as a threat to communities and cultural practices that give tourism in the 
regions its character. 

• If adaptation strategies are to be implemented, they need to be simple, chaep and effective with clear 
benefits.  

Future Actions 

Adaptation is required despite uncertainty in the long-term climate projections and significant uncertainty among 
visitors and the tourism sector about how climate change will affect their lives. This is a simple precautionary 
principle that would lead to more sustainable business practices. 

Future actions applicable to all regions are listed below. 

Governments to: 

• Develop incentive schemes to support innovation and promote ‘model’ tourism businesses and 
organisations who want to succeed in adapting to climate change. 

• Provide incentives for best practice management to assist operators to reduce their environmental impact, 
through rebates, tax benefits etc. 

• Involve the tourism industry in the development of ‘water policy’. 
• Develop appropriate conflict resolution processes in anticipation of conflicts between competing users of 

water resources within the region.  
• Provide the tourism industry with information about a new carbon economy so they can assess the impact 

upon their business; standardised system of calculating for an Emissions Trading System and ‘carbon’ 
audit for the tourism industry. 

• Review the limitations and life of current assets, infrastructure and services.  
• Build infrastructure that has low carbon emissions and use this in marketing. 
• Conduct risk assessments of natural assets under climate change and develop strategies to minimise risk 

around these strategies. 
• Support research to improve the resolution of the climate models; reduce the uncertainties in climate 

projection at the local level; fund research and have long-term monitoring. 
• Better resource local government so it can adequately coordinate regional development. 
• Plan for and implement the high priority adaptation strategies identified from the workshop. 
• Develop and implement policy for planning, building codes and infrastructure development informed by 

good research. Actions, timelines and targets need to be clear in the plans and need to be monitored and 
reported on to the community. 

• Promote integrated regional planning approaches across the areas of tourism, climate, agriculture, natural 
resources, energy, water, infrastructure and health.  

• Emergency evacuation policy—risk assessment and plan for emergency events. 
• Reduce carbon footprint—hotels and restaurants required to purchase locally or pay surcharge on 

products sourced elsewhere. 
• Provide appropriate funding for infrastructure development—roads, telecommunications, wharves, 

airports that support the tourism industry.  
• Make a concerted effort to plan for water use for 2020, 2050 and 2070—this does not mean more dams 

but better and more appropriate use of water that is ‘fit for purpose’ (water recycling, changed irrigation 
techniques etc). 

• Support agriculture to plant appropriate crops for the climate conditions, i.e. consider water needs, 
herbicide and pesticide applications, and potential plagues of grasshoppers and locusts (needs research). 

• Adaptation strategies need to be simple, cheap and effective, and the need and the benefit must be clearly 
identified. 

Operators to: 

• Reduce their environmental impact by moving to more efficient use of water, means of transport, taking 
up renewable energy sources, reducing their energy consumption, improving their waste management 
practices and informing themselves of future climate projections for their region. 

• Obtain environmental accreditation—assistance needs to be provided to operators to achieve this through 
auditing, education and certification. 

• Keep up-to-date with the latest research and adapt accordingly. 
• Diversify products to cope with future environmental and market changes. 
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• Need to consider how the new carbon market could impact business practices. 
• Resource sharing among operators. 
• Build accommodation and transport needs of visitors in the next 10, 40, 60 years. 
• Promote their green initiatives broadly—to STOs, RTOs and their distribution and supply channels. This 

enables industry groups to more effectively market the green activities within a destination. 

Industry groups to: 

• Inform visitors about how a region is tackling climate change and promote the region’s and operators’ 
good business practice.  

• Produce information guides to assist small tourism operators and organisations to develop and undertake 
adaptation strategies as a means of supporting the regional economy. 

• Communicate relevant policy changes to operators. 
• Lobby governments to provide better incentives for operators to shift to ‘greener’ business practices. 
• Community need to continue to lobby the government for support in tackling climate change. 
• Provide a tourism ‘voice’ for governments planning and resourcing the region’s future. 
• Work with marketers, agencies and tourism operators to coordinate the region’s response to climate 

change. 
• Develop and then market Australian destinations as ‘clean-green’—particularly targeted at international 

markets sensitive to the carbon costs of travel, such as Europe. 
• Develop low footprint tourism—offset systems, design and adapt attitudes; change advocacy. 
• Develop and implement offsets or more efficient means of travel. 
• Price product so it is competitive and affordable to attract visitors. 
• Explore opportunities where operators can work with the local community on specific adaptation projects 

as a means of building relationships and support for the tourism sector.  
• Develop climate change stakeholder networks across the region through which threats and opportunities 

can be identified, ideas can be generated and disseminated, resources can be pooled, and priority actions 
can be implemented, monitored, evaluated and communicated back to stakeholders. 

Tourists and community actions: 

• Research is needed into the expected and actual behaviour change of tourists (e.g. visitation behaviour 
and intentions) in key markets, and in response to changing weather conditions and proposed adaptation 
plans. 

• Understanding of the beliefs and values of local residents with the view of building support for adaptation 
in the tourism sector.  

• Social mapping exercise to see how climate change impacts the community. 
• Understanding the impact of adaptive responses on social, economic and biophysical processes.  
• Workshops and seminars to update the industry on likely impacts of climate changes and strategies to 

lessen them. Use these forums to demonstrate new technologies for adaptation. 
• Continue to build resilience through strategic management of weeds, pests and fire.  
• Continue to monitor environmental changes, disseminate findings and encourage further research.  
• Provide training for tourism workforce and recognise (value) the training so it is retained in the 

community. 
• Increase efficiency in the way communities and tourists live—reduce energy use, water use and carbon 

footprint. 
• Greater education and communication with the public and the tourism industry. 

Knowledge Gaps and Future Research 

The findings and the limitations of this project have identified a number of areas that require further research to 
enhance the development and discussion of climate change adaptation in regional Australia. Some of the 
research needs revolve around the desire, among interview and workshop participants, for improved regional 
projections and predicted impacts on biophysical components of the landscape. Others are more socioeconomic 
in their nature and include aspects of tourism demand, including how visitors (tourists), communities and 
economies are likely to respond to climate change. Although not exhaustive, some obvious topics for further 
investigation in the realm of destination-based adaptive strategies include: 

• Creating better, more regionally specific climate projections (tourists are generally mobile within a 
regional destination, and broad effects mapping may not take account of local variations and tourist 
behaviour, eg. coastal cooling breezes vs. inshore heating). 

• More specific timeframes for climate change impacts. 
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• Determining how landscape is likely to change. 
• Ecological impacts of climate change upon wildlife. 
• What visitors want out of the regional experience and how climate change will impact upon their 

experiences. 
• Technologies to help mitigate and adapt to climate change. 
• Information about available incentive schemes. 
• Investigate overseas examples of best practice management. 
• How to become green and clean. 
• Better current economic data about the value of tourism to the region. 
• More information about health impacts. 
• More information about human and tourist comfort indices and how these might predict behaviour (of 

residents, staff, tourists etc). 
• Explore opportunities for product development that ‘weather proof’ core tourist experiences. 
• Analysis of the economic impact of an Emissions Trading System / Carbon Pollution Reduction Scheme, 

trends, and costs of adapting. 
• How to improve resource efficiencies in tourism—and how to demonstrate such (clean and green) brands. 
• Technologies to help mitigate and adapt to climate change. 
• Information about available incentive schemes. 
• Better interpretive information.  

Adoption of new practices will require: 

• Confidence that the climate is really changing and that increased variability in climate is part of the 
process. 

• Motivation to avoid risk or take up opportunities. 
• Demonstration of new technologies. 
• Transitional support from government. 
• Effective monitoring and evaluation. 
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Chapter 1 

INTRODUCTION 

By Stephen Turton and Wade Hadwen 

Following discussions within the Tourism and Climate Change Taskforce in 2007 – 2008, the Sustainable 
Tourism Cooperative Research Centre (STCRC) decided to undertake a study of the potential adaptations to 
climate change in five key tourist destinations in Australia: Kakadu National Park, the Cairns region (including 
the Great Barrier Reef and Wet Tropics rainforest), the Blue Mountains, the Barossa Valley and the Victorian 
Alps. The Department of Resources, Energy and Tourism (DRET) provided funding support for the study. 

This research project examines existing knowledge on anticipated biophysical changes and, through primary 
research (stakeholder interviews and social learning workshops), gauges the expected adaptive approaches of 
destination communities and the tourism sector to these changes for 2020, 2050 and 2070. It then estimates 
likely economic consequences. It is expected that key outcomes will be an early assessment of the adaptive 
capacity of tourism communities, estimates of costs and the development of a robust research agenda based on 
refining an initial model of tourism, business and destination adaptation. 

Project Aim and Objectives 

The overall aim of this project was to examine the climate change impacts (economic and non-economic) on the 
tourism sector in five Australian regional tourism destinations (Figure 1) over the next 10, 40 and 60 years (to 
2020, 2050 and 2070).  

The goal of the project was to build a framework to inform and prioritise adaptation strategies which can be 
undertaken by destinations and by tourism businesses. To do this, the climate change vulnerability of each 
destination was assessed, with a focus on the potential impacts on tourism infrastructure, activities and 
operational costs. The project was intended to ascertain the adequacy of available data and information to enable 
research-specific findings. Based on the current available data, the main objectives of this study were to: 

1. Structure and direct desktop research on climate change in relation to the biophysical and socioeconomic 
characteristics of the five case study regions. 

2. Direct field work in each case study region, including semi-structured interviews with tourism, business, 
government and community representatives. 

3. Undertake social learning workshops with representative groups in each case study region. 
4. Develop a model that identifies non-economic impacts and will allow data input and impact projections. 
5. Identify adaptation options and strategies for each case study region. 
6. Estimate economic impacts in the five case study regions—both for tourism’s contribution to Regional 

Gross Product and for regional employment. 
7. Develop a model that can be generalised to other destinations. 
8. Identify additional knowledge, processes and information gaps to support the development of a 

comprehensive research agenda for tourism and climate change in Australia. 
9. Identify practical tools to respond to the multiple impacts of climate change at key tourist destinations. 
10. Present a final technical report incorporating the five case study tourism destination reports, addressing 

both economic and non-economic impacts of climate change and adaptation strategies to minimise or 
reverse any adverse impacts. 

Case Study Destinations 

Case study areas were selected based on known climate change hotspots, as defied by the Intergovernmental 
Panel on Climate Change (IPCC) Australia / New Zealand working group for the 4th Assessment period 
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(Hennessy, Fitzharris, Bates, Harvey, Howden, Hughes, Salinger & Warrick 2007). This analysis highlighted six 
key areas of Australia (Kakadu, Queensland Wet Tropics, South East Queensland, Murray-Darling Basin, Alpine 
Zones, and Southern Western Australia) as key areas of vulnerability. All of these are major tourism regions. To 
test varying degrees of vulnerability, three of the above (Kakadu, Queensland Wet Tropics, and an Alpine Zone) 
were chosen as the core of the research, with the Blue Mountains (New South Wales) and Barossa (South 
Australia) also included for alternative assessment areas close to state capitals where tourism is nonetheless a 
significant contributor to ther regional economy. 

Given the geographies, population bases and other geographical elements found across Australia, it is not 
surprising that each case study initially presents in differing ways. For example, the Queensland Wet Tropics (in 
this case centred on Cairns) has already been subject to much scientific work (via the Great Barrier Reef Marine 
Park Authority, the Reef and Rainforest CRC, the Marine and Tropical Sciences Research Facility and the 
Garnaut Climate Change Review (Garnaut 2008)) and public commentary on the potential impacts on the Great 
Barrier Reef. Residents of the Barossa have recently been engaged in an adaptability assessment focused on the 
major viticulture industry, and Kakadu on sea level rise and Indigenous adaptation. The tasks here, however, 
were to engage with the tourism communities, take their base knowledge (of climate change, local meteorology 
(weather), tourism, local institutions) and examine them for their adaptive capacity. Thus, while the case studies 
may appear as uneven and unbalanced, each of the case studies reported in the first instance reflect these 
different local perspectives and experiences. 

The final five tourism destinations evaluated in this research project (Figure 1) were: 

1. Kakadu (including Darwin as the gateway community). 
2. Cairns (including the Great Barrier Reef and Wet Tropics Rainforest). 
3. Blue Mountains. 
4. Barossa Valley. 
5. Victorian Alps. 

 

Figure 1: Location of the case study destinations 

The five tourist destinations were selected on the basis of their varying degrees of vulnerability to impacts of 
climate change, with Cairns and Kakadu considered as being highly vulnerable, Barossa and Victorian Alps as 
vulnerable, and Blue Mountains as less vulnerable. A sixth vulnerable destination, Margaret River (Western 
Australia) has also recently been added, increasing the national scope of the project. The Margaret River case 
study is not covered in this technical report. 

Kakadu NP 

Cairns 

Blue Mountains 

Victorian Alps Barossa

Valley  

Margaret River 
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This chapter begins by summarising the main causes of global climate change to set the context for the study. 
An overview of observed climate change in Australia over the past 100 years is then provided, along with 
climate change projections for Australia over the next 30 – 100 years and how adaptation to climate change 
might be incorporated into planning systems over the next 10 – 60 years. 

Climate Change 

Causes of global climate change 
Climate change is any long-term significant change in the ‘average weather’ that a given region experiences. 
Average weather may include average temperature, precipitation and wind patterns. It involves changes in the 
variability or average state of the atmosphere over durations ranging from decades to millions of years. These 
changes can be caused by dynamic processes on Earth, external forces including variations in sunlight intensity, 
and more recently by human activities. (IPCC 2007) 

Figure 2 shows the main anthropogenic and natural radiative forcing mechanisms that affect the global climate 
system, which is comprised of negative and positive forcing processes. Negative radiative forcing (net cooling) 
is associated with volcanic eruptions and some forms of land use change (deforestation), while positive radiative 
forcing (net warming) is mostly associated with anthropogenic greenhouse gases, notably water vapour, carbon 
dioxide, methane and nitrous oxide. Since the Industrial Revolution, around 1750, the atmospheric 
concentrations of carbon dioxide, methane and nitrous oxide have increased by 35%, 148% and 18% 
respectively. The increases in concentrations of carbon dioxide are primarily due to fossil fuel use and land-use 
changes, while those of methane and nitrous oxide are primarily due to agriculture (IPCC 2007). Changes in 
solar irradiance over time may result in either positive or negative radiative forcing being largely dependent on 
sunspot activity. The net anthropogenic radiative forcing, which takes into account all human-induced impacts 
on the land / ocean / atmosphere interface is strongly positive, with carbon dioxide accounting for most of the 
positive (warming) effect (Figure 2). 

Figure 2: Anthropogenic and natural radiation forcing mechanisms involved in driving the global climate 
system 

SOURCE: IPCC 2007 
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Over the past 100 years, both natural and anthropogenic forcing mechanisms have driven average global 
temperatures, giving rise to an observed overall increase in surface temperatures, with variability being 
dependent upon interactions between natural and anthropogenic forcing agents (Figure 3). Since the mid-1970s, 
there has been compelling evidence that anthropogenic climate change is now the principal driver of variations 
in average surface temperatures, as evidenced by the separation (decoupling) of the natural and natural / 
anthropogenic driving mechanisms and the observed rise in average global temperatures (Figure 3). 

Figure 3: Natural and anthropogenic radiative forcing mechanisms and observed changes in average 
surface temperatures since 1900AD 

SOURCE: IPCC 2007 

Observed changes in the Australian climate over the last 100 years 
Average annual temperatures in Australia have increased by 0.9 ºC since 1910 (Bureau of Meteorology 2009). 
Figure 4 shows mean temperature anomalies for Australia from 1910 – 2007, with warmer and cooler anomalies 
being derived from the baseline climatology period (1961 – 1990).Over the period 1980 – 2007, there have been 
only three years when average temperatures have been cooler than the baseline climatology period. In 
comparison, over the period 1910 – 1980 there were 68 years when average temperatures were below the 
baseline climatology period. 

Figure 4: Australian average annual temperature anomalies relative to the average for the 1961 – 1990 
period  

SOURCE: Bureau of Meteorology 2009 
Temperatures have not changed constantly across the continent (Figure 5). Since 1950, the greatest warming 

has been observed in the subtropics and inland areas, with observed cooling for the northwest of Western 
Australia.  

Over the same period, rainfall patterns have changed throughout Australia, with the greatest drying observed 
along the entire east coast south of Cairns. Southern parts of Australia have also become drier, particularly the 
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southwest, while increases in rainfall have been observed in the northwest part of the continent, the Top End and 
Cape York Peninsula (Figure 6). 

Figure 5: Trends in average temperatures across Australia from 1950 – 2007 

SOURCE: Bureau of Meteorology 2009 

 

Figure 6: Trends in average rainfall across Australia from 1950 – 2007 

SOURCE: Bureau of Meteorology 2009 

Climate change projections for Australia 
Climate change is forecast to have a variety of economic and non-economic impacts throughout Australia 
(Hennessey, Webb, Kirono & Ricketts 2008). Projections at the national scale suggest significant increases in 
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mean annual temperatures, coupled with reduced annual rainfall in most places. This will place incredible strain 
on natural resources and many industries dependent on these resources for their livelihood. In addition, increased 
risk and intensity of extreme events like bushfires, tropical cyclones, floods and droughts are likely to result in 
considerable economic costs to the nation. 

In Australia, probably more so than any other nation, the tourism industry relies strongly on natural 
resources, and to this end the industry will be strongly affected by climate change. However, the degree to which 
climate change impacts on regional tourism activities, in terms of economic and non-economic consequences, 
depends at least in part on how well the Australian tourism industry, and the natural resources on which it relies, 
can adapt to climate change.  

Recent evidence suggests that the global climate system is changing rapidly, with annual average 
temperatures increasing at rates that have not been experienced for hundreds of thousands of years (IPCC 2007). 
In the context of this changing climate, it is pertinent to note that the current period is one during which climate 
change adaptation is critical if societies and economies are to be sustainable in the future (see Figure 8). Given 
that we are now entering a period of changing climate, it is important that we urgently adapt and react to climate 
change from a planning perspective.  

Whilst mitigation efforts are undeniably important in terms of slowing the rate of climate change, the fact 
that the climate system has already changed (and will continue to do so irrespective of mitigation efforts, at least 
in the short- to medium-term) suggests that investment in climate change adaptation is a sensible course of 
action. This view applies to all industries that depend on natural assets for their sustainability, including tourism. 

Figure 7 shows the likely spread of changes in global average temperature over the period 1990 – 2100, 
according to the IPPC’s 4th Assessment Report (IPCC 2007). The rate of temperature changes over the period 
will depend on various emission scenarios, as depicted in Figure 7. The A1 scenarios (family) are of a more 
integrated world characterised by rapid economic growth and a global population that reaches 9 billion by 2050 
and then gradually declines. It is assumed that there will be a quick spread of new and efficient technologies, and 
income and way of life will converge through extensive social and cultural interactions globally. There are 
subsets of the A1 family based on their technological emphasis: 1) A1F1—an emphasis on fossil fuels (high 
emissions); 2) A1B—a balanced emphasis on all energy sources (medium emissions); and 3) A1T—an emphasis 
on non-fossil energy sources (low emissions). In contrast, the B1 scenarios are of a world more integrated and 
ecologically friendly. They assume rapid economic growth as in A1, but with rapid changes towards a service 
and information economy. Like A1 they assume the human population will increase to 9 billion by 2050, 
followed by a decline. The B1 scenarios assume reductions in material intensity and the introduction of clean 
and resource efficient technologies, as well as an emphasis on global solutions to economic, social and 
environmental stability. 

Figure 7: Predicted changes in average global temperatures according to various emission scenarios for 
1990 – 2100 

SOURCE: IPCC 2007 
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The CSIRO climate change report commissioned as part of this study (Hennessey et al. 2008) recommended 
the use of the high (A1F1), medium (A1B) and low (B1) scenarios for climate change projections for the five 
tourist destinations. Their report notes that the low emission (B1) scenario is unlikely over the next two decades 
because the mid-high emission scenarios are currently being tracked and this will probably continue due to 
activities in China and India until at least 2030, as noted in the Garnaut Report (2008). However, up until 2020, 
the emission scenarios are tightly clustered, so the A1B (medium) scenario is used. Beyond 2030, there is greater 
uncertainty about emissions, so the CSIRO Report has provided high, medium and low emission scenarios for 
2050 and 2070. The B1 scenario (low emissions) for post-2030 assumes that C02-equivalent concentrations will 
stabilise at about 550 ppmv, which is one of the scenarios considered in the Garnaut Report (2008). 

There is considerable confusion in the wider community about ‘climate variability’ and ‘climate change’. 
Climate variability refers to natural variations in the climate system around a so-called stationary climate (Figure 
8). Climate attributes, such as rainfall and temperatures, vary from year to year and socioeconomic systems are 
designed to cope with any variability, within a stationary climate regime. The World is currently entering a 
period of changing climate (Figure 8); in fact there is evidence that this phase was entered in the mid-1970s 
(Figure 3), and anthropogenic forcing of the climate system is now the dominant forcing mechanism. Beyond the 
coping range (Figure 8) socioeconomic and biophysical systems will have to adapt to a changing climate with 
increased variability. 

Figure 8: A conceptual diagram of the planning horizon timeframe in the context of climate variability 
and climate change 

SOURCE: Jones & Mearns 2005, cited in Hennessey et al. 2008 
 

Throughout this report both adaptation to and mitigation of climate change are referred to, which may be 
defined as: 

1. Adaptation to climate change consists of initiatives and measures to reduce the vulnerability of natural 
and human systems against actual or expected climate change effects (IPCC 2007). Adaptation is seen as 
a necessary step to attend to climate change effects already built into long-term climate changes already 
set in motion by past or present greenhouse gas emissions. 

2. Mitigation of climate change involves taking actions to reduce greenhouse gas emissions and to enhance 
sinks aimed at reducing the extent of global warming (IPCC 2007). This is distinct from adaptation to 
climate change, which involves taking action to minimise the effects of climate change. 

Adaptation is seen as a more immediate, necessary, short-term action, while mitigation mechanisms involve 
the development and deployment of new technologies, fuels and the like. Both are clearly linked—and may act 
for or against each other. For example, increased use of air conditioning may be an adaptation, but their use of 
energy (arising from fossil fuels) will act against mitigation. 

As noted above, the primary goal of this research was to gauge current knowledge and preparedness at the 
business and tourism destination level, via a social learning approach. As such, while the technical definitions 
above are useful in the science and policy realms, such distinctions do not readily appear at the community / 
tourism destination level—and this report has therefore sought to represent its findings as generated by study 
participants themselves and without such sharp distinction. 

Climate change adaptation, as referred to in this technical report, is those strategies that can be implemented 
to build resilience and resistance in systems, whether they be environmental, social, economic or business 
systems, in light of the anticipated changes in climate that have been forecast by CSIRO and other international 
climate research bodies, such as the IPCC (2007).  



THE IMPACTS OF CLIMATE CHANGE ON AUSTRALIAN TOURISM DESTINATIONS 

 

8 

Adaptation is seen as a more medium- to long-term action, while mitigation mechanisms involve the short- to 
medium-term development and deployment of new technologies—fuels and the like. Both are clearly linked and 
may act for or against each other. For example, increased use of air conditioning may be an adaptation, but the 
use of energy (arising from fossil fuels) will act against mitigation. 

While adaptation strategies help communities, businesses, people and the environment in the short- to 
medium-term, some of them have the potential to be harmful in the sense that they may contribute to positive 
anthropogenic radiative forcing (warming) that has led to the current speed of climate change (IPCC 2007). For 
example, an adaptation response to increase mean maximum temperatures could be to invest in more 
conventional air conditioning units, which, in turn, is likely to use more water and energy and therefore 
contribute greenhouse gases to the atmosphere. 

Given the potential for some adaptation strategies to counteract mitigation activities, the regional (and 
national) prioritisation of adaptation strategies should favour those that either act as both adaptation and 
mitigation strategies (like reducing energy and water use) or those that have, at worst, a neutral effect on positive 
anthropogenic radiative forcing on the climate system.  

The remainder of this technical report contains nine chapters. Chapter 2 describes the methodology applied to 
ascertain the non-economic impacts of climate change at four of the five case study regions: Kakadu National 
Park, Cairns, the Blue Mountains and the Barossa Valley. The Victorian Alps case study was derived from a 
separate, larger, multi-sector study of climate change impacts and adaptation in the region, and the authors have 
provided a summary of their work in relation to the tourism sector in Chapter 7 of this technical report. It should 
be stressed that the approach and methodology in their study are different to the other four case studies, and this 
presents some limitations when it comes to integrate across case studies in Chapter 9. 

Following on from the methodology chapter, five case study chapters are presented, for Kakadu National 
Park, Cairns, the Blue Mountains, the Barossa Valley and V the ictorian Alps, respectively (Chapters 3 – 7). 

Chapter 8 provides an overview of the economic impacts of climate change on tourism across the five case 
study regions, based on The Enormous Regional Model. This may be considered a preliminary assessment at the 
case study level of the expected impacts of climate change on Gross Regional Product and projected rates of 
growth in domestic and international tourism for 2020, 2050 and 2070. 

Chapter 9 provides a discussion and integration across the Kakadu, Cairns, Blue Mountains and Barossa 
Valley case study regions. In particular, themes for mitigation and adaptation that have emerged from the 
separate case studies are considered, which might have wider applicability across other Australian tourist 
destinations.  

Finally, Chapter 10 provides recommendations for future research in the area of climate change and 
adaptation in tourism destinations. Suggestions and guidance are provided for how this might achieved in a 
practical sense, in terms of a tourism sector ‘tool kit’. 
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Chapter 2 

METHODOLOGY: NON-ECONOMIC IMPACTS 

By Stephen Turton, Wade Hadwen, Bradley Jorgensen, Pascal Tremblay, Tracey Dickinson and 
David Simmons 

To facilitate national integration of the results of this study (in addition to identifying regional priorities for 
adaptation and climate change response), a consistent approach was adopted across four of the five case study 
destinations. The exception was the Victorian Alps destination, which had already been the focus of a large 
amount of multi-sector climate change research, including the tourism sector. Furthermore, by engaging 
researchers with current activities in the Victorian Alps region, existing data could be drawn on and ‘stakeholder 
fatigue’ relating to additional interviews and workshops avoided. To this end, Carolina Roman (a PhD candidate) 
and her supervisor, Professor Amanda Lynch, were contracted to provide a different style of report for the 
Victorian Alps destination. As a result, the majority of the methodology outlined below is only relevant to the 
remaining four case study destinations: a) Kakadu National Park; b) Cairns; c) Blue Mountains; and d) Barossa 
Valley. Despite the different approach taken to the Victorian Alps case study, the similar nature of that group’s 
activities ensured that the aim of national integration of adaptation and response was still able to be achieved. 

Defining Case Study Regions 

To enable comparisons across the case study destinations, each was initially defined on the basis of the following 
metrics: 

1. Economic region based on Australian Bureau of Statistics (ABS) statistics and local government areas. 
2. Tourist information—numbers, proportion of domestic versus international visitors, seasonality, visitor 

activities etc. Data from regional tourism bodies and Tourism Research Australia (2009b). 

If relating to economic statistical regions was not possible or was particularly difficult, the case study teams 
were asked to identify how their region sits ‘within’ a particular ABS statistical region. This was then cross-
checked with the economic modellers to ensure that the non-economic activities in the project could be aligned 
with the economic modelling activities.  

In addition to the statistical definition of each case study region, case study leaders (and their teams) were 
asked to collate an overview of visitation, seasonality, tourist numbers and activities, as well as some economic 
information, like expenditures by ‘category’. Furthermore, it was also useful to contextualise the spatial 
characteristics and tourism pathways in each region. This included the identification of gateway communities for 
the major tourism destinations (icon sites) within each region. For example, for the Kakadu case study, this 
required a description of the role of Darwin as a gateway community in terms of accommodating and delivering 
visitors to Kakadu. The purpose of this defining process was to characterise each destination, using similar 
metrics, to facilitate later comparisons and integration of results at the national scale.  

Desktop Reviews of Existing Knowledge at Each Destination 

After defining the case study regions according to the above criteria, the next step was to undertake rigorous 
desktop reviews at each destination. These reviews sought to serve three key purposes, described below. 

Current knowledge of tourism 
To understand current patterns of tourism and the degree to which the sector might adapt to climate change in the 
future, it was necessary to collate all existing knowledge of tourism activities at each destination. In addition to 
the metrics mentioned above (numbers, seasonality, activities, expenditure and time), this activity included an 
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assessment of the degree to which knowledge of the tourism sector might limit or aid the nominated approach to 
the rest of the project. 

Current knowledge of climate change 
A review of all currently known climate change impacts at each destination was required to underpin the links 
between tourism and climate, both as a resource and as a pressure on visitor activities. This process also 
informed how to best deliver the climate change scenarios to the stakeholders, both during semi-structured 
interviews and at the stakeholder ‘social learning’ workshops (see below for more details). A cautionary note for 
the upcoming Margaret River case study (given what has recently been learnt about recent climate change 
predictions which suggest that the world is tracking the worst case emission scenario put forward by the 
Intergovernmental Panel on Climate Change) is that the most recent studies should form the focus of the review, 
as older papers and reports are likely to be based on out-of-date predictions. Nevertheless, irrespective of the 
applicability of the scenarios used, this review exercise was also intended to represent a cataloguing activity to 
collate all known information for the case study destinations. 

Current knowledge of the degree to which tourism is climate dependent 
This particular review sought to examine the degree to which the tourism sector is reliant on natural resources 
and the current climatic conditions of the region, with particular emphasis on how climate change (temperature, 
rainfall, humidity, snowfall etc) and subsequent changes in environmental resources might affect future tourism 
patterns and behaviours at each destination. This activity couples the outcomes of the above reviews and asks, in 
light of the anticipated biophysical changes in each region, the question: so what for tourism? For example, what 
are the particular climate conditions required for snow-making in the Victorian Alps, or what happens when the 
freshwater wetlands in Kakadu are flooded with sea water, or what happens when the Great Barrier Reef is 
bleached more often than in the past? Ultimately, this component of the desktop review aimed to identify how 
crucial the climate-resource relationship is for tourism at each destination.  

CSIRO Regional Climate Change Projections 

In order to apply the most relevant and scientifically up-to-date climate change projections to each case study 
destination, the STCRC commissioned Kevin Hennessey and his group in the CSIRO Marine & Atmospheric 
Research unit to provide the research team with regional climate change projections (one for a single location 
within each destination) for 2020, 2050 and 2070 (Hennessey et al. 2008). A general summary is provided here, 
with more detailed commentaries provided in later chapters for each of the five case study regions. 

Historical changes in the Australian climate 
Australian average annual temperatures have increased by 0.9ºC since 1910. Most of this warming has occurred 
since 1950, with greatest warming in the east and least in the northwest. The warmest year on record is 2005, but 
2007 was the warmest year for southern Australia. The number of hot days and nights has increased, and the 
number of cold days and nights has declined. Since 1950, most of eastern and southwestern Australia has 
become drier, while northwestern Australia has become wetter. The number of very heavy rainfall events and the 
number of wet days have decreased since 1950 in the south and east, but increased in the north. The number of 
tropical cyclones in the Australian region has decreased in recent decades, largely due to the increasing 
frequency of El Niños, but the number of severe cyclones has not declined (Hennessey et al. 2008). 

Climate change projections for the five tourist destinations 
Further climate change is likely in the future, due to past and future increases in greenhouse gases. Each of the 
five regions is likely to experience warmer conditions over the coming decades, leading to more extremely hot 
days and fewer extremely cold days. Rainfall changes in the two tropical regions (Kakadu and Cairns) are likely 
to be small, while decreased rainfall is likely in the other three regions (Blue Mountains, Victorian Alps and 
Barossa Valley), especially in winter and spring. Ocean temperatures and sea levels are likely to rise. Tropical 
cyclones and heavy rainfall events are likely to become more intense in the Kakadu and Cairns regions. Extreme 
fire weather days are likely to occur more often in the southeast regions, while the duration and depth of snow 
cover is likely to decline for the Victorian Alps. 
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Populating the Visitor-Industry-Community-Environment  
Stakeholder Grid 

One of the major challenges in tackling climate change adaptation for a complex sector like tourism is the fact 
that it is a multifaceted, multi-stakeholder sector. To this end, this project adopted a transferable and generic 
approach to identifying the key stakeholders in each case study destination and how to best engage them in the 
project at the case study level. To achieve this aim, a visitor, industry, community, environment (VICE) grid 
(matrix) approach was used, which enabled the identification of key stakeholders in each of these four groups, 
each of which had their own set of issues, concerns and interests (Ministry of Tourism, New Zealand 2008). An 
example of the VICE grid and how to populate it is presented in Table 1.  

Table 1: The visitor, industry, community, environment grid approach to identify key tourism 
stakeholders for the semi-structured interviews and stakeholder social learning workshops 

 Visitors Industry Community Environment 

Policy 
Regional tourism 

organisation; visitor 
information centre 

State tourism 
organisation; 

accommodation 
operator or association

Elected Member of 
Parliament (state or 

federal) 

Land management 
agency (e.g. state-based 

EPA) 

Practice Tour specialist Large accommodation 
provider City/regional planner City/regional 

environment manager 

Practice Other tour operator Ecotourism peak body Community board 
member 

Non-government 
organisation (NGO) 

 
The purpose of populating the VICE grid was to identify key stakeholders to be involved either in semi-

structured interviews, or the stakeholder workshops, or both. Whilst the suggested membership of the VICE grid 
in Table 1 was generally applicable across all destinations, the final make up of these grids varied, depending on: 
1) the need to involve stakeholders from more than one environmental sector (e.g. reef and rainforest in Cairns); 
and/or 2) the need for specific interest groups to be represented (e.g. indigenous representation at multiple levels 
for Kakadu). It was also important to note that the stakeholders involved in each VICE group were not there to 
represent their personal or private business (or community or environmental) interests, but were asked to become 
involved as a member of the tourism sector that can provide informed discussion on current trends and likely 
future growth (or otherwise) of the sector. 

By engaging the tourism sector across the four VICE ‘themes’ and using a ‘snowballing’ approach (i.e. 
gaining new and additional contacts from the original contacts used to populate the grid), each of the case study 
teams were able to build a comprehensive list of key stakeholders, including those that should be subsequently 
invited to become involved in the stakeholder ‘social learning’ workshops.  

Semi-Structured Stakeholder Interviews 

Following the population of the VICE grid at each destination, the next phase of the stakeholder engagement 
process involved semi-structured interviews, either via phone or face-to-face. These interviews were designed to 
canvas a wide range of issues across the climate change-tourism area with the key stakeholders, as well as 
identifying the individuals that should be invited to the stakeholder workshops. As mentioned above, given that a 
snowballing approach was used to establish membership of the VICE grid, the original point of entry into each 
VICE level may not be the end-point. In other words, the original individuals targeted for semi-structured 
interviews were not always those that ended up being involved in the stakeholder workshops.  

The purpose of these semi-structured scoping interviews was three-fold: 

1. To inform the project team of existing knowledge, understanding and adaptation to climate change. This 
was seen as vital information that would aid in determining the best approach for the follow-up 
stakeholder workshops. Specifically, it was felt that, depending on the knowledge and views of the 
stakeholders, the scenarios may have had to have been tailored such that they would appeal to all 
stakeholders using a common metric or language. 

2. To act as a snowballing exercise whereby stakeholders beyond those named in the VICE grid were 
identified and invited to the social learning workshops 
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3. To inform, together with the climate projection data from CSIRO, the structure and approach to be taken 
into the stakeholder social learning workshops. 

In order to ensure that a consistent approach was followed across all destinations, a generic list of questions 
(Table 2) was formulated for all stakeholders (in all regions except Victorian Alps). Importantly, these semi-
structured interviews were designed to be primarily to listen to the concerns of stakeholders, not to educate them 
on how the project team thought climate change might influence them and the tourism sector in general. Each 
interview started with an introduction to the project, stating its goals, and who its sponsors were. The 
introduction also included information about how the interviewee was selected and their rights under the 
research ethics guidelines of the university leading the case study region. 

Table 2: The generic semi-structured interview questions asked of all respondents 

Question 

1 
Are people in [the case study region] talking about changing weather patterns and climate change?  
[If yes, prompt… How is it being talked about and by whom?]  
[If no, prompt… Are there other issues that people see as important for tourism in the region?]  

2 

What types of positive and negative effects do you think climate change will have on tourism in [the case 
study region]?  
[Prompt consequences of effects on natural environment, infrastructure, activities, operational costs, 
community life etc…] 

3 
How do you think tourism [the case study region] may respond or adapt if the climate changes?  
[Prompt adaptation strategies which could be adopted by interviewee (what would you do) or others (what 
would others do) to adapt to negative impacts and/or take advantage of positive impacts.] 

4 What actions (from Q.3) are happening now or need to happen now? 

5 Do you believe that [the case study region] can adapt to the likely effects of climate change? 

6 What timeframes are required to properly respond and adapt to climate change in [the case study region]? 

7 
 

What do you need to know in order for the tourism sector in your region to adapt to climate change? 
[Prompt for knowledge/understanding of tourism’s reliance on human resources, infrastructure, the natural 
environment, communities etc and the likely effects of climate change on these components] 

8 Are there other individuals or organisations that you think we should be speaking to as part of our 
interviewing process? 

9 
 

Would you be interested in participating in a workshop in the next few months to discuss climate change 
and tourism with other representatives from the tourism, business, environment and community sectors? 
[If no, prompt… Is there some other way that you would like to be involved in this project?] 

Social Learning Stakeholder Workshops 

Following on from the semi-structured interview process, ‘social learning’ stakeholder workshops were run at 
each of the case study destinations to prioritise adaptation strategies and discuss the implications of climate 
change projections (as provided by CSIRO) anticipated for 2020, 2050 and 2070. To ensure consistency of the 
workshop content and social learning environment, Dr Brad Jorgensen, who has a wealth of experience in 
leading social learning workshops, was selected as the workshop facilitator for all four destinations.  

The purpose of the stakeholder workshops was one of ‘social learning’, whereby all stakeholders from each 
VICE component could sit together to discuss the implications of the climate change scenarios on the tourism 
sector. Participants were selected via the snowballing approach outlined above for the populating of the VICE 
grid. Whilst not all of the key stakeholders identified in this process were able to participate in an all-day 
workshop, often due to difficulties associated with running businesses and attending meetings etc, 
representatives from across all of the VICE groups were in attendance. This representation across all groups was 
critically important to the social learning nature of the workshops, as the aim was for the stakeholders to identify 
how the sector, and/or particular components of the sector, might be able to implement adaptation strategies in 
response to the anticipated changes informed by both the CSIRO climate change projections and the existing 
scientific (e.g. impacts on natural species and ecosystems) and social (e.g. business and/or tourism impacts) 
knowledge at each destination. 
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Applying the complex climate change science in workshop settings 
Based on advice from Kevin Hennessey (pers. comm.) and the information provided in CSIRO’s report 
(Hennessey et al. 2008), the research team adopted the A1B ‘middle-of-the-road’ emission scenario (see Figure 
7) as identified by the IPCC (2007). Although recent analyses suggest that the world is currently tracking a much 
less conservative emission trend, the project team felt that taking a more cautious scenario to stakeholders would 
engage them in the process of identifying adaptation responses without generating excessive debate (or alarm) 
about the validity of the projections. As the main purpose of this project has been to identify how the tourism 
sector can adapt to climate change, it was important for stakeholders to focus on adaptation rather than the 
climate change science underpinning the projections.  

Presenting stakeholders with climate change scenarios 
The challenge of presenting the complexity and uncertainty surrounding climate change projections to a diverse 
group of stakeholders from the tourism sector, which likely had varying degrees of knowledge and/or scepticism 
regarding climate change, was seen as a major methodological hurdle at the front end of this project. 

With respect to the scenarios offered to participants of the stakeholder workshops, there has been some 
discussion of how much pre-knowledge of climate change stakeholders might have and whether a consistent 
approach was needed to inform stakeholders in each case study area of the predictions coming out of the CSIRO 
modelling. Ideally, all stakeholders needed to be up to speed and at a level of mutual understanding of the issues 
relating to climate change scenarios and what they might mean for the tourism sector. To this end, it was deemed 
necessary to have a brief (15 minute) presentation on climate change, somewhat tailored to the tourism sector in 
the particular region, at the front end of each workshop. Importantly, this presentation needed to send a clear and 
consistent message to all stakeholders across all destinations. Furthermore, stakeholders received handouts of the 
presentation to take away with them, to aid them in their future discussions and planning activities in relation to 
global and regional climate changes anticipated over the next 60 years. To achieve the goal of presenting 
consistent, simple climate science to all stakeholders, the presentation was developed and presented by Professor 
Steve Turton at all destinations except the Blue Mountains, where Dr Robyn Wilson delivered it to the 
stakeholders in Professor Turton’s absence.  

For the more detailed information generated by the CSIRO team for each region, the major challenge related 
to how to distill a large number of scenarios down to a smaller number that could be articulated (and responded 
to) in the workshop setting. Given that the IPCC uses seven emission scenarios and presents projections at three 
percentiles (10th, 50th, 90th) for each, coupled with the three time-steps the project team was interested in (2020, 
2050 and 2070), there was an overwhelming number of scenarios to choose from. Ultimately, the project team 
needed to select a single emission scenario that was both somewhat realistic but also not too inflammatory, such 
that stakeholders would not consider it to be ‘reasonable’. Of course the selected scenario also needed to be 
defendable on the basis of what emission scenario is currently being tracked (the upper end of IPCC predictions) 
and the concerns and perceptions of the stakeholders engaged in this project. The last thing the project team 
wanted was to stimulate excessive (and largely unhelpful) debate around the climate science itself, particularly 
given that this project is about identifying climate change adaptation strategies rather than being about climate 
change science, per se. In the context of the above issues, the A1B ‘middle-of-the-road’ emission scenario was 
adopted across all destinations. As suggested by the CSIRO report (Hennessey et al. 2008), this is a conservative 
estimate of climate changes over the timeframes this project was addressing, but given the uncertainty 
surrounding projections and the fact that this scenario still suggests significant climate change between now and 
2070, it was deemed that this was an acceptable scenario to take to the stakeholders in the social learning 
workshops. 

Linking climate change projections to biophysical changes at each destination 
Delivering the complex regional climate change projections developed by the CSIRO (Hennessey et al. 2008) to 
stakeholders was just the first step in engaging them in discussing the potential impacts of climate change. The 
next phase, which attempted to link the projections to some anticipated changes in biological and physical 
aspects of each destination, was a major challenge at most destinations, but was also one that was seen as being 
particularly important as a means of conveying what changes in temperature and rainfall might mean to how the 
destinations ‘look’ and ‘feel’ in 2020, 2050 and 2070.  

The move from presenting the climate change projections to presenting the biophysical impacts of these 
projections relied on good underlying science. As discussed in more detail in the various case studies (Chapters 3 
– 7), the availability and quality of science upon which these estimated changes were based were highly variable 
from one destination to the next. Specifically, the Cairns case study team had a wealth of climate change impact 
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research to draw on, both for the Great Barrier Reef and the Wet Tropics Rainforests, whereas destinations such 
as Kakadu, the Barossa Valley and the Blue Mountains had considerably fewer published papers outlining 
biophysical impacts of climate change. Despite differences in the quality and quantity of climate change studies 
across the destinations, estimates of biophysical impacts were seen as being highly critical in terms of 
articulating anticipated changes to the stakeholders attending the workshops. To this end, considerable thought 
and effort were put into the task of developing a simple but defendable approach to communicating these 
changes to participants. 

The approach adopted across all case study destinations (except for the Victorian Alps) was modelled on that 
of a recently published paper by Scott, Amelung, Becken, Ceron, Dubois, Gossling, Peeters and Simpson (2007), 
which linked projected climate change to changes in biophysical components of the landscape in a particular 
national park in Canada (see Figure 9).  

Figure 9: National park visitor survey—environmental change scenarios 

NOTE: Respondents were not provided any timeframe for the three scenarios, but scenario 1 approximates the 2020s, scenario 2 approximates the 2050s and 
scenario 3 approximates the 2080s 

SOURCE: Scott et al. 2007 
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The main benefit of this approach lies with the fact that it effectively removes confusion regarding which 

emission scenario is being used to generate the biophysical response (in addition to all of the other uncertainties 
of the model). To explain, their study, which focussed on visitor responses to anticipated climate change in a 
national park in Canada, offered three dateless scenarios, ranging from minimal changes, to medium change, to 
moderate change from present conditions. They then categorised these changes against a range of indicators that 
were likely to represent a common language across all stakeholder groups. For example, some of the ‘types of 
environmental change’ they listed included ‘total number of mammal species in the park’, ‘number of mammal 
species lost from the park’, ‘population of grizzly bears, moose and big horn sheep’, ‘number of glaciers in the 
park’… all of these indicators tap into what visitors want from their tourism experience at that particular 
destination. These aspects of visitor expectations can likely be pulled from the desktop review of existing 
tourism in each destination, such that each destination will be able to provide stakeholders with a range of 
change scenarios for things they care about. Against these types of environmental change, Scott et al. (2007) 
provided three scenarios, which were linked to projections from biophysical scientists working on 2020, 2050 
and 2080 timelines (Figure 9). However, they did not provide the tourists with these timelines—instead they 
simply listed the anticipated changes across these three scenarios and asked tourists how they might respond to 
these ‘hypothetical’ changes with respect to the likelihood of visitation and the duration of their visits in the 
future. In many ways, this approach enables us to move away with uncertainty and ‘lack of belief’ in the climate 
change scenarios. Whether this makes the economic modelling component too hard to deal with is something 
explored later, but offering a range of changes to charismatic megafauna, or plants, or corals or whatever—so 
long as it is a common language for all stakeholders—represents an excellent way of assessing the desire and 
capacity of stakeholders to implement adaptation (or other) strategies in light of the offered changes. 

This approach (Figure 9) was modified for Kakadu, Cairns, the Blue Mountains and the Barossa Valley. 
Given that the scenarios were being presenting to nominated workshop participants (not randomly selected 
tourists) it was decided to include timeframes for the three scenarios (2020, 2050 and 2070). The rationale for 
this was that the workshop participants had a generally good working knowledge of the climate change issues for 
their regions, albeit at a range of levels. 
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Chapter 3 

KAKADU NATIONAL PARK CASE STUDY 

By Pascal Tremblay and Anna Boustead 

Introduction 

Kakadu National Park is in the Northern Territory’s Alligator Rivers Region, located 150km east of Darwin, in 
the wet-dry tropical region of northern Australia (Figure 1). Kakadu is recognised both nationally and 
internationally for its conservation and cultural importance. It is World Heritage Listed for both its natural and 
cultural values, and its wetlands are recognised as Ramsar Wetlands of International Significance (Director of 
National Parks 2007). Kakadu is a major tourist draw card for the Northern Territory and a cornerstone of 
Tourism Australia’s marketing campaign (Department of Environment and Heritage 2006).  

In 2004/05, Kakadu attracted 165,300 visitors, who directly contributed about $58.1 million to the Northern 
Territory economy (Tremblay 2006; Director of National Parks 2007). The tourism industry provides the largest 
number of jobs in the region, followed by conservation and recreation (Bayliss, Brennan, Eliot, Finlayson, Hall, 
House, Pidgeon, Walden & Waterman 1997). Importantly, Kakadu is also an icon of the Northern Territory, a 
major tourism draw card for the Top End region (usually defined as the section of the Northern Territory located 
north of Pine Creek) and a major feature of the Northern Territory’s $1.5 billion tourism industry both in 
Australia and overseas (Tremblay 2006).  

Kakadu’s reputation as a draw card to tourists in the Northern Territory has long remained a hypothesis 
rather than a demonstrated fact. It is important both as an attraction and as a marketing symbol. As a marketing 
icon, Kakadu embodies and spectacularly displays the diverse cultural and natural elements of the Top End 
landscape. The reputation of the Kakadu icon was largely enhanced by a series of dedicated marketing 
campaigns in the last 25 years (mainly originating from Northern Territory tourism agencies). This has been 
reinforced by conservation campaigns, its World Heritage status as a place of natural and cultural significance, 
and the fortuitous success of media stories such as Crocodile Dundee.  

Competition of tourism development with other social, cultural and economic values in the region recently 
came under scrutiny as the management and performance of Kakadu as a tourism asset came under question 
(Morse, King & Bartlett 2005). This led to a number of management propositions which attempted to address the 
tension between the priorities of Kakadu owners and managers and the central role the region plays for Top End 
tourism. The Kakadu Board of Management’s Shared Vision for Tourism recognises that traditional owners of 
Kakadu have control over the scale of tourism within the Park. The Kakadu National Park Management Plan 
2007–2014 requires that traditional owners are properly involved in decision-making processes regarding any 
development proposal (Kakadu Board of Management 2008). Recent marketing efforts and campaigns have 
focused on promoting unique natural and indigenous cultural experiences for Kakadu visitors. Some sources 
attribute 40 – 60% of visitation to commercial tour operators (Director of National Parks 2007); however this 
proportion has declined over time at the expense of independent travellers (Tremblay 2006).  

Among the range of tourism-related considerations, there are also intentions to enhance the driving 
experience for visitors to Kakadu since about 75% of visitors enter the Park from the northern entrance (Kakadu 
Board of Management 2008). Providing billabong experiences for visitors along the Arnhem Highway is a 
notable aspect of the Draft Tourism Master Plan. The most popular destinations within the park include the rock 
art sites of Ubirr and Nourlangie, as well as the wetland site of Yellow Waters Billabong at Cooinda (Figure 10). 
Traditionally, about 63% of visitors to Kakadu take the Yellow Waters boat cruise (Director of National Parks 
2001). These sites are easily accessible year-round via sealed road, except for Ubirr rock art site which can be 
cut off intermittently for 4 – 6 months per year when wet season rains flood the Magela Creek. During the dry 
season, the waterfall sites at Jim Jim and Twin Falls on the escarpment are also very popular with 4WD tourists 
and commercial tours; however access to these areas is limited by variable road conditions and closed for 
extended periods during wet season floods. 

 

 



DEVELOPING ADAPTATION AND RESPONSE STRATEGIES—A SCOPING STUDY 
 

 

 

17

Figure 10: Map of tourist attractions in Kakadu National Park  

(Director of National Parks 2008) 
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The major tourist activities at Yellow Waters Billabong include wildlife cruises, fishing and bird watching. 
Ubirr rock art site has a popular walk to the top of the escarpment, where walkers are rewarded with a view of 
the East Alligator River floodplains (Figure 10). Scenic flights also take in the spectacular contrast between the 
escarpment and floodplains. Other activities undertaken on wetland sites such as the East Alligator River, Sandy 
Billabong, South Alligator and Mamukala include fishing, wildlife cruises, bushwalking, bird watching and 
cultural activities. A handful of operators also take small group tours which incorporate Kakadu as well as the 
East Alligator River floodplains of Arnhem Land, outside the park, in conjunction with the traditional owners 
(Nayinggul & Wellings 1999). 

Kakadu National Park remains a popular destination for recreational fishers, particularly targeting estuarine 
species including barramundi, thread-fin salmon and mangrove jack. It is unclear whether recreational fishing 
generates a great deal of economic benefit for the Kakadu region, as most expenditure occurs in Darwin before 
departure, but it remains an important part of the culture of the Top End. While around 30% of the population 
over five years old fished at least once in 1999/2000 and recreational fishers spent about $27million on fishing-
related equipment and activities in the same year (Bureau of Rural Sciences 2007), it is difficult to attribute the 
benefits to specific regions within the Top End. Barramundi is an iconic species and the most popular target 
species for recreational fishers in the Northern Territory, accounting for 38% of effort by residents and 48% of 
effort by visitors (Coleman 1998 in Kelly & Griffin 2001). It has been estimated that Kakadu National Park 
attracts 20% of recreational barramundi fishing in the Northern Territory. A license is not required for 
recreational fishing, but only fishing using a single handline is allowed in most parts of the Park west of the 
Kakadu Highway. A lure or live bait is commonly used to target barramundi (Director of National Parks 2007). 
Commercial fishing is banned at Kakadu (Kelly & Griffin 2001), while commercial fishing tours are allowed for 
operators holding permits provided by Kakadu.  

 

Bushwalking, four wheel driving, bike riding, swimming and bird watching are also well-known popular 
activities for local visitors (Kakadu Board of Management 2008). As some swimming areas are safe in some 
seasons but may be inhabited by saltwater crocodiles at others, the Park must monitor popular areas, set up 
crocodile traps and implement risk management strategies. Visitors are reminded through signs and brochures 
that they enter the water at their own risk and swimming is actively discouraged. Despite this, swimming 
remains a popular and desirable activity for visitors. 

Environment and climate 
The Alligator Rivers Region is a biophysical region bounded by the low-lying coastal zone from Point Stuart 
through to the mouth of the East Alligator River and includes all of Kakadu National Park (Figure 11). Walden 
(2000) defines the Alligator Rivers Region as the lowlands extending from the Arnhem Land escarpment to the 
coastal plains of van Diemen Gulf. It contains four major river catchments; the South Alligator, East Alligator, 
Wildman and West Alligator (Bayliss et al. 1997; Eliot, Finlayson & Waterman 1999). These rivers drain into 
van Diemen Gulf, which experiences a very large tidal range of up to 6m due to its deep basin and shallow 
shores. Kakadu National Park itself is mainly drained by the South Alligator and East Alligator Rivers. The 
coastal plain is just 3 – 4m above Australian Height Datum (AHD) or 0.2 – 1.2m above mean high water sea 
level (Woodroffe, Chappell, Thom & Wallensky 1985), making it highly vulnerable to the effects of small 
fluctuations in river discharge and sea level (Bayliss et al. 1997; Eliot Finlayson & Waterman 1999). The 
combined catchment area is 28,000 km2, about 8,000 km2 larger than the Kakadu National Park boundary. The 
region can be classified into three major landscapes: the plateau and escarpment; lowlands; and floodplains 
(Walden 2000). The floodplains and associated intertidal wetlands cover approximately 217,450 ha of the region, 
89% of which consists of freshwater wetland.  

Kakadu National Park is a biodiversity hotspot, containing over one-third of Australia’s birds, about one-
quarter of Australia’s mammals, 1600 known plant species, 128 reptile species and an estimated 10,000 species 
of insect (Hyder Consulting 2008). The Kakadu wetlands are relatively pristine compared to other wetlands in 
Australia (Australian Greenhouse Office 2004). They are a highly dynamic and productive environment, home to 
at least 50 freshwater fish species, several mammal species and many reptile species, including two species of 
crocodile (Hyder Consulting 2007). They also provide an important feeding and breeding site for thousands of 
migratory birds. Some 39 migratory species listed under the Bonn Convention are found in Kakadu, a critical 
part of the East Asian-Australasian Flyway (Director of National Parks 2007). 

The regional climate is characterised by extreme annual cycles, with a cool, dry season (April – October) and 
a hot, humid season (November – April), during which about 90% of annual rainfall occurs (Director of National 
Parks 2007). The mean annual rainfall is 1580mm, although significant variation occurs from year to year. Daily 
maximum temperatures are above 30ºC year round, ranging from an average of 32ºC in June to 38ºC in October. 
Average minimum temperatures range from 18ºC in July to 25ºC in November (Bureau of Meteorology 2008a). 
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The peak time for tourism is during the dry season, when weather conditions are comfortable, the rest of 
Australia is cooler, and most of Kakadu is accessible by road. The low occurs in the wet season, when hot humid 
weather makes conditions uncomfortable, flooding prevents access to many tourist sites in Kakadu and the 
southern parts of Australia are relatively more attractive. The traditional owners of Kakadu divide the year into 
six (or more) seasons relating to weather patterns, flowering and fruiting of particular flora and abundance and 
behaviour of fauna. This provides perhaps a more accurate picture of the climate of Kakadu (Figure 12). 

Figure 11: Alligator River Region including Kakadu National Park; Arnhem Land lies east of the Park 
boundary 

Source: (Bartolo et al. 2008) 
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Figure 12: The six seasons of Kakadu (Gundjeihmi language)  

SOURCE: Alderson, Gangali & Haynes 1979 
 

References to tourism are often made when discussions of climate change occur in regions such as Kakadu 
National Park. For instance, it has been identified as one of several key Australian ‘hotspots’ particularly 
vulnerable to the impacts of climate change by the 2007 Intergovernmental Panel on Climate Change (IPCC) 
Report and the 2008 Garnaut Report (IPCC 2007; Garnaut 2008b), with reference to natural, cultural and 
economic values. These reports refer to the impacts climate change could have on the appeal of such destinations 
by making them less comfortable for visitors or increasing the risks of injury and disease caused by more intense 
weather events. They also consider the potential increase in intensity associated with extreme weather events 
such as cyclones, floods and fire that could affect basic infrastructure and services, interruptions of business 
operations and increased related costs. The more familiar reports consider potential direct and indirect ecological 
changes that could alter the Kakadu landscape (Bayliss et al. 1997; Hare 2003; Hyder Consulting 2007). The 
threat climate change poses to Kakadu’s famous wetlands through rising sea levels has provoked intense media 
and political interest, particularly in widespread claims of a potential 80% loss of freshwater wetlands in Kakadu 
by 2050 under the scenario of a 2 – 3ºC rise in average temperature (Fyfe 2005; AAP 2007). 

This chapter will undertake to review a large number of aspects of Kakadu’s climate, landscape and tourism 
which are highly interrelated. It will first review existing knowledge about the potential biophysical impacts of 
climate change in the Kakadu region, then examine the nature of the tourism markets and products in the region, 
and consider how to assess the economic contribution tourism makes to the region. It will then report the main 
findings of the social study component of the project based on stakeholders’ views and explore ways to quantify 
the tourism-related impacts of climate change on Kakadu and the knowledge gaps that exist to produce 
dependable estimates. Recommendations will be made at the conclusion of the report to draw together findings 
from the study and provide direction for future planning and management of tourism in Kakadu National Park. 
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Background 

Management of Kakadu National Park  
Kakadu National Park was declared in three stages from 1981 – 1991 and is jointly managed by a Board of 
Management with representatives from both traditional and non-traditional owners. The Board currently consists 
of 10 representatives of traditional owners and five others, including the Director of National Parks, 
representatives of Parks Australia, a tourism expert and a conservation expert (Director of National Parks 2007). 
The traditional owners of Kakadu are made up of many different clan groups and nine major language groups, 
collectively referred to as Bininj (Lawrence 2000). Senior clan members have responsibility for making 
decisions about the management of their lands (Director of National Parks 2007). Bininj have managed the 
country in and around Kakadu since the creation time, when the first ancestors formed the landscape. 
Archaeological records show people have occupied the area for at least 50,000 years (Lawrence 2000). Sacred 
sites of cultural significance and rock art sites occur throughout the park. Approximately half of the 19,804 km2 
park is Aboriginal land, which is leased back to the Australian Government for the purpose of being managed as 
a Commonwealth reserve under the Aboriginal Land Rights (Northern Territory) Act 1976 (Kakadu Board of 
Management 2008).  

Kakadu National Park is managed for use by traditional owners, tourists and recreational visitors. For 
traditional owners, the wetlands provide an important place for hunting and gathering as well as ceremonies and 
cultural activities, such as fire management. Traditional owners target magpie geese, turtles, mud crabs and fish 
such as barramundi and catfish, as well as plants such as water lilies and water chestnut (Bayliss et al. 1997). 
Many plants and animals are of cultural significance to Bininj, as they have an important totemic role and are 
often used for food or medicine (Director of National Parks 2007). In Bininj culture, the history, hydrology, 
geology and ecology of the natural landscape is central to creation stories and in this way nature and culture are 
inextricably linked (Lawrence 2000). Complex traditional laws govern the use and management of wildlife and 
habitat according to clan and totem.  

Cultural context 
The rich Indigenous culture of Kakadu National Park is a major draw card for many tourists, who come to learn 
from Aboriginal people, visit rock art sites and experience traditional culture. The cultural and spiritual values of 
Kakadu are a strong component of marketing the region within Australia and overseas. The interconnectedness 
of land and culture in Kakadu mean that any environmental degradation is likely to impact upon indigenous 
livelihoods, and possibly on indigenous tourism, in ways difficult to predict. 

Rock art sites within the Park record changes in the diet and lifestyle of Bininj ancestors over time in 
response to changes in the environment. The rise in sea level and wetter climate at the end of the Pre-Estuarine 
period 8000 years ago was associated with the appearance of the Rainbow Serpent in rock art, a Dreamtime 
figure commonly associated with floods and stories about a sea serpent which eats people. During the Estuarine 
period, images of fish first appeared, including x-ray style paintings of barramundi, mullet, catfish and saltwater 
crocodile. The Freshwater period 1500 years ago saw the first images of freshwater species such as water lilies 
and magpie geese appear, mostly painted x-ray style. People were shown collecting magpie goose eggs and 
carrying goose feather fans (Chaloupka 1985 in Brockwell, Levitus, Russell-Smith & Forrest 1995). This 
coincides with geological evidence suggesting the freshwater wetlands formed at this time (Lawrence 2000).  

The rock art of Kakadu provides evidence showing that Aboriginal people of the area have adapted to a large 
degree of environmental change over the past 8000 years associated with changing climatic conditions. Bininj 
have lived in the region for over 50,000 years and have witnessed a great deal of environmental change during 
this time, including the recent colonisation of Europeans (Lawrence 2000). Although it is now occurring at a 
faster rate, the traditional owners of Kakadu National Park see climate change as something that is not new to 
them. The changes in lifestyle as they adapted to different climates are recorded not only in rock art, but also in 
stories handed down through the generations (Yibarbuk 2008).  

For our people, there is nothing new in climate change—we have known all along, through the stories from the 
old people… The changes we are looking at today are not natural change—they are caused by people, not nature. 
(Yibarbuk 2008) 

Sacred sites occur throughout Kakadu National Park and include areas of the landscape associated with 
important Creation ancestors, often referred to as djang. Disturbing or visiting these areas inappropriately is 
perceived by traditional owners to be very dangerous and is often associated with sickness and environmental 
disasters (Brockwell et al. 1995). For this reason, management of sacred sites is very important for Bininj and for 
tourism planning. 
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Fire is an important part of the north Australian landscape. Areas of the Park have been managed for many 
generations through traditional burning in the early dry season (Yibarbuk 1998). Burning promotes good habitat 
for magpie geese and turtles, as well as improving access to wetland areas for hunting and gathering. An 
interruption to the traditional mosaic pattern of fire management since European settlement and the introduction 
of grass species in the past 50 years has contributed to hotter, more frequent fires. This is thought to have 
contributed to a decline in some habitats and species (Woinarski, Mackey, Nix & Traill 2007; Russell-Smith 
2008). 

Freshwater wetlands are an important source of bush tucker for Bininj, including magpie goose, long-necked 
turtles, mussels, barramundi and water lilies (Lawson 1999). Lucas and Russell-Smith (1993) found that eight 
plant and 13 animal species associated with floodplain/riverine environments are food staples (in Bayliss et al. 
1997). Staple food items not only have importance as a source of healthy food, but play a complex cultural role. 
Some plants also act as indicators for changes in season and lifecycles, providing a calendar on the best times to 
hunt and gather particular species (see Figure 12) (Bayliss et al. 1997; Lawrence 2000). 

Over the past 50 years, Kakadu’s wetlands have been degraded by the impact of feral buffalo and pigs, 
movements of 4WD vehicles and the introduction of weeds such as Mimosa pigra, Salvinia and Para Grass. This 
is known to have reduced the amount of habitat available for water birds such as magpie goose (Yibarbuk 1999). 
In 1995, a traditional owner noticed that magpie geese had disappeared from an area near Point Farewell where 
saltwater intrusion had caused the deaths of Melaleuca trees (Rovis-Herrmann, Saynor & Winn 2004). This is 
significant because climate change has the ability to significantly alter the landscapes of Kakadu through a 
decline in freshwater wetland habitats which are highly abundant with bush foods. These biophysical impacts of 
climate change will impact upon the mental and physical health of indigenous people by reducing opportunities 
for ceremony, hunting and gathering bush tucker. More direct impacts caused by higher average temperatures 
and increased intensity of extreme events, such as increased incidence of mosquito-borne diseases, flood-related 
deaths and injuries, water contamination, heat-related illnesses, asthma and cyclone damage, are also likely 
(Green 2008; Hyder Consulting 2008). The extent of these impacts and of the adaptive capacity of various 
Aboriginal groups is not well understood. 

Research background 
Scientific research on the Alligator Rivers Region began in the 1970s with the Alligator Rivers Region 
Environmental Fact Finding Study, prompted by environmental and social concerns about proposed uranium 
mining within the Park. This resulted in the controversial Fox Inquiry, which saw the first uranium mine allowed 
at Ranger (Bayliss et al. 1997; Lawrence 2000). The Australian Government funded Environmental Research 
Institute of the Supervising Scientist (ERISS) at Jabiru, near the Ranger Uranium Mine, commenced in 1996 to 
assess and monitor coastal change within the Alligator River Region. Bayliss et al. (1997) conducted the major 
Vulnerability Assessment of the Alligator Rivers Region to establish the risk posed by climate change focused on 
potential sea level rise. They reported that unfortunately considerable amounts of information had been lost due 
to poor recordkeeping (Bayliss et al. 1997). They also identified significant knowledge gaps in terms of baseline 
data about existing conditions, long-term monitoring information, planning and management. Monitoring of the 
Magela Creek Catchment and establishment of a database of information about Kakadu, particularly on mapping 
the hydrodynamics of the region, has continued to be a focus of ERISS (Bayliss et al. 1997). 

A lack of appropriate scientific research, historical data and robust bioclimatic models for the region make it 
difficult to predict the potential ecological impacts of climate change with any certainty. Bayliss et al. (1997) 
note that ‘although the Kakadu wetlands have undergone major ecological change over the past few decades... 
this has not provided sufficient impetus to thoroughly investigate the complex hydrology of the region.’ 
Insufficient knowledge of interaction between wetland plant communities and changes in hydrological and 
depositional conditions was also noted. A lack of tidal and stream gauges and no permanent water level gauges 
in van Diemen Gulf means there is scarce hydrological data available (Bartolo, Wasson, Valentine, Cleland, 
Bayliss & Winderlich 2008). Finlayson (2001) comments that despite an ongoing scientific effort focusing on 
the effects of climate change on the wetlands of Kakadu, research is needed to address current knowledge gaps 
including better climate change scenarios, baseline data, a collation of existing data and biophysical and social 
processes.  

The Australian Government is attempting to address this knowledge deficit by conducting a ‘first pass’ 
National Coastal Vulnerability Assessment to identify the risks to Australia’s coastal zone from climate change 
(including the implications of sea level rise), provide decision makers with a better understanding of the potential 
costs, and identify priority areas for research, under the umbrella of the National Climate Change Adaptation 
Framework (Department of Climate Change 2009). This includes: 

• Vulnerability assessment of the implications of climate change for six case study areas, including Kakadu 
National Park.  
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• Purchasing a medium resolution Digital Elevation Model (DEM) for the Australia coast. A DEM for the 
Alligator River Region is currently being designed, which will provide a more accurate projection of the 
level of saltwater inundation with a rise in sea level (R. Bartolo, pers. comm.). 

• National Coastal Habitat Mapping by CSIRO to assess the vulnerability of Australia’s biodiversity to 
climate change.  

• National Smartline mapping of coastal areas by GeoScience Australia to categorise areas according to 
their geomorphology as high, medium or low risk to climate change. 

These studies are at various stages of completion, but full results are unlikely to be available until at least 
June 2009 and are unfortunately beyond the scope of present study (Dovey & Morley 2008).  

A variety of agencies are involved in research and operations within the Alligator River Region. Three 
Australian government agencies are based in the Top End region (CSIRO, ERISS and Bureau of Meteorology). 
The Department of Climate Change, based in Canberra, is responsible for coordinating climate change projects 
in the region. Bayliss et al. (1997) recommended that dialogue and cooperation between all agencies was 
required to ensure effective coastal management of the region. Finlayson (2001) contends the current disparate 
and at times antagonistic governance structure of the Alligator River Region does not have the capacity to cope 
with the massive landscape change posed by climate change and a more holistic approach to information 
collection and dissemination is required. A key aim of the Kakadu National Park Plan of Management is to 
develop and maintain cooperative relations and partnerships with key stakeholders, a goal recently highlighted at 
the Kakadu Climate Change Symposium in August 2008 (Director of National Parks 2007).  

Climate change is a highly complex issue which knows no boundaries. It has wide ranging implications for 
every aspect of society, the economy and the environment. Bayliss et al. (1997) describe climate change as a 
‘wicked problem’ for management policies where solutions must be considered in a holistic sense so they do not 
solve one problem by creating another. There is a great deal of uncertainty about the potential flow-on effects of 
climate change, which presents a challenge for policy makers and land managers. Despite the uncertainties 
surrounding specific climate change impacts, there is now consensus amongst climate scientists that climate 
change is occurring and that it presents a threat to the wetlands of Kakadu (Hennessy, Page, McInnes, Walsh, 
Pittock, Bathols & Suppiah 2004; Garnaut 2008b). The nature of climate change impacts provide an opportunity 
for cooperation and knowledge sharing between government agencies, research bodies, traditional owners, 
tourism operators and industry. Further to this, it presents an opportunity to improve land management practices 
to benefit biodiversity and increase resilience of natural systems to the most disturbing aspects of climate change 
(Campbell 2008). In this context, while the far-reaching consequences and complexity of climate change in 
Kakadu are daunting, it must be reiterated that according to the Precautionary Principle under the 
Intergovernmental Agreement on the Environment, lack of full scientific certainty should not be used to justify 
postponing remedial or preventative action where a potential environmental threat is identified (Bayliss et al. 
1997).  

Repeated media claims of a potential 80% loss of Kakadu’s freshwater wetlands have placed Kakadu in the 
spotlight of worldwide media attention for climate change. The news itself originated from the Fourth 
Assessment of the IPCC (2001), and was based upon earlier research using climate projections now superseded 
by the Fifth Assessment of the IPCC (Hare 2003; CSIRO 2007; Hennessy, Webb, Kirono & Ricketts 2008). The 
vulnerability assessment of a sea level rise upon the Alligator River Region overlaid a sea level rise of 30cm 
upon a basic topographical map (Bayliss et al. 1997). Since the study was complete, more complex knowledge 
and modelling of river system dynamics and topography has been developed and is currently being applied in a 
new vulnerability assessment (as detailed above). While details and the findings of this new study are not yet 
available, the overall low-lying nature of the region suggests that even a small rise in sea level could carry 
significant consequences for tourism.  

Climate Change Projections for the Region 

Climate change in northern Australia 
At a continental scale, Australian average annual temperatures have increased by 0.9°C since 1910. The greatest 
amount of warming has occurred in the east of the continent and the least amount of warming in the northwest 
(refer to Figures 5 & 6, Chapter 1). This has been associated with drier conditions in the east and southwest 
regions and an increased number of wet days and very heavy rainfall (<30mm) events in the north since 1950 
(CSIRO 2007; Hennessy et al. 2008). Figure 13 shows trends in average temperature and annual rainfall for the 
Northern Territory since 1950. During this time, average temperatures in Kakadu NP have increased slightly, 
while rainfall has increased in the region.  
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Figure 13: Trends in annual mean temperature and annual rainfall for the Northern territory 1950 – 2008 
(mm/10yrs) 

Source: Australian Bureau of Meteorology (2008a) in Hennessy et al. (2008) 
 

Projected climate scenarios for Kakadu National Park 
IPCC (2007) climate scenarios can be used as an indication of future trends for Kakadu National Park (Jabiru). 
The lower limits of ranges in Table 3 are determined by the IPCC B1 model and the upper limits are determined 
by the A1FI model (Hennessy et al. 2008). 

Table 3: Summary of projected long-term changes in climate for Jabiru, NT for the years 2020, 2050 and 
2070  

Projected Trend 
(relative to average 
levels for 1980 – 99) 

2020 2050 
Low emissions

2050 
High emissions

2070 
Low emissions 

2070 
High emissions

Increase in average temp 
(°C) 0.7 1.2 1.9 1.6 3.1 

Increase in number of hot 
days (>35°C) 26 62 87 78 143 

Increase in heavy rainfall 
intensity (% increase) 3.4 6 9.8 8.2 15.8 

Decrease in total rainfall 
(% decrease) 0.3 0.6 0.9 0.8 1.5 

Decrease in number of 
rain days 0.2 0.4 0.6 0.5 1 

Increase in sea surface 
temp (°C) 0.5 0.9 1.4 1.2 2.3 

Sea level rise (cm) 8 – 14 19 37 32 56 

SOURCE: Hennessy 2007 

Temperature 
Table 3 shows Kakadu can expect average temperatures 0.7°C hotter by 2020, 1.2 – 1.9°C hotter in 2050 and 1.6 
– 3.1°C hotter in 2070. The region can expect more hot days, with an additional 26 days over 35°C per annum by 
2020, 62 – 87 by 2050 and an additional 78 – 143 days by 2070 (Hennessy et al. 2008). This is additional to the 
current average 147 hot days (>35°C) experienced in Kakadu each year (Bureau of Meteorology 2008). 
Hennessy, Page, McInnes, Walsh et al. (2004) also found the average number of hot spells (3 – 5 days over 
35°C) in Kakadu are projected to increase significantly, causing additional heat stress to people, plants and 
animals. 
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Rainfall 
The intensity of heavy rainfall events is expected to increase (3.4% by 2020, 6.0 – 9.8% by 2050 and 8.2 – 
15.8% by 2070), which is likely to increase the frequency of flooding events (Table 3). Despite increased levels 
of wet season rainfall in north Australia over the past few decades, the effect of climate change upon the amount 
of rain and the number of rain days in the future is likely to be negligible (Hennessy et al. 2008). Onset and 
length of the wet season in north Australia varies significantly from year to year and region to region, making 
future rainfall patterns difficult to predict (Woinarski et al. 2007). Although only slight changes in total rainfall 
are projected, high evaporation rates due to higher temperatures combine to significantly decrease the amount of 
available soil moisture. CSIRO (2007) project an increased evapotranspiration rate of 6 – 10% by 2070 for 
northern Australia. On the other hand, in their detailed assessment of the impact of climate change on the 
Northern Territory based on the 2001 IPCC report, Hennessy, Page, McInnes, Walsh et al. (2004) projected that 
the Top End region can expect a significant increase in the overall moisture deficit in both wet and dry seasons. 
There remains a large amount of uncertainty about future rainfall patterns for the region. 

Seasonal changes 
Projections for seasonal average changes in temperature and rainfall were modelled for the year 2020, but these 
showed very little change in seasonal conditions (Hennessy et al. 2008). An earlier modelling study found that in 
the Top End region, 1.5 – 3.5% of rainfall may occur earlier in Spring (late dry season) rather than Summer (wet 
season) months (Hennessy 2006). Hennessy, Page, McInnes, Walsh et al. (2004) found the Jabiru region could 
expect little change in wet season rainfall; however they did project a possible increase in dry season rainfall (-
8% – +20% by 2030 and -20% – +60% by 2070). Interestingly, this contradicts the trend of increasing summer 
rainfall over the past fifty years and findings of earlier CSIRO modelling, which projected higher monsoonal 
rainfall during the summer period for the Top End region (Eliot, Finlayson & Waterman 1999). 

In the longer term (2050 and 2070), there is a high degree of uncertainty over how climate change may 
influence the seasonality of the north Australian climate. Given that this would have a major impact on the 
lifecycles and distributions of species as well as tourist comfort and travel preferences, this is a major knowledge 
gap when attempting to determine the impact of climate change upon tourism. 

Extreme weather events 
Increases in rainfall intensity, sea surface temperatures and the number of hot days are likely to increase the 
number of extreme weather events in Kakadu, including floods, duration of the dry season, heat waves, cyclones 
and storm surges ( Hennessy, Page, McInnes, Walsh et al. 2004).  

The intensity of severe (Category 3 – 5) cyclones is projected to increase in the future due to warmer sea 
surface temperatures. Given the low number of cyclones that develop in the Top End region (average of one per 
year in the Arafura and Timor Seas), there is currently not enough data to project future changes to frequency or 
tracking of cyclones with any confidence (Hennessy, Page, McInnes, Walsh et al. 2004). Cyclones are also 
associated with storm surges, which cause damage to coastal areas and contribute to saltwater inundation. An 
increase in ocean temperatures and melting of land-based ice will also contribute to a significant rise in sea level, 
which will exacerbate the effects of storm surge (CSIRO 2007).  

Sea level rise 
Over the period 1920 – 2000, Australia has experienced an average estimated relative sea level rise of 1.2mm per 
year. The greatest rate of rise since 1990 is consistent with the upper end of IPCC projections (CSIRO 2007). 
Sea level rise varies significantly from location to location due to a combination of local and regional 
hydrological and geomorphological factors. Hennessy et al. (2008) project sea level rises for Kakadu of 8 – 
14cm by 2020, 19 – 37cm by 2050 and 32 – 56cm by 2070. 

Landscape types and coastal topography of Kakadu have been assessed by Bayliss et al. (1997), Eliot, 
Finlayson and Waterman (1999), Bartolo et al. (2008) and Hyder Consulting (2007). The Kakadu coastline is of 
very low elevation, from 0.2 – 1.2 m above sea level (Eliot, Finlayson & Waterman 1999) and even a small 
degree of sea level rise is very likely to cause significant saltwater inundation of freshwater wetland systems 
(Figure 14). Within the freshwater habitat in the Alligator River Region, 176,596 ha (72%) is currently assessed 
as vulnerable to a 30cm sea level rise (Table 4). Hyder Consulting (2007) claimed that up to 80% of Kakadu’s 
wetlands were under threat from saltwater intrusion; however the origin of the claim is unclear. Hare (2003) 
proposed that 50% of Kakadu’s wetlands would be lost with a 1 – 2°C rise in average temperatures. Interactions 
between different elements of the river system are complex, variable and therefore remain poorly understood 
despite an increased research effort over the past 30 years (Bartolo et al. 2008). 
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Figure 14: Wetland habitats at risk of salt water inundation due to sea level rise 

SOURCE: Bartolo et al. 2008, after Bayliss et al. 1997 
 

Table 4: Preliminary climate change impacts associated with biophysical change processes (climate 
change effects on environmental conditions  

Coastal Wetland 
Type Area (ha) Freshwater 

Wetland Type Total Area (ha)
Area Vulnerable 

to Sea Level 
Rise (ha) 

% of 
Freshwater 

Habitat 
Vulnerable 

Mangrove 8,579 
Floodplain (area 

subject to 
inundation) 

157,684 96,190 61% 

Saline coastal flat 12,819 Swamp 86,479 80,406 93% 

Floodplain (area 
subject to 
inundation) 

157,684     

Swamp 86,479     

Total 265,561  244,163 176,596 72% 
 SOURCE: Bartolo et al. 2008, after Bayliss et al. 1997:11 

 
The presence of ancient river channels buried over time suggests the coastline is highly dynamic and that the 

wetlands of the Alligator River region were created by a retreating sea level about only 5,000 years ago (Bayliss 
et al. 1997). Large tides of up to six metres force saltwater up existing channels over 100 km inland, further 
enhancing the vulnerability of the region’s coastline to saltwater intrusion (Woodroffe et al. 1985). Saltwater 
intrusion of the Mary River and East Alligator systems has already occurred over the past 50 years, thought to be 
due to a number of factors including the impact of introduced buffalo. The tidal creek of the East Alligator River 
has intruded six kilometres inland since 1950, thought to be driven by a combination of sea level rise, less 
monsoonal rainfall and local cyclonic events (Winn, Saynor, Eliot & Eliot 2006). The Mary River wetland 
system has experienced significant saltwater intrusion due to a breakdown of natural coastal barriers, although 
there is uncertainty about the exact drivers. In both cases, saltwater intrusion has caused widespread death of 
vegetation, including Melaleuca stands and replacement of freshwater wetlands with saline flats. The ecological 
implications of saltwater intrusion will be explored in more detail in the next section. 
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Potential Impacts of Climate Change Projections upon Tourism in Kakadu 

A number of typical tourism impacts due to climate change have been identified by specialists (Becken & Hay 
2007). These seem to affect most regions in different ways, and can be categorised as impacts applying to 
tourists themselves, to the tourism industry and to ‘destinations’. For the sake of developing this exploratory 
study on tourism in Kakadu, this section will proceed in a linear fashion and attempt to explore the relationship 
between climate science and tourism by considering climatic elements sequentially. That is, it will examine 
published evidence about the potential implications for tourists, the tourism industry and destinations of each 
forecasted climatic change.  

Temperature rise 
Relative Strain Index (RSI) combines temperature and humidity to assess the level of discomfort caused to the 
‘standard man’ defined as 25 years old, not acclimatised and walking at 3km/hr. An RSI below 0.2 means most 
people are comfortable. Between 0.4 and 0.5 most people are stressed and an RSI exceeding 0.5 is considered 
dangerous and likely to lead to acute reactions such as fainting or collapse. For example, Jabiru experienced 
eight days with an RSI over 0.5 in 1994/95 (Braithwaite, Reynolds & Pongracz 1996). Climate change is likely 
to exacerbate uncomfortable conditions, as increased temperatures cause a higher average RSI and more days 
where RSI exceeds 0.5. Longer, more frequent, extremely hot spells will make it more uncomfortable for people 
visiting and living in Kakadu, as well as increasing incidences of heat stress.  

The elderly, young children and those with cardiovascular disease are particularly at risk from heat-related 
death by heatstroke or heart attack due to exposure to extreme temperatures. Heat exhaustion is also associated 
with prolonged exposure to hot conditions. A significant increase in the number of hot spells places these people 
at further risk (Prime Minister’s Science, Engineering and Innovation Council (PMSEIC) Independent Working 
Group 2007; Allen Consulting Group 2005). An increase in average temperatures and the number of hot days 
could further compromise the health of people with respiratory disease such as asthma (Allen Consulting Group 
2005). Risk of food-borne disease such as gastroenteritis also increases with higher temperatures. 

Infrastructure such as machinery, vehicles and power stations may be stressed and roads can melt under 
extremely high temperatures, increasing the cost of maintenance. An increase in power consumption is likely to 
occur as a result of increased use of air conditioning. Given that an average of 50% of energy consumption in 
hotels is attributable to air conditioning, this is likely to result in significant increase in operation costs 
(Bohdanowicz & Martinec 2001, in Allen Consulting Group 2005). An increase in power outages as existing 
infrastructure struggles to fulfil demand would also inconvenience visitors and add to business costs (Allen 
Consulting Group 2005). Another concern is that the future of the current energy supply from Ranger Uranium 
Mine is uncertain after the mine closes. 

Higher rates of evaporation and higher temperatures may result in inundated floodplain areas drying out at a 
faster rate in the dry season—which may impact wetland plant and animal species by forcing birds to migrate 
earlier, causing early hibernation in turtles or reducing the amount of plant foods available in the dry season, 
such as water lilies and water chestnut. This may result in a decline in abundance and change in distribution of 
iconic species such as magpie geese and a reduction in the aesthetic appeal of wetlands. 

The saltwater crocodile is a high profile, iconic image of the Northern Territory. Many visitors are attracted 
to wetland sites in Kakadu National Park such as Yellow Waters to see these animals in the wild (Braithwaite, 
Reynolds & Pongracz 1996; Tremblay 2002). Higher temperatures may impact negatively upon abundance of 
reptiles with temperature-dependent sex determination, such as crocodiles and turtles (Whiting 2008), by 
increasing the proportion of females to males. There is some evidence to suggest that these species may be able 
to adapt to higher temperatures by changing their nesting sites to reduce exposure of eggs to outside 
temperatures (Hyder Consulting 2008). Since saltwater crocodiles are able to thrive in estuaries, saltwater 
intrusion is unlikely to threaten their habitat. However, storm damage to crocodile nests from more intense 
storms could reduce their breeding success. Past surveys of participants in the Yellow Waters wetland cruise 
found that the number of crocodile sightings was a key determinant of visitor satisfaction (Braithwaite 
Braithwaite, Reynolds & Pongracz 1996). Saltwater crocodile numbers have steadily increased to robust 
populations since they were listed as a protected species in 1971 (Webb, Manolis & Ottley 1994). A significant 
reduction in the population of saltwater crocodiles may decrease the number of crocodile sightings by visitors 
within Kakadu, in turn decreasing visitor satisfaction.  

Fire is an important part of the landscape in the wet/dry tropics. There is evidence to suggest that more 
frequent hot fires have contributed to a decline in abundance of some species (Woinarski et al. 2007). Hotter, 
drier conditions may result in an increase in hot fires; however, there is a lack of detailed modelling on this issue 
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(CSIRO 2007). Climate change is likely to encourage conditions suitable for fire, through increased evaporation 
rates, higher temperatures and increased drought. When combined with increased fuel through the spread of 
invasive grasses such as Gamba grass, this is likely to result in a higher intensity and frequency of fire (PMSEIC 
Independent Working Group 2007; Russell-Smith 2008). 

Rainfall 
An increase in the intensity of high rainfall events will increase the severity and inundation time of severe floods, 
resulting in an increased risk of damage to infrastructure including roads, bridges, accommodation facilities and 
ablution blocks. Services and supplies to Cooinda and Jabiru would be disrupted for longer periods as roads are 
cut off by floods. Access to Kakadu from Darwin is usually cut off for a period during the wet season. During 
the 2007/2008 wet season, flooding prevented access along the Arnhem Highway for about four weeks and 
caused about $1.2 million damage to accommodation facilities at Cooinda. The only other access is through the 
southern entrance along the Kakadu Highway, a significantly longer route. Access to popular 4WD tracks and 
waterfall sites such as Jim Jim Falls may also be cut off for longer periods in the early dry season due to more 
severe floods. However, higher evaporation rates may compensate for longer inundation times to an extent. 

Inaccessibility of areas of Kakadu may contribute to a decrease in visitation and visitors’ enjoyment of the 
experience as their trip is unable to fulfil their expectations. This may decrease the likelihood of visitors making 
a return trip. 

Seasonal changes 
While predictions of longer wet seasons occurred in the past, the most current modelling suggests there would be 
very little change to future average seasonal patterns (Hennessy et al. 2008). More research is required in this 
area as robust models are lacking. 

Extreme weather events 
An increase in the incidence of droughts, floods and cyclones may reduce the resilience of wetland ecosystems. 
Animals such as water birds, migratory birds, amphibians and reptiles are sensitive to significant changes in 
climate. This may result in a decline in their abundance and changes in their distribution (PMSEIC Independent 
Working Group 2007).  

There is currently no evidence to suggest that the frequency of cyclones will be affected by climate change. 
However, increased intensity of Category 3 – 5 cyclones will heighten the risk of storm damage to infrastructure 
such as accommodation, roads, bridges and ablution blocks, as well as putting people at risk from flying debris. 
Since infrastructure is built to withstand current extreme weather conditions, its ability to withstand a more 
severe cyclone may be compromised in the future, requiring building standards to be revisited. Severe cyclones 
also place additional pressure on medical and emergency services, as well as disrupting supplies of fresh water 
and food. An increased incidence of water-borne disease associated with contaminated water caused by extreme 
rainfall events is also likely (Allen Consulting Group 2005) 

Cyclones occur during the wet season when a monsoonal trough develops off the northern coastline (average 
of one per year). Cyclone Monica, for instance, was a Category 5 cyclone which hit the coastline in April 2006, 
35 km west of Maningrida in West Arnhem Land. The cyclone caused a six metre storm surge and wind speeds 
of up to 360 km/hr, which led to significant and widespread damages to the Maningrida and Jabiru townships as 
well as 50 – 70% of trees falling (Bureau of Meteorology 2008b). This made it the most intense recorded 
cyclone in the southern hemisphere to make landfall (Cooke 1999). 

A relatively small increase in the intensity of cyclones may exceed current thresholds of infrastructure in the 
future, increasing the risk of injury and building damage. Insurance Australia Group found that an increase in 
peak gust wind speeds from 40 – 50 knots to 50 – 60 knots resulted in a 650% increase in building damage 
claims (Coleman 2003). In 1974, Cyclone Tracy cost $837 million in insurance losses (equivalent to 2001 
prices). An increase in claims is likely to increase the cost of insurance premiums, further adding to operation 
costs. A further risk is that the cost of claims rises so high that the insurance industry will not be able to afford to 
continue to underwrite damage costs resulting from natural disasters in the future (Coleman 2003). 

Large storm surges caused by intense cyclones exacerbate the effects of sea level rise, causing sudden 
saltwater inundation of coastal areas to a depth of several metres. This is an additional threat to the viability of 
freshwater wetlands. 

A severe cyclone causes massive tree-loss, which may affect the visual appeal of the savannah. An 
alternative view is that it may spark visitor interest in the region. It must also be noted that if cyclones affect the 
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region mainly during the low tourist season, their impacts will have little direct effect on tourists and will be 
mainly affecting the industry and potentially the longer term appeal of the destination. 

Sea level rise 
The sensitivity of the region to saltwater intrusion can be attributed in part to dynamic hydrological, 
geomorphological and ecological processes (Figure 15). The expansion of tidal networks into freshwater areas 
occurs at an exponential rate. Large tides, pronounced seasonality and large rainfall events produce highly 
dynamic estuaries and rivers which flood during the wet season, reshaping river channels (Winn et al. 2006). The 
low elevation of the region makes it highly susceptible to tidal influence. The coastal plain is just 3 – 4 m above 
Australian Height Datum, or 0.2 – 1.2 m above mean high water sea level. The spring tidal range of 5 – 6 m in 
the van Diemen Gulf translates to a tidal influence extending about 100 km inland on the South Alligator River 
(Heerdegen & Hill 1999); Woodroffe et al. 1985).  

Saltwater intrusion from a rise in sea level is likely to promote salt-tolerant systems such as mudflats and 
mangroves at the expense of freshwater wetland species (Bayliss et al. 1997). This has been seen along the South 
Alligator and Mary Rivers, where wetland habitat has been displaced by saltwater intrusion. A sea level rise 
would also see increasing dieback of Melaleuca stands on the margins of wetlands (Bayliss et al. 1997), although 
there is some evidence that they are able to recover if the freshwater habitat is reclaimed (Australian Greenhouse 
Office 2004). Shoreline erosion may also reduce some components of the mangrove fringe on the coastline 
(Bayliss et al. 1997).  

Saltwater intrusion of freshwater wetlands caused by a combination of natural factors as well as boat activity 
and feral buffalo has already occurred in some areas of the Park and extensively throughout the nearby Mary 
River catchment over the past 50 years. This has resulted in the deaths of Melaleuca trees and the loss of 
freshwater wetland habitat, including crocodile breeding areas (Winn et al. 2006). Displacement of freshwater 
vegetation by saline intrusion has decreased habitat available to magpie geese for nesting and feeding 
(Whitehead 1996). As a result, park managers have restricted boat access in some areas and built levee banks to 
prevent saltwater intrusion near critical attractions (S. Winderlich, pers. comm.). Barrages constructed near 
Shady Camp on the Mary River floodplains are thought to have saved large areas of freshwater wetlands from 
saline intrusion (Whitehead 1996; Applegate 1996). Baldwin (2001) argued that these barrages have been less 
than effective and that it would be more productive to sacrifice the wetlands to saltwater intrusion, then develop 
the area as a tourist attraction to showcase the effects of sea level rise to the world. 

Tropical cyclones during the wet season may also contribute to the breakdown of natural barriers and inland 
movement of saltwater; however there is insufficient evidence to ascertain the relative importance of specific 
drivers of saltwater intrusion (Winn et al. 2006). The introduction of buffalo (Bubalus bubalis) contributed to the 
breakdown of natural barriers in the coastal zone through the creation of swim channels. However, there is 
conjecture about the degree to which this contributed to an accelerated rate of saltwater intrusion (Winn et al. 
2006).  

The Mary River Catchment has experienced 240 km2 of saltwater intrusion since the 1940s. A detailed cost-
benefit analysis found that, with no action, all of the region’s 112,600 ha of freshwater wetlands would be totally 
inundated by 2050, but that maintaining the existing 60 barrages at tidal channels would preserve current 
wetlands. The costs of maintaining barrages in the Mary River wetlands were found to be far outweighed by the 
benefits of preserving the current areas of freshwater wetlands for tourism, recreational fishing and cattle grazing 
(Australian Greenhouse Office 2004). The study also found that there were good prospects for freshwater 
wetlands to recover and that building a large weir across the main tidal channels to slow tidal flow would 
retrieve some wetland areas already lost. This would be very costly and have other impacts such as preventing 
fish migration; however this could be partially overcome by building fish ladders (Australian Greenhouse Office 
2004).  

In part because of their wildlife, the freshwater wetlands of Kakadu (Figure 15) are currently an iconic 
representation of the ‘wildness’ and biodiversity of the region (Tremblay 2004). The creation of billabongs and 
wetlands during the dry season means a huge abundance and diversity of wildlife can be seen at one place, as 
animals are drawn to abundant supplies of food and fresh water. The loss of significant amounts of wetland may 
affect the perception of the region as a place to experience abundant wildlife in a wild setting, particularly if the 
popular Yellow Waters at Cooinda is affected. 

The wetland icon has long been a cornerstone of the tourism marketing campaign of Kakadu, along with 
indigenous cultural experiences, although the focus has recently shifted towards cultural experiences and other 
components of the landscape. Indigenous cultural experiences available to tourists are often tied in with the 
wetlands themselves, such as the Kakadu Cultural Camp, which provides night spotlighting cruises amongst 
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other activities. The wetlands are very important to Bininj as a source of food and place of ceremony. Traditional 
owners are concerned that accelerated saltwater intrusion caused by a rise in sea level will impact access to and 
availability of traditional food sources such as magpie geese, barramundi and turtles, as well as low-lying islands 
(Director of National Parks 2007). Some senior Bininj report that they have already noticed a change in the 
timing of seasons and are worried how this will impact upon bush tucker and future generations (Neidjie, 
Neidjie, Smith & Hunter 2008). Loss of Kakadu wetlands may threaten indigenous cultural activities such as 
turtle hunting, fishing and fire management. This may reduce the potential for small-scale indigenous enterprises 
in the future. Marketing of Kakadu to domestic and international audiences may need to shift further towards 
different cultural experiences or back to waterfalls if the iconic wetlands sites are lost. 

 
 

Figure 15: Habitats sensitive to climate change impacts in Kakadu National Park  

SOURCE: Bartolo et al. 2008 

Interaction with existing pressures 
This section further explores aspects of climate change that are ill-understood and create further complexity in 
trying to canvass policy responses. Climate change will alter the distribution and abundance of feral animals and 
weed species and is likely to interact with other factors to exacerbate the pressures placed upon natural systems. 
The spread of weeds such as Prickly Acacia and Rubber Vine is likely to be favoured by conditions under 
climate change (Kriticos, Sutherst, Brown, Adkins & Maywald 2003 in Allen Consulting Group 2005). It is 
therefore likely that good land management activities such as pest control, weed control and fire management 
will become even more important in increasing resilience of landscapes to climate change (Campbell 2008).  

Changes in climate will also affect the distribution and spread of pathogens. Northern Australia is particularly 
vulnerable to mosquito-borne diseases such as malaria, dengue fever and avian influenza (Hennessy, Page, 
McInnes, Walsh et al. 2004). An increase in mosquitoes, accompanied by a change in distribution of mosquito 
vectors carrying disease will increase health risks for both visitors and residents (PMSEIC Independent Working 
Group 2007). The contamination of food and water supplies from flooding and cyclones will also increase the 
risk of spread of some infectious diseases such as gastroenteritis and meliodosis (Green 2008). 
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Uranium mining occurs within Kakadu at the Magela Creek catchment. Aspects of the mine, such as the 
tailings dam, are vulnerable to a rise in sea level and accelerated natural processes (Bayliss et al. 1997). Failure 
of the dam could risk contaminated water and sediments entering Magela Creek and the East Alligator River. 
This could have potentially serious long-term effects upon the health of the area. 

Scarcer water resources may increase competition between land users in the broader Kakadu region and 
create regional pressures of a political nature that are difficult to foretell. As much hotter and drier conditions 
place more pressure on water resources in other parts of Australia, there may be more interest in exploiting the 
water resources of northern Australia (Hennessy 2006). This could potentially alter natural flow regimes and 
reduce freshwater inundation of wetlands in ways imperfectly understood (Hyder Consulting 2007).  

The social impacts of climate change upon Kakadu National Park cannot be projected. However, it is likely 
that the impact of loss of wetland areas, increased extreme weather events and increased heat-related, vector-
borne and water-borne illness will have a negative impact upon Aboriginal communities in the region (Cook 
2008). This may further restrict opportunities for cultural tourism within the Park and increase pressure on 
existing indigenous tourism enterprises. 

Attracting suitable employees is already identified as a significant issue for many businesses in the Northern 
Territory. Less comfortable conditions are likely to make it even more difficult to attract skilled employees to 
staff tourism operations and services.  

Climate change, ecological implications and tourism sustainability 
Perceptions regarding the ecological health of the region might play an important role in tourism. There is 
currently scarce information about how the projected changes in climate could affect individual wildlife species 
and landscape. This makes it difficult to project how these flow-on impacts may affect tourism and the economy. 

The Australian Government’s preliminary assessment of the implications of climate change for Australia’s 
national reserve system (Dunlop & Brown 2008) found that climate change will affect biodiversity by changing: 

• The concentration of nutrients and toxic chemicals in leaves. 
• Growth and water use by plants. 
• The dates of seed germination, flowering, egg laying and hatching in birds, reptiles and insects. 
• Animal behaviour. 
• How existing threats affect biodiversity, by: 

o Changed water use and availability. 
o Arrival of new species in a region. 
o Changes in land use. 
o Altered fire regimes. 

It is difficult to predict how a species may respond to a complex series of environmental changes. The 
International Union for Conservation of Nature (IUCN) has identified 90 ‘life history traits’—essential elements 
of a species’ behaviour or lifestyle—that are likely to be affected by a change in their local climate (Foden, 
Mace, Vié, Angulo, Butchart, DeVantier, Dublin, Gutsche, Stuart & Turak 2008). These included: 

• Requirements for a specialised habitat: some amphibians depend on a stream or pond, so if that dries out 
there is no way they can survive. 

• Specific environmental tolerances. 
• Dependence on environmental cues. 
• Dependence on interactions with other species. 
• Ability to disperse. 

This will in turn cause changes in species interaction, abundance, distribution and genetic makeup. Garnaut 
(2008) predicted that species will either stay, move or die-out, depending on their ability to tolerate change, 
adapt to change and level of mobility. Very little data is available on potential indirect ecological impacts of 
climate change for Kakadu National Park. However, it can be contended that species with restricted habitat, 
lower mobility and lower tolerance ranges will be most vulnerable to climate change. 

This demonstrates how climate change could affect tourism in the region in a large number of ways, which 
are difficult to predict, especially if these elements interact with each other. Any of the possible impacts could 
reinforce each other, or negate one another, in ways that current scientific knowledge does not allow to assess.  

From the initial exploration of the literature above, a few key potential impacts emerge: 

• Sea level rise → saltwater intrusion → freshwater wetlands (key attraction in Kakadu) decline. 
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• Higher intensity of extreme weather events → cyclone intensity and greater risks of floods → significant 
costs to industry and communities (infrastructure, insurance, facilities, industry) and potential tourist risks 
related to access and safety. 

• Higher temperatures and humidity → potential for considerable tourist discomfort with alleviation costs 
to industry (and increased health risks). 

• Shifts in temperature and precipitation patterns → possible compression (or shift) of tourist season → 
increased operational concerns and staff turnover issues. 

• Combined climate change impacts → changes in the distribution and abundance of wildlife → potential 
decline in visitor satisfaction where expectations cannot be met. 

Tourism in the Kakadu Region 

This section examines existing knowledge about tourists visiting the Kakadu region, the attributes of Kakadu NP 
as an attraction, and reassesses potential risks on the basis of that knowledge. In particular, this section will 
evaluate some of the economic implications of any changes in tourists’ willingness to visit the region, or of the 
tourism industry’s increased costs of operating there. Despite the importance of Kakadu as a tourism asset, there 
have been few comprehensive studies of Kakadu visitors capable of providing a gauge of the performance of 
Kakadu as an attraction and its strategic role for Northern Territory tourism. Tremblay (2006) examined in detail 
the data originating from the Northern Territory Travel Monitor (1995 – 2004) and conducted a survey and 
analysis of Kakadu visitor motivations, expenditures and perceptions of the role of Kakadu in their decisions to 
visit the region (Tremblay 2007). These studies constitute the main source of information for this section on 
Kakadu tourism, as little data has been obtained since. 

Visitor profile 
In terms of the demographic attributes of Kakadu visitors, patterns are fairly similar to the Top End region 
(Tremblay 2006). Table 5 summarises some of the critical findings for Kakadu visitors applicable to the period 
1995 – 2006 and provides some of the essentials of that market.  

Table 5: Kakadu visitor profile 

Kakadu Visitor Characteristics 

Origins 

KakaduVES: 
Overseas = 43% 
Interstate = 51.5%  
Intra-Territory = 5.5% 

NTTM: 
Overseas = 48.8% 
Interstate = 48.0% 
Intra-Territory = 3.2% 

Travel purpose 

KakaduVES: 
Pleasure/holiday = 89.2% 
VFR = 5.5%  
Business/work = 3.9% 
Sport, Education or Other = 1.4% 

NTTM: 
Pleasure/holiday = 87.2% 
VFR = 2.8%  
Business/work = 6.2% 
Sport, Education or Other = 3.8% 

Seasonal patterns (NTTM)
Overall distribution of Kakadu visitors across quarters is: 
Jan – Mar = 14.3%; Apr – Jun = 25.3%; Jul – Sep = 37.6%; Oct – Dec = 22.8%.  
Interstate visitors contribute most to the seasonal variations. 

Party attributes 
(KakaduVES) 

Travel party size 
1 = 14.3%; 2 = 60.9%; 3 – 5 = 20.1; 6+ = 4.7% 
Less than 10% of parties include children. 

Trip format (KakaduVES)

Independent self-drive: 61.7% 
Organized tours (mainly ex-Darwin): 25.8% 
Self-drive to park- then tours inside the park: 10.2% 
Other tours (Greyhound, International, Interstate): 2.3% 
Kakadu visiting parties part of larger groups (NTTM): declined from around 25% 
(1995) to around 13% (2004)—average over 10 years is around 16% 
First-time in NT: 68.1% / First-time in Kakadu: 84.1% 
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Kakadu Visitor Characteristics 

Duration of stay 
(KakaduVES) 
 

Stay in Kakadu: 73.4% between 1– 3 nights 
Stay in Top End: 42.3% between 1 – 7 nights; 33.4% between 8 – 13 nights;  
Proportion of stay (nights) spent in Kakadu 
Overseas visitors: 41% of Top End visit; 24% of NT visit 
Interstate visitors: 33% of Top End visit; 21% of NT visit 

Mode of transport and 
access (KakaduVES) 

Entry into NT by: Air (within Australia) = 43.7%; Road = 40.1%; Air (intl) = 12.4%; 
Rail = 3.7%; Sea = 0.1% 

Accommodation 
(KakaduVES) 

Within Kakadu: Caravan/Camping = 48%; Hotel/Motel = 30%; Hostel/Backpackers 
= 9.9%; Cabin/onsite van = 4.7%; VFR = 4%; and Holiday flat/unit = 2.9% 

Prior knowledge of 
Kakadu by non-NT 
residents (KakaduVES) 

Knew about Kakadu prior to visiting NT = 89.1% 
Decided to visit Kakadu prior to visiting NT = 85.5% 
Knew about World Heritage Status prior to visiting Kakadu = 82.9% 

SOURCE: Tremblay 2006, 2007 
NOTE: Survey sources: NTTM = Northern Territory Travel Monitor (NT Tourist Commission);  

KakaduVES = Kakadu National Park Visitor Economic Survey 
 

The key findings described in Table 5 include the relatively consistent 50 – 50 split between visitors from 
overseas and from Australia, the unambiguous dominance of pleasure/holiday motives (85 – 90%), the strong 
seasonal patterns typical of the Top End, the short average duration of the stay in the Park, usually combined 
with significant times around it, including Darwin. Detailed expenditures data are also available from the 
Kakadu Visitor Economic Survey, analysed by Tremblay (2006, 2007). Table 6 summarises key findings on 
Kakadu visiting parties’ expenditures that apply to their stay in the park, as well as their journey from Darwin to 
and from Kakadu. 

Table 6: Expenditures per party while in Kakadu region 

N = 1011 Average party expenditures 
while in Kakadu (per day) Mean Std. Dev 

Accommodation 70.95 127.75 

Food & Beverage – hotels / 
restaurants 31.65 51.06 

Food & Beverage – supermarket 16.93 27.40 

Cultural tours / indigenous 13.12 45.39 

Other tours / shows 26.24 66.42 

Scenic flights 13.54 48.90 

Transport 66.42 146.04 

Aboriginal art work 14.48 75.33 

Gifts/souvenirs 10.78 29.82 

Entertainment 2.95 18.87 

Park fees 13.99 18.18 

Other incidentals 6.30 15.60 
 
Table 7 shows a summary of expenditures data provided by origin groups, per party and per person. 

Differences between origin segments can be explained by behavioural differences, party size considerations and 
different seasonal patterns (as well as price variations associated with those). Interstate visitors also stay longer 
in the region.  
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Table 7: Total expenditure by origin (per day) 

Interstate  
(N = 530) 

Overseas  
(N = 429) 

Intra-Territory 
(N = 52) 

Total  
(N = 1011)  

Mean Std. Dev Mean Std. Dev Mean Std. Dev Mean Std. Dev 

Per party 309.45 342.07 260.66 278.06 282.03 276.34 287.34 313.79 

Per person 134.45 167.30 116.93 123.77 115.56 150.07 126.04 149.56 
 

More recent visitor arrivals data can be accessed on the Tourism NT website, where summary information on 
basic dimensions of visitation is provided.  These were judged insufficient for the present report. The regional 
snapshots of tourist arrivals in the joint Kakadu and Arnhem Land regions provides only a 3-year average of the 
aggregate tourist arrivals and nights combining all motives and visitor markets. A complementary ‘regional 
profile report on Kakadu (June 2008)’ presents marketing information about Kakadu visitors ‘for long trips (trips 
of 3+ nights) only, within the Northern Territory’s Interstate market (excludes NT residents)’. Accordingly the 
latter describes Kakadu visitors as older (than NT average), long-term travellers (often couples), who display 
higher than average positive attitudes towards the term ‘ecotourism’. 

Basic data on Kakadu visitation can also be found in the Northern Territory Government budget documents 
(‘Tourism’ chapters in the 2007–08, 2008–09 and 2009–10) which suggest significant growth since 2005, with 
the following figures for 2005–06 (196,000 visitors), for 2006–07 (216,000 visitors) and for 2007–08 (236,000 
visitors) being reported. The 2007–08 budget document (p.92) notes that comparisons with previous years are 
hazardous because Kakadu started a new methodology to calculate visitors in the previous year generated using 
calibrated vehicle counters and adjusting the figures to reflect total visitation. A comparative discussion of 
previous methods (based on surveys, ticket sales, visitor centre counter) used to calculate total visitors to Kakadu 
can be found in Tremblay (2007:82–84). 

Motivations to visit Kakadu and its role in Northern Territory tourism 
One of the major challenges with attempting to assess the economic impact of a global phenomenon such as 
climate change is to provide a sensible account of how a specific positive or negative biophysical impact would 
affect tourism not only for the Kakadu region itself, but also for the Top End and Northern Territory economies, 
since Kakadu is a critical part of the overall tourism product. The economic assessment must establish why a 
change in the nature of the key attraction would affect tourism in the broader region. Estimating the effect of 
climate change on tourism requires that a link be made between the purpose of travel for typical segments, the 
nature of the destination and its attributes, and the likely impact of climate change on these attributes. Referring 
to the popularity or visitation of a place is insufficient, as that place might have played little role in attracting 
visitors in the first place. A large number of smaller attractions (such as Howard Springs Reserve, Fogg Dam 
Reserve or Windows on the Wetlands) feature relatively high visitation, but presumably play little role in 
attracting tourists in the region. Their hypothetical disappearance could have very little impact on visitation, 
although length of stay and general satisfaction with the Top End might be affected. 

Tremblay (2006, 2007) provides useful background information on the motivations and activities of visitors 
to Kakadu that establish the significance of Kakadu to the wider region. This data was used to calculate 
attribution and substitution ratios, allowing claims to be made about the role of Kakadu in overall regional 
tourism using the Carlsen and Wood methodology (Carlsen & Wood 2004). Such estimates are essential for the 
sake of making conjectures about the impact of climate change on the appeal of Kakadu and the satisfaction of 
visitors not only in the Park itself but also in the broader region. Broad motivations to visit the park have been 
periodically investigated by Park and Northern Territory management agencies. The 2001/2002 Park Visitor 
Survey found that the two major motivating reasons for visiting Kakadu were to see scenery and wildlife; 
followed by Aboriginal culture, people and rock art; a World Heritage Area; ecology; waterfalls; and walking 
(Director of National Parks 2001).  

Tremblay (2006, 2007) reviewed similar historical data (Northern Territory Travel Monitor 1995 – 2004) and 
included similar categories in the Kakadu National Park Visitor Economic Survey (KNPVES) 2005, exploring 
the relative importance of Kakadu in deciding to visit the Top End and the Northern Territory. This research 
found that the relative importance of Kakadu for these regions has been relatively stable from 1995 – 2004. 
Tremblay (2006: 53) uses the Northern Territory Travel Monitor (NTTM) data also to show that over 42% of all 
visitors to the Top End included or intended to include Kakadu in their trip, with some variations between 
overseas visitors (with 62% including Kakadu) and domestic-interstate tourists (with 37% including Kakadu). 
That report notes that these figures applied to all visitors and that a significant proportion of domestic tourists 
were not visiting the Top End for the first time. It is clear that a larger proportion of international visitors to the 



DEVELOPING ADAPTATION AND RESPONSE STRATEGIES—A SCOPING STUDY 
 

 

 

35

‘Top End’ visits Kakadu because they are more likely to be on holiday, less likely to return to the region at a 
later date and are more often travelling in organised tours. For them, a trip to the Top End is more often a ‘once-
in-a-lifetime’ experience and Kakadu is an iconic attraction they will have encountered in guidebooks and other 
information sources. The propensity to visit Kakadu depends considerably on the main travel motive. Figure 16 
(extracted from Tremblay 2006: 54) shows that a larger proportion of Top End visitors with holiday / pleasure 
motives (as opposed to business, education, military, visiting friends / relatives or government-related) visit 
Kakadu. Those proportions have been overall fairly stable, with a decline from 1998 to 1999 (dropping from 
75% to 69%) and relatively stable since then. 

Figure 16: Proportion of Top End tourists who visited Kakadu 1998 – 2004 

Another valuable indicator of the importance of Kakadu as a tourism driver for the broader region can be 
assessed by comparing motivations to travel in Kakadu with motivations for visiting relevant regions of 
reference (such as the Top End and the Northern Territory). Tremblay (2006, 2007) argues that the match 
between motivations and activities is particularly high for a number of reasons: 

• Kakadu embodies the quintessential set of activities for many NT visitors, and they find there what they 
were expecting to find in the Top End because of Kakadu’s marketing position. 

• The Northern Territory features a relatively limited number of available activities. 

When assessing attribution of Kakadu-related expenditures to regional visitation, an algorithm is designed to 
assess the fit between motives. Tremblay (2006, 2007) finds that four main motives for visiting Kakadu are:  

• ‘Seeing wildlife’. 
• ‘The scenery’. 
• ‘Aboriginal art/culture’. 
• ‘The natural environment’. 

It is important to note that these four motives were identified by most visitors and were highly 
complementary to each other. Further testing suggested that the four aspects were elements of the place that 
tourists were expecting to experience and could not be used as a basis to distinguish visitor clusters. The critical 
implication is that most tourists value all these attributes jointly. Many visitors considered these aspects to be 
interconnected (i.e. cannot be split along a ‘cultural’ vs. ‘natural’ segment for instance). This suggests that 
Kakadu as a tourist destination is not enjoyed or appreciated as a set of separable attributes or as discrete 
components, but as a place where these dimensions overlap.  

The KNPVES research also enquired about particular ‘places’ or ‘locations’ within Kakadu that visitors 
knew before their trip there, to assess the extent to which specific places or landscapes played a particularly 
important role. Yellow Water dominated that list, most probably because of the reputation of the Yellow Water 
cruise (as an attraction) and its use in the marketing of Kakadu and of the Top End in general. The survey 
queried about prior knowledge of six discrete locations (Yellow Water [65.1%], Jim Jim Falls [48.9%], 
Nourlangie [34.5%], Twin Falls [37.5%], Ubirr [46.2%] and Gunlom [11.8%]) and the results displayed the 
same ordering across visitors of all origins. The data also shows that Cooinda (31.6%) is the most visited site in 
Kakadu (in a list that excluded Jabiru and the Park headquarters), followed by Merl (12.3%) and Mardugal 
(6.9%), but the extent to which survey respondents could commit location names to memory is unclear. 
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Recollection of sites or places itself is influenced by access, map design, road signals and the existence of 
facilities and infrastructure—not necessarily the popularity of places (Tremblay 2006: 192).  

Conveniently, two generic environments (‘wetlands’ and ‘escarpment’) were also included in that list to 
assess landscapes that tourists imagined they would encounter (Tremblay 2006: 155). ‘Wetlands’ were identified 
by 47.2% of Kakadu visitors (59.4% with interstate and 31% with overseas visitors) while ‘escarpment’ scored 
22.5% (28.3% for interstate and 13% for overseas). These findings support the view that the wetland landscape 
largely dominates the tourist imagination of Kakadu. It also fits the intuition that interstate visitors should have 
much clearer perceptions of the types of landscapes to be encountered, while overseas visitors are mainly aware 
of the names of places and attractions rather than landscapes. Despite these observations, half of Kakadu visitors 
seem to hold no precise expectations regarding the landscapes they will encounter in the region or the Park. 

Extended analysis of the impacts of climate change on the appeal of Kakadu 
As was indicated earlier, much has been made in the media of the extent to which Kakadu tourism would be 
affected by climate change, particularly focusing on the impact of losing large areas of freshwater wetlands. This 
section undertakes to extend the exploratory overview of possible impacts of climate change on the Kakadu and 
Top End destinations by making constructive use of the relatively rich knowledge base of tourism in the region. 
A useful starting point is to re-evaluate basic conjectures about the possible effects climate change could have on 
tourists directly, by making use of the four motives identified above. The data available can support a more 
detailed and dependable evaluation of the relationship between two complex knowledge bases, in connecting the 
ambiguous impacts of climate change with the identified motives of tourists (Figure 17). 

 

Figure 17: Flow diagram summarising how climate change could impact upon tourism in Kakadu 

The analysis will therefore examine each key motive and discuss the various ways in which climate change 
might impact on the attractiveness of Kakadu for tourism. 

Aboriginal art/culture 

• Tourist motives to experience Aboriginal art and culture remain poorly understood. It is known that they 
usually combine partial cognitive needs (linked with curiosity, thirst for knowledge, education) and 
significant affective needs (related to gaze on the outside world, need to connect with the ‘other’, need to 
escape from conventional life, spiritual endeavors, need to connect with inner emotions, etc.) as well as 
needs to explore the political and identity dimensions (Tremblay, Schoenborn, Petheram, Young & 
Lammers 2005). 

• Tourist expectations vary with respect to the types of culture and cultural interactions they envisage. 
There is a well-known tension between naïve perceptions (and expectations for some tourists) of 
primitive existences (accessible partially through rock art) and contemporary culture and lifestyles—with 
tourists often mistakenly associating ‘authenticity’ with perceived primitive technology, lifestyles or 
relationships to the land. It is unclear whether climate change would significantly affect Aboriginal 
lifestyles represented in Kakadu in ways of greater or lesser interest to tourists. 

• If climate change was to radically affect the nature of human relationships to the landscape, this could 
impact upon general public and tourist perceptions of the authenticity of cultural representations 
displayed or encountered in the region. Yet, it is also possible to suggest that the ability of Aboriginal 
people to adapt to landscape changes over the period of occupation of the continent (including recent 
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climate-driven transformations) could be used and marketed so as to become a positive marketing 
message and its story to constitute an attraction in itself. 

• Climate change could have a number of physical impacts on Aboriginal rock art, one of the most popular 
forms of cultural consumption by tourists in the Kakadu region. It is unclear whether climate change 
could affect directly the art, or affect access to some of the most reputed art sites. 

Scenery 

• As discussed above, Kakadu tourism makes use of a number of emblematic landscapes, such as wetlands 
and images of the escarpment, featuring waterfalls in particular. Some natural features are more likely to 
be affected by climate change than others. The potential loss of its freshwater wetlands has attracted much 
attention and it would be possible to assess potential threats to tourism when the aesthetic appeals of that 
landscape (to tourists) are better understood.  

• Pressures from saltwater intrusion have already led to engineering interventions to protect the integrity of 
upstream South Alligator freshwater systems around Cooinda. From a strictly tourism viewpoint, the 
desirability of such solutions depends on the potential visual impact of such structures and on the 
potential impact on their perceptions of ‘wilderness’ (discussed below). 

• Some key landscape images are known to play important roles as tourism drivers. The use of images of 
flowing waterfalls have regularly been criticised by tourists (appearing in satisfaction studies) as 
misleading and a cause of visitor dissatisfaction, due to the dominance of dry season visitation (when the 
water flow is limited) and restricted access otherwise. It is unclear how climate change could impact on 
this aspect of the Park’s marketing. With more extreme flooding events, costs of maintaining road access 
could increase, and the seasonal window to access that experience could be reduced.  

• Much of the average tourist’s experience of the Park takes place while driving along the Kakadu and 
Arnhem Highways to the Stuart Highway. Much of the scenery along the Arnhem Highway includes a 
mixture of grassland; various types of Melaleuca, Eucalypt and sorghum open forests; and a number of 
swamps, saline flats, seasonal wetlands, floodplains and rivers. The visual appeal of this composite 
landscape (and the few dispersed attractions scattered along the way) has not been sufficiently researched, 
but it could have a significant impact on the attractiveness of the region. It remains unclear how more 
intense burning, flooding, cyclones or saltwater intrusion could contribute to localised visual deterioration 
(along road systems), to what degree future tourist expectations would be affected, and how manageable 
the visual aspects of road corridors could be. The presence of incidental but significant freshwater 
wetlands on access routes to the Park and to its main attractions could expose the overall deterioration of 
these landscape components and diminish the experience of tourists and the general attractiveness of the 
destination. 

• Naïve tourists (mainly from overseas) commonly associate landscape authenticity with ‘greenness’. This 
is problematic as the Top End landscape is visually more attractive in the low season, when ‘greenness’ is 
enhanced but restricted human comfort and access to attractions create considerable barriers to visitation. 

Seeing wildlife 

• Seeing wildlife in relatively natural habitats has consistently been reported as a key motive to visit the 
Top End region and Kakadu in particular, and could be said to constitute a key attribute of the landscape 
for tourists (Tremblay 2006, 2007, 2008). 

• A number of studies located in the Top End have investigated visitor wildlife viewing preferences with 
the view to identify wildlife tourism hot spots (Tremblay 2002; Tremblay 2003; Tremblay 2004; 
Tremblay 2008; Tremblay, Pearson & Gorman 2008). A critical finding of that body of research is that 
the key icons motivating tourists to visit the region are species strongly associated with the Top End’s 
wetlands, found in the Mary River and Kakadu freshwater systems and surrounds. In fact, correspondence 
between species type and freshwater wetlands is strong enough to suggest that tourism marketing has 
been exceptionally successful at using images of wildlife, such as crocodiles, freshwater bird species, 
water buffalo and barramundi, to sell that landscape and that this has made them critical attractors.  

• Whilst common in the Top End region, these species are not necessarily easily observed by poorly 
informed, time-short and non-specialist tourists (Tremblay 2008). Kakadu constitutes one of the central 
locations where observing these species in one place is possible and the likelihood of viewing satisfaction 
is relatively high. This has been made possible by the careful management and infrastructure support 
created in key locations such as Cooinda, itself reinforced by marketing investments given to attractions 
that have become iconic in their own right (such as the Yellow Water cruise). Other regional attractions 
such as Mary River houseboats, Adelaide River cruises, East Alligator River Guluyambi Cruise and 2WD 
access to wetlands such as Fogg Dam, complement the wildlife viewing possibilities in the region. 
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• The scientific research required to assess how climate change will affect wildlife habitat, abundance and 
distribution is still in its infancy. A major problem for tourism is to connect potential large-scale impacts 
to the viewability aspect, as well as the overall reputation of Kakadu and its key attractions. Researchers 
and policymakers interested in the relationship between climate change and the wildlife viewing 
experiences of tourists would need to consider: 

o Effects upon the appeal of surroundings of those experiences, known to constitute an important 
attribute of wildlife viewing desirability (see Tremblay 2002).  

o Whether access to wildlife would be more difficult and create infrastructure costs in the form 
of shelters, platforms, safety structures, water level mitigation, etc. 

o Whether some critical species would be more rare or difficult to view. 
o Effects upon the reputation and appeal of various species as they are perceived to become 

threatened. 
o Effects upon the reputation of Kakadu, relative to other regions holding similar or different 

landscapes and species, and differing with respect to perceived authenticity of landscapes and 
species mix. 

• Simplistic connections between the threats of climate change on specific landscapes and species, and how 
this will impact upon tourists must be carefully assessed. Tourists can only consume and experience a 
small proportion of landscape and wildlife viewing opportunities, and broad regional changes outside key 
tourist locations might have limited impact on their experience. On the other hand, threats to key 
attractions and experiences could have devastating implications and ramifications for the regional 
destination well beyond Kakadu. 

Natural environment 

• There is a connection between the natural environment and ‘scenery’ (discussed above) such that some of 
the issues raised there apply equally. But the role of ‘natural environment’ as a key tourist motive goes 
beyond immediate appeal and must include aspects of the reputation of Kakadu as a unique or particularly 
‘untamed’ experience. 

• At some level, the natural environment integrates in the minds of most visitors with scenery, wildlife and 
indigenous culture. The latter can be controversial for visitors associating ‘natural environment’ with 
‘wilderness’ (in the Western sense), thereby excluding tangible human occupation. 

• There is wide diversity in perceptions about what a desirable natural environment might be in the context 
of travel and holidays. It would appear reasonable to assume varying degrees of prior knowledge about 
the history of Kakadu and ability to discriminate between degrees of ‘naturalness’. This is amplified by 
the Western notion of wilderness implying that a ‘wild’ place is one that has remained unaffected by 
human occupation, even global human effects such as climate change. It remains difficult to speculate as 
to the loss of attractiveness that Kakadu could suffer if there were widespread perceptions that its 
landscape had changed considerably due to climate change (irrespective of the fact that it has changed 
significantly for a long time, but on a different timescale). It is also difficult to establish conjectures about 
the reactions of visitors if they were to encounter visible signs that the landscape had to be managed and 
engineered to retain desired properties such as biodiversity and appeal to traditional owners. 

• It is possible to infer that some main drivers of the appeal of Kakadu to tourists (with respect to their 
perceptions of the natural environment) include aspects such as: 

o Environmental ‘reputation’ stemming from the support provided by environmental agencies 
and green lobby groups. 

o World Heritage status and other indicators of environmental performance. 
o Sustained efforts and investments in managing environmental integrity, such as research, weed 

management, fire management, etc. 
• It is unclear how climate change would impact upon the already overwhelming challenges for park 

managers. More importantly, given the importance of reputation management, it is quite possible that 
perceptions are easy to manipulate, and that what matters to tourists is not an absolute scorecard, but 
rather a perception based on performance relative to other destinations. 

Knowledge gaps 
The discussion above examines the subtle relationship between climate change and the Kakadu landscape. Other 
aspects of climate change that could have indirect, yet significant impacts on the region either by enhancing 
barriers to visit or by affecting its appeal more indirectly need to be highlighted. For instance, changes in 
weather (temperature, precipitations and humidity attributes) could in principle affect visitation, but remain 
difficult to assess. This is partly due to a lack of knowledge about relationships between climate change and 
tourism, including: 
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• How temperatures in the high (dry) season specifically may be affected, critical to assessing the potential 
reaction of visitors to higher averages. 

• The impact of increased discomfort on specialised and mainstream markets. 
• How changing weather patterns at Kakadu are going to influence perceptions of the Top End’s climate, 

relative to that of rival destinations. 
• How seasonal duration and timing will be affected by climate change, crucial to accessing popular places 

within the Park. 

Data collected from 1995 – 2004 Northern Territory tourism included the destination attribute ‘weather’ in a 
list of possible motivations to visit the Northern Territory. Tremblay (2006: 97) reported that items such as the 
‘outback, ‘icons’, ‘difference [from other places in Australia]’ and ‘wildlife’ dominated the list of motivations in 
that survey (all being declared as relevant by more than 30% of Kakadu visitors) while Aboriginal culture scored 
22% and ‘weather’ was chosen by 18% of visitors. Tremblay (2006: 116 – 7) also notes no meaningful 
differences between Kakadu visitors and non-visitors in the relative importance attached to ‘weather’ affecting 
decisions to visit the Northern Territory, with most Top End visitors ranking it as an intermediate factor. Of 
course, weather constitutes a rather rudimentary indicator of the desire to travel away from less appealing 
conditions (such as Southern Australian winters). It must also be noted that a considerable number of competing 
‘sunny’ destinations exist. This raises questions about the way temperature and comfort appeal are linked to the 
relative attractiveness of the Top End weather and how, in a different climate regime or circumstances, potential 
tourists would gauge the attractiveness of that climate in contrast to their home location and alternative 
destinations affected differently by climate change. 

Another aspect that could affect destination appeal which was not mentioned in surveys is the likelihood of 
increased incidence of vector-borne diseases in subtropical regions such as Kakadu (World Tourism 
Organization 2007). While the tourism literature has examined health risks associated with very high 
temperatures in highly populated areas, little quantifiable information exists on the rate of increases in health 
risks associated with climate change, and the increased services that would be needed by the tourism sector (in 
the form of supplementary infrastructure, medical services, media control, education programs, etc.). In 
undertaking economic assessment of such health impacts, the costs ought not to be entirely attributed to tourism 
as the risks would apply to local populations and other visitors. 

Other complex yet far-reaching impacts include the potential reallocation of seasonal tourist visitation 
patterns due to climatic shifts. While the climate projections remain unclear about how seasonal variations will 
pan out, 2001 IPCC climate projections suggested a reduction of the dry season window (characterised by 
relatively cooler night temperatures and reduced humidity), which supports the bulk of tourism activity in the 
Top End (Bartolo et al. 2008; Hennessy, Page, McInnes, Walsh et al. 2004). The 2007 IPCC models project a far 
less tangible indication of seasonal patterns, suggesting large variation in rainfall for both seasons. This is a 
critical issue, as the need to spread the tourism season beyond its conventional dry boundaries already attracts 
tourism sector attention and resources, and constitutes a strategic objective (Tourism NT 2008). Climate change 
could actually endanger costly efforts to achieve that goal. 

The above considerations are ultimately linked to conjectures made about comfort barriers and perceptions 
linked with tourists. These are in turn dependent on assumptions made about attributes of various market 
segments (age distribution, trip duration, mode of travel, etc.) and their motives. It is clear that tourist segments 
considering specific activities and travel modes will be able to expect different levels of discomfort, to access 
unique products or experiences. 

The broad question of the overall appeal of the region requires in-depth investigation, and would benefit from 
methodologies associated with futures sciences. These would be of assistance in addressing and integrating 
considerations such the following: 

• Whether fears that carbon-related mitigation policies towards the air transport sector will disadvantage 
more remote regions such as Kakadu are justified. 

• Whether increased temperature and drought in the eastern states will enhance the appeal of Northern 
Australia because of the relative abundance of ‘water’. 

• Whether the political economy of water scarcity in Australia will put pressure on competing water uses. 

Tourism research is only beginning to provide tools to address complex questions such as these. The gap 
between arguments arising from scientists and the perceptions of mainstream tourists should not be 
underestimated. For instance, Becken (2004) found that about 50% of tourists questioned a link between tourism 
and climate change, although 48% of them would be willing to pay a carbon offset to plant a tree as they see 
benefits to tree planting other than carbon absorption. Little is known about whether tourists are aware of how 
their travel decisions affect greenhouse gas emissions and climate change. 
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Assessing the economic value of tourism in Kakadu 
Application of the Carlsen and Wood (2004) method to the case of Kakadu (undertaken in Tremblay 2006, 2007) 
provides a useful basis to make claims about the allocation of tourist expenditures that could be attributed to 
Kakadu. For some large tourism regions where the scale of attractions for tourists corresponds relatively well to 
the scale of economic impacts, it might be possible to establish that a given level of climate change will cause a 
reduction / increase in tourism by a given percentage, and that the latter will equate with an equivalent 
(indicative) drop / rise in tourism revenues. 

This is not an appropriate approach for Kakadu, as it would underestimate the impact of the destination on 
tourism in the broader Top End and Northern Territory regions, given that a relatively small proportion of 
tourists end up spending in the Kakadu region itself. The basic argument to attribute a larger proportion of tourist 
expenditures to Kakadu than those simply occurring in the Kakadu region can be made on a number of grounds. 
The most obvious would refer to the brand value of Kakadu and the fact that tourists attracted by that icon end 
up spending a fair amount of time and money in other regions of the Northern Territory, and in its surrounding 
service centres. While reputation and brand assets are well-recognised as playing critical roles in tourism-led 
economic development, they are typically difficult to measure and control. 

There are good grounds to believe that the impact Kakadu has on tourism goes well beyond the Kakadu 
regional boundaries (Tremblay 2006: 261 – 2): 

• The alleged but highly credible dependence of Darwin and the Top End tourism industries on Kakadu as a 
major focus and attraction.  

• The overwhelming domination of images, landscapes and experiences originating from Kakadu used in 
Top End marketing. 

• The important media presence in scientific, community, social and cultural reports—as well as for 
entertainment associated with Kakadu. 

• The importance of the World Heritage status of Kakadu is uncertain—but the KNPVES survey results 
suggested a relatively high level of awareness with tourists. 

• The history of focus on the impact of seasonal closures of attractions and accommodation facilities within 
Kakadu upon the Top End tourism industry. 

• The sometimes inappropriate use of the term ‘Kakadu’ to describe products, attractions, tours and places 
located quite far from the geographical boundaries of the Kakadu.  

• The proclamation in the April/May special edition of Australian Traveller magazine that Kakadu National 
Park was heading the list of ‘100 things to do in Australia before you die’. 

• From an economics viewpoint, the argument can be made that the image or brand investment in ‘Kakadu 
the place’, the iconic landscape, the Park, the World Heritage area and its people are a shared quasi-public 
good whose benefits extend to tourism in the broader region. 

For the sake of this case study, the above considerations suggest a simple way to calculate the value of 
Kakadu tourism based on two postulates, as in Table 8. 

The substitution factors (for the Northern Territory) found in Tremblay (2006, 2007) appear in Table 9. The 
value of 16.2% represents the proportion of KNPVES respondents who claimed they would not have included 
the Northern Territory component of their trip if Kakadu did not exist. 
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Table 8: Postulates to calculate the value of Kakadu as a proportion of Northern Territory tourism 

1 

A large proportion of tourist expenditures in the Kakadu tourism sub-region can be attributed to the 
existence of Kakadu and its assets. The conservative approach and methodology found in Tremblay 
(2006, 2007) suggest that a minimum of 72% of these tourist expenditures could be justifiably claimed 
as resulting from the services and experiences available to tourists in that region (the remaining part 
is incidental to Kakadu’s existence). The first component of the Kakadu value is therefore: 

0.72 X $Z1 

Where $Z1 = tourist expenditures in Kakadu region 

2 

Statistics exist for tourism expenditures in the rest of the Northern Territory. A significant proportion of 
tourist expenditures in the rest of the Northern Territory could be attributed to the existence of Kakadu and 
its marketing impact.  
A defensible approach would be to attribute a share of the expenditures of all Northern Territory tourists 
that would comply with the following criteria: 

• Have visited Kakadu in their Northern Territory trip (necessary); 

• Have visited the Northern Territory in part because of Kakadu (as declared); 

• Have extended their stay or incurred additional expenditures in the Northern Territory because of 
Kakadu. 

The first criterion is not controversial. The second is difficult to estimate, although the KNPVES study 
(Tremblay 2006) provides a minimum level in the form of an attribution rate. There is no data 
corresponding to the third possibility and the latter must be ignored.  
The suggested approach to calculate a defensible proportion of Northern Territory tourist expenditures 
becomes:  

$Z2 X P1 X P2 

Where $Z2 = tourist expenditures for whole of NT; P1 = proportion of Northern Territory tourists that 
visited Kakadu (using 2007 data) (this value equals 0.153); P2 = substitution factor (related to the Northern 
Territory) representing the proportion of Kakadu visitors stating they would not have visited the Northern 
Territory if Kakadu did not exist 

 

Table 9: Substitution factors— Northern Territory perspective 

Alternatives Interstate Overseas Intra-
Territory Total 

Travel to another Australian state 9.9 18.2 8.7 13.4 

Travel to another country 1.5 2.8 1.4 2.1 

Stay at home, not travel 0.5 0.3 5.8 0.7 

FACTOR 11.9 21.3 15.9 16.2% 
 
The figure of 16.2% is plausible and reflects the relative importance of the Park asset to the whole of tourism 

in the region as well as the scarcity of substitutes with equal reputation. Applied to any given year, tourism to 
Kakadu can be calculated in this way: 

(0.72 X $Z1) + ($Z2 X P1 X P2 ) = (0.72 X $Z1) + ($Z2 X 0.153 X 0.162 ) =  

Where $Z1 = tourist expenditures in Kakadu sub region; and $Z2 = tourist expenditures in whole of the Northern 
Territory. 

In plain English, the chosen methodology makes use of data relating tourist expenditures in the Kakadu 
region (and attributes 72% of those to Kakadu) plus a proportion (corresponding to the Northern Territory 
visitors that have been to Kakadu) of tourist expenditures in the whole of the Northern Territory (this time 
attributing 16.2% of those to the Kakadu). From this method, a value can be calculated in a way which 
constitutes a compromise between an excessively narrow view of the region of reference, and an empirically 
based attribution rate of Kakadu to Northern Territory visitors. 
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Stakeholder Interviews 

A total of 15 representatives from the VICE categories (Visitors, Industry, Community, Environment—see 
Chapter 2) participated in an interview of 20 – 40 minutes duration. Due to the snowballing nature of the study 
and concerns by the researchers to attract a useful number of stakeholders to the workshop, in some cases more 
than three representatives were chosen for each sector (Table 10). The industry sector was particularly well-
represented, with five participating organisations, to reflect the diverse size and nature of tourism businesses in 
Kakadu. All interviews were recorded and directly transcribed. The name of the participant was not recorded in 
the results. Data obtained from each interview was then broken down into the relevant major questions, and is 
summarised in Table 11. Data in the summary tables was recorded in a spreadsheet. Each response was given a 
score by adding one point for each stakeholder who correlated this response in their interview. These scores were 
added up and the responses were ranked according to the number of stakeholders who gave that response. This is 
assumed to provide an indication of the issues of most concern to each VICE sector, as well as the most high 
priority adaptation responses to climate change. The next section examines the respondents’ answers 
sequentially. 

Table 10: VICE Table for Kakadu case study 

Visitor Industry Community Environment 

Tourism consultant Kakadu culture camp Amateur Fishing 
Association NT WWF 

Tourism NT Gagadju Association Northern Land Council Parks Australia North 

Parks Australia North Indigenous Business 
Association NT Government Parks NT 

 Tourism Top End NT Youth Roundtable  

 Animal Tracks   

Analysis of stakeholder interview results 

Awareness of climate change 
Respondents were asked about the level of awareness of climate change in the region, and then invited to provide 
examples of issues that were being openly discussed. Table 11 describes the primary results for each respondent 
type. 

Table 11: Results of Question 1: Have you heard people talking about climate change? 

Awareness V I C E TOTAL 

YES 3 4 3 3 13 

NO  1 1  2 

SL rise/wetlands 2 3 3 3 11 

Floods 2 3  2 7 

Cyclones 2 2  2 6 

Hotter 1 1 1 1 4 

Health (mosquitoes) 1  1 1 3 

Weather 1 1   2 

Economic 2    2 

Fire    1 1 

Biodiversity 1    1 

Social impacts 
(refugees)   1  1 
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At the time of the first-round interviews, 13 of 15 participants felt that climate change was an issue in the 
public arena—many thought this had been driven by the media, as well as the release of several recent reports on 
climate change including the 2008 Garnaut Report and the 2007 IPCC Report. Most people commented that this 
was an issue discussed amongst the general public; however some people thought it was a policy issue primarily 
of concern to the government, park managers and scientists. Most people felt that although it was a concern for 
the tourism industry, visitors and traditional owners, these concerns were fairly moderate at this stage due to the 
lack of knowledge about impacts and the consequences seeming ‘too far away’ in the future. The two 
participants who were not aware of climate change as an issue of concern both expressed scepticism towards 
current climate change scenarios reported in the media. 

The most reported issue in relation to climate change was the potential loss of Kakadu’s freshwater wetland 
systems from saltwater intrusion caused by a rise in sea level. This was an issue commonly viewed amongst 
participants to be widely reported in the media and of considerable concern, with some people making comments 
about media ‘sensationalism’ exaggerating the facts. There was also a high awareness of the potential impact of 
more intense floods and cyclones, which was often linked to recent weather events in the Top End (Cyclone 
Monica in 2006 and two extreme flooding events in 2006 and 2007). This is consistent with a common 
misconception about the difference between weather (day-to-day) and climate (overall trends), although 
admittedly the two are linked. 

Awareness of potential impacts of climate change 
The second question aimed to uncover knowledge of positive and negative impacts of climate change on Kakadu 
tourism (Table 12). Further exploratory questioning to participants about the specific impacts of climate change 
upon the tourism sector reflected the results of Question 1, showing loss of wetlands from a rise in sea level to be 
of concern across the sectors, although this is thought to depend on how climate change affects the landscape 
specifically and, in turn, visitor’s perceptions. It also revealed the economic aspects of the impacts of climate 
change, the costs of adaptation and a new carbon economy to be big concerns for stakeholders in every sector 
except for Environment. The loss of wildlife and biodiversity resulting from a loss in wetlands and change in 
climatic patterns was another common concern across all sectors, with many stakeholders making statements 
about the value of wildlife to tourism and indigenous livelihoods. 

Table 12: Results of Question 2: What are the positive/negative impacts of climate change? 

Impacts V I C E TOTAL 

Sea level rise 3 3 4 3 13 

Economic (increased energy costs, 
carbon economy) 3 3 3 1 10 

Loss wildlife, biodiversity 2 3 2 2 9 

Hotter temperatures, comfort factor 2 2 4 2 8 

Floods 1 2 2 2 7 

Health (mosquitoes) 2  2 2 6 

Cyclones 2  2 1 5 

Seasonality issues 1 2 1 1 5 

Cultural impacts 2 1  1 4 

Visual landscape 1 1 1 1 4 

Access issues 1 1 1 1 4 

Perception, media management 2 2   4 

Weather 1 2   3 

Fire   1 1 2 

Increased environmental awareness (+) 1    1 

Innovation (+) 1    1 

World Heritage Area listing lost  1   1 
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Hotter weather causing decreased comfort and a health risk for visitors was also a big concern, as was more 

severe flooding and associated health risks such as water-borne disease and increased spread of mosquito-borne 
disease. Some incidental positive impacts such as increased environmental awareness and increased 
technological innovation were mentioned. Interestingly, the loss of World Heritage listing because of 
environmental degradation was mentioned by one industry stakeholder as a significant risk because of its value 
in marketing (branding) the destination. 

Appropriate adaptations or responses to climate change 
The following questions looked into potential responses to climate change that ought to be considered, followed 
by a query about which responses are already taking place, and which ones need to take place now (Tables 13 – 
15). 

Table 13: Results of Question 3: How do you think the tourism sector should respond to climate change? 

Responses / Adaptations V I C E TOTAL 

Improve environmental 
performance 1 2 2 1 6 

Review infrastructure 2 1 1 2 6 

Shift marketing to other available 
sites / products 2  2 1 6 

Manage perception (destination 
and travel) 2 1 1  4 

Market ‘green’ label 1 1 2  4 

Interpretation / education  1 1 1 3 

Diversify products 1 1 1  3 

Certification/standards 1  1  2 

Planning 1 1   2 

Shift seasonal marketing  1 1  2 

More eco-development 1   1 2 

Volunteer tourism  1 1  2 

Invest in technological solutions 1   1 2 

Target niche markets rather than 
mass market   1 1 2 

Renewable energy uptake 1    1 

Carbon offsets    1 1 

Fire management  1   1 

Build levees   1  1 

Research   1  1 

Adjust tour scheduling to meet 
changes in seasons 1    1 

Address comfort level 1    1 

Increase protected areas    1 1 
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Table 14: Results of Question 4: What climate change adaptations are happening now? 

Current Actions V I C E TOTAL COMMENTS 

Improve environmental 
performance 2 2 1  5 Early stages 

Renewable energy uptake 1 3   4 One company 

Increased awareness 2 2   4  

Carbon offsets 2  1  3  

Certification / standards 2 1   3 
Climate Change Action 
Program (Ecotourism 
Australia) 

Fire management 1 2   3  

Planning 1   2 3 NT Tourism Strategic Plan / 
Master Plan 

Build levees  1 1  2 YW 

Research 1 1   2  

Market ‘green’ label 1  1  2 Market response—not climate 
change 

Monitoring    1 1 Baseline data 

Address weeds / pests  1   1  

Interpretation / education  1     

Priority adaptation responses 
Priority adaptaion responses are summarised in Table 15. 

Table 15: Results of Question 5: What climate change adaptations need to happen now? 

Need To Happen Now V I C E TOTAL 

Research 3 2 3 2 10 

Interpretation / education 3 1 1 3 8 

Fire management 1 3  2 6 

Planning 1 2 1 2 6 

Improve environmental 
performance 1 1 1 1 4 

Certification / standards 1  1 1 3 

Monitoring 2  1  3 

Address weeds / pests 1   2 3 

Diversify products  1 1 1 3 

Market ‘green’ label 1 1   2 

Review infrastructure   1 1 2 

Financial incentives and 
tools from government 1   1 2 

Renewable energy uptake 1    1 
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Build levees  1   1 

Increase protected areas    1 1 

Volunteer tourism    1 1 

Prioritise goals 1    1 

Lobby government    1 1 

Review market positioning   1  1 

Manage perception 1    1 

Operators review strategies 
for dealing with health risks 1    1 

Better coordination    1 1 
 
Three adaptation strategies were most commonly nominated. Improving the overall environmental 

performance of the industry through waste management, energy conservation and reducing environmental 
impact were seen by about half of participants from across sectors to be a good way to respond to increased 
expectations from visitors, conserve the region’s pristine wilderness and mitigate the region’s emissions at the 
same time. This was linked to suggestions by four participants to focus on marketing the region’s ‘green’ label 
through promoting its high environmental standards, perhaps through an accreditation scheme (two participants). 
This concept was also perceived to be a good way to respond to an international market increasingly concerned 
about the environmental cost of travel by managing the reputation of Kakadu as a clean, green and pristine 
destination. Five participants felt that this was already starting to happen in response to market demand by 
environmentally responsible travellers. One business known to use solar energy was used as an example. Four 
participants felt there was already an increased level awareness about climate change and the environment in 
general. People in Visitor and Industry sectors were most aware of these changes, since they were often involved 
in implementing them.  

Reviewing the age and limitations of current infrastructure such as roads, accommodation, facilities and 
services with a view to upgrade them to cope with more severe floods and cyclones was also seen to be priority 
by six participants from all sectors.  

Shifting tourist destinations within Kakadu and marketing alternative products in response to the changing 
landscape and access limits was considered by six participants (primarily in Visitor and Industry) to be a likely 
response to the replacement of freshwater wetlands by mangroves and increased floods. Some suggestions 
included more scenic flights or water-based activities such as cruises and fishing. This was linked to a suggestion 
by three participants that operators should diversify their range of skills and products to reflect the changing 
landscape, climate and markets. 

Three participants also picked up on a need to provide readable, accessible information to visitors, traditional 
owners and the general public about local climate change impacts through better interpretive material. 
Suggestions included computer models at the visitor centres, maps and photos. Responses from Question 4 
revealed that eight participants felt this was a priority strategy which should be implemented now. 

Not surprisingly, the majority of participants saw research on regional climate change impacts as a priority, 
particularly focusing on projected landscape changes and sea level rise (Table 16). This was linked to a 
perceived lack of knowledge about how potential markets perceive Kakadu as a destination and would respond 
to a changing landscape. Other issues which needed to be addressed included the ecological impacts of climate 
change, a better sense of timeframes and the economic impact of direct climate change impacts, as well as 
mitigation responses such as carbon offsets and an Emissions Trading Scheme. 

Table 16: Responses to Question 6: Research topics (in order of nominations) 

Research Topics Score 

Better climate projections, more regionally specific 14 

Landscape changes 9 

What visitors want out of Kakadu experience and how 
climate change will impact 8 

Ecological impacts upon wildlife 5 
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Timeframes 5 

Economic impact of Emissions Trading Scheme, trends, 
impacts 5 

Better interpretive info  4 

Comfort level impacts 3 

Technologies 3 

Seasonal implications 2 

Baseline data / monitoring 2 

Incentive schemes 2 

Best practice management overseas 1 

Better current economic data 1 

Health impacts 1 
 

Timeframes 
The last few questions considered the judgment of respondents about the ability of the region to respond or adapt 
to climate changes, the leadership necessary to do so, and the appropriate timeframe for various types of 
responses (Table 17). 

 

Table 17: Responses to Question 7: Timeframes (in order of nominations) 

Timeframes V I C E TOTAL 

Start now 1 2 2 2 7 

3 – 5 year business / marketing plan  2 1  1 4 

2 – 3 years to set up new business 1    1 

Decades to implement plans    1 1 

Need to have 10 year plan    1 1 

Escalate planning efforts in next 3 years    1 1 

Strategic plan 15 years   1  1 

Strategic plan 30 years   2  2 

Don’t know  1 2  3 
 
Nearly all participants felt the region could adapt to climate change as it had no choice in the matter. Many 

people also made comments about the resilience of the people and place as well as the adaptability of the tourism 
industry. Stakeholders in the Visitor, Environment and Industry sectors felt that the response had to be driven 
and supported by governments. Some added that it was the responsibility of industry bodies to communicate and 
coordinate the industry response to operators. Community stakeholders commented that all sectors should drive 
the response, but that the industry should take the lead rather than relying on the government to respond. A 
government representative even went as far to say as the government was driven by public opinion, not the other 
way around.  

In terms of the timeframe for change, seven participants from across sectors felt that the region needed to 
respond now, and four recommended a three to five year plan to fit in with marketing and business plans. 
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Stakeholder workshop 
In Activity 1, participants were divided randomly into groups and presented with one of three possible scenarios 
for 2020, 2050 and 2070. They were then presented with a range of adaptation strategies extracted from the 
interviews and asked to rank them according to what should happen for that time period. In Activity 2, 
participants were divided according to their VICE sector and the activity was repeated for all scenarios. In the 
final session, participants were brought together in a plenary discussion facilitated by the STCRC.  

Due to other commitments, only nine out of the 15 interviewees invited to attend were able to participate in 
the workshop. Since one Industry representative was unable to attend at late notice, another large tourism 
business was recruited to participate in the workshop and balance representation of the Industry sector. Several 
Environment and Community representatives were also unable to attend, so the two sectors were combined into 
one (Environment/Community sector).  

During the first activity, groups were presented with a table of adaptation strategies. Some groups needed 
time to interpret the meaning of the adaptation strategies they were presented with and some strategies were 
interpreted slightly differently to others, generating discussion and disagreement between individuals and 
groups. The number of strategies they were presented with, often addressing complex issues, meant that most 
groups ran out of time to discuss and rank each strategy.  

In the second activity, groups were already familiar with the adaptation strategies so didn’t require as much 
time. However, less detail was provided in the results, which is assumed to be a symptom of fatigue.  

Analysis of stakeholder workshop results 
Results are summarised in Table 18. Stakeholders were asked to rank adaptation strategies as Low, Medium or 
High, but some groups added the ranks of Medium-High and/or Very High. For the purposes of analysis, these 
rankings were denoted with a score (1 – 5). Those rankings with an overall score of 7+ are highlighted as priority 
strategies. Some strategies were not given an overall ranking due to a lack of agreement amongst groups, or a 
lack of response. 

Table 18: Results of Activities 1 and 2 showing adaptation strategies (in order of priority ranking) 

Activity 1 (by year) Activity 2 (by VICE) 
Strategy 

Trends Ranking Trends Ranking
 

1 

Ensure we manage public 
perceptions and avoid hysteria 
about the nature and/or extent of 
the damage anticipated. 

Scepticism about how 
tourists will respond to 
climate change, how 
important it will be in 
affecting travel decisions, 
but recognition that 
managing perception of 
Kakadu is very important.

H 
4 

Accurate info needed to 
manage public perception. 

VH 
5 9 

2 

Ensure that the region increases 
its environmental / green 
credentials (operating standard, 
accreditation schemes, efficient 
and appropriate energy sources, 
waste management, pollution 
control, recycling, etc.). 

This strategy will have 
multiple benefits aside 
from tourism benefits. 
Important in improving 
perception of Kakadu as a 
tourist destination. 

H 
4 

Need to be seen to be 
actively green to have 
competitive advantage 
over other destinations, 
despite broader positive 
outcomes. 

VH 
5 9 

3 

Capitalise on green credentials 
and promote the travel to the 
region as environmentally sound 
and worth visiting. 

Recognition that actions 
speak louder than 
words—tourism industry 
is well placed to lead the 
way. Do what we can. 

H 
4 

Actions speak louder than 
words. 

MH 
3 9 

19 Address fire management (which 
is both mitigation and adaptation). 

Fire very important to 
Kakadu environment and 
major contribution to 
greenhouse gases. Linked 
to ferals management. 

VH 
5 

Weeds, ferals and fire 
need to be managed to 
increase resilience to 
climate change. 

H 
4 9 
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Activity 1 (by year) Activity 2 (by VICE) 
Strategy 

Trends Ranking Trends Ranking
 

21 
Address other more immediate 
threats first (invasive species, fire 
management, etc.). 

Very important as helps 
build resilience of 
environment to climate 
change. Already a focus 
of park management. 

VH 
5 Same as 19. H 

4 9 

25 

Plan for more comprehensive 
safety, health and heat stress 
services and strategies / training 
to support tourism. 

Already happening but 
still needs to be a major 
priority and needs further 
attention and resources. 

H 
4 

Increased health risks will 
place higher demand on 
medical services. 

VH 
5 9 

26 Monitor and obtain data about 
impacts. 

Already happening and 
must continue. 

VH 
5 

Monitoring and research 
essential. 

H 
4 9 

6 

Change the way tourism (to 
Kakadu / Top End) is marketed, 
and the nature of the product 
emphasised—as well as the 
landscapes that feature in tourism 
promotion. 

Marketing is constantly 
evolving and responding 
to change anyway—need 
consistent message—
emphasise sustainability 
and green marketing. 

H 
4 

Need to diversify 
marketing campaigns, 
constantly review and 
respond to impacts of 
climate change, such as 
loss of freshwater wetland 
areas. 

H 
4 8 

22 

Develop new-alternative-
appropriate accommodation 
projects (locations, types, 
designs). 

A regional issue. 
Adaptive accommodation 
already available, need to 
maintain as high priority.

VH 
5  MH 

3 8 

27 
Undertake broad tourism plan to 
monitor and deal with climate 
change. 

Current plan does not 
address climate change. 
Apparently this is 
beginning to be looked at.

H 
4 

Regional approach 
needed. Incorporate with 
other plans. 

H 
4 8 

33 
Lobby government to provide 
structures and resources to adapt 
to climate change. 

Need government to help 
with infrastructure. Can’t 
rely on them for 
everything though. 

H 
4 

Recognise that 
government support is 
crucial for changes to 
infrastructure, services 
and park management but 
that business and other 
stakeholders also have a 
responsibility to 
implement and drive 
change. 

H 
4 8 

9 

Review (modify, replace, 
displace, redesign) tourism 
infrastructure and basic tourism 
facilities in park (accommodation, 
visitor services, cruises, 
campgrounds, boat ramps). 

Infrastructure planning 
and updating is very 
important in short-term, 
not so much for long 
term. Already considering 
but now is a good time to 
do it. Integrate with 
marketing plans.  

M 
2 

Review infrastructure and 
replace with more 
appropriate tourism 
facilities and basic 
infrastructure. Very 
important. Planning needs 
to happen now for major 
infrastructure. 

VH 
5 7 

29 
Act now to manage risk and 
reduce impact rather than wait for 
detailed scientific information. 

Need to act despite lack 
of information although 
this is a big problem. 

H 
4 

Need to act now but also 
need to inform ourselves 
as much as possible. 

MH 
3 7 

32 

Promote small tourism operations 
involving indigenous land 
management activities in remote 
areas and support them with 
proper training, infrastructure and 
resources. 

A good idea, already 
happening.  

H 
4 

Already happening, but 
concerns about being able 
to deliver promised 
products due to small 
market and lack of support 
from tourism 
organisations. 

MH 
3 7 
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Activity 1 (by year) Activity 2 (by VICE) 
Strategy 

Trends Ranking Trends Ranking
 

11 
Consider new/different 
transportation modes/mixes and 
tour scheduling. 

Short-term issue. M 
2 

Relates to best practice 
management and green 
accreditation. 

H 
4 6 

4 

Rethink the relationship of 
tourism to the landscape, and its 
cultural appropriateness—for 
planning purposes. 

Lack of understanding of 
concept and how it relates 
to climate change—
different interpretations. 
Already happening 
anyway.  

M 
2 

Need to consider cultural 
landscape. Some think this 
is already done. 

MH 
3 5 

7 
Develop / invest in technological 
solutions to deal with business 
operational concerns. 

Better vehicles, lower 
consumption. Already 
started but need to 
improve to keep up with 
expectations. 

M 
2 

Best practice 
management—use best 
available technology. 

MH 
3 5 

17 
Adopt and implement regional 
disaster management plans and 
policies for extreme events. 

Plans already in place. 
Need to consider OHS in 
short-term. 

MH 
3 

Very important but 
already happening. 

M 
2 5 

30 
Audit operations of businesses to 
identify areas where changes can 
be made. 

Auditing does occur, but 
needs to be broadened. 

M 
2 

Linked to environmental 
credentials etc. 

MH 
3 5 

10 
Confront the new seasonality 
challenges triggered by climate 
change. 

Not sure. Ensure plans are 
adaptive to cope with 
change. Need more 
information. 

M 
2 

Need more information. 
High potential risk. Other 
things influence seasons 
other than weather. 

M 
2 4 

14 
Shift the marketing / attraction 
away from the freshwater 
wetlands. 

Need to diversify 
marketing as a risk 
management strategy. 

M 
2 

Need to diversify 
marketing and respond to 
change. 

M 
2 4 

24 Develop energy efficient ways of 
increasing tourist comfort. 

Disagreement between 
groups. Air conditioning 
not a good solution to 
problem. 

 
Energy efficiency a major 
part of environmental 
accreditation. 

H 
4 4 

13 

Place greater emphasis on the role 
interpretation (tour guide or 
otherwise) can play in managing 
change in the environment. 

Low priority for short-
term as visitors already 
aware, but better training 
for guides and more 
environmental 
information are priority 
for medium to long term. 

MH 
3 

Very important but not 
urgent as already 
happening. 

 3 

5 
Modify transportation and 
accommodation technology 
mix—diversify operations 

Lack of agreement about 
meaning of strategy—not 
specific enough. Need to 
consider infrastructure. 

M 
2   2 

8 Modify tourist segments and 
targets to fit new environment. 

Not sure. Respond as it 
happens. Not urgent. 

ML 
2 

Relates to marketing 
changes—market is also 
controlled by outside 
factors. 

 2 

12 Become carbon-neutral. 

Disagreement between 
groups. Some see as bad 
idea—insincere and 
jingoistic. Others see as 
smart marketing idea in 
long-term. 

L 
1 

Means nothing. Rubbish 
statement. 

L 
1 2 

20 
Stop caring about climate change 
and deliver value for money to 
tourists—they will come anyway. 

No way! L 
1 

Strong disapproval. 
Rubbish statement. 

L 
1 2 
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Activity 1 (by year) Activity 2 (by VICE) 
Strategy 

Trends Ranking Trends Ranking
 

16 Shift away from natural assets 
towards cultural assets. 

Inextricably linked 
anyway. Culture is an 
interest, not an attraction. 
Need to be able to deliver 
more cultural tourism. 

? Kakadu is a cultural 
landscape. 

L 
1 1 

23 Consider engineering solutions to 
limit saltwater intrusion. 

Disagreement between 
groups. Some see as bad 
idea in short-term but 
others say it merits 
consideration for long-
term. 

 

Engineering options need 
to be considered but not 
feasible given amount of 
resources required. 

L 
1 1 

31 
Develop a cohesive network of 
agencies / businesses to share 
knowledge and strategies. 

Disagreement. Need 
better coordination and 
communication but 
agencies and networks 
already exist—don’t need 
new ones. 

 

Better to use existing 
structures more effectively 
and focus on 
implementation on 
ground. 

L 
1 1 

15 
Engineer strategies to connect 
market segments with seasonal 
offerings and control access. 

Lack of understanding of 
concept.  Limited options and may 

not be beneficial.  0 

18 
Promote to tourist markets (and 
the general public) our ability at 
managing sea rising impacts. 

What management? Is 
this a priority?  Some say it is vital, others 

are more sceptical.  0 

28 
Place standard restrictions on 
tourism industry to reduce impact 
on landscape / carbon impact. 

Lack of agreement. Stick 
v Carrot.  Disagreement between 

groups. Stick v Carrot.  0 

 

The results indicate a variety of adaptation strategies addressing marketing, mitigation, land management, 
infrastructure, planning and operational standards were given high priority. Rankings were generally consistent 
in both activities. Most stakeholders prioritised actions which they thought needed to take place now despite the 
timeframe they were given. This is understandable given that it is impossible to project ourselves into the future 
and know what factors will come into play at that time. These strategies have been collated and form part of the 
recommendations of this report, along with the literature review and plenary session notes. 

Analysis of plenary session results 
Following the group activities, stakeholders participated in a plenary session facilitated by the STCRC. Notes 
taken over the plenary session highlighted several issues of high concern for stakeholders, including a lack of 
good data on climate change impacts, coordination of an adaptation strategy and program, managing the 
perception of Kakadu in the context of climate change and how to increase the environmental reputation of the 
region’s tourism industry. The main issues were: 

• The need to address the lack of information about the impacts of climate change upon the region is the 
biggest issue facing all sectors. Monitoring is required to provide baseline data and measure the success 
of adaptation strategies. Despite the lack of answers available, not taking action due to uncertainty is not 
an option. 

• Stakeholders also discussed the need for better coordination of research, adaptation and mitigation 
strategies, with Industry representatives and park managers accepting that they have to take on some 
responsibility for this, as well as government agencies. 

• The issue of perception of Kakadu was discussed throughout the workshop, as it is viewed to be a major 
determinant of the success of Kakadu tourism in the future. A big part of managing perception was seen 
to be to marketing Kakadu as a ‘clean, green’ destination through accreditation schemes and promotion of 
the environmental credentials of tourism businesses. This is best business practice anyway, despite the 
mitigation benefits. Carbon offsets were agreed to be a poor mitigation response to climate change 
generally, unless they provided local benefits such as the Western Arnhem Land Fire Abatement 



THE IMPACTS OF CLIMATE CHANGE ON AUSTRALIAN TOURISM DESTINATIONS 

 

52 

(WALFA) project. Adaptation responses also need to be realistic, with a balance between costs and 
potential benefits. 

• Agencies that were nominated to be included in implementing adaptation strategies include Tourism 
Advisory Board, Tourism Top End, gvernment policymakers, and Ecotourism Australia. There needs to 
be national coordination from the tourism industry to deliver united message to federal government 
policymakers. A Kakadu Climate Change strategy is also needed to consider climate change in the 
context of environmental and cultural constraints. Kakadu National Park is already developing a climate 
change plan, with a view to reporting to the federal government later this year. 

• The Kakadu Tourism Consultative Committee (KTCC) is well-placed to coordinate such a strategy, so 
there is no need to set up another agency for this purpose. However, coordination is lacking at a regional 
level and a voice for the tourism industry is also needed. There is currently no mechanism in place for 
implementation, such as updating infrastructure and services. The tourism sector and Park managers need 
to take climate change scenarios into account for all future plans. Better local government representation 
is also needed. 

Participants made some general comments during the workshop about the scenarios presented to them on the 
day, which were noted by observers or written on the feedback sheets:  

• Is Yellow Waters at risk? There are probably alternative sites and more may be created. 
• What are the traditional owners’ concerns? Alternative sites may be culturally inappropriate. 
• Tourism marketing can be easily upset. Is there a demand for natural areas in the future? People don’t 

come for conservation reasons now by and large.  
• Scenarios assume changes in landscape will affect visitation. But do visitors even care, or notice the 

change? 
• Is climate change a threat to Kakadu’s World Heritage Listing? If so, this would affect tourism and 

funding for infrastructure. 
• Confusion about the meaning of some adaptation strategies and some duplication of themes. Different 

interpretations of some strategies. 

Some barriers to implementation were also discussed as requiring attention: 

• Funding. 
• Lack of coordination. 
• Education, perception and ownership issues. 
• Scientific knowledge is lacking. 

With the number of current overlapping climate change-related projects (STCRC, coastal vulnerability 
project, etc.) there were concerns of fragmentation and poorly used funding. Therefore, respondents noted that a 
coordinated effort in pulling all of this information and knowledge together would go a long way. 

There was also talk of the issues of scales of effort and response (international—national—regional) and the 
difficulty of dealing with adaptation or responses that must be coordinated at different scales. It was noted that 
extreme events can get traction—especially with damage to infrastructure and loss of life. Such major events 
create costs but can also stimulate greater interest in climate change in the region. 

Recommendations 

The recommendations listed below stem mainly from the results of the interviews and the workshop, although 
they are also informed by the analysis of the scientific and tourism literatures, discussed in previous sections. To 
organise the diversity of actions and suggestions emerging out of this exploratory study, they have been 
classified by the stakeholder types expected to implement them. 

Operators 
Operators should:  

• Improve their business practices and reduce their environmental impact by updating their vehicles. 
• Be taking up renewable energy sources, reducing their consumption and improving their waste 

management practices. 
• Consider participating in an environmental accreditation scheme to assist them to do this through 

auditing, education and certification. 
• Seek to take advantage of available government incentives to improve their business practice. 
• Consider diversifying their products to cope with future environmental and market changes. 
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• Consider rescheduling or shifting products around climate change impacts. 
• Inform themselves of future climate projections for the region. 
• Inform visitors about how Kakadu is tackling climate change 
• Promote their high standards of business practice. 
• Consider potential accommodation and transport needs of visitors in the next 10 – 20 years. 
• Consider how the new carbon market could impact upon their business practices. 
• Participate in discussions with agencies about climate change. 

Industry groups 
Industry groups should: 

• Create and disseminate readable, relevant information for visitors and operators about how climate 
change could impact upon Kakadu  (and the broader NT region). 

• Communicate relevant policy changes to operators. 
• Lobby governments to provide better incentives for operators to shift to ‘greener’ business practices. 
• Provide a tourism ‘voice’ for governments planning and resourcing the region’s future.  
• Work with marketers, agencies and tourism operators to coordinate the region’s response to climate 

change. 
• Support the KTCC in coordinating a Tourism Climate Change Adaptation Strategy. 

Visitors / marketing 
Marketers should: 

• Consider a coordinated campaign to market the Kakadu region as a clean, green destination, particularly 
targeted at international markets sensitive to the carbon costs of travel, such as Europe. 

• Work with tourism operators to manage the shift in perception to ensure the campaign is consistent and 
coordinated. 

• Accreditation schemes suitable to fit businesses in the region.  
• Consider how changes in the landscape could affect their future marketing campaigns and keep up-to-date 

with the latest research. 
• Put together readable, relevant information for potential visitors about how climate change could impact 

upon Kakadu. 
• Continue to support carbon offset programs with regional benefits, such as WALFA, and make them 

available to operators. 
• Put together a tourism strategy to deal with climate change in conjunction with the KTCC. 
• Continue to promote small tourism operations involving indigenous land management activities in remote 

areas and support them with proper training, infrastructure and resources. 

Park management 
Park managers should: 

• Review the limitations and life of current assets, infrastructure and services. 
• Consider relocating or updating current assets, infrastructure and services in the future, considering the 

projected increased intensity of floods and cyclones, as well as a rise in sea level. 
• Involve all stakeholders, including the tourism industry, in designing and implementing the Kakadu 

National Park Climate Change Strategic Plan. 
• Continue to build the resilience of the Park through strategic weed, pest and fire management. 
• Build capacity for traditional owners to drive tourism activities within the Park. 
• Continue to monitor environmental changes within the Park and encourage further research. 
• Keep up-to-date with the latest research, particularly regarding the ecological impacts of climate change. 
• Focus on maintenance of refuge areas for wildlife, including tourist sites. 
• Work with traditional owners to negotiate climate change adaptation responses. 
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Northern Territory and Federal policy 
Governments should:  

• Provide incentives for best practice management to assist operators to reduce their environmental impact, 
through rebates, tax benefits etc. 

• Provide information about a new carbon economy to the tourism industry so they can assess the impact 
upon their business. 

• Review the limitations and life of current assets, infrastructure and services within the Kakadu and Top 
End region. 

• Consider relocating or updating current assets, infrastructure and services in the future, considering the 
projected increased intensity of floods and cyclones, as well as a rise in sea level. 

• Continue to resource research, planning and land management activities within the Park. 
• Provide incentives for traditional owners to continue working on their country in land management or 

small-scale tourism enterprises, such as training and resources. 
• Continue to support carbon offset programs with regional benefits, such as WALFA. 
• Involve all stakeholders in the range of research and other climate change-related activities within the 

Park.  
• Better resource local government so that it can adequately coordinate regional development. 

Knowledge gaps 
Substantial knowledge gaps exist on how climate change could impact upon tourism in the Kakadu region, 
which makes it difficult for agencies, businesses and managers to plan ahead. Topics for further research should 
address: 

• Creating better, more regionally specific climate projections. 
• How landscape is likely to change. 
• What visitors want out of the Kakadu experience and how climate change will impact upon this. 
• Ecological impacts of climate change upon wildlife. 
• More specific timeframes for climate change impacts. 
• Analysis of the economic impact of an Emissions Trading Scheme, including trends and costs of 

adapting. 
• Better interpretive information.  
• More information about comfort level impacts. 
• Technologies to help mitigate and adapt to climate change. 
• Seasonal implications. 
• Collect baseline data / monitoring of current environment. 
• Information about available incentive schemes. 
• Investigate overseas examples of best practice management. 
• Better current economic data about the value of tourism to the region. 
• More information about health impacts. 

Given the interconnectedness of the causal linkages between the types of knowledge gaps, and the likelihood 
that these reflect a ‘cascade of uncertainties’ where the level of imprecision increases exponentially (see Moss & 
Schneider 2000), it is important to strategically allocate research efforts in ways that take into account the 
cumulative increase of causal risks, and help build reasonably informed resilience.  

There is a danger of committing excessive resources to the early phases of the causal process (climate science 
itself and preoccupations with raw biophysical calculations) and too little towards the behavioural aspects of 
tourist reactions, industry’s ability to innovate and build resilience, and the nature and impact on destination 
attractiveness.  

It must be noted that while stakeholders participating in the workshop were asked to consider how existing 
climate predictions were likely to affect tourism performance in the region, none felt that they were in a position 
to support any projected scenario because of the large number of knowledge gaps, as well as the complex nature 
of the issues. The authors of this case study can only concur with stakeholders about the magnitude of the 
knowledge-building requirements, and agree that attempting to predict how climate change will ultimately affect 
tourism in a specific region such as Kakadu is premature. While a hypothetical value about tourism decline or 
increase (suggesting a decline of a specific magnitude) can help illustrate the economic importance to the region, 
it cannot at this stage be based on an informed sequence of causal links. 
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Figure 18 illustrates (at a rudimentary level) the type of connections that are required to make such a 
prediction, and the cumulative knowledge gaps that need addressing. 

Figure 18: Information flows required to analyse the impact of climate change upon tourism in Kakadu 

The main gaps in knowledge are: 

• The relationship between basic climate projections and their impacts is itself uncertain. 
• The impact of climate change on the geophysical attributes of the landscape is not well understood (for 

instance hydrological knowledge is lacking to assess how sea level rise will impact on upstream river 
systems). 

• The impacts of geophysical changes in the landscape on the ecological attributes of the region are highly 
uncertain. 

• The impacts of physical landscape and ecological changes on visitors themselves and their perception of 
the region are completely unknown. 

• The cumulative impacts of changes in landscape, ecology and visitor comfort or appreciation of the 
destination will affect to some extent the attractiveness of the destination, although marketing and 
directed government policy will also play a role. All these important dimensions have not been properly 
examined. 

• The ability of destination and industry responses to resist or adapt to impacts also requires extensive 
research and constitutes a knowledge gap in its own right. 

To contribute towards solutions to build resilient tourism systems and communities, research efforts will be 
required to address knowledge gaps at different levels by balancing scientific, management and social system 
information needs. This realisation should provide useful directions for new climate-related planning challenges 
and drive the process of building the capacity required within the regional tourism system to deal with such an 
array of complex causes and possible effects. 
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Chapter 4 

CAIRNS CASE STUDY 

By Robyn Wilson and Stephen Turton 

Defining the Cairns Region 

For the purpose of this study, the Cairns case study region encompasses the land and reef areas from Cape 
Tribulation in the north to Cardwell in the south and extends west to Mareeba and Atherton Tablelands (Figure 
19). The land area covers some 74,005 km2 and includes the local government areas (prior to the amalgamation 
of the shires in 2008) of Atherton, Cardwell, Cairns, Douglas, Eacham, Johnston and Mareeba (ABS Statistical 
Local Areas / LGA, 2006 Census). The economic region used in this study is as defined by the Australian 
Bureau of Statistics (ABS) (Statistical Local Areas / LGA, 2006 Census). It is the fastest growing region outside 
the south east corner, with between 3,500 and 4,500 new residents moving here annually (Queensland 
Government 2009). 

This region contains two World Heritage Areas of global significance, namely the Wet Tropics of 
Queensland and the Great Barrier Reef World Heritage Areas. These natural icons both face serious threats from 
climate change this century. Temperature increase is probably the most serious threat to both ecosystems. Within 
the Great Barrier Reef, the structure and condition of the reef will be degraded by thermal-induced mortality and 
potential acidification of the oceans (Hoegh-Guldberg 1999). In the Wet Tropics, rainforest habitat is likely to 
change to drier forest and cool-adapted species will decline or disappear (Hilbert 2003). If tourism is to survive 
in the Cairns region it will need to adapt to such changes. Climate change threats are discussed in more detail 
later in this chapter. 

Cairns City is the commercial hub for the region and the gateway from which most tourist activities 
commence. People arrive in the city by plane (domestic and international terminal), rail, bus, car and boat. The 
city provides most of the short-term accommodation for tourists visiting the Cairns region. Visitors staying for 
longer periods also use large resort accommodation in Port Douglas and bed and breakfast accommodation on 
the Atherton Tablelands. Those en route to Cairns from the south also stay overnight in motels in Cardwell and 
Innisfail. Along the Mission Beach (Cassowary) Coast there are a small but growing number of resorts and 
camping grounds. 

Below is an overview of tourism in Queensland, followed by detailed information on the Cairns region. In 
order to understand current patterns of tourism and the degree to which the sector might adapt to climate change 
into the future, the data on domestic and international visitors in the Cairns region (numbers, expenditure, 
activities) has been collated, along with information about the economic, education and skills of the community 
that indicate their ability to adapt to climate change. To address the latter, socioeconomic indices for areas for 
each of the local government areas (LGAs) within the Cairns region are also presented. 

History of Tourism in the Cairns Region 

Tourism in the Cairns region has, throughout the last century, been largely based on the region’s outstanding 
natural landscapes and seascapes. From the outset, tourists have targeted both the rainforest and the Great Barrier 
Reef, and most travel has commenced from Cairns. Cairns emerged as a settlement in 1876, and in 1897 was 
chosen as the site for the city and port to service the flourishing Hodgkinson River goldfields, 100 km inland. 
The tourism industry in the Cairns region commenced in the1880s, with visitors departing from Cairns to visit 
nearby reef and rainforest areas. 

The emergence of tourism in the Cairns region was made possible by the development of infrastructure 
which was constructed to support the prospering mining and timber industries in the late 19th century. Early 
settlers arrived in the Cairns region in the 1880s in search of gold in the Palmer River goldfields, northwest of 
Cairns, and red cedar, Toona australis, which was in demand as a cabinet timber in Britain. This timber had been 
removed from most of the forest between Sydney and Cairns by the 1890s but large trees were found in the 
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rainforests of Far North Queensland. Timber was the major export for the region and Queensland until the 
middle of the 20th century, when it was overtaken by tourism. 

The earliest reference to the region as a place to visit is in the 1890s (Thorp 2005). Reference is made to 
Chillagoe (a mining town with limestone caves) west of Cairns (E. Rowan in Thorp 2005), the rainforest and its 
waterfalls, and Green Island on the Great Barrier Reef as destinations for visitors (Thorp 2005). William Saville-
Kent, a well-known marine scientist, produced the first film and a book on the Great Barrier Reef in 1893, titled 
The Great Barrier Reef of Australia: its products and potentialities. A decade later, photographs of Michaelmas 
Cay, which has remained a popular tourist destination, were presented to the tourist market as a ‘largely 
unknown and exotic place in the Great Barrier Reef’ (Thorp 2005).  

Figure 19: Map of the northeast Queensland region 

NOTE: The Cairns case study region is depicted, together with main population centres referred to in this study 
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Green Island was targeted as a tourist destination in 1890, with the first organised pleasure cruises on the 
local coaster ‘Zeus’ (Great Adventures 2009). It was further developed as a tourist destination by the Hayles 
family in 1924 with the commencement of a fortnightly passenger service between Cairns and Green Island. The 
Hayles were also instrumental in the development of the marine transport infrastructure in the Cairns and 
Townsville region (Thorp 2005). Further tourism development on the island occurred in the 1930s, with the 
launch of the world’s first glass bottom boat and, in the 1940s, with the building of the first hotel. During this 
period Noel Monkman, a pioneer underwater photographer and resident on Green Island, promoted the island 
and the Great Barrier Reef through his photography and videos. He also made contributions of his work on birds 
and corals of the Great Barrier Reef to government tourism publications. In 1954, the world’s first underwater 
observatory was opened on the island and in 1961 the Great Barrier Reef Theatre was constructed. Green Island 
was declared a Marine National Park by the Queensland Government in 1974. Access to the island by seaplane 
was permitted in 1978 and a daily fast catamaran service commenced in 1982. This service has continued to the 
present time. Green Island was zoned a Marine National Park ‘B’ under the Great Barrier Reef Marine Park Act. 
This included a buffer zone extending 500 m out from the edge of the reef. 

Early professional photographers ‘Charles Hadley’ and ‘Atkinson’ promoted the Cairns region as a tourist 
destination. They produced some of the first photographs of the Barron Falls and the Cairns to Kuranda Railway, 
which have remained important tourist locations. More recently, in 1995 a rainforest cableway (Skyrail), 
spanning 7.5 km over tropical rainforest between Cairns and Kuranda, was established purely for tourism. The 
cableway has been very popular and its success is evidenced by an upgrade in 1997, nearly doubling the number 
of gondolas to 114 and adding an extension to the Skyrail Terminal in Kuranda. Kuranda continues to be a 
popular tourist destination. The Kuranda Paper (April 2008) reported the Barron Falls, Kuranda, as a favourite 
destination, with ‘regular markets, accommodation and dining facilities having remained fully functional and 
operating’ during the prolonged heavy falls of the recent wet season.  

The Kuranda Railway, Barron Falls, the Mulgrave River, Hambledon Sugar Mill and European and 
Aboriginal children were the subject of the first pictorial postcard issue by the Queensland Government in 1898 
(Thorp 2005). The Malanda and Millaa Millaa Falls gained tourist attention in the early 20th century and day 
trips from Herberton and Ravenshoe to them were being promoted in tourist literature by 1925 (Thorp 2005). 
These locations have continued to attract small tour groups and independent travellers. 

Reference to the tropical rainforest, north of the Daintree to Cape Tribulation, first appeared in 1900 (see 
Thorp 2005). This location was difficult to access and attracted few visitors prior to the 1980s. However, it 
gained national and international interest leading up to the World Heritage listing of the tropical rainforest of 
Queensland in 1989 and has become the area of highest visitation within the Wet Tropics World Heritage Area. 
The major instigator of national public awareness was the attempt by the Douglas Shire Council to bulldoze a 
road through the then gazetted Cape Tribulation National Park from Cape Tribulation north to Bloomfield in 
1983. This lead to the Daintree Blockade and instigated the move to list the rainforest as a World Heritage Area. 

Cape Tribulation (140 km north of Cairns) is within the Daintree National Park. It is a promontory of land 
jutting out into the Coral Sea and is the most northern point to which most tours venture within the National 
Park. The Bloomfield Track, like most roads in the Wet Tropics, follows original Aboriginal walking tracks. 
This track was originally created by the Kuku Yalangi people. It was used by cedar cutters in the 1880s and first 
bulldozed to create a road in 1968. However, it wasn’t gravelled or sealed at that time and wet season rain soon 
made it impassable. Following the work undertaken by the Douglas Shire Council in 1983, the track was 
completed and is now known as the Bloomfield Track. It is used by tour companies offering 4WD experiences.  

The Herberton Township is in the drier part of the Atherton Tablelands). It was formerly a thriving tin 
mining town in the 19th century. Attempts to restore it as a historical town this decade to attract tourist have not 
been successful, primarily because of its distance from Cairns. A steam train between Atherton and Herberton 
operated until 2000. It was restored for tourist trips in the 1990s, but failure for the two shires to reach an 
agreement on the maintenance of the line lead to its closure.  

The first tourist flights out of Cairns commenced in 1928, with a Gypsy Moth which took off from a sandy 
ridge near the current airport. The first runways at the current airport were installed in 1936 and extended and 
sealed in 1937 to accommodate Air Force planes during World War II. They were further lengthened so that by 
1967 they were suitable for jets. In the early 1970s, domestic flights were increasing, with regular scheduled 
interstate flights by Connair, Ansett and TAA. In 1975, Air New Guinea commenced the first international 
service, with flights between Port Moresby and Cairns. Flights to Cairns continued to increase, resulting in 
congestion at the airport in the early 1980s. As a result, an international terminal was constructed and completed 
in 1984 (Cairns Ports 2009). The airport serves international, domestic and general aviation flights, including a 
number of helicopter operators, all of which service the tourist trade.  

A major surge in tourism in the north occurred with reconstruction of the airport and the opening of the 
international terminal. This increase in passenger numbers continued until 1989, when the region was affected by 
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the pilot strike. A decline in passenger numbers also occurred in 2003 in the lead up to the Iraq war and the 
SARS scare (bird flu). Distances between Cairns and other major cities in Australia and overseas are large. This 
makes air travel the most efficient means of transport to the Cairns region. It is recognised that securing regular, 
scheduled aviation services to the region is important for the survival of tourism in the region (Cairns Chamber 
of Commerce 2007). 

The Cairns Port Authority manages both the airport and the port. In 2003, the Cairns Port Authority and 
Cairns City Council restructured the port and surrounding foreshore, creating a swimming pool, boardwalk and 
parkland, modernising the area and providing areas for visitors and locals to relax. This has been a major 
attraction for tourists (Prideaux, Falco-Mammone & Thompson 2006). The port is located in Trinity Inlet, down 
town Cairns. At the entrance to Trinity Inlet is the recently modernised Cairns Marlin Marina. It contains 214 
berths and can accommodate vessels up to 70 metres in length. Many private yachts and catamarans are based at 
the marina, as well as a significant number of commercial tourism operators who provide tours to the Great 
Barrier Reef. Passenger vessels berth at Trinity Wharf at the northern end of the port. The port is an important 
contributor to the city’s tourism economy. 202 international and domestic cruise ships visited in the 2004/2005 
financial year, making it the nation’s busiest cruise ship destination. The southern end of the port, the main cargo 
area, handles 1.16 million tonnes of cargo annually. Bulk cargos include sugar and molasses (exports), and 
fertiliser, petroleum and LPG (imports). The port plays an important role in providing supplies to coastal 
communities on Cape York Peninsula, Torres Strait and the Gulf of Carpentaria. 

Tourism to the south of Cairns expanded as transportation improved, but this area has never been a major 
attraction for tourists. Innisfail, approximately an hour’s drive south of Cairns, was formerly known as 
Geraldton. It was renamed in 1910 when a ship loaded with timber confused it with Geraldton in WA. By the 
1930s, tourists visited attractions around Innisfail such as Paronella Park as it became both feasible and 
economically viable to do so (Thorp 2005). This area continues to attract a small percentage of the tourist 
market. 

Further south, North and South Mission Beach were isolated from tourism until the development of a 
serviceable road and the opening of a store at North Mission Beach in 1947. This area then became a popular 
place among picnickers, weekenders and campers (Mission Beach Tourism 2009). Today it is a popular location 
for viewing cassowary, hiking and visiting Dunk Island. 

Cardwell, the southern-most town in the case study region (Figure 19), is 235 km south of Cairns and 
approximately midway between Cairns and Townsville. It has been a popular spot to stop en route to either 
destination throughout the last century. Although the main economic strength of the local area is agriculture, it is 
identified as the most significant tourism destination in the far north after Cairns and Port Douglas (Cardwell 
Shire Council 2009). 

Tropical Tourism North Queensland (TTNQ) introduced a new tourism destination branding in 2007, with 
the theme ‘Change your Latitude’. It is anticipated that this will attract a greater share of the tourism market and 
identify the area as a tropical destination (Cairns Chamber of Commerce 2007). 

Recent impacts on tourism in the Cairns region 
The following events have impacted in varying degrees on tourism in Cairns in recent decades: 

• 1989  Pilot Strike (Douglas 1993). 
• 2001 Ansett Australia collapsed. 
• 2000 Cyclone Steve (Category 2). 
• 2003 Iraq War; SARS. 
• 2006 Cyclone Larry (Category 4). 
• 2008 Global economic market (approaching a recession). 
• 2008 Qantas withdrawing overseas flights out of Cairns. 

Impact of cyclones on tourism in the Cairns region 
Tropical Cyclone Steve. which passed over Cairns in 2000. caused considerable disruptions to tourists in the 
Cairns region during the clean-up period, but it did not have a major impact on tourism following the event. 
Although only a Category 2 cyclone, Cyclone Steve passed over the northern beaches and brought heavy rain, 
causing extensive flooding between Cairns and Mareeba (Anderson-Berry & King 2005). Two highways to the 
Atherton Tablelands were closed by fallen trees and landslides, the Cairns airport was closed and the city was cut 
to the north and south by swollen rivers blocking entry to and from the city. Cyclone Larry, although a stronger 
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system (Category 4) and causing major damage to Innisfail and the forest adjacent to it, did not have a major 
impact on tourism in Cairns per se (Mackenzie pers. comm. 2008). 

The Cairns (Tropical North Queensland) Tourism Industry 

Approximately 836,000 people live in the Great Barrier Reef Catchment, with an annual growth rate of 1.23% 
(2006 Census in Australian Bureau of Statistics 2007). The population is forecast to grow to approximately 
927,000 by 2021 (Anon. 2003). Twenty-one percent of Queensland’s resident population live in the Cairns 
region (Figure 19), a sub-region of the Great Barrier Reef (Australian Bureau of Statistics 2008). A large 
proportion of the Cairns (Tropical North Queensland) population is involved directly and indirectly in the tourist 
industry, with the industry providing more than a third of all gross revenue for the Cairns region. The industry 
generates approximately 30,000 jobs in Tropical North Queensland alone (Cairns Chamber of Commerce 2007). 

Results of the National Visitor Survey (NVS) and the International Visitor Survey (IVS), conducted in 2007 
by Tourism Research Australia, provide information on numbers of visitors and travel expenditure by domestic 
and international visitors for Queensland (Table 19) (Tourism Research Australia 2009a). Domestic overnight 
visitor expenditure increased 6.9% in Queensland from 2006 to 2007, to $12.2 billion (or $782 million between 
2006 and 2007). 

Domestic visitors 
There were 1.428 million visitors to Tropical North Queensland for the year ending December 2007, 
representing a -2% decline in the threeyear moving average (Figure 20). Visitors spent 7.68 million nights in the 
region, a -1% decline in the three year moving average (Tourism Queensland 2007). However, there was an 
increase in the length of stay for both the intrastate and interstate markets.  

The expenditure of overnight domestic visitors for the year ending December 2007 was $1.5 billion, which 
represented 13% of total domestic tourism in Queensland (Tourism Queensland 2007). Whilst visitor numbers 
were down for 2007, their expenditure per night increased to $195 per night per overnight visitor (Tourism 
Queensland 2007). Income may be the most important factor in their decision to travel. 

Table 19: Domestic and international visitor numbers and expenditure in Queensland  

 Tropical North 
Queensland Region Queensland Source 

Domestic day visitors  31.6 million National Visitor Survey, 
Dec 2007 

Domestic o/n visitors  18 million National Visitor Survey, 
Dec 2007 

Domestic o/n expenditure ($ million) 
1,545 

($ million) year 
11,383 2006  
12,165 2007 

Tourism Queensland 

International visitors 849,900 people (year ended 
June 2007) 

2.2 billion (incl. airfares 
and long distance travel) 

International Visitor 
Survey Dec 2007 

www.tq.com.au/research 

International visitor 
expenditure 

($ million) 
1,041 

2.7 billion (incl. package 
expenditure) Tourism Queensland 

SOURCE: Tourism Queensland 2007; Tourism Research Australia 2009a 

Business tourism 
The contribution of business activities to tourism in the Cairns region is showing strong growth in attracting 
domestic and international events. The types of events include conferences, corporate meetings, conventions, 
exhibitions, workshops and forums. A Queensland Business Events Survey for July 2006 – June 2007 found an 
81% increase in the number of business delegates from areas of Australia outside the Cairns region and from 
overseas, and these delegates stayed for 63% more days than in previous years (Cairns Chamber of Commerce 
2007). Nearly half the visitation was from intrastate, with 22% from Tropical North Queensland, 23% from 
Brisbane and 13 % from other parts of Queensland. International business visitation represented 10% of the 
market (year ended June 2007, Tourism Queensland 2007). The United States, United Kingdom, South Korea, 
Japan and China contributed the most business visitors to the region (IVS year ended June 2007, Tourism 
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Research Australia 2009a). Cairns was ranked number three in Australia as a destination to host a major 
international convention in 2006 (Cairns Chamber of Commerce 2007). 

 

Figure 20: Number of visitors and origin of international visitors to Tropical North Cairns in the last four 
years 

SOURCE: Tourism Research Australia 2009a 
 

The Queensland Business Events Survey showed that the number of meetings that included an overnight stay 
in the region increased by 84 % for July 2006 – June 2007. It also found that business tourism contributes around 
$280 million to the Cairns region (Cairns Chamber of Commerce 2007).  

Hotels and resorts  
Tourists most probably add more to anthropogenic greenhouse gas emissions than residents as they are travelling 
further and using resources more than they would at home, i.e. hotel laundry (sheets and towels) and air 
conditioning. A case study of perceptions of environmental performance by managers of a range of different 
styles of accommodation and associated facilities in Cairns found the industry lacking in respect of sustainable 
tourism principles and initiative (Curtis 2002). Those whose environmental performance was under average 
invariably over-assessed their environmental performance whilst those that performed above average either 
under-assessed or correctly identified their environmental performance.  

A reduction in energy consumption and thus emissions could be achieved with increased energy efficiency 
and adoption of some stand alone renewables (Curtis 2002). However, stand alone systems were not considered 
viable in providing adequate reductions for luxury accommodation. Approaches suggested by Curtis (2002) to 
develop an environmentally sustainable tourist industry are investment in carbon sinks, or alternately by 
regulating emissions by way of a carbon tax per bed or initiation of a carbon trading system. The latter needs to 
be transparent, legitimate, verifiable, credible and truly international (Australian Greenhouse Office 1999). 
Carbon dioxide emissions per tourist bed in the Cairns region were found to average 748.8 kg per year (range 
96.7 – 1785.8 kg/bed/pa, n=38 establishments) (Curtis 2002). Of the 38 establishments included in the study, the 
mean number of beds (±SE) was 279.59 ± 43.78 beds, with 15 establishments with CO2 emissions above average 
(Curtis 2002). 

Thermal comfort may be a major issue for tourism in the Cairns region, with temperature and number of days 
over 35oC predicted to increase in the future (Hennessy et al. 2008). In 2002, approximately a third of the 
accommodation properties in Cairns did not have air conditioned public areas and 10% did not have air 
conditioned rooms (Curtis 2002). However, at the upper end of the market the buildings are fully air conditioned 
and windows are permanently locked. A large modern backpacking premises (Shenanigans) recently built in 
Cairns is air conditioned. With increasing temperatures and more days over 35oC, more of the cheaper and 
modest accommodation may be air conditioned in the future.  
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Local government areas and tourist profiles 
The information presented in this section is based on material obtained prior to the amalgamation of the local 
government areas (LGAs) in Queensland on 15 March 2008. Prior to the amalgamation, there were nine LGAs 
within the broader Cairns region. They included the former Cairns City, Cook, Douglas, Mareeba, Atherton, 
Eacham, Herberton, Johnston and Cardwell (Figure 21) Shires. These have been replaced with three new LGAs 
which are the new Cairns Regional Council, consisting of the former Cairns City and Douglas Shires, Tableland 
Regional Council, which includes the former Mareeba, Atherton, Eacham and Herberton Shires, and the 
Cassowary Coast Regional Council which encompasses the former Cardwell and Johnston Shires. 

Figure 21: Statistical subdivisions and statistical local areas 

SOURCE: Australian Bureau of Statistics 2008 
 

Tourism profiles for each of the LGAs for June 2007, the most recent quarterly review conducted by the 
Tourism Research Australia (2009a), are presented. No tourism profile was available for the Herberton Shire 
Council from the Tourism Research Australia database. This shire has the potential to support tourism based on 
its mining history but it is currently amongst the poorest and most disadvantaged socioeconomic LGAs in 
Australia. This shire was not included in the economic analysis of the Cairns region but is included in this part of 
the discussion as it reflects what is happening on the margin of the Cairns region and what may happen to 
isolated communities in the area if tourism declines in the future.  

Domestic visitors are the main source of tourists to the Cairns region (Table 20). However, international 
visitors who also make a major contribution to visitor numbers in the region stay on average more nights than 
domestic visitors. As a consequence, the visitor nights of these two groups are similar. Domestic overnight and 
international visitors make similar contributions to the regional tourism revenue (Table 21). 
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Table 20: Visitation to the Cairns region (three or four year average to June 2007) 

 Cairns Douglas Mareeba Atherton Eacham Johnston Cardwell Cairns 
Region 

Total tourists 1657000 365000 55000 90000 np 184000 79000 2430000 

Domestic 874000 239000 46000 80000 np 130000 64000 1433000 

International 783000 126000 9000 10000 7000 54000 15000 1004000 

Average nights 
domestic 4.8 5.2 2.9 3 np 3.8 3.3 3.83 

Average nights 
international 6.7 5 7.2 3.4 5.9 3.4 7.1 5.53 

Visitor nights 
domestic 4199000 1241000 131000 237000 np 491000 215000 6514000 

Visitor nights 
international 5241000 630000 65000 32000 40000 181000 108000 6297000 

Visitor nights 
(domestic + 
international) 

9440000 1871000 196000 269000 40000 672000 323000 12811000

Day trips – 
domestic 701 180 np 176  np np  

SOURCE: Tourism Research Australia 2009a 

Table 21: Expenditure of domestic (overnight and day visitors) and international visitors in the Cairns 
region (three or four year average to June 2007) 

 Cairns Douglas Mareeba Atherton Eacham Johnston Cardwell Cairns 
Region 

Total tourists 1657000 365000 55000 90000 np 184000 79000 2430000

Domestic 874000 239000 46000 80000 np 130000 64000 1433000

International 783000 126000 9000 10000 7000 54000 15000 1004000

Total expenditure ($ million) 

International 980 76 2 1 1 5 3 1068 

Domestic overnight 727 277 16 22 np 45 22 1109 

Domestic 100 18 np 17 np np np 135 

Average spend / night 

International 187 120 30 31 32 29 29  

Domestic overnight  173 223 123 92 np 92 104  

Domestic - - - - - - -  

Average spend per trip 

International 1251 579 219 104 188 99 205  

Domestic overnight 832 1159 351 272 np 350 349  

Domestic 143  np 97 np np np  
 SOURCE: Tourism Research Australia 2009a 

 
Most of the businesses in the Cairns region are based in Cairns City and most of these are non-employing 

businesses. In the regional area, Johnston is the largest business centre followed by Mareeba (Table 22). 
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Table 22: Number of businesses in the Cairns region (three or four year average to June 2007) 

 Cairns Douglas Mareeba Atherton Eacham Johnston Cardwell Cairns 
Region 

Non-employing 
business 2115 144 243 126 102 291 150 3171 

Micro business (1 – 4 
employees) 1029 117 123 96 54 168 87 1674 

Small business (5 – 19 
employees) 765 63 93 93 12 123 69 1218 

Med-large business 
(>20 employees) 453 33 36 39 3 39 12 615 

Total businesses 4362 357 495 354 171 621 318 6678 
SOURCE: Tourism Research Australia 2009a 

Tourist activities 
The main reason for visiting the Cairns region is for a holiday (Table 23). This reason is highly sensitive to the 
climate of the region and visitors may be readily diverted elsewhere if the region can no longer offer its climate-
dependent attractions, e.g. reef and rainforest. 

Table 23: Total visitor nights and reason for visit 

 

Tourism 
Research 

Australia Data
(2007) ‘000 

% 
Tourism 

Queensland 
(2005) % 

Holiday 10873 74 68 

Visiting friends and 
relatives  1843 12 15 

Business 905 6 8 

Education 553 4  

Other 579 4 9 

Total 14753 100 100 
SOURCE: Tourism Research Australia 2009a; Tourism Queensland 2005 

Land-based activities  
In the Cairns region, tourism occurs throughout the year. However, the busiest times are during the cooler and 
drier period from April to October (Pearce 2008). Most commercial tours are concentrated in the north in the 
Daintree area (Figure 19), where they visit Mossman Gorge, Daintree National Park and Cape Tribulation. There 
are also a few tours to the Atherton Tablelands, most of which only visit Kuranda. Most tours commence and 
end in Cairns. In contrast, self-drive visitors are less restricted and travel more extensively through the region, 
including areas south of Cairns and the Atherton Tablelands (Figure 19). This style of travel is becoming more 
popular, especially with retirees.  

A survey (n=2733 returns) of activities undertaken by visitors (tourists and residents) at 10 sites across the 
Wet Tropics of Queensland was conducted in the wet and dry seasons of 2002 – 2003 (Bentrupperbaumer, 
Farrell & Reser 2004). Nine of these sites were in the Cairns region, as defined in this study. Most of the 
respondents (73.8%) spent 30 minutes to 2 hours at a site. The majority indicated they were here for the scenery 
(83.8%) and short walks (< 1hour; 63.2%). Other activities respondents participated in were relaxing (46.9%), 
photography (36.3%), observing wildlife (31.6%), bird watching (24.6%), swimming (21.3%), picnic/barbeques 
(16.7%), look at interpretation (16.5%), guided tour (10%), long walks (>1 hour; 7.6%), and camping (6.1%). 

Visitors to the region indicate a strong association with nature-based tourism (Bentrupperbaumer, Farrell & 
Reser 2004; Prideaux & Falco-Mammone 2007), suggesting that a changed landscape, as expected with climate 
change, may still be effective in attracting visitors. World Heritage listing was found as ‘not important’ to a large 
percentage of the visitors (83% of 826 visitors; Prideaux & Falco-Mammone 2007). Importantly for tourism in 
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the Cairns region, a significant proportion of visitors (69% of 839) indicated they would still visit the region if 
no rainforest existed in the Wet Tropics, and 17.9% were unsure (Prideaux & Falco-Mammone 2007). There 
were activities that tourists to the Wet Tropics indicated they wanted to do, but were unable to do for unspecified 
reasons; these included wildlife viewing, bird watching, long walks, and reading signs / boards 
(Bentrupperbaumer, Farrell & Reser 2004). These may be some of the activities that will become more important 
as rainforest is lost in the region. 

Land-based tourism in the Cairns region is primarily dependent on the road network, which provides 
reasonable access to most iconic locations. Within the Wet Tropics there is a network of roads consisting of 
forestry (snig) tracks, single lane roads and highways that extend for 1,427 km (Goosem 1997). This extensive 
network is costly to maintain. Climate change is likely to put pressure on infrastructure and may lead to road 
closure and disrupting tourism to some iconic locations.  

In addition, the tourism industry uses numerous walking tracks. There are over 150 km of tracks throughout 
the Wet Tropics World Heritage Area as part of the heritage trails network (Queensland Government 2006). 
These include the shorter trails around the Kuranda Township and longer trails such as the Misty Mountain trails 
within the Wooroonooran National Park in the southern Atherton Tablelands. The latter are within the Jirrbal and 
Mamu Aboriginal people’s country. The tourist industry also uses the rivers, lakes and dams in the Cairns region 
for activities such as white water rafting, canoeing, sailing, skiing and swimming. 

Tourism information centres are located in most of the major towns on the Atherton Tablelands, i.e. Atherton 
Tableland Information Centre, Kuranda Visitor Information Centre, Kuranda Visitor Information Centre, 
Malanda Falls Visitor Information Centre, Mareeba Heritage Museum and Visitor Information Centre, 
Ravenshoe Visitor Information Centre and the Yungaburra Visitor Information Centre. Other information centres 
visited by tourists to Far North Queensland are The Hub, Chillagoe and the Herberton Mining Museum and 
Visitor Information Centre. Most of these centres provide a history of the local area. 

Backpackers 
Backpackers form an important part of the mix of visitors to the Cairns region. As a destination they rank Cairns 
highest in terms of their satisfaction above Sydney, Fraser Island and the Whitsundays (Prideaux, Falco-
Mammone & Thompson 2006). Most backpackers come to the region for the reef, but a significant number also 
participate in land-based activities (Table 24). They rate Cairns five out of eight as a backpacker destination 
(Prideaux, Falco-Mammone & Thompson 2006). Development of skills such as diving and snorkelling is the 
most influential factor in choosing Cairns as a destination. Other influential factors for visiting Cairns are the 
climate, to have some excitement, experience something new and different, and to visit the Great Barrier Reef 
(Prideaux, Falco-Mammone & Thompson 2006). From their perspective, the best experiences are the Great 
Barrier Reef, Cairns Esplanade lagoon, partying / nightlife / drinking, people and weather. The worst experiences 
included weather (hot, humid and wet), hostels (staff attitudes and poor amenities), nightclubs and pubs. No 
natural attractions were listed in their worst experiences.  

Table 24: Summary of activities undertaken by backpackers visiting the Cairns region in 2006  

Location Activity Tourist Statistics 
(n=312) 

Great Barrier Reef / Terrestrial 
Beaches / Lakes / Esplanade Swimming 86.9% 

Terrestrial Beaches / Lakes / 
Esplanade Sunbathing 81.7% 

Great Barrier Reef Visit Great Barrier Reef 79.8% 

Great Barrier Reef Snorkel 71.2% 

Terrestrial Shop 70.8% 

Great Barrier Reef Scuba dive 45.2% 

Terrestrial Visit Cape Tribulation 44.9% 

Terrestrial Bush walk 30.4% 

Terrestrial Visit Kuranda 24.7% 

Terrestrial Visit wildlife parks / zoos 24.0% 
SOURCE: Prideaux, Falco-Mammone & Thompson 2006 
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There are two peaks in the arrival times of backpackers; one in the wet season and a second in the dry season 

(Prideaux, Falco-Mammone & Thompson 2006). Most depart in the wet season. Climate was rated as one of the 
top influential reasons for visiting Cairns and the weather was one of the most attractive features. However, one 
of the top worst experiences was hot, wet, humid weather, and this may be a driver in their departures during the 
wet season. Climate change is predicted to bring hotter and wetter conditions in the wet season in the Cairns 
region, which may deter visitors during this time of the year in the future.  

Reef activities 
In the Cairns region, most tourist operations to the reef operate out of Port Douglas or Cairns. Approximately 
half the visitation to the entire Great Barrier Reef is to the Cairns region of the Great Barrier Reef. Between 1994 
and 2007 there was an average of 909,417 visitors per year to the Cairns region and 1,786,013 visitors reef-wide 
to the Great Barrier Reef (Great Barrier Reef Marine Park Authority 2009).  

Visitors to the Great Barrier Reef participate in a range of activities (Table 25). Survey material collected 
from small and large operators from Port Douglas to the Whitsundays found that the most popular activities are 
snorkelling, swimming, semi-submersible tours and glass bottom boats (n=2215 respondents; Table 4 in Norris 
& McCoy 2003). The greatest percentages of surveys were conducted in Cairns (33.5%) and Port Douglas 
(25.5%), with only 3.6% from Mission Beach. The remaining surveys (34.7%) were from outside the Cairns 
region, namely Townsville and the Whitsundays.  

In 2003, the number of tourism operators permitted to operate in the Great Barrier Reef Marine Park was 
approximately 730, with 1,500 vessels (Skeat 2003). Of these, approximately 60% were utilising their permits. 
In the Cairns region, the main activity is nature-based tourism, with people visiting the Great Barrier Reef 
Marine Park to view coral and other marine organisms (McCoy 2003). 

Table 25: Great Barrier Reef activities participation 

Activity 
% of respondents that 
participated in each 

activity 

Swimming 46.7 

Snorkelling 69.2 

Guided Snorkel Tour 10.3 

Scuba Dive—introduction 12.6 

Scuba dive—certified 12.2 

Underwater observatory 24.0 

Glass bottom boat 30.4 

Semi submersible tour 36.1 

Boom netting 1.7 

Helicopter scenic flight 7.6 

Reef talk 14.2 

Fishing 6.0 

Jet skiing 1.2 

Sailing 1.3 

Island walk 11.1 

Picnics on the beach 15.3 

Seaplane scenic flight 2.6 

Other 6.3 
NOTE: Respondents could give multiple responses. A total of 2215 completed surveys were analysed; of these 66.3% were from the Cairns region (Cairns 

(33.5%), Port Douglas (25.5%) and Mission Beach (3.6%) 
SOURCE: Adapted from Norris & Murphy (2004) 
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Socioeconomic indices 
Socioeconomic indicators help to identify local government areas (LGAs) that are vulnerable or less able to cope 
with change and those that can. LGAs that perform well on socioeconomic indicators are more likely to adapt to 
climate change. The four socioeconomic indices developed from the 2006 Census were: 

4. Index of Relative Socioeconomic Disadvantage: focuses primarily on disadvantage, and is derived from 
Census variables like low income, low educational attainment, unemployment, and dwellings without 
motor vehicles. 

5. Index of Relative Socioeconomic Advantage and Disadvantage: a continuum of advantage (high values) 
to disadvantage (low values), and is derived from Census variables related to both advantage and 
disadvantage. 

6. Index of Economic Resources: focuses on financial aspects of advantage and disadvantage, using Census 
variables relating to residents’ incomes, housing expenditure and assets. 

7. Index of Education and Occupation: includes Census variables relating to the educational attainment, 
employment and vocational skills. 

Based on the Index of Education and Occupation, half of the LGAs in the Cairns region (Cairns, Port 
Douglas, Atherton and Eacham), were in the top 50% of LGAs in Australia (Table 26). Moreover, these LGAs 
account for approximately 75% of the population in the region. This suggests that the population in the Cairns 
region is well skilled and educated compared with the rest of Australia. Within Queensland, five of the LGAs 
were in the top 50%. This should be advantageous for the tourist industry in responding to climate change. 
Further, a well educated and skilled population is better able to cope with tourists, who are generally well 
educated too. 

The most rural (Mareeba) LGA and those in the south of the region (Herberton, Cardwell and Johnston) were 
amongst the poorer educated, skilled and highest unemployed in both Queensland and Australia. They were also 
on the Relative Socioeconomic Disadvantage Index in the lower 36% of the LGA within Australia and in the 
lower 50% of those in Queensland (Table 27). These LGAs will need support to improve their education and 
skills if they are to adapt to the impacts of climate change and support tourism in the future. Alternatively, for 
tourism to survive and expand into these disadvantaged LGAs, it may be that they will be managed, coordinated 
and supported from Cairns. 

Table 26: Local Government Area Index of Education and Occupation 2006 

 

Ranking within 
Australia 

Ranking within 
Queensland 

2006 LGA  Score 

Rank Decile Percentile Rank Decile Percentile

Min. score 
CDs in area

Max. score 
CDs in area 

Usual Resident 
Population 

Cairns (C) 981 481 8 73 145 10 92 828 1149 127437 

Douglas (S) 969 429 7 65 137 9 87 779 1091 10191 

Mareeba (S) 941 276 5 42 102 7 65 834 1050 18211 

Atherton (S) 953 347 6 52 120 8 76 893 1054 10913 

Eacham (S) 968 426 7 64 135 9 86 842 1045 6359 

Herberton (S) 910 123 2 19 48 4 31 834 987 5420 

Johnstone (S) 921 169 3 26 69 5 44 844 1000 18253 

Cardwell (S) 921 167 3 26 67 5 43 832 1006 9528 
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Table 27: Local Government Area Index of Relative Socioeconomic Disadvantage 2006 

Ranking within 
Australia 

Ranking within 
Queensland 2006 LGA Score 

Rank Decile Percentile Rank Decile Percentile

Min. score 
CDs in area

Max. score 
CDs in area 

Usual Resident 
Population 

Cairns (C) 1001 473 8 71 128 9 82 688 1146 127437 

Douglas (S) 985 391 6 59 114 8 73 439 1157 10191 

Mareeba (S) 939 177 3 27 65 5 42 762 1056 18211 

Atherton (S) 975 333 5 50 101 7 64 828 1066 10913 

Eacham (S) 991 420 7 63 121 8 77 845 1062 6359 

Herberton (S) 892 93 2 14 43 3 28 787 1030 5420 

Johnstone (S) 948 214 4 33 73 5 47 822 1057 18253 

Cardwell (S) 955 238 4 36 78 5 50 845 1082 9528 
 

The Index of Economic Resources provides an indication of the economic resilience of the community to 
cope with change. On this index, the performance of the Cairns region is poorer than on the other indices; all 
LGAs were below the 70th percentile for Queensland and Australia (Table 28). 

Table 28: Local Government Area Index of Economic Resources 2006 

Ranking within 
Australia 

Ranking within 
Queensland 2006 LGA Score 

Rank Decile Percentile Rank Decile Percentile

Min. score 
CDs in area

Max. score 
CDs in area 

Usual Resident 
Population 

Cairns (C) 996 427 7 64 108 7 69 703 1199 127437 

Douglas (S) 986 379 6 57 95 7 61 508 1147 10191 

Mareeba (S) 956 198 3 30 57 4 37 794 1153 18211 

Atherton (S) 971 287 5 43 80 6 51 780 1084 10913 

Eacham (S) 990 395 6 60 100 7 64 848 1041 6359 

Herberton (S) 922 109 2 17 42 3 27 870 1142 5420 

Johnstone (S) 961 228 4 35 63 4 40 863 1055 18253 

Cardwell (S) 972 296 5 45 82 6 52 871 1092 9528 
 
In summary, for the Cairns region, Cairns and Port Douglas performed well on all four socioeconomic 

indices 2006. This has important consequences for tourism in the Cairns region, as most of the tourism in the 
region is conducted from these locations.  

Observed Changes in the Climate of the Cairns Region 

The climate of the region is typical of a tropical, monsoonal area, with the southeast trade winds dominating 
most of the year. These are replaced in the summer months by the northwest monsoon as the inter-tropical 
convergence zone moves south over the region (Downey 1983). A combination of elevated terrain, north-south 
alignment and prevailing easterly winds give rise to the highest rainfall in Australia, with annual rainfall along 
the wet tropical coast (including adjacent mountain ranges) between Cooktown and Cardwell; commonly 2000 – 
8000 mm. Typically in excess of 60% of mean annual rainfall occurs from December to March (Turton, 
Hutchinson, Accad, Hancock & Webb 1999). Rainfall over reef areas east of Cairns is typically 1500 – 2500 mm 
per year. 

Average temperatures in the Cairns region over the past 50 years have increased at a slower rate than other 
parts of eastern Queensland, with an observed warming of about 0.3ºC (Figure 5). Annual average rainfall in the 
Cairns region over the past 50 years has varied across the region (Figure 6); rainfall has increased north of Cairns 
and decreased to the south (average change for the entire region is close to zero). In comparison, coastal areas in 
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Queensland south of Cardwell have experienced a significant decline in average rainfall over the same period. 
Data suggests that the Cairns region has been ‘buffered’ to some extent from climate change patterns 
experienced in other parts of Queensland (e.g. Southeast Queensland), and this may impact on peoples’ 
perceptions of the likely future climate changes for the region. 

Climate change scenarios for the Cairns region 
Projections of global climate change for the Cairns region for 2020, 2050 and 2070 were developed by the 
CSIRO Division of Marine and Atmospheric Research (Table 29) (Hennessy et al. 2008). These were modelled 
on the period 1961 – 1990 and based on a mid-range emission scenario for 2020, and on a low and high 
emissions scenario for 2050 and 2070 where the uncertainty is greater (see Chapter 1). As discussed in Chapter 
2, CSIRO recommended IPCC 4 scenarios based on an A1 family which reflects a more integrated world, and 
B1 family which are consistent with a more integrated and ecologically friendly world.  

Table 29: Projected changes in environmental factors in the Cairns region for 2020, 2050 and 2070 

 2020 2050 2070 

 A1B B1 A1FI B1 A1FI 

 10 50 90 10 50 90 10 50 90 10 50 90 10 50 90 

Max temp (°C) 0.4 0.6 0.8 0.7 1.0 1.4 1.1 1.6 2.2 0.9 1.3 1.9 1.7 2.5 3.6 

Min temp (°C) 0.4 0.6 0.8 0.7 1.0 1.4 1.1 1.6 2.3 0.9 1.4 1.9 1.8 2.6 3.7 

Days > 35ºC 0.5 1.1 2.1 1.5 3.5 6.2 4.3 8.2 21.7 2.7 5.3 14.3 9.5 27.6 68.4

Total rain (%) -5.3 -0.7 4.4 -9.2 -1.1 7.7 -15.0 -1.9 12.6 -12.5 -1.6 10.5 -24.2 -3.0 20.3

Rain-days -2.6 0.0 1.4 -4.6 0.0 2.4 -7.5 -0.1 4.0 -6.3 0.0 3.3 -12.1 -0.1 6.4 

Heavy rainfall 
intensity (%) -1.4 1.8 5.1 -2.4 3.1 9.0 -3.9 5.1 14.7 -3.3 4.2 12.3 -6.3 8.2 23.7

Sea surface 
temperatures 
(°C) 

0.3 0.5 0.6 0.5 0.8 1.1 0.9 1.3 1.8 0.7 1.1 1.5 1.4 2.1 3.0 

NOTE: 10th, 50th and 90th percentiles are presented for A1B, A1F1 and B1 families. Projections are relative to the period 1980 – 1999.  
SOURCE: Hennessy et al. 2008 

 
Little overall change in rainfall is predicted for the Cairns region by 2020 based on mid-range estimates by 

Hennessy et al. (2008), but seasonality in rainfall is expected to increase. Over the next 30 – 60 years the models 
generally predict a small decline in rainfall in the Cairns region (Figure 22), but the decline is expected to be 
more significant in areas to the south of the case study region. However, dry season rainfall is expected to 
decline with longer dry seasons, while wet season rainfall is expected to become more variable from year to year 
(Balston & Turton 2007).  

By 2030, Cairn’s annual temperature is expected to rise by 0.6 – 1.0°C, and by 2070 it is expected to increase 
1.5 – 2°C. Figures 23 and 24 show expected increases in maximum and minimum temperatures over the next 60 
years, respectively. Maximum temperatures are expected to rise at a lesser rate than minimum temperatures, a 
global trend that has already been observed over the past 50 years. With higher maximum temperatures we can 
expect high evaporation rates and hence greater risks for droughts and bush fires in the region. 

Sea surface temperatures are likely to increase at a slightly slower rate, leading to more frequent bleaching of 
the Great Barrier Reef and significant loss of biodiversity by 2020 (Hennessy et al. 2007; Carpenter, Abrar, 
Aeby, Aronson, Banks, Bruckne, Chiriboga, Cortés, Delbeek., DeVantier, Edgar, Edwards, Fenner, Guzmán, 
Hoeksema, Hodgson, Johan, Licuanan, Livingstone, Lovell, Moore, Obura, Ochavillo, Polidoro, Precht, 
Quibilan, Reboton, Richards, Rogers, Sanciangco, Sheppard, Sheppard, Smith, Stuart, Turak, Veron, Wallace, 
Weil & Wood 2008). 

Cairns can also expect more days over 35°C over coming decades, rising from four per year at present to 
over 20 per year by 2070 (Figure 25). The predicted increase in hot days for Cairns is significantly lower than 
that expected in other parts of tropical Australia (for 2070: Townsville >150 days; Darwin >220 days). 
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Figure 22: Mid-range predictions for annual average rainfall for Cairns 2008 – 2070 

SOURCE: Hennessey et al. 2008 
 

Figure 23: Mid-range predictions for average maximum temperatures for Cairns from 2008 – 2070  

SOURCE: Hennessey et al. 2008 
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Figure 24: Mid-range predictions for average minimum temperatures for Cairns 2008 – 2070  

SOURCE: Hennessey et al. 2008 

Figure 25: Mid-range predictions for average number of hot days (>35°C) for Cairns 2008 – 2070 

SOURCE: Hennessey et al. 2008 
 

Cairns city is low-lying and prone to flooding on a high tide during the wet season. The Cairns airport is 
constructed 3m above sea level in a mangrove swamp. Modelling shows that under current conditions a one in 
100 year storm event results in a 2.3m sea level height (McInnes et al. 2000). With a doubling of carbon dioxide, 
the sea level height of Cairns during a one in 100 year storm event will increase to about 2.6m (Figure 26). This 
will further increase with an additional rise in mean sea level of 10 – 40 cm to about 2.7 – 3.0m. This will result 
in the likelihood of a considerable area of Cairns being inundated by sea water during such an event and may be 
sufficient to flood the airport (Figure 27). Waves associated with these intense storms are likely to cause damage 
to infrastructure and buildings in low lying areas.  
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Figure 26: Simulated return periods of storm tides in Cairns for the present conditions and those with 
doubling of carbon dioxide 

NOTE: Error bars represent 95% confidence limits on the cyclone intensity 
SOURCE: McInnes et al. 2000 

 

  

Figure 27: Average flooding in Cairns under the current climate and with enhanced greenhouse climate 
conditions  

SOURCE: McInnes, Walsh & Pittock 2000 
 

Tropical cyclone frequency is unlikely to change over the next 60 years, but the intensity of severe Category 
3 – 5 cyclones may increase by 60% by 2030 and by 140% by 2070 (Abbs, Aryal, Campbell, McGregor, 
Nguyen, Palmer, Rafter, Watterson & Bates 2006). This has significant implications for the tourism 
infrastructure in cyclone-prone areas and also for tourism during the cyclone season (November – April). The 
direction from which cyclones approach the Cairns region is highly variable, but influences the sea surface 
height (McInnes, Walsh & Pittock 2000). However, planning for more severe weather events as predicted with 
climate change needs to consider the most severe case, i.e. where a cyclone approaches from the northeast 
(Figure 28). 

Figure 28: a) Path of cyclones—central pressure 945 hPa and forward speed of 28 km/hr; b) resulting sea 
level height 

NOTE: Times are relevant to the time they cross the coast  
SOURCE: McInnes, Walsh & Pittock 2000 
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Climate Change and the Great Barrier Reef 

The Great Barrier Reef is the largest coral reef system in the world. It is identified as a critical tourist destination 
under threat from anthropogenic induced climate change and other human pressures (Bruno, Selig, Casey, Page, 
Willis, Harvell, Sweatman & Melendy 2007; Scott, Amelung, Becken, Ceron, Dubois, Gossling, Peeters & 
Simpson 2007; UNESCO 2007). It covers an area of approximately 350,000 km2 and comprises 2,900 coral reefs 
(of which 760 are near-shore fringing reefs), numerous islands and other habitats of sponges, soft corals, mud 
and sand that provide a diversity of biological communities (Wachenfeld, Johnson, Skeat, Kenchington, Marshal 
& Innes 2007). The Great Barrier Reef extends from southern New Guinea north of Cape York to Bundaberg in 
the south, becoming progressively further from shore as it proceeds south. Along the 2100 km of coastline 
associated with the Great Barrier Reef are extensive mangrove forests, seagrass beds and algal meadows that 
provide important habitat for a range of marine organisms. This complex and diverse system supports a thriving 
tourism industry. 

Tourism in the Cairns region is based on its natural icons, of which the Great Barrier Reef is the most 
important (Pearce 2008). A visit to the Great Barrier Reef is rated among the top three must do activities in 
international surveys (Wachenfeld et al. 2007) indicating the importance of the Great Barrier Reef to tourists on 
a global scale. The tourism industry and the Great Barrier Reef are recognised as highly sensitive to climate 
variability and change (IPCC 2007a; Johnson & Marshall 2007). In particular, the coral ecosystems for which 
the Great Barrier Reef is known are extremely important to the survival of tourism, commercial and recreational 
fisheries, the communities and the economy of the region.  

Climate defines the length of time and quality of the tourist seasons and plays a major role in destination 
choice and tourist spending which is critical to the survival of the industry in the Cairns region (Scott et al. 
2007). On the Great Barrier Reef, climate affects water temperature, ocean acidification, sea level, water quality 
and cyclones, all of which affect the quality of the reef and hence the tourists’ experience (Johnson & Marshall 
2007). Climate is known to affect arrival and departure times as well as tourists’ experiences in the Cairns region 
(Prideaux, Falco-Mammone & Thompson 2006). 

The Cairns region represents less than 20% of the coast of the Great Barrier Reef, but attracts approximately 
half of the tourists that visit the Great Barrier Reef. In 2006, there were 1,831,609 visits to the entire Great 
Barrier Reef (Great Barrier Reef Marine Park Authority 2007). Of the two major regions offering reef tourism in 
the Great Barrier Reef, Cairns has the greater number of trips to reef pontoons (Moscardo, Saltzer, Galletly, 
Burke & Hildebrandt 2003). The Whitsundays, the other main region, attracts more island trips and bare boats, 
with fewer trips to the reef proper as the latter is further off shore than in the north. The greatest motivation for 
visiting the Cairns region is to visit the Great Barrier Reef (Prideaux 2007). 

The Cairns region, also referred to as Tropical North Queensland, is ranked as the sixth most visited region in 
Australia, highlighting the importance it holds for tourists and the economy (Buultjens, White & Willacy 2007). 
This section summarises the socioeconomic importance of the Great Barrier Reef to the Cairns region, major 
management initiatives currently in place to manage the Great Barrier Reef, physical impacts of climate change 
on the reef (e.g. sea temperature, ocean acidification, sea level rise, cyclones), biological impacts on the reef 
associated with climate change (e.g. macro algae, outbreaks of Crown of Thorns starfish, jellyfish, sea birds) and 
the implications of any changes for tourism.  

In particular, it focuses on the impacts of climate change on coral ecosystems, as these are the primary focus 
of tourism to the Cairns region of the Great Barrier Reef. Other ecosystems of the Great Barrier Reef that are 
linked to the reef and also contribute to tourism in the Cairns region are mangrove and sea grass beds. 

Importance of the Great Barrier Reef to tourism in the Cairns region—revenue, 
employment and community  
Local and regional human pressures on coral reefs, such as over-fishing (Jackson, Kirby, Berger, Bjorndal, 
Botsford, Bourque, Bradbury, Cooke, Erlandson, Estes, Hughes, Kidwell, Lange, Lenihan, Pandolfi, Peterson, 
Steneck, Tegner & Warner 2001), degradation of water quality due to high sediment loads and nutrient and 
chemical pollution from agricultural run-off, destructive fishing, and coastal development (dredging and land 
clearing), in the absence of climate change, are resulting in a major decline in coral reef ecosystems (Lough 
2008). Along with climate change, these impacts are likely to increase as the human population in the Cairns 
region increases. The population in the Great Barrier Reef catchment is almost 850,000 and is expected to reach 
1 million by 2026 (Fenton, Kelly, Vella & Innes 2007). Approximately 21% of the population is in the Cairns 
region. This is low compared with other regions in the world with coral reef systems that support tourism.  
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The importance of tourism to the Great Barrier Reef region is evidenced by the size of the economic 
contribution it makes to the economy (Fenton et al. 2007). In 2005 – 2006 the total (combined direct and 
indirect) economic contribution of tourism, including commercial fishing and recreational activity, was $6.9 
billion (Fenton et al. 2007; Great Barrier Reef Marine Park Authority 2007).Visitation, excluding commercial 
fishing and recreational activity, represented approximately 87% of the gross product of $6.9 billion for the 
region (Great Barrier Reef Marine Park Authority 2007). Tourism associated with the Great Barrier Reef 
employs about 66,000 full-time equivalent persons, with 30,000 of those positions in the Cairns region (Cairns 
Chamber of Commerce 2007; Fenton 2007; Hennessey, Fitzharris, Bates, Harvey, Howden, Hughes, Salinger & 
Warrick 2007).  

Tourist revenue comes from many activities. These include commercial boat trips offering snorkelling, bird 
watching, whale watching, glass bottom boats, semi-submersibles and diving, to boat hire and fishing charters, 
kayaking, water sports, sailing, island resort accommodation and restaurants (Norris & McCoy 2003; Norris & 
Murphy 2004; Wachenfeld et al. 2007). Cruise ships are also an important source of revenue. In 2008, some 
cruise lines switched their port of call from Brisbane to Cairns. These activities are operated at different scales; 
some are owned and managed by a single operator whilst others are large operations employing many staff 
(Mapstone, Appleford, Broderick, Connolly, Higgins, Hobday, Hughes, McDonald, Marshall, Waschka & 
Wilson 2008). 

A concern in the resilience of the reefs is that tourism does not over use areas. With the added pressure of 
climate change, over use is likely to increase the rate of decline of reefs. To prevent over use and manage for 
resilience, tourism partnerships will need to be developed (Marshall & Johnson 2007). 

A socioeconomic profile of the Great Barrier Reef region is presented in Table 30. The socioeconomic 
indicators for the area indicate that the main tourist centres servicing the Great Barrier Reef are in the Cairns 
region, i.e. Cairns and Port Douglas have a well educated population. This is likely to provide resilience to the 
region as it copes with potential changes of climate change to the Great Barrier Reef. 

Table 30: Economic contributions (direct and indirect) of selected activities on Great Barrier Reef 
Catchment Area in 2004 – 2005 and 2005 – 2006 

2004 – 2005 2005 – 2006 

 Total value 
($) 

Total GDP 
($) 

Total 
employment
(FTE 000) 

Total value 
($) 

Total GDP 
($) 

Total 
employment
(FTE 000) 

Visitors from 
Catchment Area 773 948 10 750 923 9 

Visitors from rest of 
Queensland 724 879 8 659 803 8 

Interstate visitors 1,282 1,559 14 1,661 2,019 18 

Travel outside 
Catchment area by 
residents  

211 254 2 228 276 2 

International visitors 1,528 1,856 17 1,633 1,982 18 

Total tourism 4,518 5,496 52 4,932 6,004 55 

Commercial fishing 273 288 2 238 251 2 

Recreational activity 544 624 9 542 623 9 

Total contribution to 
Australia 5,335 6,408 63 5,712 6,877 66 

NOTE: Money values in millions of Australian dollars and full time equivalent by the thousands (FTE 000) 
SOURCE: Fenton et al. 2007 

 
 

Most of the community in the Cairns region benefits in some way from tourism. The most obvious 
stakeholders are the tour operators who provide access to the Great Barrier Reef, and the hotel, restaurant and 
shop staff. Local residents also benefit from the existence value of the Great Barrier Reef, simply knowing it is 
there, but they may also use it for recreational purposes and benefit from the restaurants, retail outlets and 
transport systems that support the tourist industry. Local, state and government departments are also involved in 
tourism as they manage the infrastructure, policy and emergency response.  
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Of the activities conducted on the Great Barrier Reef, tourism is among the most sustainable; however, it is 
also among the most vulnerable as it is highly dependent on the health and quality of the marine ecosystem 
(Johnson & Marshall 2007). Degradation in the quality of reef ecosystems, diminished visibility and limited 
access due to unfavourable weather conditions are likely with climate change, and will have negative impacts on 
tourism. The ability of tourism operations to adapt to the impacts of climate change will affect the sustainability 
of tourism in the region (Mapstone et al. 2008). Commercial and recreational fisheries also depend on the reef 
for their survival and, without the coral ecosystems of the Great Barrier Reef, are likely to collapse and along 
with them the large number of restaurants that service the tourism industry. 

Global climate change will influence tourism demand for certain destinations and this is associated with 
perceptions of the destination (Moscardo et al. 2003; Scott et al. 2007). It is important that the expectations of 
visitors are matched with their experience and this takes account of the impacts of climate change (Fenton & 
Beeden 2006). Of particular concern to the tourism industry is the publicity associated with coral bleaching and 
the negative image it portrays to the international market and potential visitors (Fenton & Beeden 2006). This 
perception is likely to increase with a predicted increase in coral bleaching this century associated with climate 
change (Hoegh-Guldberg 1999).  

Important to tourism in the Cairns region is how it compares with other reef sites globally, in Australia and 
the rest of the Great Barrier Reef as global climate change progresses. Perceptions of the condition of a location 
are equally as important as its actual condition (Scott et al. 2007). A recent analysis of reef images and ratings of 
the quality of the reef environment by visitors who had visited the reef found no decline in their perceptions to 
date (Moscardo et al. 2003). As most tourism enterprises to the Great Barrier Reef are based on the natural 
aesthetics, viewing intact, healthy reef ecosystems, it is imperative that the region continues to build resilience 
through sound management and improved water quality as it moves to adapt to the impacts of climate change. 

Current strategies to manage, maintain and restore resilience to the  
Great Barrier Reef 
There are several factors that provide some inherent resilience to climate change for the Great Barrier Reef in 
contrast to other tropical marine reef ecosystems. These are its immense size, wide latitudinal range 
(approximately 14° latitude), location abutting another World Heritage Area, low population densities along 
most of the coast adjacent to it, monitoring programs permitting early intervention or response to detrimental 
impacts, and a developed country with a well-structured management system with input from numerous experts 
(Johnson & Marshall 2007). The Great Barrier Reef has been intensively studied, with the first formal scientific 
expedition in 1928 (Wachenfeld et al. 2007). Despite a considerable body of knowledge on the Great Barrier 
Reef, there are still many unknowns and much controversy over how organisms will respond to climate change 
(Brodie, Fabricius, De’ath & Okajic 2005). 

Internationally, the Great Barrier Reef is recognised as one of the best managed coral reef ecosystems in the 
world (Great Barrier Reef Marine Park Authority 2007). It gained World Heritage status in 1981, which lead to 
the protection of the values of the Great Barrier Reef which is managed by the Great Barrier Reef Marine Park 
Authority under the jurisdiction of the Great Barrier Marine Park Act 1975 and Regulations 1983 (Skeat 2003). 

The reef is zoned and each zone has a specific set of management objectives and activities that are permitted. 
Additionally, all commercial activities in the Great Barrier Reef, including tourism, require a permit. These 
permits define the activities and the necessary conditions that each operator must abide by and manage the 
number of visitors to a location. The original zoning plan of the Great Barrier Reef was revised in 2003 to 
increase its level of protection (Wachenfeld et al. 2007). Tourist groups such as the Association of Marine Park 
Tourism Operators and Tourism Queensland ‘recognise that they will benefit from the new zoning because it 
offers greater security for members, expands potential for sustainable tourism and will enable them to offer 
higher quality destinations into the future and allow them to offer a broader range of products’ (Anon. 2003). 

New zoning has increased the protection of marine turtle nesting sites from commercial fisheries (Dryden, 
Grech, Maloney & Hamann 2008) and resulted in a rapid increase in fish stock in protected areas (Russ, Cheal, 
Dolman, Emslie, Evans, Miller & Sweatman 2008). This is important for tourism as it aids in providing 
resilience to the biodiversity of the region. It may also benefit recreational diving by providing access to healthy 
reefs as the health of reefs around the world decline, and bring increased numbers of tourists to the Great Barrier 
Reef (Anon. 2003). It is envisaged that ‘the revised zoning plan also offers protection of prime tourism 
destinations, greater incentives for site stewardship and, potentially, reduced incidence of conflicts of use’ 
(Anon. 2003), all of which benefit tourism in the Cairns region. 

Other management strategies that have been implemented to better manage the Great Barrier Reef are the 
development of a catchment approach to improve the quality of water draining onto the reef, a Reef Water 
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Quality Protection Plan, Crown of Thorns Alert Program, a Climate Change Action Plan and a National 
Adaptation Research Plan for Marine Biodiversity and Resources (Fenton et al. 2007; Wachenfeld et al. 2007; 
Mapstone et al. 2008). The Cairns region encompasses most of the Far North Queensland catchment area defined 
by the Natural Resource Management Board (Figure 1). Monitoring and managing water quality is conducted 
through the Reef Water Quality Protection Plan. The Climate Change Action Plan 2007 – 2012 provides a 
program of actions to mitigate the impact of climate change. The Federal Government has allocated $9 million 
over the next five years to support the implementation of the Action Plan (Great Barrier Reef Marine Park 
Authority 2007). A comprehensive collation of research on the vulnerability of the Great Barrier Reef to climate 
change has been prepared by Johnson and Marshall (2007). This book provides baseline data for the Action Plan.  

To assist in improving the quality of water being discharged onto the reef, a water quality protection plan has 
been developed for the Great Barrier Reef region. There are 35 coastal river catchments that impact the Great 
Barrier Reef lagoon and these are collectively managed by regional national resource management (NRM) 
bodies. The Wet Tropics—Terrain NRM Ltd is responsible for the Cairns region.  

Despite the high level of management within the Great Barrier Reef region, it is not immune to the impacts of 
climate change. As a system it is considerably vulnerable, although some parts may be less vulnerable and more 
resilient than others (Hughes, Baird, Bellwood, Card, Folke, Grosberg, Hoegh-Guldberg, Jackson, Kleypas, 
Lough, Marshall & Nystrom 2003; Marshall & Johnson 2007). A recent paper by a group of eminent marine 
scientists considers that, although the projected increase in carbon dioxide levels and temperatures of the oceans 
over the next 50 years exceeds conditions in the past, the reefs will change rather than disappear entirely 
(Hughes et al. 2003).  

Biophysical impacts of climate change on the reef and tourism 
Tourists come to the Great Barrier Reef because of the reefs whose structural foundation is coral. Corals are at 
risk from a variety of impacts. With increasing climate disturbance reefs will probably support less coral, be less 
biodiverse and be degraded (Hughes et al. 2003). This will have implications for the tourism industry and the 
community that supports it. Understanding the impacts of climate change on the Great Barrier Reef and building 
adaptation strategies to cope will contribute to its resilience (Mapstone et al. 2008). 

The predicted physical and biological impacts of climate change on the Great Barrier Reef are numerous. The 
two most threatening are increased sea temperatures and ocean acidification (Hoegh-Guldberg 1999; Hennessy 
et al. 2007; Webster & Hill 2007). Other physical factors include sea level rise, storm and cyclone damage, and 
discharge from floods on land (Anderson-Berry & King 2005; Webster & Hill 2007). Biological impacts include 
stress, disease, and outbreaks of Crown of Thorns starfish (Brodie et al. 2005; Webster & Hill 2007).  

Types of threatening biophysical processes on the reef associated with climate changes that have implications 
for the quality of the reef and hence tourism are: 

• Warming of the oceans associated with an extended El Niño Southern Oscillation episode; abnormal 
heated pulses of water are now being experienced on the Great Barrier Reef during El Niño years (Veron 
2008a).  

• Acidification of the ocean as carbon dioxide from the atmosphere is absorbed and consequential reduced 
calcification rates of reef organisms (Orr, Fabry, Aumont, Bopp, Doney, Feely, Gnanadesikan, Gruber, 
Ishida, Joos, Key, Lindsay, Maier-Reimer, Matear, Monfray, Mouchet, Najjar, Plattner, Rodgers, Sabine, 
Sarmiento, Schlitzer, Slater, Totterdell, Weirig, Yamanaka & Yool 2005; De'ath, Lough & Fabricious 
2009). 

• More intense cyclones causing major localised physical damage to the reef.  
• Increased discharge from rivers during intense rainfall events resulting in increased turbidity and high 

nutrient inputs from agriculture and decreased salinity further out onto the reef (Lough 2008). 
• Disease resulting from stressed environments (Bruno et al. 2007; Webster & Hill 2007). 
• Crown of Thorns outbreaks (Engelhardt, Hartcher, Taylor, Cruise, Engelhardt, Russell, Stevens, Thomas, 

Williamson & Wiseman 2001; Brodie et al. 2005). 

Climate change is also expected to affect key processes such as currents, connectivity, dispersal and 
settlement patterns of larvae (Kingsford & Welch 2007; Steinberg 2007). These changes will impact on all reef 
biota, including invertebrates such as corals, echinodermata and molluscs, and marine vertebrates such as 
whales, turtles, and fish, affecting both the attractiveness and suitability of the Great Barrier Reef for tourism 
(Kingsford & Welch 2007). 

Climate change has impacted the Great Barrier Reef in the past and the reefs have demonstrated resilience to 
it. However, in the past 18,000 years mean sea temperatures have varied by less than 2°C and at a slower rate, 
which corals could respond to (Thunnell et al. 1994 in Hoegh-Guldberg 1999). Corals function at approximately 
1 – 2°C below their upper thermal tolerance (Anon. 2007). During the last century, the sea temperature of the 



DEVELOPING ADAPTATION AND RESPONSE STRATEGIES—A SCOPING STUDY 
 

 

 

77

Great Barrier Reef has warmed by 0.4°C and in other tropical regions by almost 1°C, with sea surface 
temperatures approaching the upper thermal limit of many species of coral (Hoegh-Guldberg 1999; Hennessy et 
al. 2007). The extent and rate of climate change currently being observed is greater than that observed in the last 
several million years, and there is concern that rising sea temperatures and ocean acidification may destroy the 
reef (Hennessey et al. 2007) and thus the tourism industry based on it.  

Inshore reefs tend to exhibit signs of deterioration ahead of offshore reefs (Hoegh-Guldberg 1999). A major 
threat to them is increased silt from flood plumes which will limit light required for photosynthesis by corals 
symbiotic zooxanthallae (Buddemeier, Kelypas & Aronson 2004). Degraded inshore reefs will mean that tour 
operators in the future will need to go further to access healthier reefs. This will increase costs and potentially 
reduce the time spent on the reef by visitors.  

Offshore reefs are protected to a degree from increased sea surface temperatures by processes that assist 
water exchange. These include cooling through upwelling, mixing from currents and swell, Rossby waves and 
shading from steep slopes which create conditions less suitable for macroalgal growth that otherwise block light 
for zooxanthellae (Steinberg 2007). Offshore reefs are likely to be in better condition than inshore reefs under 
climate change and thus tourist may have to travel further. However, signs of serious large-scale disturbances on 
offshore reefs in the northern Great Barrier Reef have been observed in the last 15 years (Fabricius, Hoegh-
Guldberg, Johnson, McCook & Lough 2007).  More research will be required to verify if these observations are 
due to increase ocean temperatures or some other factor, such as tropical cyclones.  

Thermal stress and mass bleaching 
Reef-building corals are essential to the growth and maintenance of the reef. However, they are being stressed by 
climate change and efforts to reverse regional-scale declines have been unsuccessful (Hoegh-Guldberg 1999; 
Hughes et al. 2003). Most of the observed damage is due to mass coral bleaching, which is associated with 
warming events where the temperature of the ocean increases above the thermal threshold of the corals and their 
symbiotic algae, zooxanthellae (Hoegh-Guldberg 1999). This has major implications for the aesthetics of the reef 
and visitation to the Great Barrier Reef. 

In the last decade, two major bleaching events have occurred on the Great Barrier Reef; the first in 1998 and 
the second in 2002. During the 1998 coral bleaching event, 42% of shallow water coral reefs on the Great Barrier 
Reef bleached and an estimated 2% died (Anon. 2007). In 2002, the largest bleaching event on record, an 
estimated 55% was bleached and 5% died (Anon. 2007). Unusually high sea temperatures were instrumental in 
these episodes, with approximately 5% of reefs suffering severe lasting damage (Anon. 2007). Importantly for 
tourism, mass coral-bleaching events in the Great Barrier Reef and the Cairns region in particular have not 
affected all reefs and the intensity of the bleaching has been variable among those effected (Hughes et al. 2003; 
Berkelmans, De’ath, Kininmonth & Skirving 2004). In the Cairns region severe bleaching (>60% of coral cover 
bleached) of some inshore reefs occurred in both 1998 and 2002, and in 2002 some offshore reefs were affected 
too (Berkelmans et al. 2004). The patchiness of the impact suggests that, as long as the interval between 
bleaching is such that recovery can occur, there will be reefs in the Cairns region attractive to tourism.  

Under moderate global climate change scenarios, there is a universal trend of increasing sea surface 
temperatures with a predicted likelihood of severe mass bleaching events being an annual event by 2030 (Hoegh-
Guldberg 1999). The estimated temperature at which bleaching occurs ranges from 28.3°C at higher latitudes to 
30.2°C near the equator; in the Cairns region bleaching is likely where weekly thermal temperatures exceed 
approximately 29.2°C (Hoegh-Guldberg 1999). Recovery times from major bleaching events have been 
estimated at 10 – 30 years, indicating that annual events will not allow a reef to recover (Hoegh-Guldberg 1999; 
Butler 2005). In this case, coral reefs are likely to experience a Phase shift, where the reef-building corals are 
replaced by macroalgae (Done 1999 in Hoegh-Guldberg 1999). In this state, the Great Barrier Reef is unlikely to 
be attractive to most tourists. 

A rise of sea surface temperature of 0.8°C will result in bleaching and a 2 – 3°C will kill most coral 
(Smithers, Harvey, Hopley & Woodroffe 2007). However, a combination of above normal maximum 
temperatures and the period of the increase in hot water appears to be critical for corals, with three-day hot spells 
of greater relevance than average or median temperature increases (Berkelmans et al. 2004). Thermal stress is 
likely to weaken healthy corals, predisposing them to disease and reducing their resilience (Harvell, Kim, 
Quirolo, Weir & Smith 2001; Bruno et al. 2007). Coral bleaching events are expected to become more frequent 
and severe over the next several decades even under the more optimistic scenarios (Great Barrier Reef Marine 
Park Authority 2007). Bleached coral is unlikely to be attractive to tourists. 

El Niño, the heating and drying phase of the El Niño Southern Oscillation cycle, which is responsible for 
major short term climate variability in the region, is predicted to increase in frequency and intensity in 
northeastern Australia including the Cairns region (Balston & Turton 2007; Hennessy et al. 2008). During the El 
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Niño phase there is less cloud, higher radiation, reduced rainfall and river flows, and much reduced tropical 
cyclone activity than in a La Niña year, resulting in elevated sea surface temperatures over the Great Barrier 
Reef (Lough 2007). It is during the El Niño phase that the corals are vulnerable to bleaching. However, the 
reduced threat of cyclones may be attractive to tourists. 

Exposure of corals to heated water has been patchy. Reefs that have been exposed to heated water have 
demonstrated remarkable recoveries within a decade, provided El Nino events do not re-occur during the 
recovery phase (Veron 2008b). However, one-third of reef-building corals are at risk of extinction from climate 
change and local anthropogenic impacts (Carpenter et al. 2008). The ability of corals to acclimatise to higher 
temperatures is limited but varies depending on their symbiotic partner. Zooxanthellae exhibit different thermal 
tolerances, with some better able to cope with higher temperatures than others (Berkelmans & van Oppen 2006). 
Some corals may even alter their symbiotic algae to more thermally tolerant partners (Grimsditch & Salm 2006; 
Anon. 2007). The level of increased thermal tolerance afforded by these more tolerant zooxanthellae is around 1 
– 1.5°C, which may offer some resilience to some corals in the short term as oceans warm under global climate 
change (Berkelmans & van Oppen 2006; Berkelmans 2007) and offer some guarantee that live corals will exist 
on the Great Barrier Reef that tourists can see. This may benefit tourism in the interim by keeping the corals 
alive.  

It is possible in the short term that we will see tolerance to minor increases in water temperature. There is 
evidence that some corals are showing signs of resilience to early warming (Berkelmans & van Oppen 2006). 
Genetic factors associated with corals and zooxanthallae enable some corals to be more tolerant of higher 
temperatures than others and for some corals to recover faster than others (McCook, Folke, Huges, Nystrom, 
Obura & Salm 2007). Few scientists are willing to predict the extent of loss of coral from climate change, 
although most agree that the risk of extinction of many species is high (Carpenter et al. 2008). This will decrease 
the biodiversity of a reef, but it is unknown if a loss of biodiversity per se will be noticed by most tourists. In 
contrast, a dramatic physical and biological change that affects the aesthetics of the reef is highly likely to have 
negative impacts on tourism in the Cairns region. 

 Some reef areas also appear to escape the thermal exposure associated with coral bleaching. This may be a 
result of extrinsic factors which operate at both regional and local scales. At a large scale, factors influencing the 
thermal temperature of the water include ocean currents, upwelling zones and regional climatic conditions. At 
the local level, local topography of both reef and land, the latter affecting cloud cover, and river discharge, will 
affect water temperature. Overall, these influence light and shading, water movement and flushing of water 
(McCook et al. 2007). A result will be that some reefs will survive a lot longer than others and be potential sites 
for tourists. 

Grimsditch and Salm (2006) identified two broad responses of corals to climate change, which they refer to 
as bleaching tolerance and bleaching avoidance. The first response, bleaching tolerance, refers to ‘actual 
physiological properties of corals that allow them not to bleach in stressful conditions. These include 
acclimatisation, evolutionary adaptation, different zooxanthallae clades and different coral morphologies’ 
(Grimsditch & Salm 2006). The second, bleaching avoidance, ‘refers to oceanographic and other environmental 
factors that create pockets of reduced or non-stressful conditions where corals are able to avoid severe bleaching. 
These include areas of local upwelling, strong currents or shading/screening’ (Grimsditch & Salm 2006). These 
types of responses will assist in preserving some corals, although evolutionary adaptation is unlikely under the 
even the most optimistic rate of climate change (Hoegh-Guldberg 1999).  

Ocean acidification 
Ocean acidification has been identified as a more serious and threatening process to the Great Barrier Reef than 
mass coral bleaching (Lough 2007; Veron 2008b). The oceans have absorbed at least one-third of the excess 
carbon dioxide produced by human activities that has entered the atmosphere (Hoegh-Guldberg, Anthony, 
Berkelmans, Dove, Fabricious, Lough, Marshall, van Oppen, Negri & Willis 2007) and its effect on reef-
building corals on the Great Barrier Reef has already been observed (De’ath, Lough & Fabricious 2009). It 
results in a reduction of carbonate ions in the ocean, which are necessary for building calcium carbonate 
structures of corals and other marine organisms. Ocean acidification has been implicated in the past five mass 
extinction events (Veron 2008a). The current rate of change of the ocean chemistry is 100 times faster than in the 
past several million years (Lough 2007). There is little detailed information on the ocean chemistry across the 
Great Barrier Reef, but studies have found that the distribution of carbon dioxide in the ocean is not uniform, 
which may offer some respite to some corals in the short term. This will encourage tour operators to compete for 
permits to other locations or to sell up as the number of healthy reefs diminish with an overall negative impact 
on reef tourism.  

In the long term, we can expect a reduction in coral and other biotic calcification, resulting in weaker and less 
robust skeletons as carbon dioxide uptake by the ocean increases (Hoegh-Guldberg et al. 2007; Marshall & 
Johnson 2007; Smithers et al. 2007). By 2040, levels of carbonate in the ocean will be marginal for coral growth 
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and maintenance, and by 2100 it is predicted to be low to extremely low (Lough 2007). An atmospheric carbon 
dioxide concentration of 500 ppm, which is predicted by the end of the century under the lower end of climate 
change scenarios, is used as the key threshold for carbonate concentrates in the ocean to be reduced to zero 
(Hoegh-Guldberg et al. 2007). Under these conditions, coral reefs may not be able to maintain themselves, let 
alone grow, and coral reefs and the tourism industry based on them may be compromosied as a result.   

Cyclones and structural damage 
Cyclones in the Cairns region are expected to increase in severity with climate change, although their overall 
frequency is expected to remain the same (Hennessy et al. 2008). This may have a dual impact on tourism to the 
region. Firstly, tourists may stay away to avoid cyclones during the wet season, and secondly, severe cyclones 
cause considerable structural damage to the reef and infrastructure. Storms form part of the natural disturbance 
on the reef; however, reefs may not be able to recover from severe cyclones with the added pressure of ocean 
acidification where their skeletons are already weakened (Hoegh-Guldberg et al. 2007).  

Major structural damage to the reef is generally associated with cyclones that sit over the reef for extended 
periods. Broken coral creates reef rubble, shingle, sands and finer sediment. Smashed and broken corals are 
unlikely to be attractive to tourists. Corals may adapt by ‘shifts towards storm tolerant taxa’ (Smithers et al. 
2007). This may affect the types and rates of sediment produced, affecting island genesis. In general, there is 
likely to be ‘more erosion (including bioerosion) and increased secondary sediment production[,] [r]educed 
structural complexity, strength and long-term wave resistance’ (Smithers et al. 2007). 

During just over 100 years, the region between Innisfail and Cape York has experienced 47 severe tropical 
cyclones, with Cairns suffering a severe impact every 12.5 years (Anderson-Berry & King 2005). It is unknown 
if cyclones will be more frequent with climate change, but repeat large-scale disturbances at a regional level 
compromise the ability of a region to recover from climate-related disturbances (Fabricius et al. 2007) and are 
likely to affect tourism. 

Cyclones that pass fairly quickly over the reef late in the wet season may be of benefit, as the wave action 
created by them causes the water column to mix, thus lowering the water temperature. Two cyclones late in the 
2006 wet season, Cyclone Larry (Category 4) and Cyclone Wati (Category 3), rescued the reef from a bleaching 
after a one degree rise in sea surface temperatures above the normal summer maximum (The Age, 27 March 
2006).  

Associated with cyclones are floods, which deliver sediments from agricultural properties on the Atherton 
Tablelands. Flood events are predicted to increase, affecting inshore and offshore reefs as a result of larger flood 
events. These will deliver increased sediments, nutrients and pesticides to the reef. The potential consequences 
of increased loads of these substances will be increased benthic algae, reduced coral cover, increased bioerosion 
and disease, but reef island stability may improve where vegetation growth is enhanced. Inshore, low-salinity 
mortality during flood events may occur in the path of the plume and in poorly mixed settings (Smithers et al. 
2007). Cyclones and flooding occur during the wet season, which may have a seasonal affect on tourism.  

Sea level rise 
Global sea levels are rising due to thermal expansion of the oceans and melting of glaciers and ice sheets related 
to an enhanced greenhouse effect associated with anthropogenic activities (Hoegh-Guldberg et al. 2007). 
Regionally, sea level is influenced by tides, winds and waves, including storm surges, and these differ across the 
Great Barrier Reef. Rising sea level associated with global climate change is also predicted to differ regionally 
across the Great Barrier Reef. Sea level in Townsville is predicted to increase, but a decrease or lower increase is 
predicted for Cairns where the weight of water on the reef will depress the reef and raise the land near the coast 
(J. Nott pers. comm.) 

Differences in the amount of sea level rise across the Great Barrier Reef may influence colonisation of coral 
polyps and offer some resilience to coral reefs in some areas. Some locations will experience a much greater rise 
in sea level than others. The rate of rise will be critical and will affect the expansion of coral into freshly 
submerged areas such as reef islands (Smithers et al. 2007). The success of larval settlement will also be 
influenced by potentially larger waves at reef island shores (Smithers et al. 2007) and their survival in warmer 
water in the shallows. It is not known if there will be an expansion, but this may benefit tourism.  

Coral growth can normally keep up with rising sea levels, but increases of 1 – 9mm/year as predicted by the 
International Panel on Climate Change may prevent the growth of some species. It is expected that growth rates 
of most corals will keep up with rising sea levels (Buddemeier, Kelypas & Aronson 2004; Grimsditch & Salm 
2006).  
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The potential impact of sea level rise on reef islands is complex, being affected by physical, biological and 
chemical factors (Smithers et al. 2007). Some islands may actually expand, with changes in sediment production 
as a result of increased mobility of sediment during higher intensity storms. ‘Many reef geomorphologists agree 
that projected sea level rise will substantially re-work unconsolidated sediments, at least enough to maintain reef 
island mass’ (Smithers et al. 2007). It can thus be expected that reef islands will be available for tourism, 
although the reef island morphology will change.  

The impacts of sea level rise on mainland sandy coasts will also be varied. In some instances shoreline will 
retreat, which may provide additional substrate for colonisation by coral reefs in areas with low sediment load. In 
other locations, increased sediment loads from flooding and erosion of terrestrial landforms may increase inshore 
turbidity, increase nutrient and contaminant loads, and reduce coral. The predicted increased intensity of tropical 
cyclones will affect recovery and result in significant erosion of sandy beaches and dunes systems (Smithers et 
al. 2007) and increase run-off and sediment loads on the Great Barrier Reef. Significant erosion is currently been 
observed along the northern beaches in Cairns; Holloway’s and Clifton Beaches have required sand bagging in 
the last decade to stem the erosion of the fore dune. ‘In assessing the significance of any changes, it is important 
to note that shoreline recession over the past millennia has been a common trend on many sandy coasts inside the 
Great Barrier Reef’ (Smithers & Larcombe 2003; Smithers et al. 2007). This is likely to lead to loss of beach 
width and beach amenities. 

Sea level rise is likely to have a major impact on tourism infrastructure in low lying areas of the Cairns coast 
(Nott 2004). A major issue is Queensland government policy ‘that allows building at elevations 1 – 2m lower 
than the total ocean inundation occurring during the 1 in 100 year tropical cyclone’ (Nott 2004). Both the Beach 
Protection Act 1968 (QLD) (Beach Act) (repealed in 2003) and the Coastal Protection and Management Act 
1995 (Coastal Act) provide inadequate guidelines for the protection of people and property in the event of an 
intense cyclone (Nott 2004).  

Resorts tend to be built close to the beach. Most of the large resorts in Cairns and Port Douglas are in the 
block closest to the coast to maximise the benefit of the beaches. Cairns’ central business area already floods on 
a high tide, inundating low lying streets and underground car parks, most of which are associated with hotels. 
Nott (2004) warns that ‘the measures adopted under the Coastal Act and State Coastal Management Plan 
(Coastal Plan) do not address the true extent of marine inundation and the range of erosional processes that occur 
during intense tropical cyclones’. Government needs to be aware of and address the dangers this presents for 
coastal tourism in the Cairns region. 

Connectivity and resilience of coral reefs 
The resilience of the reef is strongly linked to factors that influence connectivity, growth, reproduction and 
survival of ‘key functional groups’ (Fabricius et al. 2007). Well-connected coral reef systems are generally able 
to re-establish after a massive disturbance in 10 – 20 years (Fabricius et al. 2007), as long as they are not 
impacted on in the interim. In contrast, more isolated reefs have a significantly slower rate of recovery, as 
evidenced in the remote isolated reefs off Western Australia, where some show no or little recovery following 
disturbance (Smith et al. in Fabricius et al. 2007). However, shorter intervals between destructive events and 
more severe tropical cyclones, as predicted with climate change, will slow or halt the recovery of most reefs 
(Hoegh-Guldberg 1999). Isolated reef systems exhibit slow coral recovery, high macroalgal abundance and low 
abundance of grazing herbivores following a disturbance. This response is also probable on more connected 
reefs with future climate change, and will severely diminish the aesthetics of the reefs which are important to 
visitation. 

Other evidence of coral reefs showing remarkable resilience is Bravo Crater in the Bikini Atoll, which was 
destroyed in 1954 by an atomic bomb (James Cook University 2008). The recovery of Bikini Atoll has been 
possible due to the reef being undisturbed for several decades and the proximity of a neighbouring reef to 
promote colonisation. However, despite the extensive cover of corals in parts of the lagoon, the species diversity 
is more limited following the atomic blast. It has also taken 50 years to exhibit a degree of recovery during a 
period of climate change less severe than predicted in the next 50 years (IPCC 2007). 

Mangrove and sea grass beds 
Mangroves, salt marshes, sea grass beds and salt flats are particularly vulnerable to climate change. With sea 
level rise, the mangroves on the Great Barrier Reef should increase as they migrate into previous salt marshes, 
freshwater wetlands and agricultural lands which are behind them (landward), as has happened in the past 
(Lovelock & Ellison 2007). Factors such as increased coastal sedimentation, elevated carbon dioxide levels, 
enhanced rainfall and nutrient enrichment, which may be associated with global climate change, have a positive 
influence on mangrove growth (Lovelock & Ellison 2007). Conversely, mangroves may decline if high 
temperatures and extended periods of aridity occur. However, the largest threat to the resilience of mangroves 
and wetlands in the Cairns region is human barriers, which are increasing as a result of urban and agricultural 
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expansion. Mangroves are important nursery sites for many marine organisms and indirectly affect tourism as a 
source of reef fish for viewing and restaurants.  

Sea grass beds provide habitat and food for several iconic species of large animals, including dugongs, turtles 
and rays (Jackson et al. 2001), which are part of the tourism experience in the Cairns region. There are extensive 
areas of sea grass beds in the Cairns region (Coles, McKenzie, Rasheed, Mellors, Taylor, Dew, McKenna, 
Sankey, Carter & Grech 2007). They are at risk from increased water temperatures in intertidal areas, increased 
turbidity from terrestrial run-off, storm surges and more intense wave action from cyclones. Other threats not 
necessarily associated with climate change, but due to anthropogenic activities, are declining water quality due to 
sedimentation combined with other forms of pollutants from run-off, the disturbance of acid sulfate soils, and 
point source pollution (Coles et al. 2007). The loss of sea grass beds will impact tourism through the decline or 
extinction of iconic species in the region. 

Crown of Thorns 
Crown of Thorns (Acanthaster planci) is a corallivorous starfish that has the potential to destroy coral. It is 
widespread in the Indo-Pacific region where it is generally in low densities. However, there have been extended 
severe outbreaks of Crown of Thorns on reefs in the Cairns region since monitoring commenced in 1960 
(Engelhardt et al. 2001; Brodie et al. 2005; Hutchings, Ahyong, Byrne, Przeslawski & Worheide 2007). These 
outbreaks occurred in 1962 – 1976, 1979 – 1991, and 1993 – 2005 (Brodies et al. 2005). Each outbreak has 
originated off Cairns. The infestation usually ceases when the coral polyps have been depleted. These outbreaks 
destroy the aesthetics of the individual reef.  

Tour operators in the Cairns region have been very involved in the monitoring of Crown of Thorns outbreaks. 
These outbreaks have cost tour operators and the Queensland and Commonwealth Governments millions of 
dollars in control measures (CRC Reef Current state of Knowledge April 2001, Nov 2003). Although a lot is 
known about the biology of the Crown of Thorns, there is still a lot of controversy over the cause of the 
outbreaks (Brodie et al. 2005) and the recovery time of a disturbed reef. Brodie et al. (2005) report that coral 
cover does return to pre-outbreak level in the intervening years, offering some respite for the tourist industry. 
However, a longer recovery time of 10 – 15 years has been suggested for a severe infestation (Colgan 1987). 

Crown of Thorns starfish are reasonably common in the southern Great Barrier Reef, but they do not exhibit 
the cyclic outbreaks observed in the north. It is probable that higher sea temperatures in the north are responsible 
for these outbreaks (Hutchings et al. 2007). Plagues of Crown of Thorns starfish have been associated with 
eutrophic run-off from the land (Birkeland 1988). The potential for more frequent outbreaks of Crown of Thorns 
is likely with increased ocean temperatures and more intense storms in the wet season, as predicted by climate 
change. This will impact on the number of reefs with good coral for tourists to see. 

Jellyfish 
There is little data on the response of jellyfish in the tropics to environmental factors, despite jellyfish being an 
issue for people on many tropical and subtropical beaches (Martin, Dawson, Bell & Colin 2006; Purcell 2005). A 
short term study of the population dynamics of a tropical jellyfish in a saltwater lake in Palau has found a close 
association with Mastigias medusae and El Niño Southern Oscillation dynamics (Martin et al. 2006). An 
exceptionally high water temperature (maximum 35.2°C), coinciding with a strong La Niña year in 1999, 
resulted in the collapse of the million-strong M. medusae population. The population recovered in the following 
year, with a marked cooling of the lake. In subtropical, temperate and polar waters, outbreaks of 11 species of 
jellyfish have been reported (Purcell 2005). These population explosions were associated with warmer 
temperatures in these environments which resulted in a much higher production of M. medusae (Purcell 2005). It 
may be that jellyfish in the tropics are close to their thermal threshold and increased temperatures are detrimental 
or lethal to them. 

Box jellyfish, including Irukandji which are known as ‘stingers’ or sea wasps, are a problem in tropical 
waters off the North Queensland coast during the summer months. Stinger nets are provided at most of the 
popular tourist sites from about November to April. These are monitored for stingers throughout the season, as 
occasionally waves break over the stinger nets into the swimming enclosures and stingers are found within them. 
Stinger nets are pulled in during very rough weather and beaches are closed to swimming. Beaches that do not 
have stinger nets are closed to swimming for most of the wet season. This is the time of the year when 
temperatures and humidity are high in the Cairns region, and tourists are looking for relief (Prideaux, Falco-
Mammone & Thompson 2006).  

Although there is no direct data on the effect of increased water temperature or water quality on jellyfish in 
the Great Barrier Reef, there is evidence to suggest that jellyfish may be advantaged in disturbed ecosystems 
effected by eutrophication, decreased levels of oxygen (hypoxia) and turbidity where other top predators decline 
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or disappear (Mills 2001). They are able to fill these vacant niches, exploit larvae and plankton, and rapidly 
increase in numbers, further excluding other predatory species. There is a small amount of evidence that jellyfish 
may be indicators of climate-induced regional regime shifts (Mills 2001). 

However, a combined increase in water temperatures and associated decrease in dissolved oxygen is a 
problem for the high metabolising jellyfish in the group known as Cubozoans, to which the Box jellyfish belong. 
In laboratory conditions these animals are stressed and do not recover from warming of 1 – 2°C (Gerswin 2008). 
Despite their good swimming ability, they also have narrow distributional ranges which are linked to those of 
their prey, making them less likely to adapt to alternative habitats (Gerswin 2008). Their restricted distributional 
ranges and temperatures reaching or above their upper thermal tolerance are likely to stress populations of 
Cubozoans, and may lead to their decline or extinction in the waters along the coast of the Cairns region as the 
Coral Sea warms under enhanced greenhouse conditions. This may be a positive factor for tourism as the 
beaches may then be open to swimming in the wet season. 

Sea birds 
Viewing sea birds is an important component of tourist activities on the Great Barrier Reef. Climate change has 
been attributed to nesting failures of shearwaters and noddies in the Great Barrier Reef in 2002 and 2005 
(Smithers, Peck, Krockenburger & Congdon 2003; Great Barrier Reef Marine Park Authority 2007). This has 
been linked to elevated sea surface temperatures which resulted in a decline in food and reproductive failure of 
sea birds ( Congdon, Erwin, Peck, Baker, Double & O’Neill 2007). 

Michaelmas Cay, off Cairns, ‘is rated as the second most important nesting site in the Great Barrier Reef’ 
(Congdon et al. 2007). This cay supports a large colony of sooty terns (Sterna fuscata), common noddies (Anous 
stolidus), crested (Sterna bergii) and lesser-crested terns (S. bengalensis), and is a popular location for many of 
the commercial tour boats out of Cairns. Changes associated with climate change such as sea level rise, increased 
intensity of cyclones and increased ocean temperatures that impact foraging success are highly likely to see this 
colony of nesting birds disappear.  

Fish 
Fishing charters out of Cairns target large reef and pelagic fish. The decline in plankton predicted with climate 
change will have repercussions up the food web that affect fish such as mackerel and tuna (Congdon et al. 2007). 
This is likely to impact on tourist charters and restaurants that rely on fresh fish. On some reefs, small colourful 
fish species that attract tourists are predicted to decline in the near future, with major declines by the middle of 
the century. 

Managing for resilience 
Of prime importance to the resilience of the reef is good water quality. This is one area where a change in local 
behaviour can improve the resilience of the reef to climate change impacts. There are several sources of human 
pollution affecting water quality on the reef, including those associated with land-based activities such as 
agricultural run-off, bank and stream erosion, sewage and storm-water discharge, urban run-off, and those 
associated with ocean activities such as sewage discharge from boats, fuel from boat engines and jet skis. 

Importantly for tourism, healthy reefs which are more ecologically intact and usually less exploited recover 
better from the impacts of climate change than highly stressed reefs (Johnson & Marshall 2007). This should 
inform management of the types of behaviours and activities that can be undertaken on reefs by tourists as they 
adapt to climate change. The extent of the damage at tourism locations and the ability and potential to move 
tourism between unaffected or less affected reefs in the interim will impact on tourism in the region. 

Climate Change and the Rainforest of the Wet Tropics 

Rainforests have low resistance but high resilience to the impacts associated with human visitation (Turton 
2005). However, rainforests are particularly vulnerable to the impacts of climate change (IPCC 2007) and, as a 
result, their resilience to human visitation in the future may be compromised. This section provides a synopsis of 
climate change impacts on the rainforests of the Cairns region and the significance of this to tourism. 

The rainforest of the Wet Tropics of northeast Queensland occurs in a narrow, disjunct band along the coast 
from Cooktown in the north to Townsville in the south. It contains several mountain peaks with a wide 
altitudinal range (0 – 1620m above sea level) which result in a diversity of climate in the region. Major climate 
changes have occurred in the past several thousand years, but in a timeframe that has been stable enough for 
evolutionary processes to occur (Balston 2008). This has resulted in the rich biodiversity of both plants and 
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animals in the forest of the Cairns region of today. However, many of these of these plants and animals exist in 
fragile remnant systems, which may not survive with climate change (Williams, Isaac & Shoo 2008). 

There have been intermittent drying periods since the middle Miocene to the present, which have resulted in 
a contraction of the rainforest in the Cairns region in the past, affecting the distribution and diversity of the flora 
and fauna (Winter 1988). Rainforest flora and fauna were restricted to much reduced rainforest pockets during 
the dry periods. Pollen profiles of the Quaternary period provide evidence of climate change, with 25,000 – 
15,000 years before present as a drier and cooler period than any previous period in the last 50,000 years. During 
this period, the rainforest was replaced by sclerophyll woodland on the Atherton Tablelands (Kershaw 1978). 
This provides evidence of the dynamic nature of the forests in this area and the potential for the rainforest to be 
much reduced as the region warms. Optimal conditions for rainforest in the region returned about 7,000 – 5,000 
years before present.  

In the Cairns region, more frequent El Niño events are expected under climate change, resulting in a change 
in the pattern of rainfall including extended dry periods (Hennessy et al. 2008). This ecosystem is considered 
particularly vulnerable to climate change as it depends on adequate rainfall throughout the year. Modelling 
suggests that in the future the Cairns region will be hotter and the dry season longer (Hennessy et al. 2008). 
Temperatures of 23 ± 0.5°C and an annual rainfall of 1,700mm per annum or not less than 100mm in any month 
are a guide for conditions required to sustain an evergreen rainforest. Deciduous to partially deciduous forests 
occur towards the upper end of 1000 – 2000mm per annum, and savannah / dry deciduous forest in the lower end 
of 1000 – 2000mm per annum (Terbough 1992). The transition from rainforest to savannah is relatively abrupt, 
and in the absence of human intervention occurs where the annual rainfall drops to 1500 mm per annum 
(Terbough 1992). These figures indicate that the rainforest in this region is probably already water stressed in the 
dry season (Table 31), although the coastal areas receive adequate annual rainfall to sustain evergreen rainforest 
types (Table 32). Mareeba and Herberton are much drier than the coast and support savannah / woodland habitat.  

Table 31: Monthly dry season rainfall (mm) for towns in the Wet Tropics region and Coen on Cape York 
Peninsula 1971 – 2000 (except Mareeba 1991 – 2002) 

Town May June July August September October 
Mean monthly 

dry season 
rainfall (mm) 

Std Error 

Cardwell 112.3 34.8 24.4 31.7 41.4 55.8 50.1 13.2 

Cairns 98.2 45.6 27.0 29.0 36.9 45.8 47.8 10.7 

Port Douglas 83.9 40.3 26.3 27.3 35.0 61.1 45.7 9.2 

Mareeba 15.5 8.5 11.5 10.0 7.5 15.3 11.8 1.4 

Herberton 65.1 35.8 21.1 22.0 25.2 32.1 33.6 6.7 

Coen 10.4 3.3 1.4 1.4 1.3 15.6 5.6 2.5 
 

Where the dry season persists for 5 – 7 months, the type of forest that occurs is tropical deciduous forest 
(Terbough 1992). This is characteristic of Cape York, to the north of the Cairns region, where the dry season is 
also more pronounced (<3% of rainfall occurs in the dry season) than in the Cairns region (Table 32). Currently, 
rainfall falls below 100mm in 5 – 7 months of the year in the wetter parts of the Cairns region, suggesting the 
region is already bordering on a tropical deciduous forest type. Terborgh (1992) states that, ‘in general a sparse 
but equitable distribution of moisture is more conducive to forest than a sharp seasonality; cloudiness can 
ameliorate the force of a dry season; soils, topography… can play a role’. 
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Table 32: Mean annual rainfall 1971 – 2000 and percentage of rainfall in the dry season for towns in the 
Cairns region 

Region Town Average Annual 
Rainfall (mm) 

Dry Season (May – Oct) 
Rainfall (mm)  Dry Season % 

Cardwell 2195.6 300.4 13.7 

Cairns 2112.1 282.5 13.4 

Port Douglas 2102.9 273.9 13.0 

Mareeba 856.2 68.3 8.0 

Wet tropics 

Herberton 1312.9 201.3 15.3 

Cape York Coen 1252.2 33.4 2.7 
 

Forests may also persist in drier regions where fire is infrequent and soil moist throughout the dry season. 
These types of conditions exist along riparian areas, cloudy wet mountains, and in gullies in the leeward side of 
slopes. The latter are characteristic of conditions of refugia that supported relict rainforest communities during 
the dry phase of the Quaternary (Winter 1988). In a drier and much reduced rainforest, fewer mammal species 
and fewer specialists are likely to survive (Winter 1988). 

Rainforests in the Cairns region are unlikely to disappear with climate change unless they are severely 
degraded by frequent bushfires or cleared by humans for urban or agricultural purposes. However, evidence from 
recent drought and fires suggest they will be different to the forests that presently exist (Edwards & 
Krockenberger 2005). This may not be an issue for tourism if the area remains green. 

Regionally, the tourism industry is highly dependent on the natural ecosystems of the Wet Tropics region 
(Pearce 2008). Climate change is expected to reduce biodiversity (Williams, Isaac & Shoo 2008) and ecosystem 
health, which will have implications for tourist appeal and the economy of the region (Anon. 2005; Crimp, 
Balston & Ash 2004). Climate change will impact on community dynamics and ecosystem function, weakening 
the system so it is more susceptible to invasion by introduced animals, plants and diseases (Williams, Isaac & 
Shoo 2008). Conditions are also predicted to result in an increase in mosquito-borne diseases and in the intensity 
of cyclones, which may reduce tourist visitation (Crimp, Balston & Ash 2004). 

The Wet Tropics is uniquely subtropical in contrast to other tropical rainforest around the world, such as in 
the Amazon, Indonesia and Africa. It exhibits distinct seasonality over time, from months to decades (Balston 
2008; Bonell & Callaghan 2008). The natural climate in the region is driven by orographic effects, and large 
scale systems such as El Niño Southern Oscillation, Madden Julian Oscillation, Indo-Asian monsoon and 
decadal and inter-decadal systems (Balston 2008). Anthropogenic greenhouse gas emissions are a recent 
phenomenon that is impacting on these systems with uncertain consequences (Kubiske, Quinn, Heilman, 
McDonald, Marquardt, Teclaw, Friend & Karnosky 2006; Merryfield 2006).  

Importance of the wet tropics to tourism in the Cairns region—revenue, employment 
and community  
The Wet Tropics World Heritage Area (Wet Tropics) is a significant international and domestic visitor 
destination (Wet Tropics Management Authority 2000; Bentrupperbaumer, Farrell & Reser 2004). There are 
over 180 sites used by visitors to the Wet Tropics, of which 94 have some form of infrastructure 
(Bentrupperbaumer, Farrell & Reser 2004). Most sites have no or little infrastructure (Bentrupperbaumer, Farrell 
& Reser 2004). High use sites are hardened (paved roads, boardwalks, surfaced trails) and are used by 
commercial operators, visitors to the region and locals. Sites with low visitation generally have no infrastructure 
and are primarily visited by the local community. Records from Queensland Parks and Wildlife Service reveal 
over 200 commercial tour operators have permits to operate within the Wet Tropics; most of these are operating 
in Far North Queensland (Bentrupperbaumer, Farrell & Reser 2004). Their permits are for one year and are non-
transferable. They pay $1.15 per visitor for visits up to three hours in a protected area and $2.30 per visitor for 
longer periods (Driml 1997). Few sites offer camping and there are limited camping sites at any location. These 
sites charge nominal camping fees of approximately $5 per person per night (Queensland Parks and Wildlife 
Service website 2009).  

There have been several attempts to estimate the value of tourism to the region and the Wet Tropics in 
particular, and to determine the value of the goods and services it provides (Driml 1994; Driml 2002; Prideaux & 
Falco-Mammone 2007; Curtis 2008). Tourism Queensland estimated the total expenditure for the region, which 
includes visitation to the reef, based on their National Visitor Survey (visitor expenditure $1.104 billion) and 
International Visitor Survey ($852 million) data, as $1.956 billion (Tourism Queensland 2007). A survey of 
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visitor expenditure in the region by Prideaux and Falco-Mammone (2007) resulted in a similar estimate ($2 
billion, n=861 surveys). 

The ‘total consumer surplus’ for the Wet Tropics, estimated using the travel cost method, was determined as 
$83 – 166 million, based on 1994 prices, and $100 – 200 million in 2002 (Driml 2002). Estimates of the ‘gross 
economic value’ of tourism directly associated with the Wet Tropics are shown in Table 33 . 

Table 33: Estimates of gross economic value of tourism directly associated with the Wet Tropics 

Area Economic Value Source 

North of Daintree River only 
Gross expenditure and multiplier effect of 
tourism  

$76 million/year 
 Cummings 1992 

Entire World Heritage Area  
Gross regional tourism expenditure  $377 million/year Driml 1994a, b in 

Driml 1997 

Entire World Heritage Area  
Gross regional tourism expenditure  $426 million/year Prideaux & Falco-

Mammone 2007 
 

The estimates of Prideaux and Falco-Mammone were considered conservative as they did not include 
physical counts of visitors to the parks or substantial data on expenditure of local residents (Prideaux & Falco-
Mammone 2007). However, the visitor counts used by them were based on visitation to 10 sites collected during 
the development of a visitor monitoring system for the Wet Tropics and are considered accurate 
(Bentrupperbaumer, Farrell & Reser 2004; Wilson, Turton, Bentrupperbaumer & Reser 2004). 

Biophysical impacts of climate change on the Wet Tropics rainforests and tourism 

El Niño Southern Oscillation 
In the Cairns region, an increase in temperature, more seasonal heavy rainfall events and longer dry seasons are 
predicted this century (Hilbert 2008; Williams & Hilbert 2006). These are characteristic of El Niño-like 
conditions that are shown by some models to increase in amplitude under a doubling of carbon dioxide levels 
(Guilyardi 2006; Merryfield 2006). In particular Guilyardi (2006) concluded that although both positive and 
negative changes in the El Niño Southern Oscillation compared with pre-industrial levels were found among 23 
coupled ocean-atmosphere GCMs including Intergovernmental Panel on Climate Change AR4 models, the most 
realistic scenarios with elevated carbon dioxide and a realistic mix of sea surface temperature wind feedbacks 
(i.e. local sea surface temperature-wind interactions versus remote thermocline wind interactions) suggest a 
significant increases in El Niño amplitude with a warmer climate.  

This will mean more intense, drier conditions and a loss of rainforest habitat in the Cairns region, which may 
reduce the appeal to tourists. Associated with drying and a loss of habitat will be a reduction in biodiversity, with 
many of the mammals and amphibians in the region predicted to become extinct (Williams, Bolitho & Fox 2003; 
Williams & Hilbert 2006; Williams, Isaac & Shoo 2008). These fauna are an important part of the tourism 
experience in the Cairns region (Wilson 2000). 

Fire, drought and dieback 
Drier, warmer conditions are likely to create a higher fire risk, with more frequent and intense fires. Repeat 
events will cause fire scars on the landscape and a change in forest structure. Natural and man-made fires 
occurred in the hills behind Cairns in 2002 following a severe drought in the region. This resulted in 100% 
seedling mortality in the path of the fires and a change in the abundances of species of seedlings in unburnt areas 
(Edwards & Krockenberger 2005). This will have an impact on the seed bank and composition of the forest. 
Fires will have a negative impact on tourism, as people do not want to see fire-scarred landscapes (Luckman & 
Kavanagh 2000). Neither do they want to be exposed to airborne particulates, which create respiratory distress 
for tourists and residents.  

The rainforest of the Cairns region consists of a mix of different forest types (Tracey & Webb 1975). The 
extent and distribution of these different forest types is likely to provide an important indicator of the rate at 
which the forest is responding to climate change (Hilbert 2008). Few long-term, large-scale studies have been 
conducted in tropical forests, with little known about the impact of climate change on them (Colwell, Brehm, 
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Cardelús, Gilman & Longino 2008; Graham 2006; Stork, Balston, Farquhar & Franks 2007). A 32-year study in 
a 1.7 ha plot of the seedling dynamics of Chrysophyllum sp. Nov. (Sapotaceae), a single species of shade tolerant 
plant endemic to the rainforest of northeastern Queensland, found no significant correlations between the number 
of seedlings and seasonal or annual rainfall, number of dry months per year or El Niño events (Connell & Green 
2000). In contrast, Edwards and Krockenberger (2005), in a short-term study of 216-1m2 quadrats in the Cairns 
region, recorded high mortality of lowland rainforest seedlings. They attributed this to drought and fire in a year 
of severe drought, akin to an El Niño event.  

Severe drought associated with El Niño in the west Pacific has been linked to increased tree mortality and 
canopy openness (Slik 2004). The latter is significantly higher during drought, increasing light to the understorey 
and increasing densities of pioneer seedlings (Slik 2004). As the area dries, the risk of high seedling and tree 
mortality due to drought and fire is likely to increase, changing the aesthetics of the area.  

Brown, dead patches in the forest that detract from the green vista of the Cairns region may be due to 
cyclonic winds, lightning strikes, drought, fire and fungi (dieback) Phytophthora cinnamomi (Edwards & 
Krockenberger 2005; Metcalfe & Bradford 2008; Worboys 2006). Most of these conditions are likely to increase 
with warming. Some families of rainforest trees are more prone to dieback than others and big trees are at greater 
risk than small ones (Metcalfe & Bradford 2008). All these forms of disturbance will change the structure of the 
forest. Despite this, there is evidence that the lowland rainforest can recover relatively quickly with tree density 
and diversity (680 stems and 82 species in a 0.95 ha plot) if not height, showing marked recovery in five years 
following a tropical cyclone (Laidlaw, Kitching, Goodall, Small & Stork 2007).  

Evidence of the dynamic nature of the forests in this region is obtained from soil cores extending back to the 
Quaternary / Pleistocene period (Hopkins, Ash, Graham, Head & Hewett 1993; Kershaw 1985). These show 
dramatic changes in forest type during this period, which resulted in the contraction and expansion of rainforest 
habitat (Hilbert 2008; Williams & Pearson 1997) and conditions conducive to advancing evolutionary processes. 
This has had a major impact on biodiversity in this region and lead to a unique assemblage of both flora and 
fauna, and a high level of endemism (Williams & Pearson 1997).  

Increased carbon dioxide 
In contrast to past climatic events, the current climate change event includes carbon dioxide levels not seen in the 
atmosphere in the last several hundred thousand years (IPCC 2007). As carbon dioxide is important in 
photosynthesis, its impact on tropical forest growth is likely to be significant, but is unknown. It may benefit the 
forest in the short term, but declines are likely as soil nitrogen is depleted (Kubiske et al. 2006). A field-based 
study in temperate forest of a loblolly pine (Pinus taeda) under ambient and elevated carbon dioxide (200 ppm 
increase) found an increase in growth of approximately 26% and increased litter fall and fine-root growth after 
two years (DeLucia, Hamilton, Naidu, Thomas, Andrews, Finzi, Lavine, Matamala, Mohan, Hendrey & 
Schlesinger 1999).  

A 10-year monitoring program of tropical lowland rainforest canopy in northeast Australia has addressed 
how forest canopies and processes are responding and recovering following cyclones and changing patterns of 
wet and dry seasons (Stork et al. 2007). The Australian Canopy Crane, which was erected in 1998 in the lowland 
tropical rainforest of far north Queensland, has been fitted with an Eddy Covariance carbon/water flux system 
which monitors the carbon and water balance of the rainforest. In 2002/2003, a once in 50 year drought occurred, 
and measurements showed that the forest switched from being a carbon sink to a carbon source during that 
period (Turton & Liddell pers. comm.). 

Hotter and drier 
Land clearing in the last century in the Wet Tropics has already removed extensive areas of rainforest in the 
region (Winter, Bell, Pahl & Atherton 1987). This, coupled with agriculture and urban expansion, which is 
prohibiting the current expansion of rainforest (Hilbert 2008), means the extent of the rainforest in the Wet 
Tropics is already compromised. Fragmentation of the forest also leads to hotter, drier conditions as edge effects 
increase. 

In a hotter and drier climate on the east coast of Australia (IPCC 2007; Hennessy et al. 2008), upland 
notophyll rainforest will decline or disappear and probably be replaced by mesophyll rainforest or woodland 
(Hilbert 2008). Importantly, during the dry season, warmer night time temperatures will affect cloud stripping, 
an important process in maintaining the rainforest when precipitation is very low, with negative repercussions 
for wildlife. In northern Australia, there is limited area above 700m where most of the cloud stripping occurs. 
With warming, these areas will become isolated and occur as islands in a drier landscape, as has occurred in the 
past (Nix 1991). Nix (1991) describes the Wet Tropics as an ‘archipelago of mesothermal islands’ that are 
separated by dry and / or warm barriers. 
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A 50-year study (1953 – 2002) across boreal forests in northern Russia found that in areas where there was 
an increase in summer temperatures rainfall, trees generally increased in biomass (9%) with a significant 
increase in leafy material (30%). In contrast, areas where summer temperatures were higher but rainfall 
decreased, the greenery decreased but roots and shoots increased (Lapenis et al. in Parmesan 2006). It is 
unknown if a similar trend will occur in the tropics. However, if the trend applies, then the forests in the Cairns 
region of the future may not be as leafy as they are now. 

Cloud stripping 
Cloud stripping is a process by which water droplets carried in clouds are condensed on vegetation. It is also 
referred to as occult precipitation, and may contribute up to an additional 30% of water to upland forests, 
significantly augmenting precipitation in the dry season (McJannett, Wallace, Fitch, Disher & Reddell 2008). 
Warming associated with global climate change will result in a shift of the cloud base upwards by several 
hundreds of metres in the dry season (Pounds, Fogden & Campbell 1999). This is the time of year that the 
rainforests are most dependent on occult precipitation. Importantly, moisture from cloud stripping is extremely 
important for cool adapted species, and is the prime source of moisture for the upland arboreal mammals during 
the dry season in the Cairns region. The loss of this source of moisture is likely to impact negatively on many 
species of upland vertebrates.  

Wildlife 
Past events demonstrate that the rainforest and its organisms are dynamic (Moritz, Richardson, Ferrier, Monteith, 
Stanisic, Williams, & Whiffin 2001); however, the current rate of climate change is occurring too rapidly for 
most fauna to adapt. There is insufficient time for long-lived, slow breeding animals in the tropics to adapt to the 
current rate of increase in temperature. These species may survive if they can move to higher latitudes, higher 
elevations or find habitat in refugia. Short-lived, fast breeding animals, such as invertebrates, may have time to 
evolve and may increase in diversity. What we can expect is a change in community structure and composition, 
and potentially a different landscape than currently exists (Figure 29). 

There is a growing body of evidence that global climate change in the last century has affected the 
abundance, distribution and phenology of many species of plants and animals (Araujo et al. 2005; Bell 2007; 
Maclean, Austin, Rehfisch, Blew, Crowe, Delany, Devos, Deceuninck, Günther, Laursen, Van Roomen & Wahl 
2008; Menzel, Sparks, Estrella, Koch, Anto, Rein, Alm-Kübler, Bissoli, Brslavska, Briede, Chmielewski, 
Crepinsek, Curnel, Dahl, Defila, Donnelly, Filella, Jatcak, Måge, Mestre, Nordli, Penuelas, Pirinen, Remisova, 
Scheifinger, Striz, Susnik, van Vliet, Wielgolaski, Zach & Zust2006; Parmesan 2006; Walther, Post, Convey, 
Menzel, Parmesan, Beebee, Fromentin, Hoegh-Guidberg & Bairlein 2002). Most of the evidence is from 
temperate and subtropical studies (Parmesan 2006). In general, these show a poleward expansion or shift in 
range and earlier reproductive activity in temperate species.  

Altitudinal shifts in distribution are less well documented. Most studies are on elevational changes of 
vegetation in temperate environments (Broll & Keplin 2005; Parmesan 2006). These show an upward movement 
of the treeline in Siberia (Moiseev & Shiyatov 2003) and the Canadian Rocky Mountains, and an upward 
expansion of alpine flora in Switzerland (Grabherr, Gottfried & Pauli 1994). The rate of the upward movement 
differs among sites and appears to reflect differences in species, local microclimate and site conditions 
(Luckman & Kavanagh 2000). The trend for treelines to advance upward with climate warming occurs in 
locations with tall mountains; in the Cairns region the treeline is already at the top of the highest point (1640 m 
above sea level). 

In tropical environments, climate warming is associated with movements of tropical species to higher 
latitudes or to higher elevations (Parmesan 2006). Latitudinal movements of tropical species have already 
occurred, with only a 1°C increase in temperature. For example, the rufous hummingbird (Selasphorus rufus), a 
tropical species that was rarely sighted in the Gulf Coast of the United States 30 years ago, now occurs there in 
large numbers during the winter (Hill, Sargent & Sargent 1998). Similarly, five species of tropical dragon flies 
originating from Cuba and the Bahamas have become established in Florida this decade (Paulson 2002).  
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Figure 29: Potential impact of global climate change  

SOURCE: Modified from Hughes 2000 
 

There are no long-term monitoring programs of vertebrates along altitudinal gradients in the Cairns region. 
Overseas, two long-term studies in the tropics, both in Monteverde, Costa Rica, have addressed the impact of 
climate change on range-shifts and altitudinal movements of vertebrates (Colwell et al. 2008; Pounds, Fogden & 
Campbell 1999). Pounds, Fogden and Campbell (1999) found a diversity of demographic changes in birds, 
lizards and anurans. Fifteen species of bird that are intolerant to cloud forest are breeding at much higher 
altitudes than in the previous 20 years (Pounds, Fogden & Campbell 1999). They also found that high altitude 
(1,540m) anoline lizard populations have declined and disappeared coincident with a decline in mist-frequency 
and increase in number of dry days. Similarly, two species of frog have become extinct at some sites. Montane 
specialists are particularly susceptible to an increase in air temperature as they have nowhere to go. Twenty of 50 
species of anurans (frogs and toads) found in a 30 km2 study area in highland forests disappeared in a 
synchronous event in 1987, and their disappearance is linked to recent warming (Pounds, Fogden & Campbell 
1999).  

Of particular concern are regional endemic upland birds, mammals and frogs, whose habitat is predicted to 
decline steeply with a 2°C increase in temperature and disappear with a 7°C increase (Figure 30) (Hilbert & 
Williams 2003; Williams, Bolitho & Fox 2003). A characteristic of most of the regional endemics is their very 
low dispersal ability and reluctance to cross open spaces (Wilson, Marsh & Winter 2007). Of particular concern 
are eleven species of endemic microhylid frogs (Genus Cophixalus), many of which are restricted to a single 
mountain range in the region (Shoo & Williams 2004; Williams, Williams, Alford, Waycott & Johnson 2006) 
making them particularly vulnerable to the effects of climate change. A further consideration is the spatial 
patterns of abundance of regional endemics and not the overall range. The impact of climate change on wildlife 
will depend on species’ current distributions, ecological requirements and life histories (Williams, Isaac & Shoo 
2008) 

In contrast to the uplands, few species of frogs have declined in the lowland areas in Australia, and those that 
have declined were related to habitat loss (Hero, Williams & Magnusson 2005). Twenty of 40 species of upland 
frogs with partially aquatic lifecycles are declining, representing a significant component of the amphibian 
biodiversity (Hero, Williams & Magnusson 2005). Those that are more likely to be in decline are those with low 
fecundity (indicates a reduction in population resilience), restricted geographic ranges, and stream-dwelling 
tadpoles rather than those with tadpoles of ephemeral and isolated ponds (Hero, Williams & Magnusson 2005). 
Species that are habitat specialists appear to be more prone to extinction, as observed in the Pliestocene where 
habitat contractions (loss) occurred with climate change (Hero, Williams & Magnusson 2005) 

Colwell et al. (2008) hypothesised that if lowland species in the tropics respond to climate change by shifting 
their ranges upslope, then there may be a net loss of species diversity in the lowlands. This is because species 
with temperature tolerances associated with the predicted warmer temperatures are few and/or unable to colonise 

Increasing atmospheric CO2 

Climate change variable 

Plant 
Biomass 

Effect 
Physiology 

Effect available 
nutrients in 

plants 

Effects on 
distribution-
range shifts 

Adaptation in 
situ 

Changes in species interactions 

Changes in community structure and composition 

Extinction of 
some species 

Further shifts in 
distribution 

Evolution of heat 
tolerant species 



DEVELOPING ADAPTATION AND RESPONSE STRATEGIES—A SCOPING STUDY 
 

 

 

89

vacant niches because no suitable habitat corridors exist. The global mean temperature of Earth’s maximum is 
within 1°C of the maximum for the past million years (Colwell et al. 2008), and this is predicted to be exceeded 
this century (IPCC 2007), making the tropical climates warmer than experienced in the last 2 million years. On 
evolutionary grounds, as most lowland tropical species have not previously been exposed to the predicted 
increases in temperatures associated with global warming, they may not cope. In this case, there will be a loss of 
species diversity at low altitude. Loss of biodiversity will affect the resilience of an area to maintain its structure 
and species interactions, and potentially affect its appeal to tourists.  

Figure 30: Core habitat remaining and number of predicted extinctions of regional endemic vertebrate 
species with increasing temperature in the Wet Tropics 

SOURCE: Williams, Bolitho & Fox 2003 

Wildlife tourism and climate change 
Wildlife viewing is in an important component of tourism in Australia. At least 1,196 operators include wildlife 
as a component of their tours (Higginbottom, Rann, Moscardo, Davis, & Muloin 2001). Of these, at least 605 
include free-range viewing of terrestrial wildlife not including birds (Higginbottom & Buckley 2001). Bird 
watching is also a significant tourist activity worldwide and a component of most wildlife tours in Australia. The 
economic significance of this activity to Australia has not yet been determined, but there has been considerable 
growth in bird watching since the 1990s (Jones & Buckley 2001). Several companies offer bird watching tours 
(see Wingspan, Birds Australia’s quarterly membership magazine). In Australia, birds are generally easier to see 
than other wildlife, as they are active during the day. Sea birds, that roost and nest on islands off Cairns, are a 
popular attraction. Their survival in the future will depend on the pelagic fisheries (see Great Barrier Reef 
section) (Congdon et al. 2007).  

Bird watching tourists tend to be a specialist sector of the tourist industry and either seek small guided tours 
or are independent travellers (Jones & Buckley 2001). Both bird watching and general tourists devote some time 
to bird watching on the mudflats adjacent to Cairns city. This activity has been enhanced in the last decade by 
the addition of information boards identifying the birdlife on the mudflats. These mudflats are an important 
location for ‘waders’ and attract birdwatchers from around the world. This is an activity that is unlikely to be 
negatively impacted by climate change unless mudflats in the region disappear with sea level rise.  

Bird watching is usually conducted by small operators or independent travellers. There are a couple of bird 
lodges in the Cairns region that attract both domestic and international visitors, the best known being Kingfisher 
Park, Galatten. Climate change may have a significant impact on this sector of the tourist market, as an estimated 
74% of rainforest birds, including 26 critically endangered species, in northeast Australia are predicted to 
become threatened by mid-range warming this century (Shoo, Williams & Hero 2005). Upland birds are most at 
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risk of extinction and likely to be threatened by even small increases in temperature. In contrast, the population 
size of lowland birds may increase in the short term (Shoo, Williams & Hero 2005). Cassowaries, which are an 
iconic species and important to tourism the Cairns region, are threatened by habitat clearing but not directly by 
climate change, as they have a relatively wide altitudinal range (Westcott pers. comm. 2008). 

In the Cairns region, as in other parts of Australia, wildlife viewing forms only one part of the overall tourist 
experience being offered by most operators. However, wildlife viewing is important to the free and independent 
travellers as well as the small operators in the Cairns region (Wilson 2000). The attraction for this region is the 
high biodiversity, clusters of rare mammals, such as the rainforest ringtail possums, and iconic species, such as 
cassowaries, crocodiles, platypus and tree-kangaroos. Most operators have permits to locations primarily in 
protected areas where these iconic species are sighted.  

A growing industry in the Cairns region is wildlife parks and zoos. These offer tourists the opportunity to see 
wildlife that is endemic to this region that they would not otherwise see, as most native wildlife are cryptic and 
difficult to locate. These zoos play an important role in conservation, education, economics of the region and 
research (Tribe 2001). They are often the repository for local wildlife that has been orphaned or injured and not 
able to be released into the wild. They are likely to continue to be an important tourist feature in the region under 
climate change. 

Globally and within Australia, wildlife tourism has high economic importance. Despite this, there is little 
data on the economic contribution wildlife tourism makes to the overall tourism revenue, although there is some 
evidence that this type of tourist activity has greater potential than is currently realised (Higginbottom et al. 
2001). Most of our wildlife is cryptic and nocturnal, which makes it difficult for the average tourist to view 
(Wilson 2000). In Australia, the upland arboreal mammals are an important feature of spotlighting tours for both 
the domestic and international market (Wilson 2000). These species are threatened by climate change (Williams, 
Bolitho & Fox 2003). 

However, with warmer daytime temperatures, as predicted with climate change in this region, tourists may 
find evening temperatures more appealing for activities such as wildlife viewing. It is unknown how the locally 
endemic nocturnal marsupial mammals will cope with warmer temperatures, but preliminary heat stress trials 
suggest they will be highly stressed (Krockenberger pers. com. 2007). It is possible that those that use tree 
hollows may be partially shielded from the heat of the day, but the habitat they live in will dry so there will be 
less moisture from cloud stripping for them to survive.  

Tourists to the Cairns region visit wetlands to see birds, creeks and dams to view platypus, and upland 
rainforest to spotlight nocturnal mammals. These habitats are all likely to decline with warming. However, if 
habitat is managed appropriately and best practice is implemented in wildlife viewing (such as appropriate 
behaviour, appropriate viewing distances, and minimal noise) wildlife viewing may continue to be an important 
tourist activity in the next decade (Wilson 2000). 

Through its impact on forest structure (cyclones) and biodiversity (drying), climate change will impact on the 
type of tourism that is conducted in the Cairns region. Many activities are sensitive to climate. Physical impacts 
such as loss of biodiversity and damage to infrastructure such as roads and buildings will affect the costs of 
conducting business, aesthetics and reduce the economic returns from industry. 

Semi-Structured Interviews 

A Visitors, industry, community and environment (VICE) model (refer to Chapter 2) was used to identify 
stakeholders to interview. This model was used to gain maximum representation of organisations involved or 
affected by tourism activities. Semi-structured interviews were conducted with senior representatives responsible 
for policy or practice from each sector. A snowballing technique was used, where interviewees were asked to 
identify individuals and organisations that would enhance our representation. As tourism in the Cairns region 
revolves around both the reef and the rainforest, we included representatives from both areas across the VICE 
model. Organisations included in the survey were Queensland Tourism Industry Council (the State peak body for 
tourism), Great Barrier Reef Marine Park Authority, Cairns Regional Council, Tropical Tourism North 
Queensland, Wet Tropics Management Authority, Environmental Protection Agency / Queensland Parks and 
Wildlife Service, State Emergency Services, hotel managers, Cairns and Far North Environment Centre, 
Association of Marine Parks Tourist Operators, board members of the Rainforest Aboriginal Council, local 
member of parliament, and managers of small and large tour companies (Table 34). 

Twenty-four interviews were conducted. Of these, 23 were face-to-face and one was by phone. Interviews 
took from 50 minutes to 2 hours to complete; most were about an hour. Interviewees were asked to respond from 
their corporate perspective, i.e. to represent their particular area of the VICE model and not their personal views. 
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Table 34: Populated visitor, industry, community and environment model 

 Visitors Industry Community Environment 

Policy Federal and regional 
tourism organisations 

State and regional 
tourism organisations: 

QTIC, TTNQ 

Elected Member of 
Parliament for Barron 

Electorate 

Land and reef 
management agencies: 

WTMA, GBRMPA 

Practice Large tour companies Large accommodation 
provider 

Community board 
members 

Land and reef 
management agencies: 
Marine Parks / EPA / 

QPWS 

Practice Small tour operators 
Tourism consultants; 

ecotourism peak body: 
Marine & Reef AMPTO

City regional planner, 
SES 

Non-government 
organisation CAFNEC

  
NOTE: GBRMPA = Great Barrier Reef Marine Park Authority, WTMA = Wet Tropics Management Authority, QTIC = Queensland Tourism Industry Council, 

EPA/QPWS = Environmental Protection Agency / Queensland Parks and Wildlife Service, AMPTO = Association of Marine Parks Tourist Operators 
 

The questions were designed to gain an understanding of their knowledge of ‘weather’ and ‘climate’, and 
how these were impacting on the tourist industry. Respondents were asked what types of effects climate change 
would have on tourism in the Cairns region and how tourism may respond or adapt, what was being done now to 
address climate change, what needed to be done, and what resources were needed to allow it to happen. To assist 
responses, respondents were asked to consider both positive and negative impacts on the natural environment, 
infrastructure, operational costs, community life and other activities occurring on the reef and in the rainforest. A 
selection of responses is presented below. 

Knowledge and awareness of climate change 

Are people in Cairns talking about changing weather patterns and climate change?  
Approximately half the respondents across sectors reported that changes in weather patterns were not being 
discussed in their organisations. They recognised that weather was changing, but not everyone was convinced it 
is anthropogenic in origin. All respondents representing the environment sector reported that people in their 
sector were discussing weather, as it affected short-term management, but it was not a major item.  

In contrast, climate change was being discussed across all sectors by policy makers and practitioners (21 of 
24 respondents); the exception was Industry. Most responded that people in their sector were aware of, were 
talking about and some were planning and preparing for climate change. The general perception was that there 
had been a massive shift in people’s awareness of climate change, but they were not really processing or 
understanding the potential consequences (Visitor / Policy).  

The majority of operators have only come to believe climate change is happening in the last year and their 
knowledge of anticipated impact was varied (Industry / Practice). Some industry practitioners considered climate 
change to be only another cycle. Of greater concern to the tourism industry is the exchange rate, lack of skills, 
aviation costs, access, ‘rogue’ operators and externalities, such as sub-prime collapse in the United States, energy 
crisis and peak oil, health scares such as SARS, terrorists attacks and war (Industry / Policy). 

Leaders in the tourism industry were thinking about climate change and looking at how they can address it. 
At a state level they were considering the big picture, but at a regional level it was considered too difficult and is 
not in the long term plan. At a regional level, the business concern was specifically economic and directed at 
‘carbon’ offsets. There was a feeling of being buffered from climate change in Far North Queensland compared 
with the rest of Australia which is arid and semi-arid (Industry / Practice and Community / Policy). 

Understanding of impacts of climate change on the natural environment, 
infrastructure, operating costs, community / social and activities 

What types of positive and negative effects do you think climate change will have on tourism in 
the Cairns region?  
Few positive effects of climate change on the natural environment were identified by the Visitor, Industry and 
Environment sectors. Industry considered that, if there were radical changes, people would come up with 
innovations, e.g. shading reefs to keep light factors at the same level. The Environment sector suggested there 
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may be a potential that water quality would improve if there were changed patterns of water use: ‘Need to map 
the water patterns better and look at mangrove distribution and how the reef is affected… But also need to 
consider the rate of change and more extreme events, e.g. rising sea level and ambient water temperature affect 
quality of water, flooding and more spikes on reef. If gradual, corals cope but less able to respond to surges.’ 
Climate change may lead to better relationship between reef and rainforest scientists (Visitor).  

World Heritage Area listings were considered a positive attribute for this region: ‘Asians are interested in 
World Heritage Area listed locations’ (Industry). ‘Climate change has raised the political awareness to do 
something so we don’t lose our World Heritage assets’ (Visitor, Industry). ‘A reason people come here is this 
area is also politically safe’ (Environment). 

The Community sector identified several impacts of climate change that were neutral or could benefit the 
reef. On land, positive outcomes for the environment may be derived from a ‘carbon’ offset program where 
funding is provided to plant trees. Sea level rise was not necessarily considered as negative. Some of their 
comments were: 

Reef more coverage instead of being bleached; more depth of water over it. Reef will adjust. Slow down the 
process; corals spread not grow up. Reef will then do its job and build and come up. It depends on speed of 
climate change and how it will grow. 

There is a potential for change in the distribution of different ecosystems which will be positive for some species 
and negative for others.  

Mangroves are coming in behind the sand dunes; salt water is coming up behind the dunes and taking over the 
mud flats. Mangroves are a ‘good thing’; ‘making change’.  

Crown of Thorns infestation—the reef has bounced back bigger and brighter.  

The community sector felt the initial response of climate change on reef tourism may be positive. It is 
possible there may be a rush to the region to see it before a change occurs in the environment that isn’t positive, 
i.e. to see the Great Barrier Reef before it declines in quality / disappears (Community). This may spur the 
industry to work more closely with other agencies, leading to a more resilient industry. ‘If you believe the area is 
so large and still have habitat then the impact will affect the edges but there will still be core habitat; the more 
vulnerable will go but still have core of reef’ (Community). 

Numerous negative effects of climate change on tourism on the Great Barrier Reef were identified. All 
sectors identified rising sea temperature leading to increased coral bleaching as a major threat to the survival of 
the reef. The Community and Environment sectors also identified the more serious problem of ocean 
acidification. Severe weather will cause destruction and lead to a loss of tourism value of assets (Industry, 
Community). Crown of Thorns starfish were suggested as a threat, as infestations are cyclic and the reef may not 
have time to recover between outbreaks if they become more frequent in the future. Severe weather events and 
changes in tides may reshape the coast and affect bank erosion (Community). 

All sectors were also concerned with how the region is portrayed in the media and how it compares with the 
rest of the world.  

Publicity being driven by climate change debate has convinced European market that Great Barrier Reef is 
already dead. (Visitor)  

Cyclones big media event that have a ripple effect both internally and internationally; potential to deter people 
from visiting. (Community) 

Following Cyclone Larry there was misinformation to the rest of the world—i.e. message out to the world was 
the whole area was messed up. (Environment) 

There was also concern that climate change may result in very windy conditions which would affect reef 
access (Industry).  

Severe weather destruction may lead to loss of tourism value of assets through degradation. (Industry) 

Surveys of visitors show that bad weather with increased turbidity, result in a decrease in tourist satisfaction. 
(Environment) 

Impacts on land that stakeholders considered would negatively impact the Great Barrier Reef were associated 
with more intense rainfall events: 

If it causes flooding there will be washing of large amounts of fresh water and nutrients into Great Barrier Reef 
lagoon leading to elevated nutrient and other impacts. (Community) 

Water is eroding the coast; island beaches are eroded. (Community) 

Forest direct correlation to health of reef; CO2 decrease and CO2 absorbed by reef will impact on the health of 
oceans. (Environment) 
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Rainforest 
Climate change on the land was considered to have less impact on tourism than it would on the reef. There was a 
general consensus that tourists were coming to the region primarily to see the reef and not concerned about or 
aware of potential impacts of climate change on the rainforest: 

Biodiversity will change but there will be little impact on the visual part. Probably people look at forest but don’t 
see the impact. Reef gets most publicity but need to get message out about the rainforest as well. (Visitor) 

The changes perceived were a loss of biodiversity (particularly endemic species) as the temperature 
increased, and a drying of the rainforest which would change to eucalypt and lead to more bushfires:  

[D]ecline in quality will be less attractive to tourists. (Community) 

Perceive longer, hotter and drier seasons—impact rainforest and green image. Hotter it gets over the rainforest 
then it will slowly turn into eucalyptus; lose animals, cassowary, wompoo pigeons, frogs. (Community) 

Loss of endemic vertebrates; loss of ambience of rainforest—waterfalls, loss of aesthetics. (Environment) 

Drier—more fires, and fires reduce extent of the rainforest. Longer drier season increases fire risk and more 
intense and longer duration of fires resulting in smoke and increased ‘C’ emissions. Impact on aesthetics, burnt 
off and health with smoke. (Environment) 

The rainforest area will change which will impact on biodiversity; may lead to other events, e.g. bushfires. 
(Industry)  

This may impact on tourism as there will be a loss of diversity, loss of endemism and therefore a loss of 
amenity value (Industry, Community). There was a perception that the more vulnerable would disappear but 
there would still be core areas, i.e. refugia: 

The more vulnerable will go but still have core of reef or rainforest not being accessed at this time. Impact on the 
tourism is that people will need to travel further to less affected areas, i.e. penetration will have to shift to the 
core. (Community) 

More intense rainfall events and flooding were seen as an issue in that they would prevent access and disrupt 
activities (Visitor, Industry). Inundation and increased storm surges associated with cyclones were seen as a 
problem as they would result in loss of land on the coast which will be lost to tourism (Community, 
Environment). The added problem with cyclones is: 

Cyclones big media event that have a ripple effect both internally and internationally; potential to deter people 
from visiting. (Community) 

With climate change there will be the potential to change crops. This may have beneficial effects on water 
quality and land use (Environment).  

Infrastructure 
Climate change may empower industry to improve building design of infrastructure and the shipping industry 
(Industry). 

It may force longer term and more flexible planning, and may force diversification. A further positive 
suggested by the participants was boats and land vehicles switching from diesel to biofuels (Visitor, 
Environment). 

We start to build infrastructure that is more robust; greater benefit to whole of society. Currently a habit of 
building structures that are not sound. Forces diversification—take home message is design, construction are 
environmentally friendly. (Environment) 

Reef 
Large operators have vessels to cope with a one in 50 year cyclone, but in the future may need vessels to go 
further out, requiring different and more robust vessels (Visitor, Industry). Pontoons can be shifted, but with 
more intense cyclones they may not survive. Intense cyclones will be a big issue for pontoons and may wipe out 
part of the business (Industry, Environment). Marine Parks may also want stronger designs to prevent legal 
action (Industry). 

However, costs to the industry are likely to be high due to damage to infrastructure from cyclones 
(Community). Infrastructure such as marinas and jetties are not designed for Category 4 and 5 cyclones (Visitor).  
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Vessels too have a limited life of 30 – 40 years. They won’t survive in heavier seas. There will also be costs 
associated with improved technology to cope with bigger seas. (Visitor)  

Land  
Natural disasters also put pressure on accommodation and roads, as identified by the participants: 

During the recovery period following Cyclone Larry the accommodation in Cairns was taken up by recovery 
teams, so accommodation was not available for tourists or hospitality staff. (Industry) 

Cost of road repair due to inundation; another km or so under water on each high tide. (Visitor) 

Severe cyclone—roads will be impassable and it will take considerable effort to clear these; the region will be 
isolated to several islands. (Industry) 

Landslides and erosion of roads. There are heaps of landslides along the hill slopes. (Community) 

Damage and destruction of assets including boardwalks. (Community) 

If predictions are true, sea level will rise with serious consequences for smaller resorts. (Industry) 

Impacts will be due mainly to storm inundation from rising sea levels; beach erosion. (Community) 

All sectors identified that retrofitting and building to cope with increased impacts will be very costly for the 
region. 

The peak oil crisis and the need to reduce carbon emissions as opportunities to design more efficient means 
of transport for tourists and the community were considered by all sectors: 

Use more efficient machines we will save money, reduce greenhouse gas emissions and save planet. (Industry) 

Bigger push for public transport. (Community) 

Transient lines—need developing. Need rail lines close by. (Environment) 

Market sustainability of transport, e.g. hybrid buses, environmentally sustainable, appropriately engineered. 
(Environment) 

Climate change was predicted to affect crops and water availability. This would have flow-on affects on how 
tourism is managed in the region as additional pressures on regional water supplies are experienced: 

A change in water (availability) is occurring and people are escaping from the south and coming here. This will 
have a flow-on affect on infrastructure services, schools and hospitals. (Industry) 

Agriculture will need to change; different crops that are more efficient. (Environment) 

Longer dry—increase variability therefore need to adapt infrastructure to be more water efficient. (Community) 

Operational costs 
The impact of climate change on operation costs, although closely related to infrastructure, was treated 
separately. Impacts suggested by the participants that would have a positive effect were: 

• Changed energy use patterns (Visitor) 
• Offsetting carbon use and better operations to reduce carbon (Industry) 
• Recycling (Industry, Environment) 
• Energy-saving infrastructure and transport systems (Community) 
• Change in type of tourism—may be closer to Cairns (Community) 
• Develop a brand as clean and green (Community, Environment) 

Negative impacts on tourism were numerous. The reoccurring and main impacts included: 

• Increased air conditioner use impact bottom line (Visitor, Community, Environment) 
• Maintenance, operation, replacement of vehicles and vessels will increase; last shorter period with 

increased impacts (Visitor, Industry) 
• Carbon credits on aircraft; extra costs in aviation make other locations more attractive (Visitor, Industry, 

Community)  
• Carbon trading cost on buses, air travel, boats, i.e. fuel levy (Industry) 
• Carbon miles to visit from Europe (Industry) 
• If the planning doesn’t occur or if outside our ability to adapt then we could see a loss of tourism 

(Community) 
• Cost of investing in energy efficient technology (Community) 
• Insurance—are we going to be able to get insurance? (Visitor, Industry, Community) 
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• Cyclone damage, coastal and hill slope erosion; need to site harden areas, a lot more costly access sites 
(Visitor, Industry, Community) 

• Rapidly escalating power costs flow onto all other costs (Industry) 
• Costs of retrofitting, replacement, upgrading and compliance (Industry, Community,Environment) 
• Extreme weather—cancellation of trips (Community) 
• Diversion of funds from tourism to manage environmental issues—health, pests, weeds (Environment) 
• Attitudinal change of business—first approach is ‘need to make a difference’, as opposed to ‘it is stuffed 

anyway so we will do what we like’ (Environment). 

Community / social life 
Participants noted that in order for tourism to be sustainable in the region it is important that community values 
are recognised, as they are one of the prime drivers of its success. The community in the Cairns region also 
benefits enormously from tourism and contributes to its success. Participants identified the following positive 
impacts that climate change may have on the community that will benefit tourism: 

• Greater awareness of energy and water use, shift in attitude and adoption of energy efficient technology—
this will require support from government. How we respond and adapt, if significant, could become a 
tourist attraction in its own right (Industry, Community) 

• Encourage wider use of region, e.g. Atherton Tablelands (Community) 
• May use to bring community together; more seminars / forums where operators can share ideas and find 

out what others are doing about climate change; the community want this (Environment) 
• Information sharing of knowledge and sharing with community so better able to make decisions, to adapt 

and for the community to take responsibility (Environment) 

Despite these positive impacts, the participants acknowledged that the negative impacts of climate change are 
going to be large as the community adapts to higher power costs, operational costs, damage to infrastructure and 
potential water restrictions during the drier months, which will have a major impact on the tourism industry. 
Increased intensity of extreme weather events is likely to cripple the economy of the region and it is not known if 
the tourism industry will be able to cope. In particular, the participants identified the following impacts: 

• Big storm surge will have massive social and economic impacts (Visitor); there may not be the funds to 
cope with cyclone damage (Community) 

• Carbon economy will have enormous impacts (Visitor) 
• Extra cost of living in these areas and insuring (Visitor) 
• People will be displaced due to water inundation (Visitor, Industry, Community); sea level rise will have 

awful impacts on the city (Industry); cost of moving infrastructure; saltwater coming up all those creeks 
and affected by tide (Community) 

• Issue of water availability and water use (Industry, Environment) rates will escalate with storm damage 
and inundation (Visitor) 

• Reduction in number of operators. Some will go and there will be a loss of jobs (Industry) 
• Loss of icons (reef and Daintree), less tourists, loss of jobs; total market size will shrink (Industry, 

Community) 
• Health—anticipate health impacts of hotter days with elderly people (Community); smoke and dust 

(Environment) 
• Increase in vector borne disease (Community), disease pandemics 
• Affect tourism that is not nature based too, such as agricultural industry, i.e. orchards, coffee, wine on 

Tablelands (Environment) 
• Financial stress (weighing up how long they can employ staff, i.e. for next 6 months, but don’t know after 

that). Problem in then losing skilled employees (Environment) 
• Potential refugees, people from other areas will have a social impact (Community) 

Participants recognised that if the Great Barrier Reef declines in quality it will be less attractive to tourists. 
Tourists that do come will need to travel further to less affected areas, i.e. penetration will have to shift to the 
core (Community). Climate change is quite negative on the reef because it is impacting on resilience 
(Environment). 

The Indigenous Board member stated:  
Getting new strange jellyfish. As a boy swam in water in hot weather and never got stung. Now Irukanji in the 
water; one little sting will take you out.  

This community group also identified a decline in shellfish as impacting the local economy. 
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Activities 
The stakeholders view is reflected in the following statement:  

Our image is that the product here has always been nature based. Inextricably linked to green and blue 
environment; downside if it falls over. (Industry) 

Reef 
Real issue is will the changes to the Great Barrier Reef still attract tourists? (Visitor) 

It is unknown if coral can adapt, if they will show resilience, or if the reef will be dominated by algae. There are 
lots of signs that indicate it may not be a coral reef but algae-based (Visitor, Community). If coral is bleached, 
then less people will want to go to the reef as it will not be attractive for snorkelling or diving (Community, 
Environment), and if it dies then there will be no reef tour operators (Visitor, Industry).  

A positive effect for the reef is a ‘greater tourism investment in the natural product as operators want to retain 
quality or restore it to good quality’ (Community). Rising sea level is not a great issue for the reef as there are 
different depths all the time and operators adapt (Industry). Sea levels have risen; the reef will still be there as 
long as the natural cycle exists (Community). Although there may be a decrease in one area, there may also be 
an increase in another which will result in shifting operations; this is seen as gradual, i.e. 20 – 30 years at a time 
(Visitor). However, ‘permitting’ requirements makes it hard for operators to move from reef to reef, which 
impacts on the general tourist experience on the reef (Environment). 

A change in the seasonal pattern to a wetter wet and a drier dry may be positive, as most tourism is in the 
cooler, drier season. If the wind drops in the dry season and the dry season is longer, then the water is clearer and 
more fish can be seen on the reef, which will benefit tourism (Environment). There is also the potential of less 
rain days; but less is not much good if there is nothing to look at (Community). If the product is damaged or 
decimated by climate change or costs escalate, then those industries will stop (Community). There may also be a 
‘scaling back—narrowing of area we can interact with either in the water or on land. A reduction in sites will 
lead to a cap on number of sites to visit’ (Community). Extra vessels or people in area may be unsustainable 
because the points of attraction cannot take the numbers, i.e. only so many ‘Quicksilvers’ to one pontoon 
(Community).  

The fear is that travellers would hear about the impacts of climate change and may assume the reef is already 
degraded and thus not visit; there is no data to support this but there is a perception (Industry). In the future, if 
winters are warmer down south then there will be no incentive to visit the north in that season for ‘fun in the sun’ 
(Visitor). The fuel price may rise, but people will adjust to it; it won’t stop them travelling, but they may travel 
less and impacts on the reef / boating will be negative (Industry).  

Land 
Impacts of climate change that may affect tourist activities on land in particular that were identified were: 

Might make people consider low impact holidays and offer low impact holidays. (Community) 

Change in type of tourism as the quality of the natural product declines and is not as good e.g. local and 
indigenous culture. (Community) 

Operators can always make a go of it by interpreting the environment. (Industry). 

Bird watching—wildlife changed; significantly different assemblage of birds. Bird lovers seeing new birds so 
may not be deterred. (Environment) 

May see improved transit systems. (Environment) 

Change experience, e.g. Daintree marketing as experiencing rainforest where rainforest meets the reef. Need to 
get the tourist industry to move with change so they interpret and inform. (Environment) 

There may be a decrease in one area of forest but an increase in another, which will result in shifting 
operations. This is seen as gradual, i.e. 20 – 30 years at a time (Visitor); however: 

• Few places to visit, one canopy walk and few other walks (Community), and predictions it will shrink, 
limiting the amount of rainforest to visit (Industry). 

• Warming possibly impact on walking activities as it will be too hot to venture out (Industry). 
• Track spreading and erosion in the wet, track closure (Community). 
• People have an absolute image of Cairns—tropical image, sun and fun; don’t think this will change 

(Industry). 
• Change in weather will mean it is not as green as it is now, which will affect visitation as it will not be as 

appealing (Industry). 



DEVELOPING ADAPTATION AND RESPONSE STRATEGIES—A SCOPING STUDY 
 

 

 

97

• Too dry, you lose the ambience of the rainforest. Less to see, less satisfaction (Environment). 
• Less people wanting to go to rainforest if dry and dusty and creeks and streams running dry 

(Community). 

Current and future actions 
There were a range of responses to what is happening and needs to happen to respond to the impacts of climate 
change on tourism in the Cairns region (Tables 34 & 35). These included no action/just talk, some preliminary 
investigations, few actions in place, and numerous activities. It was noted that implementing any action would 
have a cost which will make it more expensive to visit here. Most of the actions are associated with risk 
assessment and carbon audits in preparation for a carbon-based economy. 

Table 35: Level of action being taken in response to climate change in the Cairns region 

Current Actions V I C E Total 

Not much, just talk 1    1 

Preliminary investigations 2  2  4 

Some action < 3  2 1 3 6 

Numerous activities  6 3 2 11 
 

Table 36: Some activities currently happening to address climate change in the Cairns region  

Action V I C E 

Green Globe (self-auditing process joined by 38 Australian Hotels, three 
Rydges in Cairns, Skyrail (10 years)) 1 2 1  

Planet-safe-partnership 1  1  

Carbon audit 1 3  1 

Carbon off-set bio-sequestration project  1   

Climate change risk assessment   1  

Climate change adaptation plan   1  

Prepared business for carbon trading whilst minimising their carbon footprint 
and being more efficient rather than responding to climate change per sec.  1    

Risk assessment of natural assets   1  

Sustainable tourism- Power use  2   

Evaluating biofuel 1    

Buying green energy 1    

Providing funding to research  1 1  

Getting funding 1    

Starting to educate themselves; finding out what the industry knows     

Tour operators—tourism accreditation      

Installing energy efficient motors, equipment  1 1  

Rigorous energy audit (Federal assessment)     
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Action V I C E 

Federal Government—evaluation of carbon schemes due Dec 2008 (TTNQ)     

Education to tourist—visitor centres  1  1 

Forums and seminars on climate change  4 1  

Trained for best i.e. Worse case scenario   1  

Wildlife corridors 1   1 

Build resilience of ecosystems by reducing or controlling other pressures e.g. 
Weeds and feral animals    1 

Practical involvement working with foundation e.g. Plant trees 1 2 1  

Minke whale research 1    

Putting energy back into the grid 1    

Policy debate—Canberra  1   

Emission Trading program—emission calculation  1 1 1 

Communications to operators, international market  1   

Marketing green image   1  

Inventory of open spaces in rainforest e.g. old logging camps 1    

Solar panels, dual flush toilets. Present a green / clean image to tourists  2   

Environmentally sensitive waste systems  1   

Best practice in plant husbandry to reduce loss of habitat, land degradation and 
control exotic pests and diseases, bio-sequestration technologies and carbon 
accounting practices 

 1   

Best practice bio-sequestration technologies   1 1  

Recycling  1   

Case studies of reef operators and carbon audit    1 
NOTE: TTNQ = Tropical Tourism North Queensland 

 
Several organisations have signed up to Green Globe (38 Australian Hotels, three Rydges in Cairns, Skyrail 

(10 years)); four staff members from one hotel on it. Green Globe has a self auditing process that identifies what 
needs to be done, which assists managers in preparing for better and more efficient ways of operating (Rydges 
Hotel Manager, pers comm. 2008). 

Happening now 
Some industries were well advanced in preparing their businesses for the impacts of climate change. These were 
primarily the large companies. One medium-sized, land-based company identified the following actions being 
undertaken by their company. They commented that it was good business practice to adopt these procedures 
irrespective of climate change. Actions in place are: 

• Carbon off-set bio-sequestration project—funding a tree-planting—community revegetation program 
aimed at sequestering carbon dioxide. A component of all entry fees has been allocated to the preservation 
and restoration of the rainforest. 

• Applying best practice in plant husbandry to reduce loss of habitat, land degradation and control exotic 
pests and diseases, bio-sequestration technologies and carbon accounting practices. 

• Education to tourists through an onsite information centre. 
• Independent audit using accredited carbon dioxide emissions accounting practices to identify current and 

projected carbon footprints. 
• Funding ‘Carbon Flux’ research undertaken by James Cook University. 
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• Promoting sustainable tourism practices, including preservation of wildlife corridors and habitat through 
the use of elevated platforms, ergonomically efficient buildings onsite. 

• Installation of environmentally sensitive waste management systems. 
• Efficient recycling programs. 
• Cost effective operational procedures and democratic, self sustaining management practices. 
• Working with local action groups such as Cassowary Care Group and the local school to identify sites 

that will protect the biodiversity of the area, maintain habitat connectivity, and preserve, protect and 
rehabilitate degraded rainforest. 

Need to happen 
The following actions were identified by the participants as beneficial to a sustainable tourist industry in the 
future (Table 37). In particular, they identified the need for government to take a stronger role in leading the 
community and for an efficient communication system that included government, operators, researchers and the 
general community. 

Table 37: Actions that need to happen to respond to climate change in the Cairns region 

Action V I C E 

Visitor centres, source of information 1    

Clear, accurate and applicable information  2 1  

Collaboration and sharing of ideas   2 1 

Community engagement   1  

Need to step up practical information  3   

Educate public and industry 1 2 1  

Preparation and provision of information to operators  3 1 1 

Facts, models and government presentation   1 1 

Need a role leader to develop a vision and work towards implementing it  1 1  

Informed politicians leading community 1  1 1 

Government to provide incentives  1   

Government investment in adaptation   1 1 

Policies and legislation  3 3 1 

Sound council plan; statutory plan appropriately controls development 
with urban footprint   1 2 

More resources to make better and stronger policy   1 1 

Funding for diversifying tourism 2 1 1 1 

Innovation  1 2 1 

Passion and drive   1   

Stronger positioning 1    

Guidelines of best sustainable practice 2 2   

Regular audits to establish number of trees required to be carbon neutral  1   

Clarity in carbon credit schemes; government audit system 1 2  1 

Cost and benefit analysis for TI of climate change 1 1   
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Action V I C E 

Thermal comfort guide to visitors 1    

Research—solutions to green / clean image 1 1 1  

Research—monitoring of impacts on tourist industry at reef and 
rainforest level    1 

Economically viable alternate energy sources 2 2 1 2 

More efficient engines—boats, cars  2 1  

Address negative media 1    

Using climate change as a trigger for promoting sustainable behaviour  1   

Manage expectations of customers  1   

Risk assessment of natural assets   2 2 

Develop strategies to minimise risk around those assets    1 

Green star rating system  1   

Objective measure of impact on water quality  1   

Improve branding     

Infrastructure—public transport 1  3 1 

Offer reef, rainforest and complementary experiences in cultural, 
business, education and research  1  1 

Diversify the product  1 2 1 

Tree planting   1  

Create artificial reefs—sinking boats and wrecks in shallow water to give 
reef structure   1  

Accommodation needs during emergency   1  

Buildings secure for extreme events   1  

Adaptation of the Cairns region to climate change 

Do you believe that the Cairns region can adapt to the likely effects of climate change? 
The majority of participants felt the region could adapt to climate change (Table 38). However, a third was either 
undecided or considered the region had little capacity to respond to the impacts of climate change. 

Table 38: Perception of likelihood of Cairns region adapting to likely effects of climate change 

 Perception V I C E Total 

No 1    1 

Don’t know  2  1 3 

Limited capacity 1 2   3 

Can adapt 2 3 6 4 15 
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What timeframes are required to properly respond and adapt to climate change in the Cairns 
region?  
Most participants considered that an immediate response was required to address the impact of climate change 
on the tourist industry (Table 39). A few responded that they were already responding and saw this as good 
business practice. There was concern that the government was not responding or not responding fast enough: 

Government to respond—big issue for the government, but doesn’t appear to be happening. (Industry) 

Architects, building consultants, building engineers need to be responding. Tourist industry relies on advice from 
all these people. (Industry) 

Table 39: Timeframe to respond to climate change 

Timeframe V I C E Total 

Urgent 2 4 1 3 10 

Short-term  2 2 2 6 

Medium-term   4  4 

Already started 1 2 1  4 

What do you need to know in order for the tourism sector in the Cairns region to adapt to 
climate change?  
In this final question, participants were asked to consider information needs in four areas: 1) human resources to 
support the tourist industry; 2) infrastructure and building; 3) natural environment; and 4) community (Table 40). 
The information needs in relation to human resources focused on demographic information on the general 
community, the workforce and their level of education and skills. They also needed information on the origin of 
the workforce and whether they were likely to come and stay in the region under the different climate change 
scenarios. In addition, there are information gaps on best practice, risks, and costs and benefits of climate change 
for the tourism industry.  

In relation to infrastructure and buildings, the information gaps identified were in design to meet predicted 
climate change conditions, technology to improve transport and reduce energy consumption, and vulnerability of 
current structures. An audit of the buildings and infrastructure is also required to assist in planning. 

Information needs for the natural environment were related to risk assessments of both the reef and rainforest 
ecosystems, improved assessments of impacts and uncertainty with estimates, identification of species that are 
most threatened, and identification of indicator species. 

Finally, for the community the information gaps focused on training needs and skills, how to value 
employees, and the social impacts of a decline in tourism on the community. There is also a need for information 
on how the community can adapt to climate change and use this as a marketing tool to attract tourism to the 
region. 

Table 40: Information needed for tourism and community to respond to climate change in the Cairns 
region 

 Information V I C E 

a) Information on tourism reliance on human resources 

What the impact will be on tourist industry 1 2 1  

Staff—will people still want to live here? 1  3 1 

Staff—where do they come from?   1 1 

Staff accommodation   2  

Education standard of staff    1 
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 Information V I C E 

Human resources—demographics, age structure in future 1 1  1 

Risk associated with climate change 1  1  

Best practice  1   

Expertise in bringing together all knowledge on the 
industry  1   

Benefits  1   

Aboriginal involvement   1  

Natural feature that are important    2 

Compensation—who should pay?   1  

Insurance; cost of housing, rent   2  

Activities tourists do    1 

b) Infrastructure, e.g. buildings 

Best energy efficient, cost effective way of building 2 3 1 2 

Environmentally sustainable building operations 1 1 3 3 

Types of pontoons, mooring and vessels required 1 1 1  

Financial planning advice on climate change impacts  1 1  

Strength of cyclones  1 1 1 

Expert modelling on temperature, rainfall, storm events—
reducing the uncertainty   2 1 

Energy and water reduction mechanisms    1 

Lifespan—what is vulnerable and what is not   2 1 

Areas of highest risk    1  

Research on roads, pipes, sewage, sewage treatment plants   1 2 

Audit of what we have   1  

Best low emission vehicle design 1    

Alternative energy 1 1 1  

C) Natural environment 

Science on what is achievable 3 1 1  

Research on reef and rainforest—similar information 1 2   

Good factual validated information from experts 1 1 2  

Good information on coral bleaching, acidification  2   

Good long-term monitoring; few good indicator species  1   

Consistent data collation / storage     

How much of the natural resources are being lost   1 1 1 

Uncertainty in science  2 3  



DEVELOPING ADAPTATION AND RESPONSE STRATEGIES—A SCOPING STUDY 
 

 

 

103

 Information V I C E 

Vulnerability—risk assessment   4 1 

Threats to both reef and rainforest other than climate 
change    1 

How are impacts going to be minimised and monitored?   1 1 

Best guess   2  

Biological indicators    1 

Assess dynamics in system—apply scenarios to threatened 
species     1 

How do we gather and direct prescriptions for 
management?    1 

Carbon economy—auditing 1 1 1 1 

d) Communities 

Market research—what the public want 1   2 

Scenario of future of region as TI 1 1   

Planning for region 1   1 

Impact of climate change in other areas 1    

What do people know? 1   1 

Training needs and skills and peoples responsibilities 1  2 1 

Techniques to save power  1   

Attractiveness of area to come or stay and work  1   

Ways to value employees and offer incentives    2  

That its happening   2  

Impact of reduced water flows    2 

Social impacts of tourism decline on the community    1  

Alternatives   1  

Localised knowledge on likely scenarios  1   

How they can participate and adapt    1 

Social Learning Workshop 

To assist participants in prioritising the adaptation strategies, a scenario table developed from a desktop review 
was used to define the likely conditions in the region under the three timeframes (Table 41). Findings from the 
semi-structured interviews were used to develop a table of adaptation strategies which were prioritised during the 
workshop (Table 42). A total of 50 adaptation responses and strategies were identified from the two broad 
categories, i.e. rainforest and reef. These strategies were grouped to provide structure and enhance their 
processing during the workshop. The categories under which the strategies were grouped followed the themes 
that developed during the interviewing process. These themes were: natural environment, coastal, tourist, 
infrastructure, community, and policy. Some adaptation strategies were common to more than one theme. 
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Table 41: Climatic conditions in 2020, 2050 and 2070 and anticipated environmental change on the Great 
Barrier Reef and Wet Tropics Rainforest and its impact on tourism 

Variable Scenario 1 
2020 

Scenario 2 
2050 

Scenario 3 
2070 

Climate change relative to 1971 – 2000 average 

Temperature (min. and max) 0.6oC ↑ 1 – 1. 6 oC ↑ 1.3 – 2.5 oC ↑ 

Sea level & storm surge risk  8 – 14 cm 19 – 37 cm 35 – 56 cm 

Increase in days over 35 oC +1 + 4 – 8 + 5 – 28 

Total rainfall (%) -0.7 -1.9 -3.0 

Number of rain days 0.0 
Little change 

-0.1 
Little change 

-0.1 
Little change 

Percentage increase in heavy rainfall  1.8 5.1 8.2 

Cyclone intensity of category 3 – 5   60% ↑ 140% ↑ 

Atmospheric CO2  500 ppm  

Sea surface temperature (oC) 0.5 ↑ 1.3 ↑ 2.1 ↑ 

Great Barrier Reef 

Disturbance from climate change Minor Moderate-Severe Severe 

Bleaching  

More frequent; some loss 
of coral diversity 

Bleaching < 1 every ten 
years 

Reef bleached; 95% 
loss of coral reefs 

> once every 5 years 

Reef bleached; 95% 
loss of coral reefs 

annual event 

Coral structure No major damage 

Structural damage; 
50% decline in iconic 
coral species and shift 

to crusting forms 

Rubble; total loss of 
coral structure 

Macro algal cover Minor coverage—
isolated 

High coverage across 
reefs 

Very high—extensive 
coverage 

Invertebrates Little change Major decline Few rubble 
inhabitants 

Obligate reef fish (10% of total fish 
speciation; small colourful species) 

Little change—decline 
on some reefs Major decline 

Total loss and 70% 
decline in pre-
existing fish 

Herbivorous species of fish Little change Increase 
Dominant type but 

also a decline in 
species 

Sea birds Decline in nesting 
colonies Major decline 

Colonies crashed 
(loss of pelagic food 

source) 

Impact on tourists Some decline at some 
sites 

Major loss of tourist 
sites especially near 

shore and shallow reefs 

Reef severely 
degraded; total loss of 

visual amenity. 
Possibly interest due 
to size of destruction 

and algae 

Chance/likelihood for ‘average tourist’ 
of: seeing good coral, seeing turtles, 
seeing whales, and/or catching fish 

High Very low Extremely low 
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Variable Scenario 1 
2020 

Scenario 2 
2050 

Scenario 3 
2070 

Rainforest 

Core habitat remaining  85% ↓ 55 – 68% ↓↓ 40% ↓↓↓↓ 

Extent of rainforest Slight reduction on 
current extent 

Significant loss—drier 
forest type; rainforest 
isolated to patches at 
higher altitude, and 

coast 

Major reduction—
isolated to highest 
peaks, and coast 

Loss of endemic vertebrates e.g. 
rainforest ringtail possums and tree 
kangaroos, birds and frogs (upland 
endemics) 

0 1 – 4 
4 – 12 

Extinction of all or 
most of these spp. 

Occurrence of forest fires Slight increase Moderate increase Large increase 

Cairns city—extent of storm 
inundation 32 km2 inundated 71 km2 inundated 

(Most of downtown) 
>71 km2 

inundated 

Likelihood of flood event during wet 
season (flooding causing highway 
closure to Tablelands and south of 
Cairns) 

Increase Moderate to high 
increase 

Moderate to high 
increase 

Change in the proportion of these 
habitats (compared with present time) 

• Notophyll forest (highlands) 
• Mesophyll (uplands) 
• Woodlands 

 
Slight decline 
Little change 

Slight increase 

 
 

Major loss 
Moderate loss 

Moderate increase 

 
Major loss 
Major loss 

Major increase 
SOURCE: Data from literature review 

Table 42: High, medium and low priority adaptation strategies for the tourism industry in the Cairns 
region identified during mixed VICE group session 

Key: H=high, M=medium and L=low priority; Additional adaptation strategies added during discussion of adaptation strategies=Blue box 
 

Year 

2020 2050 2070 
Adaptation Strategies 

Natural environment 

H H H Deal with water quality on the land and corals will then be healthier, more resilient and 
better able to adapt to climate change 

H H H Build resilience of ecosystems by reducing or controlling other pressures, e.g. control weeds 
and feral animals 

H H H Wildlife corridors inside and outside rainforest—improve connectivity especially along 
riparian areas, use of elevated platforms. Use statutory and non-statutory approaches 

M H H Zoning of Great Barrier Reef and rainforest to protect environment 

H M H Planting coral gardens and putting corals in that are from areas adapted to higher 
temperatures 

H H M 
Applying best practice in plant husbandry to reduce loss of habitat, land degradation and 
control exotic pests and diseases; bio-sequestration technologies and carbon accounting 
practices 

M H L New ventures, e.g. aquaculture ventures such as clam farm—for education, 
commercial/restaurant and seeding new areas 
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Year 

2020 2050 2070 
Adaptation Strategies 

H H L Risk assessment of natural assets under climate change, develop strategies to minimise risk 
around these assets 

M M M Good interpretation—interpret what is there  

H L L Shading of coral to reduce temperature on certain reefs; spraying of water on top to increase 
surface reflection 

L L L Dredge creeks and clean river entrance; may not cost us in dredging because river mouth will 
move up the rivers  

L L L Site harden areas—a lot more costly to get in. More cost for Queensland Parks and Wildlife 
Service to operate 

L L L 

Water usage—educate tourists on water use. Australians are aware of water restrictions, so 
are Europeans, but other nations may not be. Need to work on this so people use less water. 
Interpretive signage. Identified tourists as using far more (almost double) water than 
households. Needs work; does this really happen, need actual figures. Calculation based on 
showers, swimming pools, washing, drying. 

Coast 

H H H No development or sale of land in flood prone areas.  

L L L 
Coastal areas affected; need to retreat from coast. Cairns is highly vulnerable to storm surge 
so need to move and this will be costly. It is where all the reef boats, restaurants and tours 
leave from. Cardwell—move road and buildings.  

L H L Engineering—ways to protect low lying areas; build bund/retaining walls 

L L L Rebuild/relocate community in cooler upland habitat—Mossman, Atherton Tablelands, 
Mt. Molly—show what it used to be like. Access to coast by Quaid Road or Mt Molly.  

H - - Clean beaches 

Tourism 

H H H Low footprint tourism—offset and design, adapt attitudes; change advocacy. What can 
tourism provide to make the natural area resilient?  

H H H International ‘families’ and domestic tourism—market as ‘energy conservative’ 
accommodation and ground travel; promote planet safe partnership 

L M H Offer longer, experiential tours 

H M H 
Offer complementary experiences to pristine reef and rainforest in cultural, business, 
education and research; focus tourism in different areas which take up different economic 
activities; more island-based activities and interpretation 

L M H Niche may be ‘looking at change’—come and experience the impacts of climate change 

L L H Alternative tours / locations—rainforest tourism will be shut down so take them along the 
river systems to the gulf; savannah (may not need to go so far in future to it) 

 
L 

 
L 

 
H 

Video-cam in natural setting—interpretive centre in the rainforest where you interpret the 
reef and rainforest via a video link. Camera will be set up in different strategic places in the 
reef and rainforest to show different conditions.  

L M H Cairns region compared with the rest of Australia—don’t need warm clothes, still have water, 
no extreme heat, climate to grow crops, all positives.  

H L H Socioeconomic strategies—different mix of tourism—engage in value-added activities, eg. 
writing and environment, dance / music interpreting environment 

L L L Thermal comfort—tourists will be hotter—stay inside in air conditioning, visit in cooler 
period or different time of day, or go to less humid hot places 
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Year 

2020 2050 2070 
Adaptation Strategies 

L L L 
Guide to how to communicate discomfort to visitors, e.g. currently 18oC at home, the 
average temperature of the destination will be 22oC and you won’t always be in air 
conditioning 

L L L Market Aboriginal culture—introduce them to country, bush food and medicines; more 
involvement of Aboriginal people 

Infrastructure 

H H H Research and build infrastructure to cope with climate change—roads, pipes, sewage, 
sewage treatment plants  

H H H Build infrastructure that has low carbon emissions and use this in marketing. Tax people if 
they do not choose to use low emission infrastructure 

H H H Modes of transportation—use more rail, bike tracks, walking, and public transport; new 
more efficient boat designs  

H H H Transport—alternative fuels; buses and boats move from diesel to biofuel 

H H H Research alternative energy technologies and identify what can be done to retrofit or if new 
what is needed that is not in current design 

H H L 
Water availability—more tourists and residents need more water or better use. This will 
have a flow-on affect on infrastructure services, schools and hospitals. Cap number of 
residents and tourists in response to climate change scenario.  

H H L Recycling program—hotels, houses, government buildings, community 

H H L Surveyors to identify where to build in future and legislation to manage development 
appropriately 

L H L Bus tourists to central points and visitor centres and then operate tours from there; or rail to 
major centres then tours from there 

H M H Implement a building code for all accommodation / infrastructure design to cope with 
extreme winds (Category 5) 

H M H Provide tax incentives to replace engines with more efficient technology 

M M L Council landscaping—need to present a green image and work on it—side walks and 
median strips; plant green belts 

H M H Inventory of open spaces in rainforest of areas previously disturbed which will become the 
only places you can construct buildings in the future.  

L L L Water: drier—use volcano lakes (deep, plenty of water) or build dams 

L L L Rising water levels—turn it into an urban canal development 

L L L Run-off—people need to know where the waste is going. Use stencils on drains showing 
where it is flowing to, to promote awareness 

  H Road—improve access to sites 

  H Urban design opportunities—use instead of hard engineering solutions 

Community 

H H H Position ourselves as ‘Green and Clean’; market positive changes as they arise. Rainforest 
visitation is for the aesthetics and greenery  

H H H Use climate change as a trigger to promote sustainable activities 
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Year 

2020 2050 2070 
Adaptation Strategies 

H M H 
Tourism workforce needs to be trained and valued in a way that ensures they can offer 
tourists a rewarding experience and that we are known as a place where exceptional service is 
provided 

H H M Identify why we are unique and how we adapt to climate change—build resilience and brand

H H L Social mapping exercise to see how climate change impacts community 

H L L 
Politicians responding and working with researchers and operators, e.g. Crown of Thorns 
video, asked about presenting it to parliament but advised not to show it as negative pictures 
won’t get money 

M H H Resource sharing among operators to reduce carbon off-sets, higher fuel costs and reduce 
carbon emissions 

L L L 
Shift to higher ground. Cairns may not be the capital for tourism it is now; capital may go 
south. Might be Innisfail, behind it, Palmerston Area. Russell River may be the big boating 
river. Safe anchorage, widen area at base. 

L L L Efficient information transfer: finding out what people know is important. People need to 
see what is happening and have to come to grips with it 

L L L Managing and sharing staffing—housing, valuing workers, good training 

Policy 

H H H Good information from reputable scientists that give key points, e.g. research on wind, more 
on storms, hybrid transport, solar power. Not obvious what we need to plan for.  

H H H Standardised system of calculating carbon and emissions trading scheme (emissions 
calculator; Green globe—auditing) and rigorous annual energy audit (Federal assessment)  

H H H Combat negative publicity promptly and effectively 

H H H 
Town planning need to rethink / respond to where building approvals are given; building 
designs and siting guidelines which are appropriate for the environment and built into 
building codes for area 

H H H Carbon dioxide sequestration programs—tree planting—community revegetation 
programs  

H H H 
A marketing strategy were travellers are attracted to the area because of its approach to 
energy efficiency and reducing carbon emissions; changing marketing strategies that match 
tourist expectations with what is available on the reef and in the rainforest 

H H M Data storage and dissemination—system where information is store and readily available to 
everyone not restricted to departments 

H H M Fund research and have long-term monitoring—have operators involved; smarter operators 

H H M Identify and sell benefits—only way to sell mitigation is to sell benefits 

H M L Separate organisation to manage climate change—parliamentary term too short for 
politicians to manage it 

H M H Emergency evacuation policy—risk assessment and plan for emergency events, and well-
informed staff and community 

H M M Reduction of area / sites we can interact with either in the water or on land (zoning) 

M H L Increase efficient way in which community and tourists live—reduce energy use, water use 
and recycle, reduce carbon footprint 

M H M Hotels to have input into design of building—developers currently have the strata title and 
input into design.  
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Year 

2020 2050 2070 
Adaptation Strategies 

M L L Change legislation—bound by planning legislation which is old and not flexible to change 

H  M M Price product so it is competitive domestically and internationally with comparable 
experiences 

H M H Implement offsets or more efficient ways of travelling to reduce contribution to Green 
House Gas Emissions 

M H H Purchase local produce—hotels and restaurants required to purchase locally or pay 
surcharge / levy on items sourced elsewhere 

M H M Positioning: If no change here in extreme events, less extreme, or temperatures more 
amenable than elsewhere then turn it into a positive 

M H L If international concern about long haul flights on climate change, then have an offset 
arrangement applied directly at reef and rainforest 

L L L 
Energy cards—start with so many credits and when it gets to zero you start paying a 
premium for fuel. If you use lots of energy at home then you pay the premium. May change 
attitudes and get people to use less at home and save for travel (holidays) 

L L L Seasonal tourism—closed season, e.g. November – February 

L L L 
Implement tourism levy on land —higher taxes / levys if it leads to protection and 
maintenance (acknowledge it is fragile so areas remaining need to be maintained to a higher 
standard so community may be willing to pay more)  

Workshop process and outcomes 
The workshop commenced with a presentation providing an overview of climate change in Australia and climate 
change scenarios for 2020, 2050 and 2070 for the Cairns region (modelled by Hennesey et al. 2008). The 
participants were then sorted into three groups, the composition of which consisted of representatives from each 
of the VICE sectors (mixed group). In these groups they were asked to prioritise each of the adaptation strategies 
as high, medium or low, and provide support for their decisions.  

During the next stage of the workshop, participants were grouped into their VICE sectors and asked to 
reconsider the adaptation strategies for each of the climate change scenarios, ranking them from their VICE 
group’s perspective as high, medium or low. The final stage of the workshop was a plenary session in which all 
participants were involved. During this session, they identified the major issues, who needed to be involved in 
implementing the adaptation strategies and if there was a lead agency or organisation to do so. To capture 
individual’s perspectives, respondents were asked to complete a ‘participants’ questionnaire’ at the completion 
of the workshop. 

Session 1: Mixed sector group 
This session was used to obtain an overview of the tourism sectors’ perception of the highest ranking adaptation 
strategies for the Cairns region for each climate change scenario. It was also to encourage cross-fertilisation of 
ideas from different sectors of tourism, to discuss the importance of different adaptation strategies, and to 
identify those strategies of lesser importance. Each group considered a different climate change scenario, i.e. 
group one considered conditions in 2020, group two 2050 and group three 2070.  

Most adaptation strategies that were considered high priority were high for all three climate change scenarios. 
These are highlighted in Table 38 and are summarised below. 

Natural environment 

• Address water quality on land. This is seen as of prime importance in building resilience on both the land 
and the reef. 

• Construct and extend exiting wildlife corridors. 
• Build resilience by reducing or controlling other pressures, e.g. weeds, feral animals, fire. 
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Tourism 

• Low footprint tourism—address offset and design, adapt attitudes, change advocacy. 
• Promote ‘planet safe partnership’. 

Community 

• Position ourselves as ‘Green and Clean’. 
• Use climate change as a trigger to promote sustainable activities. 

Infrastructure 

• Build infrastructure to standard to cope with climate change. 
• Build infrastructure with that has low carbon emissions and market this. 
• Mode of transport—more rail, bike tracks, walking tracks, public transport. 
• Transport – alternative fuels and more efficient designs for engines. 
• Research alternative energy technologies. 
• The above will need policy to drive them.  

Policy 

• Good information that directs planning. 
• Standardised system for calculating carbon footprint and credits and Emissions Trading Scheme. 
• Rigorous annual energy audit. 
• Combat negative publicity promptly and publically. 
• Town planning—respond appropriately to location of development; policy on building design and site 

guidelines. 
• Carbon sequestration program—tree planting and community revegetation programs. 
• Approach to energy efficiency and reducing carbon emission that can be used as a marketing strategy and 

match marketing strategies with tourist expectations. 

Coast 

• No development or sale of land in flood prone areas. 

Scenario 2020 
This was the mildest climate change scenario presented to the participants and the only one in which the coral 
reefs have any chance of recovering (Hoegh-Guldberg 2007). 

The Far North Queensland 2025 Regional Plan was released for comment and presented at several 
community centres in the region in the six months prior to this workshop. This may have assisted this group in 
addressing this scenario, as several of the stakeholders were involved in its evaluation. The Far North 
Queensland Regional Plan is a statutory plan to manage urban growth in the next 20 years, and protect the 
natural values and features of the region through integrated state and local government planning. It considers 
infrastructure development and controls for inappropriate development outside these identified urban areas 
(http://www.cairnsblog.net/2007/10/fnq-2025-regional-plan.html). 

This group agreed that urgent action was needed to address the impacts of climate change if tourism was to 
be sustainable in the next 10 years. The major challenge seen in the short-term was to bring scientific research 
into policy and application by 2020.  

Many adaptation strategies for 2020 were based on better planning and policy implementation on the land. 
To this end, building and infrastructure that implement low carbon footprints and are designed to cope with sea 
level rise and extreme events, such as cyclone and storm surge, was considered high priority. This was 
particularly so for the coast, where most of the tourist accommodation is situated.  

An adaptation strategy considered for 2020 to combat negative publicity was to construct a separate 
organisation to manage climate change and broker knowledge in the region. Politicians were not considered 
necessarily the most appropriate to manage this as the parliamentary term is too short. However, all participants 
considered that no single agency or organisation should coordinate the adaptation strategies. This should be more 
about working in partnerships both locally and regionally. It was noted that there was no current regional 
organisation with a climate change department. 

The potential devastation of the reef and rainforest in the future lead this group to consider the perversity of 
seeing something before it disappears. There may be an increase in tourism to the area as visitors come to see 
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these icons before they are lost. Considerations raised by this group that were more relevant to 2020 than the 
other scenarios were: 

Reef 
Protection of corals from bleaching with rising sea temperatures was seen as a major concern. Three strategies in 
particular were seen as high priority in 2020 to lessen this impact of climate change. They included shading 
corals, spraying water on top to increase surface reflection and relocating corals into damaged areas so there 
would be something to see. Reseeding reefs from other regions in the Great Barrier Reef was seen as a powerful 
and effective short-term strategy. It was noted that reefs that are visited are often in better condition than others 
and this may be due to unofficial seeding; corals were being taken from the windward side and moved to the 
leeward side. This is currently forbidden by GBRMPA policy.  

Risk assessment of natural assets and the development of strategies around those risks were also seen as high 
priority. Associated with this was responding to media, which was seen as sensationalising events and negatively 
portraying the region to the world. Tropical Tourism North Queensland was seen as needing to take on the role 
of responding to negative publicity. The group commented that cyclone damage to the reef in recent times has 
been minimal but there has been a major downturn in tourism associated with the publicity surrounding this.  

A policy issue that needs immediate attention is the harbour policy for storm surges in Cairns. This is 
currently based on low-tide storm surges (Industry sector). Recent and predicted severe weather events have 
demonstrated that they grossly underestimate and do not account for worst-case scenarios. 

Land 
The 0.6oC warming on the upland rainforest by 2020 was viewed as potentially disastrous for cloud forests and 
their biota. However, it was noted that this is more of an environmental impact than one that would affect 
tourism, as not many visitors go to the upland area. 

By 2020, water recycling and better water storage capacity was viewed as required throughout the region to 
cope with increased seasonality of rainfall and higher evaporation. Increased seasonality in rainfall was largely 
viewed as a potentially good outcome as it is likely to increase visitor satisfaction; most rainfall in the region 
occurs in the wet season when visitation is low. The workforce is already seasonal and may benefit from a longer 
dry season. 

Planning for adaptation, particularly in urban areas, was considered high priority by 2020 with legislation in 
place for implementing a low carbon footprint. On the coast, planning to incorporate designs to cope with sea 
level rise, associated with thermal expansion of oceans from rising temperatures and intense cyclones, are 
required. In order to build a ‘green and clean’ image for the region, this group identified the need for policy to 
fund adaptation strategies to protect the environment. They stressed that this needs to be incentive-bonus-based 
rather than taxing businesses for not conforming.  

The rainforest stakeholders considered land-based tourism to have jurisdictional and political problems in 
contrast to the reef sector, which has only one agency GBRMPA which is administered federally. This stems 
from the rainforest operators having to deal with several levels of government, often with different interests. 
They felt that the frequent changes in government ministers also made it hard to track and lobby the right people. 
GBRMPA has a range of committees that lobby it and politicians. This works well for the reef sector. An 
adaptation strategy for rainforest stakeholders is to create a Tourism Advisory Committee or for Tropical 
Tourism North Queensland to take on this role. 

Insurance costs by 2020 were mentioned as possibly being outside the reach of many businesses and the local 
community. The group felt that, with increasing intense weather events, the region may not be able to recover 
and thus may not be able to service a tourism industry. 

Tourism / community 
Most strategies related to tourism / community focused on using climate change as a trigger to promote 
sustainable activities. These included developing low footprint tourism, a ‘clean-green’ and a ‘planet safe 
partnership’. Additionally a very important strategy to implement now was to diversify the tourism market and 
offer complementary experiences to the reef.   

Training the workforce was seen as urgent:  

This needs to start right now (before 2020) to ensure that there is enough capacity in the tourism sector to 
respond to future changes. At present there are critical shortfalls in entertainment, accommodation and wage and 
general conditions for tourism industry staff—a social change is required to move away from the casual staff 
approach with no benefits. (Community) 



THE IMPACTS OF CLIMATE CHANGE ON AUSTRALIAN TOURISM DESTINATIONS 

 

112 

Scenario 2050 
This group had a caveat, which was: if the economy fails elsewhere then the adaptation strategies they have 
identified will not be important as the tourists won’t come. This was also true for 2020 and 2070 scenarios. High 
adaptation strategies for 2050 are shown below. 

Natural environment 

• Improve water quality on land and the reef. 
• Zoning of both the Great Barrier Reef and rainforest and risk assessment. 
• Create and maintain wildlife corridors. 
• Apply best practice across tourist activities; something that should be operating at all times. 
• Build resilience of ecosystems by reducing and controlling other pressures, e.g. weeds, pests, fire, disease. 

Coastal 

• Engineering—finding ways to protect low lying areas. 
• No development of land in flood prone areas. 

Finding ways of protecting low lying areas was considered a high priority but the building of retaining walls 
and bund walls were not considered attractive. Pumping was the only alternative suggested to protect flood prone 
areas. It was acknowledged that king tides and major weather events will be an issue but not enough to force 
evacuation from the coast. 

Tourism 
There was a consensus that, as a high adaptation strategy, the region should be promoted as a ‘planet safe 
partnership’; there is a need to identify and promote the region’s competitive advantage.  

Three other adaptation strategies ranked as medium – high priority were: 

• Low footprint tourism—offset and design. 
• Offering complementary experiences. 
• Identify and promote competitive advantage—comparison of Cairns with rest of Australia. 

Low footprint tourism with offsets and appropriate design were ranked high-medium priority. However, 
changing advocacy with energy conservation was considered critical. Funding was identified as a requirement to 
help build resilience if complementary experiences were to be offered. Socioeconomic strategies were ranked as 
low priority, but seen as tying in with complementary experiences. However, the region was not considered 
capable of competing with other locations in offering the types of activities that were identified in the adaptation 
strategies, e.g. writing, dance / music interpreting the environment. The area needs to present another culture that 
reflects the 2050 cultural environment. 

Many saw promoting Cairns as a ‘Green Oasis’ as a medium-high priority. All participants liked the concept 
of an ‘Oasis’ and marketing the region as such. This group considered that a 1 – 1.6oC will not result in much 
change on the rainforest from a tourist’s perspective, and the region will look like an oasis in comparison to 
other locations. 

Several of the adaptation strategies were ranked low priority. Thermal comfort and communicating 
discomfort to visitors was not seen as important with the predicted increase in temperature for 2050 in this 
region. Marketing Aboriginal culture was seen as low priority by all participants as it was considered to already 
be part of the tourism mix. 

Infrastructure 
High priority adaptation strategies included: 

• Water storage and availability. 
• Recycling program—this was considered essential. 
• Build infrastructure that has low carbon emissions. 
• Research alternative energy technologies for retrofitting and new buildings. 
• Modes of transport—use more rail, bike track, walking and public transport. 
• Bus to central points and visitor centres. 
• Use alternative fuels. 

The building of infrastructure with low carbon emissions was a high priority.  

We need to demonstrate best practice through low emissions, low energy use and less degraded environment. 
Green and clean. (Visitor)  
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The whole building code needs revision. (Industry)  

To implement a building code trust needs to be built with locals and tourists. Rather than taxing people for 
not conforming, they suggested offering incentives / benefits to those who do, i.e. use positive reinforcement 
(Visitor). Building alternatives should be in place by 2025 and established by 2050 (Visitor). 

All of the adaptation strategies related to transport were ranked as high priority. Transport systems should be 
more efficient and user-friendly. The development of a commuter rail system, especially to the southern section 
of Cairns city, was ranked by all respondents as a high priority adaptation strategy. The southern area is the 
proposed area for development in the 2025 plan.  

Nice to have a better transport system. It would be more attractive for tourism. (Industry) 

There was also a suggestion that the cane trains be used for tourism. 

New adaptation strategies identified were: 

• New ventures—new thinking of business to enhance regional prosperity that is supportive of tourism. 
• Entrance planning scheme—includes many of these aspects for Cairns. Regionally specific and not a 

rehash of other code. 

Community 

• Position ourselves as ‘Green and Clean’. 
• Use climate change as a trigger to promote sustainable activities. 
• Identify why we are unique and adapt—build resilience and brand. 
• Resource sharing among operators. 

Policy 
Fourteen of the 24 adaptation strategies identified as policy items were ranked as high priority. However, three 
of these were considered to have been previously addressed under infrastructure. New strategies and those 
ranked high for this scenario were: 

• Increase efficient way in which community and tourists live—reduce energy use, water use and recycle; 
reduce carbon footprint. 

• An offset arrangement for long-haul travellers applied directly at reef and rainforest. 
• Hotels to have input into design of building. 
• Develop and demonstrate best practice. 
• Cap the population of the area—there was a feeling in the group that the area would see a migration of 

people from the south as the conditions there became drier and drought conditions prevailed. This would 
place pressure on water supplies in the region which would require capping the population. 

Scenario 2070 
Participants believed that 2070 was a long way into the future, making the context in which climate change 
would manifest difficult to envisage. Rather than recognising that the actions undertaken now would help to 
shape outcomes in 2070, participants spent some time attempting to second guess the social, economic, political 
and technological conditions that might exist in 2070. In this sense, they were attempting to construct reasonable 
social scenarios in which the climate impacts might be experienced. For example, participants felt that if climate 
change in 2070 led to higher costs and lower demand for international travel, tourists might be more discerning 
about their travel. Further, domestic travel might be more popular if tourists have a more developed 
environmental consciousness and concern for their carbon footprint in 2070. Alternatively, it is plausible to 
assume serious plague in 2070 that would dampen demand for tourism services.  

There was a feeling within the group that tourists (and migrants) will come from congested and polluted 
regions to a ‘green oasis’. This migration will place pressure on Cairns’ resources. Difficult planning questions 
will arise such as whether to directly limit the number of visitors to the region or limit new development of 
tourism infrastructure in certain parts of the region. Participants believed that these types of planning issues were 
important considerations that required a broader focus than simply tourism. 

For 2070 high adaptive strategies were to look at change on the reef and rainforest as a consequence of 
climate change, use video cameras on the reef relayed to a pristine area on land, and market what the region has 
to offer in terms of its climate compared to the rest of Australia. 
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Natural Environment 
Overall, the high priority adaptation strategies for this group were: water quality, zoning, planting coral gardens, 
wildlife corridors, building resilience, and risk assessment. Possible barriers to implementation were a lack of 
coordination between state and local agencies, and a lack of support from business. Therefore, efforts to build 
coordination and communication processes between levels of government on the one hand, and between business 
and government on the other, were deemed necessary for the implementation of natural environment adaptations.  

Coastal 
As a group, they did not give total support to the high priority adaptation strategy ‘no development or sale of 
land in flood prone areas’. Participants wanted a vision that was informed by the range of possible worst case 
scenarios, and which capitalised on environmental opportunities in urban design rather than relying on hard 
engineering solutions to environmental threats. This group also felt this vision should provide for the availability 
of land in higher elevation areas outside the urban-coastal zone. 

Infrastructure  
A number of high priority adaptation strategies were identified. These were: research into improved technologies 
to build buildings and infrastructures that would cope with the conditions; building low carbon emission 
infrastructure; changing the mode of transportation; using alternative fuels; using alternative energy 
technologies; implementing a building code; providing incentives for the adoption of efficient technology; and 
an inventory of open spaces. While all group members considered the building of low carbon emission 
infrastructure as a high priority, they disagreed with taxation as the mechanism for inducing compliance. Rather, 
they felt that incentives should be put in place that would help to make low emission infrastructure the most 
attractive building option.  

Recycling as an adaptation strategy was viewed primarily as mitigation. It was also recognised that in 
addition to recycling, instances of the ‘over-packaging’ of goods needed to be addressed. 

Another theme that arose in the discussion of ‘other’ adaptation strategies was the need to locally source 
goods and services as much as possible. For example, the group felt that while the use of alternative fuels for 
transport was a high priority, biofuels might be produced and purchased locally.  

The group introduced two new adaptation strategies for consideration. These were:  

• A review of access to roads in light of extreme events; and  
• The use of locally sourced building materials. 

The former adaptation strategy incorporated the need for Council to identify emergency assembly points in 
the town and to educate the community about emergency procedures, should events such as flooding occur. The 
group noted that Cairns did not have an evacuation warning system despite real threats presented by climate 
change. In addition to the emergency services aspect of this adaptation strategy, access to roads given the threat 
of flooding and extreme weather events was also seen as important for the transport of goods supporting tourism 
services in the region. 

The second new adaptation strategy concerned the need to source local commodities best suited to the region. 
For example: 

• The use of imported tiles for roofing was contrasted with the traditional metal roofing better suited to 
extreme weather events.  

• Sourcing green energy produced in northern Queensland but purchased from a distribution point in 
Brisbane.  

• Purchasing goods from Brisbane and Sydney that were produced on the Tablelands.  

The group recognised that these perverse situations are the outcome of the way large corporations structure 
their operations at national and international levels. They felt that more sustainable local solutions may come 
with population growth in the region. However, they also recognised that some things could be done locally that 
would correct unstainable practices. For example, Council could introduce building ordinances that prevented 
the use (and import) of unsuitable materials such as roofing tiles. 

Policy 
Overall, the group identified a number of high priority adaptation strategies. These were: access to good 
information; data storage and dissemination; standardised system of calculating; emergency evaluation policy; 
town and regional planning; more efficient ways of travelling; purchasing local produce; and a marketing 
strategy highlighting energy efficiency and reducing carbon. Within these adaptation strategies, the group 
identified two overarching issues: (i) tourism policy; and (ii) regional planning. Many of the high priority 
adaptation strategies fell into one of these general categories. Where adaptation strategies concerned planning 
with respect to building approaches and design, the group felt that the goal of planning in terms of adaptation 
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strategies should also be about zoning across the region with sustainable communities in mind. A regional scale 
in this respect might be the three local councils.  

On the other hand, where tourism policy was concerned, the need to standardise carbon accounting and fund 
research involving long-term monitoring were of critical importance for adaptation. In addition, the adaptation 
strategies referring to good scientific information, combating negative publicity, and data storage and 
dissemination were seen as linked. The idea was put forward that good information needed to be disseminated in 
order to promote positive (correct) information rather than to combat negative information per se. The former 
strategy was seen as proactive while the latter was deemed reactive. The emphasis here was on facilitating access 
to scientific information and sharing scientific data in order to get the right message out. There was a perception 
that a lot of research had been done, but governments and universities did not always act to disseminate it to the 
community and industry. One way of addressing this problem would be for universities to adopt a ‘no IP’ policy 
as a means toward promoting the communication of scientific knowledge. Generating, identifying and 
communicating the best information were seen as important for adaptation involving tourism-related policy. 

Tourists 
The group identified the following high priority adaptation strategies: offer complementary experiences; low 
footprint tourism; and socioeconomic strategies. However, this small number of adaptation strategies were 
perceived as linked to a much larger set of adaptation strategies. For example, complementary experiences and 
socioeconomic strategies were seen as comprising a general adaptive change toward a ‘sustainable Cairns’, and 
comprising high quality and innovative tourism experiences consistent with good cultural and environmental 
management. The adaptation strategy concerning a low tourism footprint via offsets, design, attitudes and 
advocacy was seen as linked to resource conservation efforts like promoting a planet safe partnership. 

Community 
High priority adaptation strategies were the tourism workforce and ‘green and clean’. Also identified as a high 
priority, although not included in the list of adaptation strategies, was environmental education and behaviour 
change. This new adaptation strategy was seen as being linked to ‘green and clean’ as well as to ‘politicians 
responding’, ‘promoting sustainable activities’ and ‘identifying why we are unique’. The group believed that all 
of these adaptation strategies rested on achieving real change in environmental awareness, knowledge and 
behaviour within tourism and the wider community.  

Members of the group noted that adaptation will be limited without good communication and information 
flows in the community. A trained tourism workforce and positioning tourism as green are important adaptation 
strategies, but the community needs to support this and join with tourism. 

Session 2: Sector groups 
Each sector group considered the same set of adaptation strategies discussed in Session 1. There was little 
attempt by any of the sectors to separate the three climate scenarios; however, they did identify some adaptation 
strategies as particularly relevant to one or other of the climate change scenarios.  

Many of the participants had roles that overlapped one or more areas of the VICE model. During this session, 
they were asked to represent a particular area, which was the one they represented in the semi-structured 
interviews. Visitor and Industry categories were combined in this session, as some of the participants had to 
leave early. There was general agreement across the sectors on which adaptation strategies were of high priority, 
and these were common to those identified by the mixed groups. Of high importance was sound planning and 
policy to support information transfer across all levels of the community. For example:  

• Information transfer between the environment and community sectors; 
• Information transfer between researchers and operators; 
• Transfer of knowledge in a useful form to policy developers; and 
• Interpretation of knowledge for the lay person.  

All sectors stressed that an effective means of influencing the government and policy is to have a well-
informed community. This needs to happen through good communication and information transfer.  

Following is an overview of comments and high adaptation strategies for each VICE sector group, and 
identification of those relevant to a particular climate change scenario. 

High adaptation strategies common to all sectors included: 

• Deal with water quality on the land. 
• Build resilience of ecosystems by reducing or controlling other pressures. 
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• Risk assessment of natural assets under climate change. 
• Low footprint tourism—offset and design, adapt attitudes; change advocacy. 
• Access and manage water availability. 
• Research and build infrastructure to cope with climate change. 
• Build infrastructure that has low carbon emissions. 
• Transport—alternative fuels. 
• Research alternative energy technologies. 
• Tourism workforce needs to be trained and valued. 
• Position ourselves as ‘Green and Clean’. 
• Increase efficient way in which community and tourists live—reduce energy use, water use and recycle, 

reduce carbon footprint. 

Water quality was considered a very high priority for ecosystem health. It was seen as of prime importance in 
building resilience on both the land and the reef.  

If a system is more resilient, it is better able to cope with climate change. By dealing with water quality on land 
you build resilience of other ecosystems and corals will be healthier.  

Visitor / Industry 
This sector considered economics / money the most important thing to consider when talking about adaptations 
to any of the scenarios. However, they recognised that the risks of climate change needed to be quantified before 
money could be considered. The natural environment, coastal, infrastructure and policy adaptations strategies 
were seen as the key areas. 

The 2020 scenario was considered as likely to have a small impact on tourism in the Cairns region. Better 
water storage heading into 2050 and 2070 in particular was seen as important for irrigated agriculture located on 
the Tablelands. Climate change migration to the ‘green oasis’ was seen to be a stressor on existing infrastructure 
and resources. The group wants to promote Cairns as an oasis in a drying nation and believed that the population 
(residential and visitor) would increase as climate impacts became progressively worse in the southern regions of 
Australia. 

Risk assessment and research were considered a necessary first step to identifying the biggest return for 
financial expenditure. Also required was a means of bringing together research that has been done on the 
climate, reef and rainforest which is not accessible for one reason or another. Finally, skilling and training is 
required to better understand, interpret and communicate information to increase knowledge and sell the benefits 
to the community. 

This group considered good communication between resource managers, scientists, policy-makers, tour 
operators and the community was required. The community needs to be included to counter biased media views 
and to support the climate change agenda over time. The community’s support was seen as necessary if 
government funding was to be successfully leveraged.  

The group also recommended the development of new knowledge and the provision of positive incentives to 
promote the construction of green buildings, hotels and resorts by the private sector. Without access to 
knowledge, expertise and financial incentives, these buildings won’t be constructed.  

They strongly supported positive incentives over negative ones such as taxes. They believed these would also 
be easier to sell in the tourism industry, because the impacts of climate change are not created by tourism but are 
contributable to external sources, e.g. the effect of agriculture on the reef. They believed that the impacts of 
tourism on the reef and rainforest were relatively small compared to other human activities. 

The group believed that town and regional planning was very important for the infrastructure and 
development issues that characterise many of the coastal issues and possible adaptation strategies. The feeling in 
the groups was that Council needs to develop its expertise in these areas as they are not climate change experts. 
The example provided by individuals in the group was that the Council’s 2025 Plan is radical and people are still 
coming to grips with its meaning and implications. From a tourism perspective, it was perceived as too draconian 
in its approach. The Plan was seen to place too much restriction on tourism (e.g. requiring that an eco-resort 
must be built in an urban environment). The group agreed that much of the existing tourism infrastructure could 
not be built under the 2025 Plan. In essence, the Plan was seen to stifle an important part of the group’s vision 
for sustainable tourism in Cairns: creativity and innovation. Providing innovative and high quality tourism 
experiences was seen as a vital driver of adaptation in the region. 

Reducing the region’s carbon footprint was seen as an important focus for policy and good town planning 
would go some way in achieving lower carbon emissions. Notwithstanding, policy would need to be specific to 
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the Cairns region. The group did not support the idea that solutions to local problems could be imported from 
places like Brisbane and Canberra. 

Furthermore, the group believed that tourism needs to capture the public’s support in order to influence 
political decisions and action on climate change. They felt that while government and industry need to 
collaborate and drive responses to climate change, in reality they cannot be relied upon to do it. 

This group summed up their discussions by noting that adaptation needs to become second nature for people, 
and they need to believe that they can make a tangible difference at the local level. To achieve this it is critical to 
compile good information, and have community champions to demonstrate possible actions. Furthermore, 
appropriate planning provisions need to allow innovative responses to climate change. Finally, the group 
perceived enormous resources were needed, but gaining political support for the long-term was a first step. They 
believed that political support would follow community support. 

Community 
This sector considered several high priority adaptation strategies on land that would improve water quality. They 
included riparian restoration, which would also improve habitat connectivity, and best practice on land that 
would also assist agriculture. They made little attempt to identify specific adaptation strategies for the three 
climate change scenarios. They reported their high adaptation strategies under the themes natural environment, 
tourism, infrastructure and community. They noted that: 

… despite very strong water quality legislation there are no legislative requirements for landowners to restore 
riparian zones… there is a need for the provision of legislative power to enforce restoration.  

If a system is more resilient it is better able to cope with climate change. By dealing with water quality on land 
you build resilience of other ecosystems and corals will be healthier.  

There is also a strong need for monitoring resources to ensure that we monitor condition in response to 
adaptation strategies and can respond, or adapt, following assessment of progress or undesirable changes in 
condition. 

Natural environment 
Wildlife corridors: Improve connectivity especially along riparian areas; use of elevated platforms; use 
statutory and non-statutory approaches. 

The group considered this should be of very high importance in the short term, as riparian restoration builds 
resilience in terrestrial (rainforest) and aquatic (water quality) systems. They identified some important 
initiatives currently in place, e.g. Cairns Regional Council riparian guidelines for all new developments. It also 
funds restoration works in older areas, but there is a critical shortfall in resources (staff and funding) to support 
these activities to a level that would really make a difference. 

Planting coral gardens: This group considered transplanting and establishing coral gardens using corals that 
are adapted to higher temperatures as a very high priority in the short term. This was seen as needing research 
now and planning and policy implementation before 2020. 

Build resilience of ecosystems by reducing or controlling other pressures e.g. control weeds and ferals and 
water quality. 

Pest and weed management currently relies too strongly on partnerships (that don’t always hold up) between 
volunteers, local councils, EPA etc. 

It was also recognised that farmers need to be approached in the right way to help build resilience through 
corridors and riparian restoration: 

Need to sell to them by linking the environmental values to things that they value (like yield etc) to ensure that 
adoption is high. Farmers don’t respond to being ‘educated’, but they do respond to practices that will increase 
‘yield’’. 

Risk assessment of natural assets under climate change; develop strategies to minimise risk around these 
assets. They identified a strong need for monitoring resources to ensure that conditions are monitored in response 
to adaptation strategies and can respond, or adapt, following assessment of progress or undesirable changes in 
condition. 

No development and sale of land in flood prone lands – they felt it was better to consider sensitive 
development in flood prone areas and the identification of available land for various uses under different future 
scenarios, i.e. if the Cairns airport is under water, where might an alternative airport be built? 
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Tourist 
Offer complementary experiences to pristine reef and rainforest in cultural, business, education and research; 
focus tourism in different areas which take up different economic activities; more island based activites and 
interpretation. 

Diversifying the tourism marketplace was seen as a very important strategy to implement right now, as it 
builds resilience in the market. It has also been recognised that the Cairns market is changing from mass tourism 
to one more characterised by independent travellers, including self-drive tourists. This change needs to be 
embraced and marketed, e.g. there was a suggestion to promote cycling tourism (which is already growing and 
being marketed domestically) by allowing bikes onto the SkyRail etc. 

Low footprint tourism—offset and design, adapt attitudes; change advocacy. What can tourism provide to 
make the natural area resilient? 

There are limitations to the low footprint tourism approach, especially given community suspicions relating 
to carbon offsetting etc. The opinion was put forward that tourists also do not yet respond to the clean and green 
badging that Cairns is trying to portray. Green accreditation is also seen as a bit of a farce by most tourists, 
especially given the large number of certification schemes and the fact that there is no legislative power 
associated with them. 

Socioeconomic strategies: Different mix of tourism—engage in value added activities, e.g. writing and 
environment, dance / music interpreting environment. 

Beyond the tourism sector, there is a belief that Cairns should move away from relying so heavily on tourism 
and diversify its economic base by investing in new areas. 

Infrastructure 
The following were all considered high priority: 

• Water availability. 
• Recycling program. 
• Research and build infrastructure to cope with climate change. 
• Build infrastructure that has low carbon emissions and use this in marketing. 
• Modes of transportation—more rail, public transport, bike tracks. 
• Bus or rail tourists to central points and visitor centres and then operate tours from there. 
• Transport—alternative fuels; buses and boats move from diesel to biofuels. 
• Rising water levels—turn it into an urban canal development. 
• Research alternative energy technologies. 
• Implementing a building code—to cope with extreme winds Category 5 cyclones. 

Significant shortcomings in government acceptance of climate change risks and appropriate resourcing to 
overcome these risks was seen as a real limit to many of the infrastructure adaptation strategies.  

Planning needs more support—both in terms of human resources and funding’.  

It was also noted that state-wide or regional building codes should be developed (with greater governmental 
regulatory power) to ensure developments are sensitive and appropriate to regions they are proposed in. Broader 
discussion then followed, with general consensus that state governments should be abolished to reduce duplicity 
in our governmental system.  

Inventory of open spaces in rainforest of areas previously disturbed, which will become the only places you 
can construct buildings in the future.  

Very important now to plan for future opportunities (or catastrophes), so identifying potential land areas for 
agriculture and infrastructure was seen as an important priority for 2020. 

Extreme events: Severe damage to infrastructure—unable to adapt and no point in people coming. 

This was seen as more of an issue now than it is likely to be in the future, with improved planning, 
evacuation procedures and building codes etc. 

Community 
Tourism workforce needs to be trained and valued in a way that ensures they can offer tourists a rewarding 
experience and where the area is known as a place where exceptional service is provided. 

This needs to start right now (before 2020) to ensure there is enough capacity in the tourism sector to respond 
to future changes. At present, there are critical shortfalls in entertainment, accommodation and wage and general 
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conditions for tourism industry staff—a social change is required to move away from the casual staff approach 
with no benefits. 

Position the area as ‘Green and Clean’; marketing positive changes as they arise. Rainforest visitation is for 
the aesthetics, greenery. 

Cairns is a long way away from the ‘green and clean’ mantra. The limitations to date include the need for a 
lot of time to turn the industry into a greener one, as well as the need for more local staff and resources to assess 
the ‘green-ness’ of businesses. There are also some policy and legislative problems associated with this move 
that have not yet been resolved. 

Resource sharing among operators to reduce carbon offsets, higher fuel costs and reduce carbon emissions. 
It is vitally important that collaborative relationships are built across all components of the tourism sector to 
ensure that adaptation strategies are broadly accepted and adopted. 

Environment 
The environment sector considered water quality, implementing green zones, planting trees, wildlife corridors 
and work to keep carbon dioxide levels below 500 ppm as the highest priority strategies with positive flow-on 
effects for the reef. A high priority area also considered by this sector was a vulnerability assessment of the reef 
that would provide practical information and research needs. Considerable progress on accessing the 
vulnerability of the Great Barrier Reef to climate change has already been achieved (Johnson & Marshall 2007), 
suggesting that this knowledge needs to be communicated to the different sectors. 

2020 Scenario 
High adaptation strategies for 2020 identified by this group were associated with communication, policy and 
planning, and the environment. 

Communication strategies were: 

• Setting up advisory committees—report to GBRMPA, Wet Tropics Management Authority.  
• Information transfer between environment and community. 
• Research interpretation—transfer of knowledge in useful form for policy developers.  
• Information transfer—interpret and use knowledge (Reef and Rainforest CRC’s produced some of the 

best knowledge on tropical environments). 
• Build social resilience to support life in the community. 
• Research to develop adaptive strategies to assist in permitting schemes to be developed and implemented 

by industry. 
• Social awareness—opinion and attitude respond to give right information at right time. 
• Combination of science and government. Latter as media broker. Public policy framework on how to roll 

this out. 
• Data / facts—economic impact. 

Planning / policy strategies identified were: 

• Planning for adaptation. 
• Urban planning—low carbon footprint, need legislation / planning. 
• Planning to incorporate designs to cope with sea level increase associated with thermal expansion of 

oceans from rising temperatures.  
• Policy to fund adaptation strategies to protect the environment. 
• Incentives / bonus based, i.e. ‘green and clean’ rather than taxes. What incentives are we looking at? 

Framework in ‘taxes’; means money always there if government (consolidated revenue) make it a 
priority. 

• Local government—certain councils implementing mitigation but not so much adaptation. 
• How well do the community respond to loss of the reef and rainforest? 
• Social science policy governance. 

Environment strategies: 

• Green Zones—plant trees. 
• Water quality needs addressing on the land. 
• Wildlife corridors as priority areas. 
• Solar power rebate now gone; should continue to encourage reduction in emissions. 
• Vulnerability assessment—practical information. 
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• Physiological plant and animal research still needed. 
• Local government—certain councils implementing mitigation but not so much adaptation. 
• Research is need on ‘How well do the community respond to loss of the reef and rainforest?’ 
• Mitigation—need to work to keep carbon dioxide levels below 550 ppm. 

2050 Scenario 
General comments included: 

• If it depends on human survival we will do it.  
• Migration of Australians from southern states to Far North Queensland. 
• No information on speed that organisms can respond. 
• Physiological unknown—how will plants and animals, including humans, react? 

Strategies for loss of rainforest included: 

• Translocate wildlife or move animals to zoos. 
• Breaking dialogue, some experimental work. 
• Wet Tropics Management Authority—reduce number of permits; zoning. 
• Management strategies to deal with disease, pests. 
• Fire management plans. 
• Emergency response plan. 

Reef strategies were: 

• Adaptive management—coral planting, reef shading and watering.  
• Promote ‘fun and sun’ and ‘clear water’ (extended El Niño periods) in the tropical north. 
• Great Barrier Reef Marine Park—reduce number of permits; zoning; protect from extractive use. 
• Sustainability—have to be shrinkage in number of green zones now 30%. 
• By 2050 closer to limitations on human survival—genetic engineering possibility. 
• Shift and focus on island activities. 

2070 Scenario 
It was thought that the rainforest will shrink to refugia. There would still be some reef, but isolated, and they 
would still be trying to save the reef—Great Barrier Reef Marine Park management agency would still be there. 

Considering a temperature rise of 2.5 – 6oC: 

• Impact on whales may be positive as minke whales may stay around for longer; tourist industry on whale 
watching (but don’t the whales move through during the cooler months and move south in the summer to 
feed on krill?). Krill may be adaptive as they have short lifecycles and may be able to evolve to cope with 
warmer sea temperatures. 

• Coral and other reef animals—viewing new types—those with a short lifecycle may be able to evolve and 
adapt; those with a longer lifespan will not be able to keep up with the change. 

• 2.5oC—transplant corals from other areas from the north, e.g. New Guinea, where similar species exist 
and they are already exposed to warmer tropical temperatures. 

• Behavioural shift—operate or function at different times of the day. 
• Reconstitute extinct species. 
• Diversify products—look at larger animals; market ‘fun in the sun’. 
• Artificial products—sink ships as an attraction. 
• Long travel to sites and thus create more onboard activities on vessels. 
• Submarine—overcome strong winds, different experience. 
• Technological advances. 
• Holograph reef; virtual tourism (could be a negative as not longer need to leave home). 
• Algae will have covered the reef—use it to create bio-fuel and change industry in the area. 

Summary 
The majority of operators have only come to believe climate change is happening in the last year or so, and their 
knowledge of anticipated impacts is varied (Industry / Practice). Some industry practitioners consider that 
climate change is only another cycle. Of greater concern to the tourism industry are the exchange rate, lack of 
skills, aviation costs, access, ‘rogue’ operators and externalities (e.g. sub-prime collapse in the United States), 
energy crisis and peak oil, health scares such as SARS, terrorists attacks, and war (Industry / Policy). 
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However, leaders in the tourism industry are thinking about the issue and at the state level they are looking at 
how they can address it. At a state level, they are considering the big picture, but at a regional level it is 
considered too difficult and is not in the long-term plan. At a regional level, the business concern is specifically 
economic and directed at carbon offsets. There was a feeling that of being buffered from climate change in Far 
North Queensland compared with the rest of Australia, which is arid and semi-arid (Industry / Practice and 
Community / Policy). 

As a system, the Great Barrier Reef is considerably vulnerable to climate change; however, some parts may 
be less vulnerable and more resilient than others (Hughes et al. 2003; Marshall & Johnson 2007). Several 
eminent marine scientists consider that although the projected increase in carbon dioxide and temperature of the 
oceans over the next 50 years exceeds conditions in the past, the reefs will change rather than disappear entirely 
(Hughes, Baird et al. 2003). Due to the size and unique position of the Great Barrier Reef it is possible that in the 
future it may be the only location on the globe for tourists to see a coral reef ecosystem. 

The community and tourism industry recognise that there will be many challenges they will have to face in 
responding to climate change if they are to maintain a sustainable tourism industry in the region. Planning and 
implementation of many of the adaptation strategies needs to begin early and be in place before 2020. The 
general feeling was that tourism will survive in the Cairns region, but the reef may not be the prime attraction by 
2070. Many participants had difficulty thinking of adaptation strategies for tourism for 2070, which was seen as 
too far into the future.  

Significant shortcomings in government acceptance of climate change risks and appropriate resourcing to 
overcome these risks was seen as a real limitation to many of the infrastructure and policy adaptation strategies 
identified. Planning in particular was seen as requiring more support—both in terms of human resources and 
funding. It was also noted that state-wide or regional building codes should be developed (with greater 
governmental regulatory power) to ensure that developments are sensitive and appropriate to the regions they are 
proposed in. In particular, to cope with extreme events, the region needs improved planning, evacuation 
procedures and building codes in place by 2020 (Community). 

Limitations to the low footprint tourism approach were raised, especially given community suspicions 
relating to the large number of certification schemes and the fact that there is no legislative power associated 
with them. The opinion was put forward that tourists do not yet respond to the clean and green badging that 
Cairns is trying to portray. Furthermore, Cairns is a long way behind destinations in Europe like Holland and 
Germany in terms of being green (although it is a long way ahead of most places that have rainforest and reef 
attractions). Emission trading schemes, carbon offset programs and green accreditations were viewed with a 
degree of scepticism by most tourists and industry members.  

Positioning the region as ‘green and clean’ was seen as not only environmentally desirable but also important 
if the region is to be competitive in the marketplace in the future. The limitations to implementing this identified 
by the community sector were: 

… the need for a lot of time to turn the industry into a greener one as well as the need for more local staff and 
resources to assess the ‘greenness’ of businesses. This will also require the resolution of some policies and 
legislative.  

Incentives that are bonus-based to build a ‘green and clean’ image were seen as a positive. In contrast, there 
was little support for additional taxes. Government was targeted to make this a priority, so money is there from 
consolidated revenue to support an incentive-based program. 

The tourism industry in the Cairns region has adapted to change in the past and shown resilience to it. It is 
recognised by most of the representatives in this study that climate change is another major challenge they have 
to respond to. However, the industry is still coming to terms with the magnitude of the predicted change and 
needs direction from government in how to respond and implement adaption strategies. To achieve this, it is 
vitally important that collaborative relationships are built across all components of the tourism sector, to ensure 
that adaptation strategies are broadly accepted and adopted.  

In general, participants felt that the task of prioritising adaptation strategies was very speculative, because of 
the uncertainty about what the future socioeconomic conditions might look like. Therefore, one thing that is 
important when considering adaptation is an appreciation of the social context within which climate change 
adaptations will be developed and implemented. 

Participants felt that the most important consideration for adaptation to the impacts of climate change was to 
focus on providing a quality tourism experience that will attract visitors to the destination. Ultimately, adaptation 
strategies that contribute to a quality experience will be more likely to succeed in their implementation.  
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Plenary session 
During this final session of the workshop, the group addressed the major issues that need to be addressed and 
their limitations, identified who should be involved and looked at how this process should proceed. 

Climate Change is a big issue—what do we need? 

• Knowledge that is appropriate and relevant (to organisations and various stakeholders). 
• Technology issues and research needs. 
• Resources—there will be losers and winners—and big costs. 

o The private sector cannot be expected (and cannot afford) to pay those costs. 
o Government responsibility to act and fund adaptation. 

• Political and industrial will to act on climate change. 
• Tourism is adaptive to changing circumstances; however, tourism cannot be involved in what it doesn’t 

own. So the tourism sector can be a part of the process, through lobbying etc, but the government will 
have to take the lead role in making change happen. 

Limitations 

• Government officials don’t always understand the dollar value (or other values) of tourism, but 
recognising the fact that it is one of our largest industries would help to position tourism against other 
major industries (with active lobby groups) like agriculture, mining and fishing. 

• The tourism sector tends not to collaborate for political influence—too many small independent players 
within the sector—so there is no single strong voice in the political arena. 

• Tourism is a broad sector, so perhaps it needs to inform and gain support from the broader community in 
order to influence government policy and funding. This approach could help to spell out the benefits of 
particular government strategies, including the introduction of incentives that would benefit not only the 
tourism sector, but others as well. 

• The community needs to be the driver of adaptation to climate change, starting with education and 
awareness in schools and then snowballing upwards.  

o Needs the political will to educate and make communities aware of climate change. 
• The community in Cairns is yet to see big impacts of climate change in their region, so even if they are 

not sceptical, they may not see the need to act, or adapt, just yet. Need to recognise that climate change is 
an incremental change. 

Research and monitoring 

• Need to identify emerging markets. 
• Need baseline knowledge about visitors (targeting the social aspects of tourism). 
• Also need a governance system that promotes innovation in tourism and town and regional planning in 

general. 

Who can take the process forward? 

• Not any single agency, but a partnership (across all groups within the sector) is required to help 
coordinate tourism adaptation strategies. 

Where to from here? 

• Need to introduce climate change and coordination of adaptation strategies on agendas at tourism forums. 
• We currently lack a strong framework for understanding and responding to climate change—although 

these are emerging, e.g. the Department of Resources, Energy and Tourism’s Tourism Action Plan. 
• Tourism practitioners can not really take the lead for the industry (because the sector is so broad and 

diffuse), but it should have a voice in the broader process. 

Recommendations 

These recommendations are informed by semi-structured interviews conducted with leaders in the tourist 
industry and community, the Cairns workshop and a review of the literature. Some are specific to tourism and 
others are necessary if the community and the region are to support a sustainable tourism industry in the future. 
They are primarily the high priority adaptation strategies identified during this project: 
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• Action is needed now to plan for and implement the high priority adaptation strategies indentified from 
the workshop. 

• Sound policy informed by good research needs to be in place for planning, building codes and 
infrastructure development. 

• Policy needs to be implemented, not just created. Actions, timelines and targets need to be clear in the 
plans and policies, and these need to be monitored and reported on to the community. 

• Emergency evacuation policy—risk assessment and plan for emergency events. 
• Update legislation so it is appropriate for the tropics and extreme conditions expected with climate 

change. 
• Purchase local produce—hotels and restaurants should be required to purchase locally or pay a 

surcharge on products sourced elsewhere. 
• Appropriate funding is needed for infrastructure development—roads, telecommunications, wharves, 

airports etc that support the tourism industry. 
• Funding needs to be available for retrofitting buildings to cope with worse case scenarios, i.e. Category 4 

– 5 cyclones. 
• Provide incentives for businesses to move to new, energy efficient technologies. 
• Technology appropriate to address climate change in the tropics needs to be developed, funded and made 

available to the community. 
• Transport—alternative fuels; buses and boats move to energy efficient fuels and technology. 
• The community needs to continue to lobby the government for support in tackling climate change. 
• Social mapping exercise to see how climate change impacts the community. 
• Provide training for the tourism workforce and recognise (value) the training so it is retained in the 

community. 
• Resource sharing among operators. 
• Good information from reputable scientists—fund research and have long-term monitoring. 
• Coordinated effort with all stakeholders involved in a meaningful way—possibly a climate change 

department in the tourism industry in the tropics to broker knowledge and work with community 
lobby groups and the media; place of data storage and dissemination. 

• Implement a planet safe partnership in the Cairns Region that all tourism industries are members of. 
• Position the area as ‘Green and Clean’, marketing positive changes as they arise. 
• Develop low footprint tourism—offset systems, design and adapt attitudes; change advocacy. 
• Use climate change as a trigger to promote sustainable activities and identify why we are unique and how 

we adapt to climate change. 
• Standardised system of calculating Emissions Trading System and carbon for the tourism industry. 
• Develop and implement offsets or more efficient means of travel. 
• Price product so it is competitive and affordable to attract visitors. 
• Positioning: no change or less extreme events here or temperature more amenable than elsewhere. 
• Marketing strategy where travellers come because of approach to energy efficiency and reduced carbon 

emissions. 

 Land recommendations 
• Concerted effort to plan for water use for 2020, 2050 and 2070—this does not mean more dams but 

better and more appropriate use of water such as water recycling and changed irrigation techniques. 
• Increase efficiency in way community and tourist live—reduce energy use, water use and carbon 

footprint. 
• Carbon dioxide sequestration program—tree planting, community restoration programs. Continue 

to focus on riparian restoration in the catchments. 
• Wildlife corridors throughout the landscape. 
• Best practice in plant husbandry to reduce habitat loss, degradation and control exotic pests (weeds and 

feral animals). 
• Risk assessment of natural assets under climate change; develop strategies to minimise risk around these 

strategies. 
• Build infrastructure that has low carbon emissions and use this in marketing. 
• Transport—use more rail, bike tracks, walking tracks, public transport. 
• Monorail from airport to town. 
• Continue to update coastal planning—new approach to coastal management to address acid sulphate 

soils, salt incursions, flooding, sea level rise, erosion, pests and disease. 
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• Town planning to rethink / respond to where building approvals are given. No development or sale of 
land in flood prone areas. 

• Identify and build a tourist group that supports small operators on land and provide information, 
assistance in planning and coping with climate change.  

• Diversify the market—make more of the diverse local cultures. 
• Research the impact of climate change on endemic species. 
• Support agriculture to plant appropriate crops for the climate conditions, i.e. consider water needs, 

herbicide and pesticide applications and potential plagues of grasshoppers and locusts. Needs research. 

Reef recommendations 
• Continue to support efforts to protect the tourism industry to the reef. 
• Continue to monitor the health of reefs used by the tourism industry and prepare to relocate them. 
• Identify indicators of stress. 
• Identify new activities (diversify the product) in a changing landscape. 
• Support research into techniques to mitigate the impacts of climate change on the reef. 
• Implement high priority adaptation strategies as identified in this report. 
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Chapter 5  

BLUE MOUNTAINS CASE STUDY 

By Tracey Dickson, Bruce Hayllar, John Merson, with Rosalie Chapple, Sue Uzabeaga, Kate 
Hammill, Beatrice Pegard, Mario Rimini and Phoenix Lawhon Isler  

Climate change is a dominant discourse in today’s society. The critical research issues for Australian tourism are 
how the industry will be affected, how it can adapt and respond within current social institutions, and how these 
responses will shape the physical, social and economic structures that support tourism.  

Climate change is forecast to have a variety of impacts on tourism destinations in Australia. Depending upon 
the nature and scope of the impacts, tourism in some destinations could be significantly changed. While some 
climate impacts are unavoidable, even under the best mitigation scenarios, the damage inflicted by these impacts 
depends in part on how well the Australian tourism industry and natural systems can adapt.  

While much scientific research has focused on confirming the causes of climate change, predicting impacts, 
and seeking acceptable methods of greenhouse gas reduction, less attention has been given to the means by 
which we can respond to these impacts. While mitigating climate change through reductions in greenhouse gas 
emissions must continue as a national and international priority, adaptation and response measures are 
imperative.  

The purpose of this project is to increase understanding of climate change impacts on regional tourism 
(economic and non-economic) and to inform and prioritise adaptation strategies which can be undertaken by 
destinations and by tourism businesses for the next 10, 20 and 50 years. This research will support decision-
makers in government, business and the community to incorporate climate impacts into policy and operational 
decisions. However, a significant challenge in identifying and prioritising adaptation strategies is to be cognizant 
of the demands of the many micro and small businesses that dominate the Australian tourism industry, and thus 
to critically evaluate what strategies may be most effectively and efficiently adopted by those businesses. 

Blue Mountains Case Study Region 

Background 
The Blue Mountains region of New South Wales encompasses an area centred on the two major transport and 
tourist routes—the Great Western Highway and the Bells Line of Road that cross the Blue Mountains from east 
to west—and the adjoining natural landscapes of the Blue Mountains and Wollemi National Parks. This region 
begins 60 km inland of the central business district of Sydney, Australia’s largest city (population 4.2 million). 
At this point, the Great Dividing Range rises from the Cumberland Plain, forming the part of the range known as 
the Blue Mountains, which reach an elevation of approximately 1,100 metres above sea level at the highest local 
point. The region abuts the urban development of Sydney’s outer suburbs to the east and extensive agri-industry 
on the tablelands and foothills to the west. To the north and south lie vast expanses of wilderness as far as the 
eye can see (Figure 31). Tourism New South Wales has defined the Blue Mountains Region as encapsulating the 
local government area of Blue Mountains, along with Lithgow and Oberon to the west. 

The Blue Mountains and Wollemi National Parks (approximately 267,000 and 501,000 ha respectively) form 
the larger part of the Greater Blue Mountains World Heritage Area (GBMWHA), which covers over 1 million ha 
of natural landscape to the west, north and south of Sydney. Multiple government agencies are involved in the 
management of the GBMWHA and the Blue Mountains region, with those agencies most directly engaged with 
tourism being the Blue Mountains Region of the National Parks and Wildlife Service (part of the New South 
Wales Department of Environment and Climate Change), Blue Mountains City Council, the Roads and Traffic 
Authority, NSW and the Botanic Gardens Trust (in particular Mt Tomah Botanic Gardens).  
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Figure 31: Blue Mountains region 

SOURCE: Blue Mountains Tourism 2009 
 

 The Great Western Highway and Bells Line of Road connect Sydney with the Blue Mountains, as well as 
forming a crucial transport route to and from inland New South Wales. A string of townships occur along the 
ridge tops adjoining these routes, with the main areas of human settlement (population 80,000) concentrated 
along the Great Western Highway. The highway corridor is 1 km wide at its narrowest point, and the local 
government area (LGA) is 10,343.3 km2, 70% of which is contained in nature reserves within the GBMWHA. 

The region is an iconic tourist destination for national and international visitors, as well as day trippers. The 
dramatic sandstone escarpments, exceptional vistas and bushwalks form a key basis for tourism in the region. 
The region’s popularity is enhanced by its close proximity to Sydney. This activity is supported by services 
provided in the townships as well as ongoing urban and road network development—with the latter being highly 
limited by the steep terrain and the surrounding reserves and national parks. Existence of a significant tourism 
industry in the Blue Mountains brings pressure to bear on national park management, particularly in this time of 
rapid climate change (Bradstock, Davies, Price & Cary 2008).  

For economic modelling purposes, statistical divisions are to be used. The divisions are based upon the 
Australian Standard Geographical Classification system which divides Australia into geographical areas for the 
purpose of collecting and disseminating statistics. These may not relate to what is deemed to be the Blue 
Mountains as a tourism region, which is a combination of parts of: 

• The statistical sub-division of Outer Western Sydney which includes parts of the following local 
government areas: 

o Blue Mountains  

o Hawkesbury  

o Penrith  

• The statistical sub-division of Central Tablelands (excl. Bathurst-Orange) which includes parts of the 
following local government areas: 

o Blayney  

o Cabonne  
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o Evans  

o Greater Lithgow  

o Oberon  

o Rylstone 
 

Natural features of the Blue Mountains 
The Blue Mountains consists of sandstone plateaux, escarpments and gorges dominated by temperate eucalypt 
forests. Although of a distinct forest type, the region is known for periodic major bushfires which sweep through 
these flammable forests and can impinge on and threaten property in the urban areas. The region has been 
described as ‘a classic urban-bush frontier area’ (Collins 2006: 207), in which the particular environment and 
topography, along with location of townships, make it difficult to manage the fire-prone landscape (Bradstock & 
Gill 2001). The region supports a variety of scleromorphic vegetation types, including eucalypt-dominated open 
forest, with species including scribbly gum, grey gum, Sydney peppermint, black ash, mountain mallee, blue 
gum and black wattle (Mosley, 1989); open shrubby woodlands; heath; and swamps. Sheltered gullies and 
creeklines support tall mesic eucalypt forests and isolated areas of dense rainforest. The region is recognised for 
its exceptional representation of the evolutionary adaptation and diversification of the eucalypts in post-
Gondwana isolation on the Australian continent. There is significant representation of Australia’s biodiversity. 
Ten percent of the country’s vascular flora occurs there, as well as significant numbers of rare or threatened 
species, including endemic and evolutionary relict species such as the Wollemi pine. 

The GBMWHA was listed on the World Heritage register in 2000 on the basis of two criteria:  

• Outstanding examples of significant, ongoing ecological and biological processes in the evolution and 
development of terrestrial and fresh water ecosystems and communities of plants and animals; and  

• Important and significant natural habitats for in-situ conservation of biological diversity, including those 
containing threatened species of outstanding universal value from the point of view of science or 
conservation (UNESCO 2000).  

The combination of fine-scale terrain variation, high environmental complexity and exceptional stability over 
evolutionary time has allowed this environment and some of its biota to remain largely unchanged over 
geological time. The GBMWHA represents a major component of global biodiversity not previously represented 
on the World Heritage List. ‘One-hundred-and-one species of eucalypts (over 14% of the global total) occur in 
the Greater Blue Mountains. Twelve of these are believed to occur only in the Sydney sandstone region’ 
(UNESCO 2000: 26). 

Local indigenous culture 
The Blue Mountains is a living heritage area with numerous places of indigenous cultural significance, including 
landscape features, rock engravings, cave paintings and stencils. These sites range from living places to sites of 
high cultural significance which are linked to Dreaming and creation stories. ‘Known sites provide evidence of at 
least 14 000 (and possibly 20 000) years of Aboriginal occupation of the area’ (New South Wales Parks and 
Wildlife Service (NSW NPWS) 2008). Some of the well-known examples of indigenous cultural heritage sites 
within the Blue Mountains National Park include Red Hands Cave, Black Fellows Hands and Kings Tableland 
sites. Many others are less well-known and in more remote locations, and include prominent landscape features 
with spiritual significance linked to creation stories, and rock art which incorporates two synchronous forms 
(pigment and engraved forms) on a scale unique in Australia (NSW NPWS 2008). 

There are at least six Aboriginal language groups associated with the GBMWHA—Darkinjung, Darug, 
Dharawal, Gundungurra, Wanaruah, Wiradjuri—including several associated with the earliest contact with 
European settlers in Australia (NSW NPWS 2008). These groups are working with the New South Wales 
National Parks and Wildlife Service (as part of the Department of Environment and Climate Change) to 
negotiate and develop co-management opportunities (Brown 2004). The Gundungurra and Darug people are 
each negotiating a separate Indigenous Land Use Agreement with the New South Wales State government 
agencies and local government. The Indigenous Land Use Agreement will acknowledge that the Darug and 
Gundungurra people identify themselves as descendants of the traditional inhabitants and therefore can make 
recommendations to land managers within their respective Core Areas on land management issues. However, 
such an agreement will not provide for the recognition of native title rights and interests (Tamayo 2008).  
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In 2007, the Department of Environment and Climate Change (New South Wales) and the Darug people 
signed a Memorandum of Understanding ‘to establish a framework for Darug people’s involvement in the 
management of parks and reserves administered by the Department and the protection of Aboriginal objects and 
places within the Darug people’s area of interest’ (Department of Environment and Climate Change (New South 
Wales) (DECC) 2007). This type of agreement will help to identify, protect, conserve, interpret and present 
Aboriginal cultural heritage values; and will establish effective communication between the Language Groups, 
New South Wales National Parks and Wildlife Service, and local governments for the management of the area. 

Indigenous tourism presents an opportunity for a richer interpretation and recognition of the Traditional 
Owners’ heritage, to stand as a legacy for future generations. One such example is the Discovery Program run by 
the local Blue Mountains Region of the New South Wales National Parks and Wildlife Service. This program 
provides personal contact with Aboriginal culture through different activities with visitors to the area. One 
version of this program gives an Aboriginal perspective of country that uses storytelling to explain their 
connection with the land. According to the Natural Heritage Trust, ‘There is enormous potential for harnessing 
this communicative power to deliver World Heritage Area information and messages to improve consistency’ 
(NSW NPWS 2002). 

Aboriginal community involvement in sustainable tourism projects enables the strengthening of connection 
to country, develops pride of place, and allows a renewal of and continuation for autonomy and self-
determination within the GBMWHA. This benefits the wider communities and visitors through increased 
understanding of traditions and values along with contemporary interpretation to give life to ‘Living Country’ 
(NSW NPWS 2001). 

European cultural features 
There is also considerable European heritage and cultural interest in many parts of the Blue Mountains region. 
The Blue Mountains represents arguably the most challenging landscape feature for early European settlers and 
was the subject of much exploration and effort to cross it in the early days. Consequently, the modern-day 
highway and railway route and some of the original structures that remain today are of interest. The point of 
European crossing at the western end of the Blue Mountains at Mount York (ca. 1813) is an understated 
highlight for people interested in this early settlement period, as are the heritage tracks that ascend and descend 
the mountains. Historic buildings are scattered in the towns. Katoomba is steeped in history relating to the early 
oil shale mining, with the steep scenic railway and old mine-shafts being features of interest. The upper 
mountain towns—particularly Wentworth Falls, Leura, Katoomba, Medlow Bath, Blackheath and Mt Victoria—
have interesting heritage buildings and history relating to health-resort style tourism destinations of the old days. 
There are many heritage tracks also associated with these resorts that traverse and descend the dramatic cliff 
lines adjoining these places. Modern-day lifestyle attractions include the cafe and art scene of the Blue 
Mountains townships. 

Current Knowledge of Tourism in the Blue Mountains Region 

Overview 
Named after the blue haze emitted by the eucalypt forests, the Blue Mountains National Park is Australia’s most 
visited and commended, attracting over 4 million visitors a year. Sitting on the doorstep of Australia’s largest 
city, it is also Australia’s most accessible park for international tourists, which boasts some of the most 
spectacular and iconic views on offer. 

Many visitors just want to find a lookout and gaze across the park’s sandstone outcrops and hazy blue forests, 
but many others want to discover for themselves what many have known for a long time—that the Blue 
Mountains region is a vast and special place (Geoff Luscombe, Regional Manager, Blue Mountains region, New 
South Wales National Parks and Wildlife Service). 

The Blue Mountains is home to the densest and most diverse network of walking tracks in Australia. Dating 
back to 1870, there are over 200 km of walking tracks of all grades in the Blue Mountains National Park, 
including some accessible by wheelchair, providing the millions of visitors each year access to some of the most 
spectacular sights in Australia, and arguably the world. It is a bushwalker’s paradise. 

Blue Mountains National Park is working very hard with other agencies and tourism operators to create the 
right balance between tourism and conservation. The National Parks and Wildlife Service remains committed to, 
and excited by the potential benefits of the National Landscapes Program, which aims to bring international 
tourists, especially the market segment known as ‘Experience Seekers’, to these fantastic destinations (DECC 
2008) 
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There are two main pillars for tourism in the Blue Mountains: nature tourism, including bushwalking and 
viewing of the iconic vistas of the sandstone plateaux that characterise the area; and cultural tourism, which 
includes visits to aboriginal cultural heritage sites and tours, European settlement history, and lifestyle 
experiences relating to the café and art scene of the region. An additional growing sector is adventure tourism, 
which allows visitors to experience the region’s natural wonders with adrenaline-boosting activities including 
rock climbing, canyoning, and hang-gliding. These activities are done with professional tour operators, many of 
which function on the basis of special licence arrangements with the New South Wales National Parks and 
Wildlife Service. 

Most tourism hotspots are located in, or on the fringe of, the many townships along the Great Western 
Highway, particularly in the upper mountains—Wentworth Falls, Leura, Medlow Bath, Katoomba, Blackheath 
and Mt Victoria. Other tourism features further afield include the Mt Tomah Botanic Gardens and Zig Zag 
Railway on Bells Line of Road and Jenolan Caves towards Oberon. The main tourism hotspots of the Blue 
Mountains region are Echo Point and Scenic World at Katoomba, Govett’s Leap Lookout at Blackheath, 
Glenbrook, Leura, Wentworth Falls, Oberon, Lithgow and The Oaks Firetrail at Woodford. Visitor centres are 
located in Glenbrook, Katoomba, Oberon, Blackheath, and Wentworth Falls. It is estimated that over 300,000 
people each year use the walking trails in the park.  

In the context of the entire GBMWHA, tourism is highly localised in the Blue Mountains region as defined in 
this study, i.e. along the two transport routes. Much (over half) of the GBMWHA is wilderness and receives very 
little visitation, since the majority of tourists have insufficient time and interest in accessing remote areas by 
walking. Instead, most people appreciate the vast wilderness of the GBMWHA through many the lookouts that 
are easily accessed by road or short walk.  

Tourism trends in the Blue Mountains  
It is not an easy task to identify the tourism patterns, trends and figures for the Blue Mountains region. Given its 
proximity to Sydney, the area attracts large numbers of day-trippers, whose count is particularly challenging. 
There are two main sources of data regarding tourism visitation in the region. One is the record kept by the 
different visitor centres, which indicate how many people actually visited the centres but doesn’t say much about 
the overall figures of tourism. The other source is based on overnight stays, with the count of accommodation 
booked in the region. Again, this is only a partial indicator of tourism figures in the region, because the high 
number of day-trippers who do not stay overnight or do not visit any particular visitor centre are not included in 
this count. 

For the period 2004 – 2008, domestic day-trippers have steadily increased from approximately 1.3 million in 
the financial year ending June 2004 to approximately 1.9 million in the year ending June 2008, an increase of 
43.8% (Figure 32). In contrast, domestic overnight visitors during the same period only showed a small increase 
of 3.8%, with domestic visitor nights increasing 9.2% (Figure 33).  Sydney is the main point of origin of 
domestic overnight visitors, accounting for 61.7% of visitors and 55.7% of nights (Tourism NSW, 2008a). The 
number of international tourists has varied over this same period, but jumped considerably in the last year from 
58,000 in the year ending June 2007 to 72,000 in the year ending June 2008 (Figure 34), an increase of 14.3%. 
Of the international visitors, most (25%) were from the United Kingdom, followed by the USA (10%), Germany 
(10%) and New Zealand (10%). A large proportion of the remainder were from other European countries (25%) 
(Figure 35).  

In terms of activities during their stay, most domestic overnight visitors ate out at restaurants and many 
engaged in general sightseeing. Close to one-third visited friends and relatives. Nature tourism is also reportedly 
a key attraction for day-trippers. In the year ending June 2008, many went beyond simply enjoying the view, 
overall, 19% of visited a national park, and 20% engaged in bushwalks or rainforest walks during their stays 
(Figure 36). Previous research also highlights the importance of the natural environment to international visitors 
for whom the main activities were visiting a national or state park (81%), followed by eating out (75%) and 
bushwalking (74%) (Tourism Research Australia, 2008). 
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Figure 32: Domestic daytrip visitors to the Blue Mountains region 2004 – 2008 

SOURCE: Tourism NSW 2008a 
 

 

Figure 33: Domestic overnight visitors to the Blue Mountains region 2004 – 2008 

SOURCE: Tourism NSW 2008a 
 

Figure 34: International overnight visitors to the Blue Mountains region 2004 – 2008 

SOURCE: Tourism NSW 2008a 
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Figure 35: Largest source markets of international visitors to the Blue Mountains, 12 months to June 

Source: Tourism NSW (2007, 2008) 
 

 

Figure 36: Activities undertaken by international visitors to Blue Mountains region in year ending 
 June 2008 

SOURCE: Tourism NSW 2008a 
 

While no studies have been conducted on the impact of the World Heritage listing on tourism in the Blue 
Mountains region, a study on the tourist stimulus value of World Heritage listing in other sites in Australia found 
that visitor numbers are likely to increase as a result of the listing, although not by as much as expected (Tisdell 
& Wilson 2002). The long-established tourism industry and proximity to Australia’s premier tourism 
destination—the Sydney region—make it particularly hard to assume the actual influence of the World Heritage 
status on tourism figures. Another variable is the impact of the Greater Blue Mountains Drive which was 
launched in December 2007. These self-drive routes seek to encourage people to explore the 1,200km of 
interconnecting roads in and around the world heritage area and their adjacent regions.  At the time of writing, 
there was no analysis of the impact of these routes on visitor numbers, nights, expenditures or dispersal beyond 
the core of the Blue Mountains.  

As with other Australian tourism businesses, the bulk of the tourism businesses are non-employing, followed 
by micro-businesses (Table 43). With 83% of businesses employing less than five people, there are resource 
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implications when planning for climate change mitigation or adaptation. These businesses may not have the time 
or people to effectively respond to the demands of climate change without significant outside support and 
guidance. 

Table 43: Summary of tourism businesses in the City of Blue Mountains local government area as at June 
2007 

Tourism Businesses Number % 
State 

average 
% 

National 
average 

% 

Non-employing 1,062 54 50 50 

Micro-businesses (1 – 4 employees) 573 29 29 27 

Small businesses (5 – 19 employees) 246 12 15 16 

Medium to large employees (20 or 
more employees) 96 5 6 7 

Total businesses 1,977 100 100 100 
SOURCE: Tourism Research Australia 2008 

Demographics and population trends in relation to the future of tourism 
The Greater Sydney Region is home to over 4 million people, while 6.7 million people, or 34 % of Australia’s 
population, live in the state of New South Wales (Australian Government 2008). Furthermore, the region’s 
population is growing at a rate of about 1.2% per year (Pittock & Wratt 2001). As urban and suburban areas 
grow in population, settlement expands to rural areas adjacent to major cities (Cottrell 2005) and peripheral 
urban areas which are prone to fire hazards. An increase in settled areas around national parks may lead to 
increased visitor numbers, regardless of climate change impacts, as more day trippers take advantage of the 
opportunities for recreation in their ‘backyard’. At the same time, increasing urbanisation of suburban and rural 
areas may encourage city dwellers to travel further to seek out environments that they perceive as wilderness, 
leading to further tourism activities in less visited areas of the region. 

Population projections for the Sydney metropolitan area suggest that by 2051 the population will grow 
between 19% and 69%, with a moderate forecast of 37%, over 2001 rates (Figure 37). The relevance to this case 
study is that even if tourism demand was to drop proportionately due to the impact, or in response to climate 
change, the fact that the surrounding population has grown substantially, and thus the base number, may offset 
any projected decline in the rate of tourism demand. For example if Sydney-siders account for 61.7% of 
domestic overnight visitors, or 402,900 people, this represents approximately 9% of the Sydney’s 4+million 
population.  If the population grew to 5.6 million by 2050, the rate could drop to 7% before the actual number of 
visitors fell to current levels. 

 

Figure 37: Projected population growth for Sydney, 2001 – 2051 

SOURCE: New South Wales Department of Planning 2009 
 

The Blue Mountains region is home to 98,400 people, which is expected to grow to 106,000 by June 2017, an 
increase of nearly 7% (City of Blue Mountains 2008). The average age of residents is 36 years, and the 
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population forecast predicts a noticeable upward shift in age structure between now and 2021, as the current 
population gets older and the trend of outward migration of young adults in their 20s continues (seeking 
employment and educational activities in metropolitan Sydney) (Tourism NSW 2008b). Population growth in the 
City of Blue Mountains has, in part, been driven by the increase in occupancy over the last 20 years as holiday 
houses have been converted to permanent occupancy. Over the last 20 years, housing growth has attracted young 
families and retirees, particularly to the lower Blue Mountains. However, residential development in the Blue 
Mountains is expected to slow significantly as a result of declining stocks of residential land, with the ability of 
townships to expand hindered by steep terrain, national park and reserve boundaries, and bushfire risk. 

The Blue Mountains townships comprise significant diversity in terms of residential and economic roles and 
functions. The upper mountains have large numbers of dwellings that are only occupied part-time. These areas 
are generally outside commuting distance to major employment centres in western and central Sydney, and it is 
assumed that much of their future demand will come from people in the retiree age groups. Areas in the lower 
mountains have played more of a ‘suburban’ role in attracting young families; their access to employment in 
western Sydney is a key attribute. There are also differences in the supply of residential land within the Blue 
Mountains, which will have a major influence in structuring different population and household futures over the 
next five to 20 years (City of Blue Mountains 2008).  

The pattern of increased settlement of retirees in the upper mountains and younger couples in the lower 
mountains, has the potential to affect tourism through increased visitation of retirees’ families to the upper 
mountains. City residents who come to know the region through visiting their family members may forge lasting 
multi-generational ties to the region.  

Current Predictions of Climate Change Impacts in the Blue Mountains 
Region 

In New South Wales, temperatures are projected by CSIRO to rise by 1.6°C on the coast, 1.8°C inland and 2°C 
in the north by 2030. By 2070, it is expected to be on average 5°C warmer on the coast, 6°C warmer in the 
inland and 6.5°C in the north of the state. The average annual rainfall is anticipated to decline by 20% by 2030 
and by 40% by 2070 (Hennessy, Lucas, Nicholls, Bathols, Suppiah & Ricketts 2005; Merson 2004, 2006). 

A major predicted consequence of human-induced climate change will be an increase in extreme weather 
events. In regions where climate dynamics are variable, such as south-eastern Australia, wet and dry periods 
alike may become more intense (e.g. Suppiah, Collins & Della-Marta 2001). The severity of events associated 
with these periods, such as floods and fires, may consequently increase. Fires, in particular, are driven by a 
combination of vegetation (fuel) and ‘very high’ to ‘extreme’ fire risk weather. The former is abundant in the 
Blue Mountains region and the latter is predicted to increase substantially over the coming decades under the 
influence of climate change (see below). The topic has been reported dramatically in mainstream literature:  

The CSIRO Division of Land Use Research compiled a history of large fires in the region since 1938 and ticked 
off conflagrations which appeared with metronomic regularity. (Pyne 1991: 385) 

This regular pattern has also been observed by climatologists, who noted that over the course of the 20th 
century, potentially bad fire seasons tend to occur in the southeast about once every three years, bad fires 
occurred every six to seven years, and very bad fires occurred every 13 years (Pyne 1991: 50).  

The impacts of these events on ecosystems, as well as human activities such as tourism, will depend on the 
severity and frequency of, preparedness for, and resilience in the face of them. 

Ecological research in Australia and elsewhere in the world uses modelling approaches to predict trends and 
ecological impacts due to climate change. Climatic factors, such as elevated temperatures and carbon dioxide, 
and changes in rainfall, are incorporated and used to predict changes to species and vegetation distributions. 
Hughes (2003) proposes that high temperatures, increased evaporation rates and drought severity will result in 
ecological impacts in Australia being ‘most rapid and extreme at ecotones’, the transition areas between adjacent 
ecological communities.  

In Australian ecosystems, ‘precipitation (often) limits vegetation phenology and productivity’ (Hughes 2003: 
428). Changes in temperature and rainfall may produce different effects in different regions, in some cases 
providing a feedback effect on fire regimes, through changes in the amount of vegetation (i.e. fuel) available to 
burn. Some models for southern Australia indicate a 25 – 50% increase in forest growth under a 3oC increase in 
temperature. This in turn adds more fuel for fires. Conversely, tropical regions could suffer from productivity 
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decreases (Hughes 2003). In semi-arid rangelands, wet periods increase plant growth, which in turn increases 
fire risk due to the increased fuel levels once dry (Hughes 2003). 

Australia’s Mediterranean and peri-Mediterranean regions contain its most heavily stocked biotas, the densest 
populations of humans, the fullest congregation of fire practices and the most violent fires. (Hughes 2003: 63) 

Moreover, it has been hypothesised that climate regions intermediate between the tropics and temperate 
zones are where climate change may have the greatest effects (Mouillot, Rambal & Joffre 2002: 434). In 
Australia, the risk of serious fires is heightened if rainfall of 30% or more below average occurs in three months 
before the fire season (Luke & McArthur 1978). 

Climate change impacts in the Blue Mountains region 
The Greater Blue Mountains World Heritage Area is among those which will be affected by higher levels of 
climatic change, and many national parks that currently protect endangered species may not have a suitable 
climate in the future (Climate Action Network Australia 2004).  

The 2008 CSIRO report prepared for the Sustainable Tourism Cooperative Research Centre (Hennessy et al. 
2008) projects that under climate change scenarios: 

• Annual average daily maximum and minimum temperatures in the Blue Mountains are likely to increase 
by 0.6 – 0.7ºC by 2020 and by 1.1 – 1.9ºC by 2050  

• The annual average number of cold days (days < 2 ºC) is likely to decrease by about 13 days by 2020 and 
by 18 – 26 days by 2050.  

• Rainfall is projected to decrease only slightly—average annual rainfall likely to decrease by 1.7% in 2020 
and by 3 – 4.9% by 2050, with 2.3 fewer rainy days likely in 2020 and 4 – 6.5 fewer in 2050. 

These climate change projections (Table 44 and Figures 38 – 40) are based on regional scale data, and do not 
account specifically for local topographic influences and temperature / elevation gradients that characterise the 
Blue Mountains region. However, as with all modelling, there are assumptions and limitations associated with 
the data and the outputs (see Hennessy et al. 2008). Ranges of uncertainty are given to indicate this. The 
modelling has been completed by expert scientists at CSIRO and represents the best currently available method 
for predicting climate change in the region. Ongoing research is seeking to improve upon modelling for the Blue 
Mountains. 

Table 44: Projected changes in average annual weather conditions at Katoomba (New South Wales) 

 2020 2050 2070 

 A1B (mid) B1 (low) A1FI (high) B1 (low) A1FI (high) 

 10 50 90 10 50 90 10 50 90 10 50 90 10 50 90 

Max 
temp (°C) 

0.5 0.7 0.9 0.8 1.2 1.7 1.3 1.9 2.7 1.1 1.6 2.3 2.1 3.1 4.4 

Min temp 
(°C) 

0.4 0.6 0.9 0.8 1.1 1.6 1.2 1.8 2.5 1.0 1.5 2.1 2.0 2.9 4.1 

No. days 
> 35 C 

0.0 0.2 0.4 0.2 0.4 0.8 0.5 1.0 2.0 0.4 0.7 1.4 1.0 2.2 5.0 

No. days 
< 2 C 

-9.1 -12.7 -15.7 -12.7 -17.5 -24.2 -19.0 -26.3 -31.9 -17.2 -24.0 -30.2 -27.7 -34.1 -40.8 

Total rain 
(%) 

-5.5 -1.7 2.2 -9.6 -3.0 3.8 -15.8 -4.9 6.2 -13.1 -4.1 5.2 -25.4 -7.9 10.0 

No. of 
rain-days 

-5.9 -2.3 1.3 -10.2 -4.0 2.3 -16.7 -6.5 3.8 -14.0 -5.4 3.2 -27.0 -10.5 6.1 

Heavy 
rainfall 
intensity 
(%) 

-3.6 0.1 3.4 -6.2 0.3 5.9 -10.1 0.4 9.7 -8.5 0.3 8.1 -16.4 0.7 15.6 

SOURCE: Hennessy et al. 2008: 15 
NOTE: The projections for 2020 are based on a mid-range emission scenario (A1B); the projections for 2050 and 2070 are based on low (B1) and high (A1FI) 

emission scenarios; the lowest and highest 10% of the range of model results (10th and 90th percentiles) are given for each scenario, along with the median (50th 
percentile); unless otherwise stated, all projections are relative to the period 1980 – 1999; the number of days over 35°C are relative to the 1971 – 2000 average 

of 0.1 day; the number of days below 2°C are relative to the 1971 – 2000 average of 44 days. 
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Figure 38: Annual cycles of monthly-average maximum temperature (Tmax) at Katoomba (New South 
Wales) for 1971 – 2000, and low (10th percentile), mid (50th percentile) and high (90th percentile) 

projections for 2020 for the A1B emission scenario 

SOURCE: Hennessy et al. 2008: 16 

Figure 39: Annual cycles of monthly-average minimum temperature (Tmin) at Katoomba (New South 
Wales) for 1971 – 2000, and low (10th percentile), mid (50th percentile) and high (90th percentile) 

projections for 2020 for the A1B emission scenario 

SOURCE: Hennessy et al. 2008: 16 

Figure 40: Annual cycles of monthly-average rainfall (Rain) at Katoomba (New South Wales) for 1971 – 
2000, and low (10th percentile), mid (50th percentile) and high (90th percentile) projections for 2020 for the 

A1B emission scenario 

SOURCE: Hennessy et al. 2008: 16 
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Climate change and fire impacts 
A key consideration in assessing the impact of climate change is its effect on fire. Both the occurrence (ignition) 
and behaviour (spread rate and severity) of fires in Australian landscapes, including the Blue Mountains, are 
highly influenced by climate and weather (Bradstock, Williams & Gill 2002). Fire regimes—which are the 
patterns (intensity, frequency and season) of multiple fires over time—are in turn affected by climate (Kershaw, 
Clark, Gill & D’Costa 2002). Since bushfires are an integral part of the ecosystems in Australia, changes in 
climate patterns and associated changes in fire regimes are likely to translate into impacts on biodiversity. Such 
impacts may result from changes in the persistence and hence distribution of species of flora and fauna (e.g. 
local extinctions if fire regimes become unfavourable).  

The McArthur Forest Fire Danger Index (FFDI) integrates air temperature, relative humidity, rainfall, and 
fuel load to determine a fire danger rating (Figure 41). Research indicates there will be an increase in fire danger 
in Australia in the future. Pitman, Narisma & McAneney (2007) estimated that the total area burnt will increase 
by up to 50% by 2100. More specifically, predictions for southeast Australia by Hennessy et al. (2005) and 
Lucas, Hennessy, Mills and Bathols (2007) have indicated an increase in high fire risk weather. In particular, 
they have estimated the expected increases in the number of ‘very high’ and ‘extreme’ fire danger (FFDI) days 
per year. These ‘very high’ and ‘extreme’ days are the days when small fires spread rapidly and become large, 
increasing the likelihood of ecological and property damage. On average, there are currently 13.3 days (at 
Richmond) when the FFDI rating is ‘very high’ or ‘extreme’. This number is predicted to increase to 13.8 – 16.3 
days by 2020 and 14.5 – 23.6 days by 2050 (Lucas et al. 2007). The length of the fire season could also expand 
under climate change. Currently, bushfires typically occur in the Blue Mountains from early October to mid-
January, but this season could expand from late July to mid-February by 2050 as a consequence of climate 
change.  

These predictions suggest that fire activity in the Blue Mountains is likely to become an increasing concern 
with climate change in the near future (see Bradstock et al., 2008). How ENSO responds to any anthropogenic 
climate change is likely to be critical to future fire regimes in southeastern Australia (Black and Mooney, 2006). 

 

Figure 41: McArthur Forest Fire Danger Index (Mark 5)  

SOURCE: CSIRO 2009 
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Fire regimes and ecological impacts 
The Blue Mountains landscape is dominated by eucalypt forests, woodlands, heaths and swamps, all of which 
are highly flammable. With the combination of flammable vegetation and periodic drought, fire is a major 
ecological process in this landscape. These habitats contain a high diversity of plant species, many of which are 
seemingly ‘resilient’ to fire, either because they reshoot (resprouters), or there is a seed bank that becomes 
available for germination after fire (seeders) (Keith 1996; Hammill 2007). These two strategies (resprouting and 
seeding) have enabled plant species to persist, and habitats to recover, despite being burnt by many fires over the 
years. However, local extinctions can occur if fire regimes become unsuitable. One example is a regime of high-
frequency fire, where the fire return time is shorter (e.g. < 5 years) than the time required for a species to mature 
and replenish their seed bank. Another example is when fires of extreme intensity burn large areas, affecting the 
forest canopy and thus impacting on arboreal fauna (Bradstock 2008). 

Understanding of how the ecosystems of the Blue Mountains will be affected by climate change centres on 
the following concepts: (i) higher temperatures and declining rainfall resulting in increased frequency and 
intensity of bushfires; and (ii) species loss and unpredictable changes in species hierarchies associated with these 
changes in climate and fire regimes (Hughes 2003). Specific research into how such changes may manifest in the 
Blue Mountains has begun (e.g. Ku 2005; Hammill 2007; Bradstock et al. 2008).  

Bradstock et al. (2008) predict a 7 – 35% increase in the frequency of unplanned fires (depending on the low 
/ high climate change scenario used) in the Sydney Region and the Blue Mountains. They also predict a 20 – 
25% increase in the occurrence of crown fires—high intensity fires that have the potential to cause the greatest 
ecological and property damage. Importantly, they also predict that the risk to fire-sensitive habitats, particularly 
rainforest, will be heightened in the future.  

Other research has shown that resprouter species dominate the vegetation of cooler, wetter areas of the 
GBMWHA, while seeder species dominate the vegetation of warmer, dryer areas (Hammill 2007). The study 
goes on to suggest that, in a future warmer, drier climate, resprouter species may be disadvantaged and their 
numbers possibly decline over time. Conversely, while seeder species may persist better in the warmer climate, 
an increase in fire frequency, associated with the warmer, drier conditions, will add negative pressure on the 
survival of these species. Seeder species are sensitive to recurrent fires (when they occur < 5 – 8 years apart) 
because they need time to mature and replenish seed banks. This juxtaposition of climate and fire impacts 
indicates that increased pressure on a wide range of species in the future may be expected. This effect is likely to 
be most marked in the shrub layer; while different outcomes could be expected in the canopy trees. 

An ecological study on the effect of frequency of fire on the occurrence of major eucalypt species of the Blue 
Mountains region indicates that the number and range of species could decline with increased fire frequency and 
intensity, i.e. fire could significantly augment species loss already likely under considerable environmental stress 
due to climatic change (Ku 2005). On the other hand, eucalypts are known to be particularly resilient to variation 
in environment conditions. Half of the eucalypt species in Australia have a tolerance rate to change of about 3oC 
annually (Hughes 2003). Benson and Howell (1990) have noted that eucalypt species flourish in open areas, in 
terms of both seedling recruitment and growth. These attributes may prove an advantage to many eucalypt 
species in the case of more frequent fire. Another example is the effect of fire on an abundant group of shrubs / 
small trees in the pea family, which includes the Acacia species (wattles). Most of these species are seeders, and 
they depend on seed germination stimulated by the heat of fires. Survival of such species is therefore dependent 
on fire. If fire regimes change (i.e. the intensity and frequency of fires increases) the ability of such species to 
survive may be affected, especially if fires re-burn the same areas at shorter intervals. 

Other studies have more broadly described the impacts of fires on ecosystems. Some believe that ‘a bushfire 
[would] wipe out many animals, but once the forest regenerates, the pre-fire animal population will increase 
tenfold’ (Collins 2006: 285). This may be true for a small subset of animal species, but is yet to be ascertained 
for most species (Bradstock 2008). Other research has highlighted importance of interdependencies between 
disturbance events, such as fire, and soil and water condition (e.g. Shakesby, Wallbrink, Doerr, English, Chafer, 
Humphreys, Blake & Tomkins 2007). In general terms, the higher fire frequency and intensity expected under 
climate change is likely to increase the rate of sediment erosion and nutrient loss from the soil, with flow-on 
effects to ecosystem function and composition. Hennessy, Page, McInnes, Jones, Bathols, Collins and Jones 
(2004) also indicate water yield in catchments may be reduced following fires, as plants use additional moisture 
for post-fire growth. These topics are the subject of ongoing research. 

Fires also produce windows of opportunity for exotic weed species to invade bushland, especially in 
association with increased levels of nutrients on the bushland-urban interface (e.g. Benson & Howell 1990: 144). 
An extreme scenario is that invasion of exotic species such as cacti and other succulents in the context of 
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prolonged drought and changing climatic conditions may be enhanced, especially on the urban-bushland 
interface (Adam 2007). 

In summary, the most likely ecosystem impacts in response to climate change in the Blue Mountains include:  

• Differential pressure on the persistence of certain plants, animals and habitats, with fire-sensitive biota 
(particularly seeders, arboreal mammals, rainforest habitat) possibly most at risk. 

• Some changes in the distribution of species and composition and ecosystems (of unknown rate, extent and 
nature). 

• Lower yield and quality of water from fire-affected catchments. 

• Changing opportunities for exotic species to invade into natural areas. 

Fire management 
The pattern used to be [a fire] outbreak every six to seven years. But now locals expect fires more often, 
sometimes every year. (Collins 2006: 352) 

Fire is a major driver of change in the Blue Mountains region. Land management agencies allocate 
considerable resources for managing them. The primary objectives guiding this management are: protection of 
life, property and community assets; protection of natural and cultural heritage values including biodiversity and 
water quality; and engagement in cooperative management among agencies and landholders. Different agencies 
carry different responsibilities with regard to these objectives. The Rural Fire Service is the overarching fire 
management authority, with a focus on protection of life and property; the National Parks and Wildlife Service 
(Department of Environment and Climate Change) has a similar focus on protection of life and property but also 
has major responsibilities for biodiversity protection; and the Sydney Catchment Authority (in conjunction with 
Department of Environment and Climate Change) has primary responsibility for water quality protection.  

A major challenge is integrating the protection of biodiversity during a large fire when the dominant 
imperative is protecting life and property. Outside of a major fire event, the challenge rests with managing fire 
hazard, mainly through fuel manipulation, without negatively affecting biodiversity. The key principle is not fire 
prevention, since this is impossible, but creating conditions that maximise fire suppression—e.g. rapid response 
to ignitions, accessibility, suppression resources, and fuel manipulation in strategic areas to reduce fire intensity 
(Bradstock & Gill 2001). Extreme, uncontrollable fire intensity is considered to be a 60,000 kW/m while hazard 
reduction burning is conducted at 500 kW/m (Buckney, Buick & Cary 1996). The question of what is the best 
practice for effective outcomes in fire management, in the context of limited resources, is the subject of ongoing 
research in the region (see Bradstock et al. 2008). 

A recurrent issue posed by the application of prescribed burning revolves around the levels and patterns of 
fire imposed on the landscape (Whelan 2002). Mosaic burning has been touted as the most efficient and least 
compromising hazard reduction burning technique (Buckney, Buick & Cary 1996). However, this ‘may not be 
operationally feasible’ in difficult to access landscapes such as the Blue Mountains (Bradstock & Gill 2001). 
Recent modelling has identified ‘area burnt’ rather than ‘pattern of burning’ as having the primary influence on 
reducing fire risk (Bradstock et al. 2008).  

The dilemma for managers lies mainly at the interface between national parks and private estates or urban 
areas where the values at stake may be antagonistic. Frequent prescribed fire to reduce fuel loads is not 
necessarily compatible with biodiversity protection (see above). Bradstock, Keith & Auld (1995) emphasise the 
need to establish ‘thresholds in fire regime variability’ to limit disturbances. 

Bradstock and Gill’s research (2001) on the impact of hazard reduction burning in the context of climate 
change at the urban-bushland interface in the Blue Mountains demonstrates that management decisions will have 
a greater impact on biodiversity than climate change, since management regimes can strongly influence 
biodiversity and ecosystem function. The findings are based on modelling conducted on various spatial patterns 
according to different types of management decisions, namely around the urban edge, using mosaic burning or 
burning random patches around the interface and within the park. 

Evidence from statistical and simulation models suggests that fire regimes may be altered substantially by 
climate change, with an increased probability of large fires as a key driver of change. Consequences of other 
facets of global change, such as increased population density, are likely to compound this effect. Lessons learned 
from this region will have wide application in temperate Australia and elsewhere, particularly in urban and peri-
urban landscapes (Bradstock, Cohn, Gill & Cary 2006). 

The spatial strategies modelled in conjunction with predicted impacts of climate change show that edge 
burning (around the urban interface) works best at achieving minimal impacts on biodiversity. Less area needs to 
be treated, but the technique remains costly due to a heightened risk of unplanned fire at the urban edge. If risk 
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cannot be eliminated, it can be reduced. Treating the urban edge with low levels of prescribed fires seems to be 
of low risk for property protection and of minor impact on biodiversity. 

Some caveats to consider in the study are generated by the current limitations of modelling, which do not 
incorporate factors such as the demographic and sociological influences of the surrounding populations, 
unplanned fires due to lightning, FFDI ignitions, the effects of carbon dioxide on the biomass, and the changes in 
vegetation patterns and dynamics. 

Risk at bushland-urban interface 
Out of the 2.87 million homes in the Greater Sydney region, 6.6% are at risk because they are located on the 
bushland-urban interface (Chen 2005). In the Blue Mountains, 73% of homes are located within 130m of the 
bush and characterised as high-risk areas (Chen 2005). Throughout Australia, the average annual house loss to 
fire is 83, valued at $33.5 million, and home destruction can be expected in 60% of years in Australia 
(McAneney 2005). 

The growth of human communities living on the urban interface with the protected area in the Blue 
Mountains has led to significantly heightened fire risk for these communities. A similar situation exists in the 
United States where there has, as a result, been significant change in wildfire policy since 2000. Previously, 
policy was almost solely focused on wildfire suppression, but recent policy has been broadened to include goals 
for hazardous fuels reduction, ecosystem restoration and community assistance (Steelman & Burke 2007).  

The increased concern of local residents with bushfire in the Blue Mountains was highlighted by a conflict 
that arose during a fire in the Grose Valley in 2006. At the core of the conflict were the competing values of 
human life and property protection versus protection of world heritage biodiversity values. Local communities 
expressed concern that biodiversity and world heritage values in the Blue Mountains are not being adequately 
protected during bushfire control operations. At the government’s instigation, a forum was held with the key 
stakeholder groups to address the issues that arose, and a report of the meeting prepared (Grose Valley Fire 
Forum 2007). One of the objectives of the forum was to identify longer-term and landscape-scale issues relating 
to the management of fire in the Blue Mountains, particularly due to climate change. The likelihood of increased 
community conflict over bushfires in light of climate change was noted. 

Tourism-Climate Dependence Analysis 

The potential of climate change to have significant impacts on natural resources in the Blue Mountains region 
may in turn affect tourism (especially nature-based tourism) by impacting the physical resources that define the 
nature and quality of natural environments on which nature tourism depends (Scott et al. 2007). Ongoing 
research seeks to determine the extent of climate change in the Blue Mountains region and to understand the 
complex interactions between climate change, fire risk, and biodiversity (Bradstock et al. 2008).  

The relationships between tourism and climate change in the Blue Mountains are highly related to fire risk 
and perceived fire risk, as well as potential environmental consequences resulting from shifts in fire regimes and 
other climatic changes. Impacts could range from decreased tourist visitation due to perceptions of high fire risk, 
road and park closures, and biophysical changes leading to less attractive environments for tourists. These 
potential impacts are discussed below.  

In a study looking at the implications of climate change for nature-based tourism in the Canadian Rocky 
Mountains, researchers presented park visitors with various scenarios (based on a range of warming predictions) 
for environmental change affecting the landscape (glaciers) vegetation, wildlife abundance and diversity, 
occurrence of wildfires, and lake water temperature. The study found that under the most extreme scenario, most 
respondents would be much less inclined to visit since the environmental changes would reduce the 
attractiveness of the park. It is important to note, however, that extreme environmental changes are not expected 
to occur until the latter part of the 21st century, and there is no way of knowing how ‘future visitors’ would react, 
considering that the landscape they will have grown up with will already be different from the present one (Scott, 
Jones & Konopek 2007). 

Fire incidence and tourism 

The role of the media 
The tourism industry is impacted by bushfires in the Blue Mountains through deferred or lost business. A fire in 
November has less impact than one in January due to the lower number of tourists at those times. Losses can be 
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significant and in the order of hundreds of thousands of dollars. The Grose Valley Fire Forum (2007) addressed 
the critical role of the media during a bushfire incident and the need to have better processes in place to ensure 
accurate presentation of fire incident information through the media. When there is no real risk to visitors, it is 
important to mitigate the negative impact of the media on tourists visiting the region during or after a fire.  

The very nature of the media itself is difficult to control, but needs to be managed for the best outcomes for 
fire fighters, the local community, tourists and the environment. State level media was noted to be more 
problematic in this way than local media.  

The Forum identified the need to communicate accurately through the media those parts of the Blue 
Mountains that are out of bounds in the interests of public safety, and which areas are open to visitors. Specific 
actions arising from the forum for attention were:  

• Working with the tourism industry to develop a risk management strategy.  

• Before or during a fire, convey explanations of what control strategies and why, to inform community.  

• Undertake pre-season briefs with journalists; discourage use of sensitised language (e.g. National Parks 
destroyed, trashed, destruction and horror, ‘fire hell,’ etc).  

• Engage local media in communicating exactly which areas are out of bounds, so visitors do not stop 
going to areas remaining open. 

Transport and logistical issues 
Bushfires in the Blue Mountains can have a major impact through road closures of the Great Western Highway. 
The Great Western Highway follows a ridgeline which runs through the Blue Mountains World Heritage Area. It 
is one of the key interregional highways connecting Sydney with the western plains, and is also a busy freight 
and tourist route. Also, the Highway serves as the principal local traffic spine for many towns along its length. 
As such, the quality of this public domain, its frontages and access are very important issues within the 
mountains (Sheridan 2007: 2). 

An interesting analysis could link road closure data due to major bushfires in the Blue Mountains with its 
evolution in terms of frequency over the years and in terms of visitation, transports and logistics impacts. 
However, the RTA does not collect data on road closures linked to bushfires in the greater Sydney Region. In the 
incident management department of the RTA, bushfire incidence is not seen as a major factor to consider for 
future visitation and logistics management. 

Park closures 
The Blue Mountains Region of the New South Wales National Parks and Wildlife Service keeps written records 
of park closures due to fire, yet there has not been any official analysis of the trends over time or the impacts on 
visitation, so it is not clear what effects park closures have on overall tourist numbers, especially as many 
tourists may only look out over the park such as at Echo Point, and may not actually enter the park. However, 
there are examples from further afield of fires leading to negative effects on nature-based tourism. In 1988, 
extensive wildfires in Yellowstone National Park resulted in evacuation of campgrounds and closures of some 
areas, resulting in a 15% reduction in annual visits. Overall, park officials estimated that the fires led to a loss of 
tourism-related economic benefits of US$60 million (Scott et al. 2007). 

When fires do occur, they are a major disturbance and impact on park visitation. The first reason is road 
closures and media reports of fire in the region, which inclines the public to visit other parks and wilderness 
areas in Australia not affected by fire or perceived fire risk. The second reason is that, after a major fire, walking 
tracks may be closed for as long as 12 months due to the risk of falling branches as well as protection of habitats 
(e.g. soil, seedlings) during the early post-fire recovery phase. So, in the event of accumulated incidents over 
three years, and depending on the location, park closures could restrict visitation to large areas in the region. The 
administrative process surrounding track closure is also quite bureaucratic because of insurance assessment and 
requirements.  

Public engagement with fire management issues 
Community involvement in fire management in the Blue Mountains is likely to increase, and with it the 
likelihood of conflict between communities and government agencies. Increased bushland regeneration and 
climate change conditions are also expected to exacerbate conflict over fire management, and between agencies 
over rapid fire suppression to reduce risk versus the fire-dependency of the ecosystem. This was clearly revealed 
in the 2006 Grose Valley fire and the hazard reduction burns carried out by the Rural Fire Service around 
Blackheath, with the objective of protecting housing and property. In this case, the conflict between the priorities 
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of nature conservation and property protection became the subject of considerable local conflict, leading to 
ministerial intervention and the establishment of the Grose Valley Fire Forum.  

Concluding comments 
Although the relationship between increased fire risk and tourism in the Blue Mountains is not entirely clear, it is 
obvious that climate change has the potential to directly impact the very assets which draw tourists to the area in 
the first place, whether directly through increased fire incidence or indirectly through climate-induced 
biophysical change. However, from the information available on trends to date, it seems that in the Blue 
Mountains other related factors are more pertinent than fire in terms of threats to tourist numbers. The global 
economic crisis has already affected the number of international visitors, and therefore also the amount of park 
visitations per year. For instance, there is a noted decline in American tourism in the area, and overseas visitation 
(mostly bushwalkers, not just visitors to lookout points) is mainly from Germany, France and Japan.  

Within the domestic market, dollar devaluation and petrol costs have affected bushwalking and local 
visitation for educational purposes. Another notable change is the drop in school groups visiting the park, and 
also changes in student-teacher ratio. School groups are now more likely to confine their visits to lookout points 
rather than actual bushwalking, in part, due to their own risk management efforts. There have also been indirect 
effects on local businesses. The cost of insurance for tourism companies rose following the collapse of HIH 
Insurance and ANSETT, and the 911 attacks, which impacted competition and ruined several small tourism 
companies. 

If climate change leads to an increase in the frequency and scale of fires in the region, as the evidence 
suggests, there is clearly going to be an impact on tourism and access to the national park. This lack of reliability 
and uncertainty of access could impact tourists, particularly international tourists with both limited time and less 
familiarity with fire. Uncertainty and perceived risk could have a significant impact on tourism in the region.  

Interviews and Workshop 

Visitors, industry, community and environment grid 
The visitors, industry, community and environment (VICE) grid seeks to strategically recruit people across key 
areas of the tourism industry. In order to help populate the grid, a snowball technique was used to identify people 
across the region (from Blackheath in the east to Lithgow in the west) who could provide insights into the 
impacts of climate change on tourism in the Blue Mountains. 

After several preliminary interviews, a list of 61 names was created from which the initial VICE grid was 
developed (Table 45). From this list, 19 interviews were conducted. 
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Table 45: Final visitors, industry, community and environment grid for the Blue Mountains study 

 

Stakeholder interviews 
Nineteen semi-structured interviews were conducted over a two-week period in September 2008. These 
interviews were recorded and transcribed. The interviews were structured around the interview schedule 
developed for the project (see Chapter 2). From these interviews, a range of adaptation strategies to be presented 
at the stakeholder workshop were identified: 

 Visitors Industry Community Environment 

Wendy Dollin 
Blue Mountains City 

Tourism 

Olivia Jenkins 
Tourism NSW  

Tony Garbellini 
Commercial Licensing 
Officer Blue Mountains 

Region, NPWS 

Lila Signh Peteson and 
Vicki Frank 

Blue Mountains City 
Council 

Bronwen Johnston 
Economic 

Development, Blue 
Mountains City Council 

  Po
lic

y 

Jodie Raynor 
Lithgow Visitors Centre    

Tim Trantor 
Tread Lightly Eco Tours 

Mark Jarvis 
The Carrington Hotel 

Cheryle Yin-Lo 
Community Cultural 

Development, BMWHI 

Tara Cameron 
Blue Mountains 

President Conservation 
Society 

Colin McGrath 
YHA   

Ian Brown 
Environmental 

Consultant 

Bob Reid 
Blackheath 

Rhododendron Festival 
  Mario Rimini 

BMWHI 

Malcolm Wells 
Majestic Tours Lithgow 

and Board Member, 
Blue Mountains 

Tourism Ltd 

   

Mark Watson 
Zig Zag Railway    

Pr
ac

tic
e 

Craig Murphy 
Blue Mountains 

Adventure Company 
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• Management plan. 

• Marketing the Blue Mountains so it can be visited in a sustainable way. 

• Greywater systems, solar heating, energy efficient light globes, wheelie bins. 

• Water restrictions in place and maintaining this. 

• Ten year carbon emission program. 

• Far greater education to the public. 

• Clean coal approach. 

• 4WDs out of national parks. 

• Weeding of places like Katoomba Falls.  

• Working on train; regular, cleaner, more comfortable, well air conditioned, marketing. 

• Should include <2 hours from Sydney. 

• Focus on boutique niche industries. 

• Slow food movement. 

• Businesses involved in sustainability. 

• Lectures, conferences.  

• Incentives for businesses to convert to solar, not just households, and general community presentations. 

• Accreditation to be able to use Blue Mountains Business Advantage logo and reaccreditation process to 
demonstrate compliance annually. 

Stakeholder workshop 
All interviewees were invited to attend a one-day workshop held in Katoomba on 29 October 2008. The timing 
was difficult, as the Blue Mountains Council and the Department of Environment and Climate Change were also 
conducting climate change workshops in the region around the same time. While 20 people were invited, only 10 
attended. In part, this was due to the fact that several people who were invited were owner-operators and/or 
worked for micro or small businesses, and thus a full-day workshop was difficult to attend. 

Presentations were made to provide an overview of climate change, and then a more detailed presentation of 
the predicted climate change impacts for the Blue Mountains. 

For the workshop, plausible environmental and socioeconomic scenarios were developed along the lines of 
the scenarios developed by Scott et al. (2007) to aid in the prioritisation of the adaptation strategies. Where 
possible, the scenarios were based upon climate change projections (Table 46). Drawing from these scenarios, 
adaptation strategies were prioritised by workshop participants (Table 47). 
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Table 46: Hypothetical scenarios for climate change in the Blue Mountains 

Types of environmental & 
socioeconomic change Scenario 2020 Scenario 2050 Scenario 2070 

Temperature 0.6% increase 1.1 – 1.8% increase 1.5 – 3% increase 

Number of hot days 0.2 day increase 0.4 – 1 day increase 0.7 – 2 day increase 

Number of cold days 13 day decrease 18 – 26 day decrease 24 – 34 day decrease 

Rainfall 2% decline 3 – 5% decline  4 – 8% decline 

Frequency and scale of forest 
fire 5% increase 10% increase  30% increase 

Area of park burnt 10% increase 25% increase 50% increase 

Number of extreme fire hazard 
days 11 days (currently 9) 15 days  24 days 

Road closures due to fire No change Moderate increase Large increase 

Areas of park / walking tracks 
closed due to fire No change Moderate increase Large increase 

Campground (including 
swimming hole) evacuations 
due to fire 

 No change Moderate increase Large increase 

Chance of a campfire ban 
during your visit 10% 33% 75% 

Aboriginal rock art 
Increased fire 
intensity impacts 
rock art 

Further erosion of 
sites & loss of 
artefacts 

Little / no evidence 
of sites & artefacts  

 
Participants were divided into three groups to represent the three timeframes of 2020, 2050 and 2070. These 

groups were asked to discuss and prioritise the adaptation strategies (Table 47). Those strategies that were 
consistently rated as high priority were: 

• Marketing the Blue Mountains so that it can be visited in a sustainable way; in part this is in response to 
the increasing demand for non-environmentally friendly preferences for air conditioning and spa baths. 

• Adoption of strategies to reduce the environmental impact, such as greywater systems, solar heating and 
energy efficient lighting. 

• Increased education of the public. 

Support was also expressed for: 

• Creating an integrated climate change management plan involving all areas of government and lead 
agencies. 

• Promoting the use of the train for transport to the Blue Mountains, and lobbying for improved services 
and facilities. 

• Providing education and support for businesses to adopt more sustainable practices, such as installation of 
solar water heating. 
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Table 47: Prioritisation of adaptation strategies 

Item 2020 2050 2070 

1 Management plan 
Medium-high 

Management plan 
High 
• Who? Is it tourism or council; 
broad approach to climate change, 
one approach under one banner 
(e.g. three workshops in one week 
in Blue Mountains, what is the 
process of bringing the three views 
together?);  
• Across all lead agencies and 
industries, a lot of the following 
strategies will be part of it; but 
needs to grow and evolve (review 
and update) 

Management Plan 
High 
• Major catchment for the basin 
• More positive for 2070 
• Maybe not an issue to be carbon 
neutral 
• Controlled back burning, fuel 
reduction 
• Education of people—what they 
have to do 
• Tourist / visitor education on 
back burning 
• Do back burning at an 
appropriate time 
• Better understanding of tourism 
segments 
• Land use to avoid high risk 
areas 
• Zoning: will Blue Mountains 
stay as it is? 
• Quicker response to fire for 
rehabilitation 
• Evacuation plans for fires 
• Population strategy in Blue 
Mountains 

2 Marketing Blue Mountains so it 
can be visited in a sustainable way 
High 
• Council—BMCC, BMTL (300 
members)  
• Three marketers (TNSW) 
• Council—sustainable city 
(needs to be starting point) 
• Cultural centre (supposed to 
have interpretation centre 
including sustainable designs and 
buildings—public/private ‘forum’ 
mechanism) 
• Do people come to see 
sustainable destination 
(urban/rural centres)? 
• Do people come to participate 
in environment? 
• Will they travel and stay in 
more sustainable ways, e.g. mass 
transport, links between train and 
parks, mini bus (with ranger)—
interpretation, some initiation in 
places (modular) 

Marketing Blue Mountains so it 
can be visited in a sustainable way
High 
• Need to rethink how we present 
Blue Mountains, by 2050 demand 
will be greater to change, by 2050 
senior customers are the students 
of today who are being educated in 
climate change 
• Have already responded to this; 
e.g. responsible travel website; 
movement towards more boutique 
accommodation; how do you 
market fog, rain etc..? 
• Can Blue Mountains as a 
conference destination be an 
‘offset’ site, by planting, 
regeneration, weeding activities 

Marketing Blue Mountains so it 
can be visited in a sustainable way
High 
• Market as carbon neutral 
destination 
• Deliver against the promise that 
it is sustainable 

3 Greywater systems, solar heating, 
energy efficient light globes, 
wheelie bins  
High 

Greywater systems, solar heating, 
energy efficient light globes, 
wheelie bins 
High to maintain but low to 
implement as already happening 
Link to 4. 

Greywater systems, solar heating, 
energy efficient light globes, 
wheelie bins  
High 
• Businesses using water tanks 
• Technology adaptations 
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Item 2020 2050 2070 

4 Water restrictions in place and 
maintaining this 
Not rated 

Water restrictions in place and 
maintaining this 
Low, but important because it is 
already happening 
• Tourism can’t implement, has 
to come from others; individual 
businesses would need to comply; 
importance of maintaining it; 
people have learned how to adapt 
• Tourism would learn how to 
adapt 
• Day spas are enormous users of 
water (linked to 6) 
Link to 3. 

Water restrictions in place and 
maintaining this 
High 
• Ease water use in Sydney first 
• Desalination 
• Water is essential to industry 
• Catchment areas 

5 Ten-year carbon emission program 
Medium-high 

Ten-year carbon emission program 
Medium 
Link to 6 & 7 

Ten-year carbon emission program 
Low 

6 Far greater education of the public 
High 

Far greater education of the public
High 
• Would hope that this has been 
implemented 
• Usage of water in hotels and air 
conditioning is often considered 
differently by customer (e.g. I’m 
not paying for this); starts with the 
young in schools: water 
conservation, carbon 

Far greater education of the public
High 
• Must continue forever 
• Come from government level 
• In 2070 stress—fire control 
management, personal safety in 
fires 
• Pay more for resources should 
not deter people in travelling to 
Blue Mountains 
• Use more public transport; 
cleaner and more sustainable 

7 Clean coal approach 
Low 

Clean coal approach 
Not rated 
Link to 5 

Low 

8 4WDs out of national parks 
Low-medium 

4WDs out of national parks 
Low 
• Have been successful so far; 
only two operators at the moment 
• Educate the commercial license 
holders and maybe some 
continuing education 
Need to be linked to 6 

4WDs out of national parks 
Low 

9 Weeding of places like Katoomba 
Falls 
High 

Weeding of places like Katoomba 
Falls  
Medium 
• Weeding could be part of an 
environmentally focused 
conference / events; volunteers 
like Great Grose Walk to reduce  
Can be linked to 2 

Weeding of places like Katoomba 
Falls 
Low 
• Should be covered in 
management plan 

10 Working on train 
Medium to High 

Working on train, regular, cleaner, 
more comfortable, well air 
conditioned, marketing should 
include <2 hours from Sydney 
• By 2050 could be on very fast 
trains 
• Not sure it is achievable by 
2070 

Working on train 
• Invest in technology and 
promote accordingly 
• By 2070 should have fast train 
service to this area 
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Item 2020 2050 2070 

11 Focus on boutique niche industries 
Medium to High 
• Develop niche markets 
• 48% visitors walk into park 

Focus on boutique niche industries
Not rated 
Link to 2: Weeding as a niche 
market! 

Focus on boutique niche industries
Low 

12 Slow food movement 
Medium 

Slow food movement 
Not rated 
Link to 2. 

Slow food movement 
Medium 

13 Businesses involved in 
sustainability 
• Lectures conferences, 
incentives for businesses to 
convert to solar, not just 
households  
 

Businesses involved in 
sustainability 
Not rated 
• Training on how to adapt and 
how to develop their own 
management plan (within the 
broader one) 
Linked to 15 & 16 

Businesses involved in 
sustainability 
• Set national regulation for 
tourism businesses 
• Legislative measures to 
implement 

14 Lectures, conferences  
Not rated 

Lectures, conferences  
Not rated 
• But how do you get the 
message out to the broader 
industry? The same people tend to 
turn up 
• Education for businesses on 
how to adapt and being up to date 
on the science 
Link to 6 

Lectures conferences 
High 

15 Incentives for businesses to 
convert to solar not just 
households and general 
community, presentations  
Not rated 

Incentives for businesses to 
convert to solar not just 
households and general 
community, presentations  
High 
• But there are no incentives for 
businesses to put in solar, but there 
are for residences, even though 
often it is more expensive for them
Link to 13. 

Incentives for businesses to 
convert to solar not just 
households  
High 
• Set national regulation for 
tourism businesses 
• Legislative measures to 
implement 

16 Accreditation to be able to use 
Blue Mountains Business 
Advantage (BMBA) logo 
High 

Accreditation to be able to use 
BMBA logo and reaccreditation 
process to demonstrate compliance 
annually  
High 
• May be able to be used to 
support change and education of 
businesses 
Link to 13, 15 and 6. 

Accreditation to be able to use 
BMBA logo 
Low 

 Others 
• Fire management, 
communication / media 
• Main driver is to protect urban 
properties 
• Hazard reduction issue 

Others 
• Improved resources and rapid 
response to fire, e.g. Catchment 
Remote Area Firefighting Teams  
• Media management, media 
education, educate tourism 
industry about media management

Others 
• Research consumer perceptions
• Research consumer attitudes 
• Research consumer motivations
• Understand economic impact in 
2070 
• Fuel: will it be available in 
2070? 
• Demographics: ageing 
population not travelling 
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Plenary session 
During this final session of the workshop, the group addressed the major issues that need to be considered, the 
limitations identified, who should be involved and how this process should proceed. The following issues were 
identified: 

• Importance of fire for this destination 

o Over time, this focus continues 

• Need for energy efficiency of whole industry (mitigation)—this can help create a niche market 
(adaptation) 

• Increasing consumer awareness of climate change 

• Role of trains into the future 

o Want to increase access from Sydney by train, but not take on the flavour of Sydney 

o 83% of people drive here, which is a large market opportunity 

• Education is very important 

o Starting from government all the way down to the grassroots 

o Still some lack of interest from some quarters 

o Needs to progress / emerge over time 

 Adapt to changes over time (e.g. new technologies) 

 Current school students will be future consumer with different expectations and 
understanding of climate change 

• Integrated management planning 

o Across agencies and industries for Blue Mountains region (draw in state-level info as 
necessary) 

• Niche market opportunities 

o Blue Mountains are the entry to regional Australia west of Sydney 

o Blue Mountains needs to maintain balance and uniqueness of product, place, planning: e.g. 
heritage, nature 

o Focus on tourism industry may be an asset as Sydney grows and becomes hotter, and Sydney-
siders seek cooler places to visit for day trips and short breaks 

• Community 

o Strong sense of place, and connection with environment: iconic old buildings, Blue Mountains 
National Park are key attractions 

o Need to respond to planning strategies such as North West strategy and the push for 7,000 
dwellings at the foot of the mountains 

• Business sustainability 

o Making businesses more environmental sustainable e.g. energy efficiency 

o Link to Blue Mountains City Council Sustainable City 

o Hard to be green when you are in the red (i.e. making a loss); need to consider the challenges 
of micro businesses to respond and adapt to climate change 

• Barriers to adapt  

o E.g. want to use LPG for vehicles need to go to service stations to re-fuel 

o Legislative impediments / barriers 

• Other organisations who should / could be involved 

o Blue Mountains City Council to have strong local leadership 

o Major retailers, e.g Coles, Woolworths, K-Mart to be included 
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o Roads and Traffic Authority, City-rail 

o Chambers of Commerce across the mountains 

• Feedback 

o Community feedback needs to be sought 

o Feedback to Blue Mountains City Council and Blue Mountains Tourism Ltd, including Chief 
Executive Officers and General Managers 

Discussion and Conclusion 

This case study has demonstrated that, while the Blue Mountains may have been considered to have low 
vulnerability to climate change, the fact that it is vulnerable to changes in bushfire regimes, which are impacted 
by climate change, puts the Blue Mountains in a highly vulnerable position. In addition, as Blue Mountains 
tourism is dominated by day-trippers mostly from the adjoining Sydney basin, the volatility of visitation can be 
magnified by the threats and perceptions of the risk of bushfire. Media management is a key strategy, with or 
without climate change. 

The adaptation strategies identified by the stakeholders reflect the need for integrated management plans 
across regions to be designed. This need is highlighted by the number of climate change workshops that were 
conducted in the Blue Mountains region, including for this project, during a three-week period in October – 
November 2008. The lack of coordination may confuse the market about who is doing what, and where their 
focus should be placed. This increases the need for greater education and communication with the public and the 
tourism industry, and across government and non-government sectors. 

With most businesses in the tourism industry being micro and small businesses, any adaptation strategies 
need to be simple, cheap and effective, with the need and benefits clearly identified. Many of these businesses 
are not thinking in timeframes of 2020, 2050 and 2070; their planning timeframes are short-term, possibly only 
out to a maximum of one or two years. Additionally, the recent impact of the world economic crisis, the credit 
squeeze and the resultant predictions of significant reductions in inbound tourism create a more urgent crisis than 
the vagaries of long-term potential climate change impacts. Maintaining awareness and urgency of climate 
change requires effective and ongoing risk communication skills to penetrate the economic debates. 

Despite this, the Blue Mountains is one region that is fundamentally aware of the rewards and risks of being 
closely aligned to the environment. Being positioned in a highly vulnerable environment where bushfire risks are 
regular and real, and where water restrictions are an ongoing challenge, must be balanced with the immensity of 
the natural beauty that draws so many people to the region every year. People will continue to visit the Blue 
Mountains because of its awe-inspiring natural beauty. However, their level of satisfaction, the speed of tourism 
demand recovery following from bushfires, and the level of impact of tourism upon the environment as climate 
change impacts grow, will, in part, depend upon the mitigation and adaptation strategies that are developed, 
communicated and implemented throughout the region, to the communities and to the marketplace. 
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Chapter 6 

BAROSSA VALLEY CASE STUDY 

By Bradley Jorgensen, Maureen Rogers, Peter Hayman, Graham Brown and Jenny Davies 

The Barossa is just over an hour’s drive from Adelaide, the capital of South Australia. The Mediterranean 
climate has helped create a successful wine industry and a growing reputation associated with food production 
and associated experiences. Tourism is based on the scenic qualities of the region, which offer considerable 
seasonal variations, and its appeal as a living landscape with a distinctive cultural identity. This is characterised 
by working farms, local markets, events which receive strong local support and marketing initiatives which have 
helped establish a distinctive position for the region. Some marketing activities are conducted by individual 
businesses, particularly the wineries, while others, such as the successful ‘Food Barossa’ brand, have been 
organised by collaborative partnerships. Both forms communicate images of the region throughout Australia and 
overseas. It is important to recognise that tourism demand could be reduced by changes which affect the 
character of the landscape, the region’s economy or the strength of community spirit.  

The Area 

The Barossa region, defined by Tourism Research Australia, comprises four statistical local areas: Gawler Town, 
and the Barossa District Councils of Tanunda, Barossa and Angaston (Figure 42). Figure 43 shows a more 
detailed map of the region and surrounds, including the major towns of Gawler, Tanunda, Angaston, Nuriootpa, 
Williamstown and Lyndoch, while Figure 44 shows the Tourism Research Australia regional definition. The 
Tourism Research Australia definition is quite different to the Barossa Tourism Region identified by the 
Australian Bureau of Statistics, in which Gawler Town is absent and Light Regional Council is present. 
According to the Australian Bureau of Statistics, Gawler makes up part of Adelaide’s northern region, which lies 
south of their definition of the Barossa.  

From a tourism perspective, Gawler is an historic town with origins dating back to 1839 when it was one of 
only two country towns in South Australia. Heritage buildings built in the late 19th century from blue stone are 
one of the town’s chief attractions. Moreover, Gawler is a gateway to the Barossa Valley, particularly for the 
majority of visitors to the region who depart from Adelaide. In fact, National Visitor Survey data indicates that 
about 14% of visitors stop over in Gawler on their way to the Barossa, and 11% stop over after leaving the area 
(Tourism Research Australia 2008a). Unfortunately, the survey only records destinations involving an overnight 
stop (Wu & Carson 2008), such that the data for Gawler is likely to be an underestimate of the number of 
Barossa visitors who spent time in Gawler.  

The Tourism Research Australia definition has some advantages for present purposes. First, it maps closely 
with the area tourists would most likely recognise as the Barossa, because it is consistent with the region used in 
South Australian Tourism Commission promotional material. Second, there is a significant amount of tourism 
statistics for the region. Third, the Australian Bureau of Statistics Census data at the statistical local area level 
can be used to develop a social profile for the Tourism Research Australia region. This information is presented 
in the following section. Fourth, the region is similar to the Barossa zone, which is an areal unit used in the wine 
industry (Fuller & Walsh 1999).  

The People 

The statistics in Table 48 provide basic community profiles for each of the statistical local areas that define the 
Barossa region according to the Tourism Research Australia. While some statistics in the table were reasonably 
comparable across statistical local areas (such as age and gender), other statistics were not. Most obvious from 
the population statistics is that Gawler is a much larger regional centre compared to the statistical local areas 
comprising the Barossa region, especially Tanunda. Other differences, however, are more clearly historical and 
cultural. For example, the proportion of residents who had at least one parent born overseas varied between sub-
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regions. A relatively large proportion of individuals in Barossa and Gawler had one or two foreign-born parents. 
A closer look at these statistics indicated that Barossa and Gawler had a larger proportion of residents claiming 
English heritage. A higher proportion of residents in Angaston and Tanunda, on the other hand, had German 
ancestry. This is generally consistent with the English and German traditions of the Barossa dating back to 
European settlement in 1842, which contribute to its unique regional identity (Munchenberg, Proeve, Ross, 
Hausler, Saegenschnitter, Ioannou & Teusner 1992). 

Also in keeping with the Anglo-German heritage of the Barossa is the pattern of people’s religious 
affiliations in the region. There were relatively more Christians in Angaston and Tanunda compared with 
Barossa and Gawler, and Lutherans in particular. There were slightly larger proportions of Anglicans and 
Catholics in Barossa and Gawler. Of further interest, larger percentages of residents in Gawler and Barossa than 
residents in the other two areas stated that they had no religious affiliation. As far as religion and ancestry are 
concerned, Angaston and Tanunda seem to reflect a German-Lutheran influence, whereas Gawler and Barossa 
have a somewhat more English-Anglican flavour.  

 

Figure 42: Australian Bureau of Statistics definition of the Barossa 

SOURCE: Australian Bureau of Statistics 2008 
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Figure 43: The Barossa area and surrounds  

SOURCE: Adelaide Hills On-line 2008 

Figure 44: The Barossa region according to Tourism Research Australia 

SOURCE: South Australian Tourism Commission 2007 
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Table 48: Basic community profile of the Barossa region in 2006 

Barossa Statistical Local Areas 
Statistic 

Angaston Barossa Tanunda Gawler 
Whole 
Region 

Population 

Total 7,879 7,986 4,682 18,911 39,458 

 Males 49.7 50.7 48.4 48.2 49.0 

 Females 50.3 49.3 51.6 51.8 51.0 

Median age (years) 40 39 41 39 40 

Parent(s) born o/seas 

Total 1,535 2,855 975 7,144 12,509 

% total 19.5 35.8 20.8 37.8 31.7 

 Dutch 3.2 3.6 3.2 2.9 3.2 

 English 36.3 46.6 34.2 46.8 41.0 

 German 10.5 6.5 14.8 4.6 9.1 

 Irish 3.8 4.7 5.6 4.8 4.7 

 Italian 3.2 3.1 3.2 4.5 3.5 

 Scottish 8.2 7.6 6.8 6.5 7.3 

Religion 7,879 7,984 4,682 18,911 39,456 

 Buddhist 0.3 0.1 0.3 0.5 0.3 

 Christian 70.9 59.3 75.4 60.8 66.6 

  Anglican 9.3 16.5 9.9 18.1 15.1 

  Catholic 8.8 12.6 8.9 15.9 13.0 

  Lutheran 36.9 12.5 43.3 7.0 18.4 

  Uniting 11.2 10.3 7.6 10.7 10.4 

 Hindu 0.1 0.0 0.0 0.1 0.0 

 Jew 0.0 0.0 0.0 0.0 0.0 

 Muslim 0.1 0.1 0.1 0.1 0.1 

 None 19.4 27.5 17.0 24.8 23.3 

 Other 9.3 13.0 7.2 13.7 10.8 

Median Income ($/week) 

Individual  477 482 488 409 464 

Household 1,128 1,130 1,182 1,066 1,127 

Family 958 1,039 1,011 834 961 

Average household 
size (individuals) 2.4 2.7 2.4 2.4 2.5 

Occupation 

Total 3,966 3,934 2,373 8,239 18,512 

% total 50.3 49.3 50.7 43.6 48.5 

 Manager 15.1 16.8 18.0 11.3 15.3 

 Professional 12.7 14.8 18.2 14.7 15.1 

 Technical/Trade 14.3 16.3 12.0 15.6 14.1 

 Service 7.2 8.3 6.7 10.1 8.1 
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Barossa Statistical Local Areas 
Statistic 

Angaston Barossa Tanunda Gawler 
Whole 
Region 

 Clerical/Admin. 10.8 12.2 12.6 14.2 12.5 

 Sales 7.5 6.9 7.8 9.2 7.9 

 Machinery 
 operator/Driver 7.5 6.7 6.3 7.3 7.0 

 Labourer 23.7 10.5 17.5 5.0 14.2 

 Other 1.1 1.7 0.9 1.7 1.4 

Post-school qualification 

Total 2,774 3,114 1,733 6,748 14,369 

% total 35.2 39.0 37.0 35.7 36.7 

 Postgraduate 1.7 2.1 2.3 1.9 2.0 

 Graduate  
Dip./Cert. 2.2 2.3 3.4 2.4 2.6 

 Bachelor Degree 14.8 15.7 22.6 14.5 15.7 

 Diploma 14.0 14.8 15.7 13.8 14.3 

 Certificate  43.7 44.7 34.8 42.2 42.2 

 Other 23.6 20.4 21.4 25.3 19.0 
SOURCE: Australian Bureau of Statistics 2007 

The Place 

The Barossa region is well-known for its German-speaking Lutheran settlers who travelled from Silesia, 
Brandenburg, Prussia and Posen in the early 1840s (Muchenberg et al. 1992). Migration was also strong from 
protestant England and other parts of Britain during the 19th century. But, historical accounts of the region tend 
to place much of the credit for its modern reputation as a leading Australian food and wine destination directly in 
the hands of the early Lutheran settlers. According to Holbrook Tolley, unlike the more disavowing Protestants, 
‘the Lutherans had a cultural tradition of making and drinking wine’ (2005: 86.2). Heuzenroeder (1999) also 
documented the German origins, development and unique qualities of Barossa cuisine. In her words, ‘The food 
prepared in the Barossa had a chance to stabilise in a strong cultural base of European origin before beginning to 
develop characteristics of its own’ (Heuzenroeder 1999: 9). Notwithstanding the success the Lutherans achieved 
in both defining and reflecting the cultural identity of the Barossa region, van Abbe (1960) contends that the 
prosperity of the Barossa owes at least something to the English settlers who cultivated a demand for vine 
produce after the Barossa soil proved less than adequate for cereal cropping. 

The production of wine in the Barossa is a major tourism drawcard for the region. A recent survey reported 
that ‘tasting and purchasing wine’ was the number one reason given by the majority of visitors (62%), and 82% 
of visitors reported visiting a winery or cellar door in the Barossa (Tourism Research Australia 2008a). 
Furthermore, the regional tourism profile prepared by the South Australian Tourism Commission highlights the 
‘stunning vineyard and rural landscapes alongside heritage towns and traditions that owe much to early English 
settlers and Lutheran pioneers’, and acknowledges that the Barossa’s ‘core attraction is wine’ (2007: 1).  

Obviously the experience of wine tasting in the Barossa occurs in a unique social and environmental context. 
But in the process of marketing tourism in the Barossa, cultural symbols such as the region’s wine can appear 
trite when abstracted from their social and physical context (Leader-Elliot 2005). In order to maintain or develop 
tourism destinations in which the ‘attractions’ are the products of place-bound cultural practices, it seems 
appropriate to sustain the community life and environment which form the basis of the tourism experiences 
offered in the region. Key in the adaptation of tourism enterprises to climate change therefore are the Barossa 
communities who provide the raw materials from which tourism experiences are packaged, marketed and sold.  

Sense of place 
In mid-2004, individuals and organisations located in the Barossa (mostly associated with the wine industry and 
local government) participated in a workshop aimed to understand people’s visions for the Barossa landscape 
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over the next two decades (List 2004). One outcome of this exercise was a collage of the Barossa images most 
preferred by those involved in the workshop. The types of strongly preferred qualities were: 

• Semi-rural landscapes, containing a mix of urban living, vineyards, and natural environment;  
• Many smaller towns over a few larger ones; and 
• Maintaining the traditional, welcoming and easy-going atmosphere of the Barossa, and broadening it to 

areas of service quality (List 2004: 3). 

One prospect that the workshop participants were concerned about was increased urban growth in Adelaide 
which risked seeing the Barossa as an outer suburb of the city. A second concern focused on rejecting the kind of 
intensive, inauthentic tourism found in other locations, such as Hahndorf. 

These kinds of views provided glimpses of the meanings workshop participants attributed to the Barossa. 
They sketch a picture of a rural ideal with vineyards, village settlements, charming buildings, and a relaxed and 
friendly community life. A developing literature in tourism, recreation and leisure focuses upon the meanings 
and attachments visitors have for tourism destinations and attractions experienced as social, natural and/or built 
environments. This ‘sense of place’ approach is grounded in the areas of environmental psychology, 
environmental sociology and human geography, and claims that places can be the object of strong identification, 
emotional attachment and social practices (Altman & Low 1992; Jorgensen & Stedman 2001). Because of the 
potential diversity of the experiences that different people can have with the same place, some meanings and 
emotions might be widely shared while others might be contested. 

The meanings attributed to a place by locals might also be adopted by visitors who develop a familiarity and 
attachment to the place through continued association over time (Relph 1976). It is the place meanings that 
people become attached to rather than the physical place per se, and it is the meanings imbued in, and melded 
with, the social and physical landscape that are the focus of protective action against threats such as climate 
change (Greider & Garkovich 1994; Jorgensen & Stedman 2001; Stedman 2003). These meanings and 
attachments are an important part of a community’s capacity to adapt to climate change, in that they provide both 
the constraints and affordances for what are possible and acceptable forms of adaptation. Sense of place is both 
the chief resource upon which communities can draw in efforts to mobilise action and the criteria for deciding 
what is ultimately desirable and possible with respect to adaptation strategies.  

What meanings are predominant in the Barossa, the extent to which they are shared by residents and visitors, 
and how they might facilitate or hinder adaptation are open to speculation. However, climate experiences—
particularly with climate extremes—can be the basis for meanings attributed to a place. Knez (2003, 2005) 
demonstrated that perceived climate constituted part of the system of place meanings in his study, and influenced 
particular place-related identity processes, particularly for residents who had a strong emotional bond with the 
place. Therefore, while climate can affect place experiences (e.g. higher incidence of heat stress) it can also 
represent an important way in which people perceive and come to know a place: 

… climate is a nested structure in places, it not only constitutes objectively a place but also subjectively 
influences the way we experience and remember a place. For instance, the functional use of a place… and our 
perception of its beauty may vary as a function of its microclimatic conditions such as sunlight and wind. These 
and other microclimatic parameters such as temperature and humidity may also influence our perception of 
comfort… combine in emotional sensations of places, affect our beliefs, attitudes and knowledge of a place, and 
finally be a part of our self-knowledge; thus related to our identity. (Knez 2003: 3) 

The sense of place concept has been used in tourism, leisure and recreation studies for a number of purposes. 
These include managing tourist facilities in ways that enhance visitors’ positive experiences and perceptions 
(Moore & Graefe 1994; Brooks, Wallace & Williams 2006; Budruk, Wilhem Stanis, Schneider & Heisey 2008); 
managing visitor and development impacts on the natural environment (Davenport & Anderson 2005; Jorgensen, 
Nowacek, Stedman & Brasier 2006; Jorgensen & Stedman 2006; Ankre 2007); estimating visitor demand (Hailu, 
Boxall & McFarlane 2005) and visitor preferences for entrance fees (Williams, Vogt & Vittersø 1999; Kyle, 
Absher & Graefe 2003); understanding the impact of visitors on host communities (Um & Crompton 1987; 
Harrill 2004); appreciating differences among the needs and experiences of visitors (Bonaiuto, Carrus, 
Martorella & Bonnes 2002; Kaltenborn & Williams 2002); and informing tourism development in ways that are 
acceptable to local communities (McCool & Martin 1994; Besculides, Lee & McCormick 2002). Sense of place 
research has shown that people’s understandings of their relationships with a place can motivate and shape 
individual and collective action aimed at protecting it from threat (Vaske & Kobrin 2001; Vorkinn & Riese 
2001; Payton, Fulton & Anderson 2005). Despite the application of sense of place studies in tourism, leisure and 
recreation, a search of the peer reviewed literature found just one study that involved the Barossa region, albeit 
only tangentially (Gross & Brown 2006).  

A good deal of sense of place research in tourism has demonstrated that the industry can be perceived as 
constituting just as big a threat to place meanings as climate change. For example, local people’s feelings of 
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attachment to a place can be threatened by tourism impacts that have adverse effects on valued aspects of 
community life and natural environment (Um & Crompton 1987; McCool & Martin 1994). Leader-Elliot (2005) 
talks about her own experiences with tourism from the perspective of someone with a long personal and family 
association with the region, as well as from an interest in tourism and cultural landscapes: 

My first employment in the tourism industry was with what became the Barossa Wine and Tourism Association, 
and in the Barossa I began to learn about the structure and operations of the tourism industry. I also observed the 
ambivalent way in which the communities felt about tourism, and felt this myself. As [a] community member I 
worked on committees planning and presenting major events such as the Barossa Vintage Festival and Barossa 
Music Festival. As president of the Residents’ Association I fought against schemes for tourism developments 
that would have transformed the rural communities and taken more water than was available for irrigated golf 
courses. (p.3) 

Climate change, while a threat to the quality of prevailing tourism experiences in the Barossa, is a threat to 
the very communities and cultural practices that give tourism in the region its substance and form. Leader-Elliot 
(2005) notes that the different meanings of the Barossa, as held by those who love the place, do not fit well into 
the labelling and selling of places in the tourism market. Carter, Dye and Sharma (2007) express the same 
concern in their study of the Sunshine Coast: 

…failure to incorporate alternative place-meanings and identities in development and marketing ignores the way 
places are created and experienced by many people, and risks inappropriate meanings being assigned to place in 
order to attract the investment dollar. Displacing those voices can destroy the tourism values that contribute to 
the uniqueness of the place and its initial attractiveness in the global market. (p.764) 

How the tourism sector adapts to climate change can also threaten the provision of tourism experiences by 
failing to incorporate the voices of the local community. Planning for tourism over the long timeframes 
associated with climate change will require a level of community engagement that convinces local people that 
the kinds of adaptation desired by the tourism sector will not be imposed at the expense of their sense of place.  

The Visitors 

The number of visits by wine tourists in Australia grew at a faster rate between 1999 and 2003 than visits by 
non-wine tourists. There were 2.3 million overnight wine visitors in 2003 compared to 1.9 million in 1999; an 
average annual increase of 4.2%. Non-wine overnight visitor numbers increased by an average of only 0.1% per 
year. The average level of expenditure by wine tourists was also found to be higher than that of non-wine tourists 
(Collins 2005).  

South Australia has 395 wineries; 247 of these have cellar door facilities, 57 have onsite restaurants and 25 
have onsite accommodation and receive a disproportionately large share of Australia’s wine tourism market. Of 
the six main wine regions in the state, the Barossa Valley attracted the largest number of cellar door visits at 2.4 
million (South Australian Tourism Commission 2004). Moreover, at the time of the survey, there were 70 
wineries in the Barossa, 51 with cellar doors and nine with cafés / restaurants. Twelve of the wineries were not 
open to the public. Visitors to Barossa wineries found that the frequently cited associations with the region were: 

• The number of wineries (71%) 
• Lots of festivals and events (64%) 
• Excellent cellar door facilities (60%) 
• Quality wine (60%) 
• Beautiful scenery (59%) 
• Heritage and historic buildings (59%) 
• Great place to visit—even if don’t like wine (55%) 
• Good restaurants and cafes (50%) 

There is a growing trend towards the provision of food at cellar doors (Sparks, Deery, Roberts, Davies, 
Brown & Malady 2007), and many of the larger wineries offer attractive outdoor settings for the consumption of 
platters and lunches. The tourism experience is further enhanced by events associated with wine and food. The 
Barossa Vintage Festival is Australia’s largest wine festival and is held biannually at Easter, and the Barossa 
Wine Show makes over 450 wines available for tasting at the Yalumba Winery each year in September. Famous 
local names associated with food, such as Maggie Beer and Angas Park, can be seen at the Barossa Farmers 
Market that is held at Angaston every Saturday. There is also an emerging ‘slow food’ movement in the Barossa 
that has served to highlight local produce and cuisine, as well as the heritage and traditions of the region (Peace 
2006). Local festivals and events such as these reflect the region’s sense of itself as a unique and major wine and 
food centre (Derrett 2003). They are also settings in which visitors and locals come together to express their 
shared interest.  
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In a recent survey, people who had visited an Australian wine region were asked to indicate their favourite 
wine region, and the Barossa was found to be the most popular. It was nominated by 32% of respondents, well 
ahead of the Hunter Valley in New South Wales (19%) and Margaret River in Western Australia (10%). The 
survey also found that those who visit wine regions tend to favour short breaks and participate in a number of 
activities in addition to visiting wineries. The majority eat at a restaurant (73%), while around a half go walking 
(51%) or shopping (49%) (Sparks 2007). 

In 2007, the Barossa region attracted an estimated 246,000 overnight visitors that stayed 754,000 nights in 
the region. The Barossa attracted a higher proportion of its visitor nights (48%) from interstate than any other 
region in the state. On average, overnight visitors to the region stayed 3.1 nights (Tourism Research Australia 
2008a). Length of stay varied from two nights for intrastate visitors to four nights for interstate visitors and 8.2 
nights for international visitors. Domestic same-day visitors contributed 927,000 additional visits to the region 
(Tourism Research Australia 2008a). The majority (72%) were Adelaide residents. Spending by domestic 
overnight visitors in 2007 was estimated to be $105 million; an average of $165 per visitor night. Domestic day 
trip visitors spent an estimated $72 million; an average of $78 per visit (Tourism Research Australia 2008a). 

More visitors to the Barossa stay overnight (64%) than visit for the day only (36%) (Tourism Research 
Australia 2008a). The majority (93%) of visitors to the Barossa were from Australia, with 38% from South 
Australia, 23% from Victoria, 16% from New South Wales, 11% from Queensland, 7% from Western Australia, 
3% from the Australian Capital Territory, 2% from Tasmania and 1% from the Northern Territory (Tourism 
Research Australia 2008a). The average length of stay in the Barossa for overnight visitors was 3.67 nights (total 
trip length of 16.33 nights) and most visitors (63%) travelled to the Barossa for holiday and leisure purposes, 
while 9% visited friends or relatives (Tourism Research Australia 2008a). 

Visitors to the Barossa were also likely to travel to Tanunda (80%), Nuriootpa (63%) and Angaston (59%). 
Common stop over points before getting to the Barossa included Adelaide (36%), Gawler (14%) and Hahndorf 
(8%)(Tourism Research Australia 2008a). Common stop over points after going to the Barossa included 
Hahndorf (17%), Adelaide Hills (14%), Adelaide (11%), Gawler (11%) and Kapunda (9%) (Tourism Research 
Australia 2008a). Of all visitors to the Barossa, 44% stated they would be likely to visit again in the next 12 
months, while 90% felt likely to recommend the Barossa to others (Tourism Research Australia 2008a). 

Characteristics of domestic overnight visitors (2005 – 2007) 
Forty-one percent of domestic overnight visitors were from other states including Victoria (17%), New South 
Wales (13%) and Queensland (8%) (South Australian Tourism Commission 2008). A comparable number of 
domestic overnight visitors came from Adelaide (38%) and a further 21% from regional South Australia (South 
Australian Tourism Commission 2008). 

Similar proportions of individuals aged 45 – 64 years (38%) and 25 – 44 years (34%) visited the Barossa 
(South Australian Tourism Commission 2008). That is, the region is characterised by both older and younger 
adults. Further, the larger proportion of overnight visitors visited as adult couples while there were fewer 
families with children than was the case for visitors to any other South Australian region.  

Visitors to the Barossa tended not to stay long when compared with average lengths of stay in most other 
regions in South Australia. In fact, 40% of visitors stayed for only a single night, and 44% stayed for two or 
three nights, but much fewer visitors stay longer than four nights (16%) (South Australian Tourism Commission 
2008). About one-fifth of overnight domestic visitors visit the Barossa as part of a longer holiday (i.e. more than 
seven days) that comprises travel to other regions (South Australian Tourism Commission 2008). The larger 
proportion of these visitors and all visitors to the Barossa is by car (87%) (South Australian Tourism 
Commission 2008).  

When visiting the Barossa region, visitors reported a number of activities that they participate in. These 
included eating at restaurants (53%), visiting wineries (42%), visiting friends and relatives (42%), sightseeing 
(38%), shopping (25%), and visiting the markets (8%) (South Australian Tourism Commission 2008). For 
finding information about the region and planning a visit, the internet was the most popular reference source 
(South Australian Tourism Commission 2008). 

Characteristics of international overnight visitors (2005 – 2007) 
Most international overnight visitors arrived from Europe (60%), and the major countries of origin were 
Germany (18%) and the United Kingdom (17%). Other non-European countries from which visitors were drawn 
were New Zealand (17%) and North America (15%) (South Australian Tourism Commission 2008). It is 
noteworthy that the dominance of European countries as source markets for the Barossa and for South Australia 
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contrasts markedly with most of the other regions of Australia, where many more visitors come from Asia 
(South Australian Tourism Commission 2008). 

Tourist accommodation 
All visitors to the Barossa—international and domestic—spend an average of 635,000 nights in the Barossa each 
year (South Australian Tourism Commission 2008). Most of these individuals spend these nights with friends 
and relatives while about one-quarter stay in hotels and motels, and fewer again stay in guest houses and bed and 
breakfast establishments (8%) (South Australian Tourism Commission 2008).  

For visitors who book into ‘large’ hotels and motels (i.e. more than 15 rooms), March / April (69% 
occupancy rate) and November (67%) are the most popular times of the year (South Australian Tourism 
Commission 2008). The least popular months through 2007 were December (47% occupancy), and the period 
from June to August (50%) (South Australian Tourism Commission 2008). The 10 large accommodation 
providers in the Barossa were estimated to have total earnings of about $11.5 million in 2007, and an average 
annual occupancy rate of 57.1% (South Australian Tourism Commission 2008). Despite the difference between 
peak and low occupancy months, the larger accommodation providers on average are half full even during the 
least popular months (South Australian Tourism Commission 2008).  

The same cannot be said, however, for the ‘small’ hotels, motels and service apartments (i.e. between five 
and 14 rooms). These seven providers had estimated total earning in 2007 of about $1 million, from an average 
annual occupancy rate of 38.6% (South Australian Tourism Commission 2008). There was some variation across 
peak and low occupancy seasons, ranging from 26% occupancy in December to 49% in October / November 
(South Australian Tourism Commission 2008). 

Six caravan parks in the region generated more than double the revenue ($2.2 million) from a total 921 sites, 
vans and cabins (South Australian Tourism Commission 2008). Average occupancy (26.3%) was less than that 
seen for the small accommodation providers, and variability across low and peak seasons was also less (21% in 
June – August and 32% in March / April) (South Australian Tourism Commission 2008). 

The quality and type of visitor experiences 
A visitor survey in the Barossa was completed by Tourism Australia in September October 2007 (Tourism 
Research Australia 2008a). A report from this survey, based on a sample of 207 people, was published in July 
2008 and indicated that visitors were most interested in visiting the Barossa to taste and purchase wine (62%) 
and for sightseeing (44%). The most important visitor experiences concerned food and wine (82%), relaxation 
(72%), time with friends and family (71%), touring (67%), history and heritage (57%) and engaging in novel 
experiences (57%). When in the Barossa, visitors reported that they did visit cellar doors (82%) and engaged in 
sightseeing generally (82%). Fewer visitors ate out in restaurants and cafes (57%) or browsed the shops (56%), 
despite 72% stating that they spent time walking the streets of the main towns in the region. 

In terms of overall satisfaction, 93% of visitors were satisfied with their visit to the Barossa (Tourism 
Research Australia 2008a). This is much higher than the overall satisfaction benchmark (82%) for visitor surveys 
completed in other regions of Australia (26 surveys were completed in 2006 and 2007). Food and wine 
experiences, relaxation and rejuvenation, spending quality time with one’s family and friends, touring around 
and exploring the region, experiencing the history and heritage of the region, discovering or learning something 
new, and the authenticity of experiences were the key strengths of the Barossa. Visitors to the Barossa were 
more likely to rate these aspects as important and to be satisfied with these aspects compared with comparable 
surveys conducted in other regions. 

The Climate 

The Barossa region is located in South Australia’s coastal temperate zone, such that it experiences a 
Mediterranean climate not too different to that of Adelaide. Winter monthly temperatures span between a 
minimum average of 4°C and a maximum of around 14°C (see Table 49). Summers can be hot, with maximum 
average monthly temperatures of 29°C. Of course, individual summer days can be much hotter, with January 
temperatures exceeding 35°C on occasion. The region sees moderate average annual rainfall of a little over 
500mm, with around 160mm falling during the growing season between October and April. Hennessy et al. 
(2008) analysed climate change projections for the Barossa region. There are two sources of uncertainty; 
different global climate models and different future emissions of greenhouse gasses. Table 50 shows the median 
projections (half the models show greater warming / drying) and uses the A1B scenario which entails rapid 
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economic growth, where the population peaks around 2050, and a mix of fossil fuels and alternative energies 
(see Chapter 1).  

Table 49: Barossa climate statistics based on 30-year average 

Mean 
Statistic  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Maximum 
temperature 
(°C) 

28.8 28.6 25.7 21.4 17.0 14.2 13.2 14.3 16.8 20.2 23.8 26.3 20.9 

Minimum 
temperature 
(°C) 

13.6 13.9 11.8 9.0 6.7 5.1 4.4 4.8 5.8 8.0 9.9 11.8 8.7 

Number of 
days ≤ 2 °C 0.0 0.0 0.1 0.8 3.9 6.8 8.0 6.8 4.0 1.1 0.3 0.0 31.8 

Number of 
days ≥ 35 °C 5.2 4.3 1.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.4 2.9 15.3 

Rainfall (mm) 18.8 18.5 22.2 38.2 55.0 56.3 66.2 63.6 60.0 49.4 29.3 24.3 500.5 

Number of 
days of rain ≥ 
1 mm 

3.0 2.3 3.4 5.7 8.6 9.8 11.4 11.6 9.2 7.3 4.7 4.0 81.0 

SOURCE: Bureau of Meteorology 2008c 

Table 50: Climate change projections through to 2070 

Environmental Change 
(compared with the present) 2020 2050 2070 

Annual mean warming (°C ) +0.6 +1.4 +2.0 

Number of days below 2°C -4 -8 -9 

Number of days above 35°C +3 +8 +12 

Annual rainfall change (% of mean) -3.0 -7.3 -10.1 

Winter (Jun-Aug) rainfall change (%) -3.9 -9.5 -13.2 

Spring (Sep-Nov) rainfall change (%) -4.8 -11.7 -16.3 

Summer (Dec-Feb) rainfall change (%) -1.5 -3.5 -4.9 

Autumn (Mar-May) rainfall change (%) -1.2 -2.9 -4.1 

Change in rain-days > 1mm (%)  -4.8 -11.8 -16.4 

Change in extreme 1 in 100 year rainfall (%)  -1.3 -3.1 -4.4 
SOURCE: Hennessey et al. 2008 

 
Given that trends of decreasing rainfall and increasing temperatures are not conducive to many areas of 

agriculture, the viticulture and wine-making industries, perhaps more than any other part of the tourism sector, 
have begun to plan for tougher times (see for example Kiri-ganai Research 2006; Anderson, Findlay, Fuentes & 
Tyerman 2008; Australian Wine and Brandy Corporation 2008). Similarly, Primary Industries and Resources 
South Australia (2007) have identified climate change as one of the most influential and likely drivers of 
agricultural change. 

According to Chambers (2008), drought had a significant effect on the production of grapes for 2006/2007. 
Rainfall in the last quarter of 2006 was less than 45% of the long-term average, and both minimum and 
maximum temperatures over the same period were higher than usual. The impacts of these climate conditions are 
described by Chambers (2008), and include fruit loss through sunburn and an early harvest. Total production of 
wine grapes in the Barossa zone was approximately 56kt in 2006/2007, which was about half the amount 
produced in the previous year (Chambers 2008; Jackson, Shaw & Dyack 2008), and about 60% of the amount 
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projected for 2006/2007 (Gordon 2005, 2006). The lower production resulted in slightly higher prices than seen 
in the previous year, but still much lower than the prices paid in the first years of the decade (especially where 
red grapes were concerned). 

The Vines and Wines 

One adverse impact of increasing temperature is that grapes are grown within reasonably narrow temperature 
bands. Jones (2007) identified the ideal zones in which particular grape varieties are suited by looking at the 
average growing season temperatures in the European regions associated with particular grape varieties (see 
Figure 45). In this sense, climate change impacts on viticulture are likely to vary across varieties and wine 
regions. Temperature thresholds, if exceeded in a region, would most probably make it a challenge for some 
varieties to achieve optimum ripening. The grapevine maturity groupings shown in Figure 45 give an indication 
of the possible range of the ripening period for different varieties. Jones asserts that cooler climate regions may 
benefit from a warming trend, since ‘warm’ climate varieties will offer opportunities for adaptation. The hotter 
climate regions, on the other hand, will be pushed to continue to produce quality wine in their current ways. In 
these regions, the warmer temperatures could make it impossible to properly ripen their existing grape varieties. 

While the impacts of climate change are not expected to be the same across the world’s wine regions (Jones 
2007) or across Australian regions (Webb, Whetton & Barlow 2005; Hayman, McCarthy, Sadras & Soar 2007), 
the projected patterns of warming are likely to be challenging in the Barossa. While the region might be regarded 
as a temperate region by Australian standards (Kiri-ganai Research 2006), it is a warm climate region by global 
standards (Jones 2007). It’s signature wines are Shiraz and Riesling, with the former tending to be grown in the 
warmer, lower-lying parts of the Barossa Valley and the latter in the cooler, higher elevations of Eden Valley 
(see Figure 46 in which the vineyards are coloured green). 

Webb, Whetton and Barlow (2005, 2007) looked at moderate CSIRO climate change scenarios for Australian 
wine regions in which temperatures were expected to increase between 0.8 and 5.2ºC by 2070, with a greater 
frequency of hot days and more variable rainfall. By comparison, the expected changes in the Barossa are at the 
low to moderate end of the projections relative to other regions. According to Webb, Whetton and Barlow 
(2005), this warming trend across the south-eastern Australian wine region as a whole will have a ‘negative 
impact on grape quality’, and new enterprises in the southern and coastal parts of the country are one means of 
sustaining a viable industry (p.1504). As it happens, the Barossa region is situated in a climatic zone that is likely 
to fair relatively well in terms of grape quality up to 2030, if not 2050.  

According to the AWBC (2008) by 2050, given the International Panel on Climate Change temperature 
projections of 1.5°C, Barossa average temperatures could expect to resemble the hotter Loxton region in the 
Riverland. The report proposes that the effects of climate change for the Australian wine industry are likely to 
be: (1) warmer temperatures, meaning that some regions will lose their reputation for producing high quality 
varietal wines (e.g. Barossa Shiraz); (2) hot inland regions (e.g. the Riverland and Sunraysia) may become too 
hot for commercial wine production; (3) pests and diseases may worsen; and (4) water availability will likely 
decrease. Very similar impacts were suggested by Jones (2007) in his analysis of worldwide trends. 

Hayman et al. (2007) acknowledged that there was a level of climate change that would be almost impossible 
to adapt to, but also pointed out that Australian vineyards have demonstrated significant adaptive capacity to a 
changing climate and drought. They argue that in coming decades (as opposed to 2050 and 2070 projections), 
there is reason to be optimistic when one considers the industry’s past adaptive capacity, the perennial plastic 
nature of the grape vine, and the generation-upon-generation structure of many winemaking families. For the 
Barossa, based on the CSIRO projections, the main impacts of climate change on vineyards are likely to take the 
following form: 

• Changes to mean temperature are likely to directly influence phenology and ripening processes. 
Advanced phenology is also likely to push ripening processes into the warmer period of late summer than 
autumn. This effect is likely to produce an effective temperature increase at the time of fruit ripening and 
harvest considerably greater than that directly attributable to climate change itself at that time of year. 

• Changes to extreme high temperatures, such as heat waves, are likely to have a direct impact on 
physiological processes and water uses. 

• Changes to extreme low temperatures, such as frosts, are likely to decrease in the long-term. In the short-
term, the frequency of extreme low temperatures will depend upon the relative influence of warming, 
drying and changes to weather patterns. Some regions have already observed high levels of frost risk in 
recent years arising from drying conditions. 

• Changes to the timing and amount of rainfall will influence the water balance and have an impact on 
disease and quality. 
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• Changes to the quality and quantity of water available for irrigation. 
• Changes to the atmospheric levels of green house gasses will influence vine growth. 

Figure 45: Grapevine Climate/Maturity Groupings 

SOURCE: Jones 2007 
    

Figure 46: Barossa Valley and Eden Valley vineyard locations 

SOURCE: South Australian Research and Development Institute 2005 
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In addition to temperature changes, the Barossa can expect decreasing rainfall into the future, particularly 
during winter and spring. Much of the expansion in the Barossa has relied on water imported into the region 
from the Murray River. The majority of land under irrigation is devoted to growing grapes, and grapes use a 
relatively large proportion of the available irrigation water (Adelaide and Mount Lofty Ranges Natural 
Resources Management Board 2008). Moreover, there have been reports in the popular press about the 
difficulties some growers are currently experiencing in the Barossa due to low rainfall (Edwards 2008). 

During 2006/2007, about 7,000 ML of water was used to irrigate land in the Barossa region (Adelaide and 
Mount Lofty Ranges Natural Resources Management Board 2008). The numbers in Table 51 indicate that 80 – 
90% of all the water for irrigation purposes is used to grow grapes. Similarly, of the total amount of water used 
for cropping (i.e. water extracted and used for irrigation and non-irrigation purposes), the greater share of it is 
devoted to grapes (see Figure 47).  

Table 51: Water use by crop type 2006/2007 

Crop Type Total Water Use (ML)  

Grapes (combined) 4,963.0 

Grapes (red) 1,148.6 

Grapes (white) 104.2 

Horticulture (most vegetables) 16.6 

Irrigated landscapes (Ovals, 
significant gardens > 2ha) 505.2 

Nursery production 0.8 

Orchard 4.9 

Other crop 1.1 

Paster (Lucerne etc.) 311.8 

Woodlot 6.1 

Grand Total 7,062.3 
SOURCE: Adelaide and Mount Lofty Ranges Natural Resources Management Board 2008 

Figure 47: Irrigated area by crop 

SOURCE: Adelaide and Mount Lofty Ranges Natural Resources Management Board 2008 
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In parts of the Australian wine industry, the main issue of recent times has been the cost of water rather than 

its availability (Australian Wine and Brandy Corporation 2008). However, lower expected rainfall now and into 
the future, especially in South Australia, has meant that competition for, and conflict over, water has increased. 
Where it has been possible to buy water in the past, increased competition is already placing constraints on 
affordability and availability. While more efficient water delivery systems (e.g. micro spray and drip irrigation) 
might go some way toward getting more out of less water, investment in these systems can be difficult for 
growers given current economic conditions. Ultimately, the Australian Wine and Brandy Corporation 
documented that the issue of water availability has the potential to significantly constrain vineyard harvests and 
future expansion. As a result, there is a need to develop low water use root stocks. 

Kiri-ganai Research (2006) also recognised the impact of climate change on the availability and cost of 
irrigation water across the Australian wine industry. Citing the Australian Bureau of Statistics, the report stated 
that 76% of the nation’s total irrigated vineyard area employed efficient water delivery systems, and that 36,000 
ha of vineyards used relatively inefficient systems such as overhead spray and flood irrigation. Although the data 
is not readily at hand for the Barossa, there is anecdotal evidence to suggest that the region has a much better 
water efficiency regime than the national figures suggest. For example, Yalumba winery recently became the 
first winery anywhere on the planet to receive the United States Government’s Climate Protection Award (Perry 
2007). This notwithstanding, climate change in the Barossa presents a challenge to a major component of the 
tourism sector and therefore to the sustainability of tourism in the region. The main climate drivers of this threat 
are rising temperatures and reduced rainfall. Because of reliance on water from outside the region, there is 
vulnerability to flows in the Murray Darling basin. 

Climate and Visitors and Sense of Place 

There is a literature focused on the study of tourism, tourists and climate (e.g. Giles & Perry 1998; de Freitas 
1999; Scott & McBoyle 2001; Morabito, Cecchi, Modesti, Crisci, Orlandini, Moracchi & Gensini 2005) and a 
more general literature studying the physical and psychological experience of people to microclimates (e.g. Stehr 
& von Storch 1995; Westerberg, Knez & Eliasson 2005; Knez & Thorsson 2006). This latter and more general 
body of work proposes that there are significant cultural influences on how climate is experienced 
physiologically, emotionally and perceptually. This is not simply to point out that visitors from cooler climates, 
for example, might be more likely to suffer the stress effects of heat waves compared with the acclimatised 
locals (Morabito et al. 2005). Rather, it is to recognise that what is regarded as ‘comfortable’, ‘hot’, ‘cold’, 
‘windy’, or ‘calm’ is influenced by individual and cultural characteristics. Therefore, what types of tourism 
activities might be regarded as desirable by visitors may have some basis in factors such as their attitudes 
towards the heat of the sun, which have been shown to vary across climatic zones (Knez & Thorsson 2006). For 
example, Westerberg, Knez and Eliasson (2005) note the following: 

What is the climate that people bear in their minds? The individually sensed and experienced climate influences 
instantaneous and comprehensive assessments as well as socially and culturally transferred knowledge, ideas, 
prejudice and habits related to the climate. Clothing and outdoor sports are such habits which are in constant 
change for many reasons. Interacting with the physical and cultural environment the individual develops and 
incorporates new concepts and beliefs more or less related to the local climate. (p.2) 

Perry (2006) provides a number of examples of how climate change can alter the visitation and/or activity 
patterns of tourists (see also Giles & Perry 1998). He notes how a warming Mediterranean, for example, might 
lead to a decline in Summer visitation, shift the peak periods to Spring and Autumn, and possibly prolong the 
tourism season. Drought too might herald an increase in conflict within the host community (e.g. tourism and 
agricultural sectors) and between locals and visitors as water scarcity cuts deeper. Further, Perry (2006) states 
that heat waves would be likely to increase demands for medical services, particularly among visitors who might 
be unprepared for the experience. 

At the moment, it is possible to do little but speculate about the implications of a changing climate for 
tourism in the Barossa. Nonetheless, an important question is how the Barossa can adapt to climate change and 
yet maintain a sense of place of value to residents and visitors. Moreover, if tradeoffs need to occur in how 
adaptation might occur or what meanings, practices and experiences should be preserved at any cost, how will 
these be made and by whom? What are the priorities for adaptation in tourism, and how can these strategies be 
successfully implemented and managed? Most challenging is that adaptation is required to occur despite 
uncertainty in the long-term climate projections and significant uncertainty among visitors and the tourism sector 
about how to conceive of climate change impacts actually occurring in their lives. These questions are addressed 
later in this chapter. 
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Semi-Structured Interviews 

Twenty-two people from across the wine and tourism industry associated with Barossa tourism were interviewed 
by telephone. In accordance with the Visitor-Industry-Community-Environment model, participants included 
representatives from the South Australian Tourism Commission, South Australian Wine Industry Association, 
local government, State government, wineries, accommodation venues, tourism operators, and sustainable 
development groups and organisations. The following discussion provides a summary of responses.  

Knowledge and awareness of climate change 

Are people in the Barossa talking about changing weather patterns and climate change? 
There was wide agreement among participants that people in the Barossa were talking about long-term climate 
change, and especially at the time when extreme weather events were being experienced. The extreme heat 
experienced in the previous summer, among other anomalies, convinced many that the dry conditions were 
associated with longer-term trends:  

[The climate] appears to be really strange. Everyone has commented we had extremely freezing cold weather, 
then we had the biggest heat wave in South Australia that we’ve had in some 30 odd years. And, we had three 
weeks of nearly 40 degrees here. (Visitor) 

I have had people [e.g. graziers, grape growers and hobby farmers] come in and commenting that they’ve got the 
first frost for the season two months earlier than they’ve ever noticed before. There seems to be some awareness 
of things not being how they use to [be]. (Environment) 

The main focus for many participants, and their perceptions of others in the region, was on the immediate 
impacts of drought and water shortages on vineyards, wine production and private / public gardens: 

Over the last two years [drought] has been a hot topic… The impact of two years of low in-flows to the Murray 
means that we are looking at reduced water for a long time because it will take a while to recover. (Industry) 

This participant went on to point out that the significance of water in the region to the wine industry can’t be 
over-estimated, because other climate problems such as frost are linked to it. For example, with very dry years, 
frost is usually worse than would otherwise be the case, and a common way of dealing with a frost risk is to use 
overhead sprinklers. Therefore, while the issues in the region are about climate change, ‘it is really the language 
of water’. Moreover, the hotter temperatures and drought notwithstanding, some participants experienced too 
much rain falling out of season and an increase in unusually windy days.  

One industry group—the winemakers—were frequently seen as having a relatively greater awareness of 
climate change issues, although not necessarily aware of the long-term impacts of climate change for the 
Barossa. In fact, most of the participants we spoke to recognised uncertainty in the nature of long-term impacts 
for the Barossa. Instead, many participants were more confident in responding to a problem they were already 
experiencing (e.g. decreasing water availability) than in discussing how these trends might manifest in 50 years:  

Certainly winemakers are more aware. They’re aware of the international imperative to be making a statement 
about this. They are aware of the potential impacts on different grape varieties and looking at clonal 
adjustments… But also just looking at adaptive viticulture practices to cope with less water and gradually 
increasing climate. (Industry) 

While winegrowers were particularly aware of the impacts of drought on their business, the wine tourism 
industry as a whole had yet to embrace the need for long-term planning for climate change. It was pointed out 
that the logistics of changing practices for a one in 100 year event was very costly and not easily achievable. 
There needs to be more confidence in future conditions to warrant the cost. While people were starting to believe 
in a long-term change in climatic conditions, they didn’t know how that change would eventually pan out. It was 
very difficult for most participants to envision the specific regional effects of climate change in the future, 
beyond a general feeling that there would be less water and hotter temperatures. Given this, there was a view 
among wine industry representatives that it would be economically irrational to start making major changes in 
plantings, vintage schedules etc. until there was greater confidence about climatic forecasts at a local scale. For 
some, there was a fear that mistakes might be made if winegrowers were to rush ahead without accurate 
information and proper planning. 

Other participants were more discriminating when talking about the wine industry and its stronger grasp of 
climate issues. These participants identified larger wine and grape operations as beginning to plan and 
implement responses to climate change, whereas the smaller grape growers were slower in responding. Reasons 
for the delay in action were assumed to be because the issue was not perceived as representing an immediate 
threat and/or smaller wineries have little capacity to adapt. The smaller winery operator we spoke to made 
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organic wine and the vines were dry grown, but they nevertheless believed that water was of particular 
importance for irrigated vineyards.  

Participants did not believe that all members of the tourism sector or residents in the region were accepting of 
climate change as a valid concept. There was recognition among a number of participants that some local people 
in the Barossa were sceptical of climate science. However, this group was perceived to be a minority in the 
community and the sector, compared with those people who wanted to address climate change and those who 
were apathetic toward the issue for one reason or another:  

They [the sceptics] are still wondering whether the current drought situation is a reflection of climate change. 
But more and more I think as time goes on people are saying: ‘Yes, it is.’ (Environment) 

The first thing is we decide whether we believe is there climate change? I believe that without a doubt 95% of 
the community now believe there is. And I was one of those ‘doubting Thomas’s’ until say 18 months ago. I 
thought it was just seasonal. But I think what we are seeing now is quite clearly a distinct and rapid change in 
what we expected to be our climate. (Community) 

Still, minority of participants had experienced few, if any, climatic events in the Barossa that they felt were 
anomalous. While water availability was considered to be decreasing, there was a belief that this represented a 
normal but highly variable rainfall pattern: 

I think it’s more variability in the weather rather than put it down to climate change. But then I don’t think that 
people assume that it’s going to fix itself either. I know a lot of people, especially older generations have seen it 
all before in terms of years ago there being quite long droughts and similar patterns. So they are not really super 
concerned I suppose… There hasn’t really been extreme weather events out of the ordinary. (Industry) 

According to some participants, one factor contributing to scepticism was the presence of scientists who 
argued that climate trends were best regarded as temporary shifts or cycles. Given the presence of a diversity of 
viewpoints regarding the importance of climate change, a number of participants chose to talk about the issue in 
their communities in terms of saving money through efficiencies in water, energy and waste, which were likely 
to be seen as more tractable issues than climate change:  

They’re talking about all the elements of adaptation and mitigation, but certainly from my perspective I’m trying 
not to use the climate change words too much. That’s because I think there is a risk that it becomes a bit clichéd. 
(Industry) 

This viewpoint shared similarities with an industry representative who felt that people were talking less about 
climate change and more about ‘environmentally sustainable practice’, which was regarded as being ‘more 
measurable and tangible’ than the more nebulous language of climate change. 

The results in your own business you can see month-to-month. Climate change has kind of got the auspice 
around it as intangible. And whether a day is hotter or colder, the impact on our business is pretty minimal. But 
whether our lawns and gardens are dying, that’s tangible. (Industry) 

This focus on measurement, monitoring, benchmarks and targets was described as ‘a focus on long-term 
solutions to water’ and was regarded as consistent with current concerns about climate change. There was some 
discrepancy among participants in whether they believed tourists were concerned about climate change. One 
view was that the issue was simply not something that visitors asked about. On the other hand, accommodation 
and winery representatives believed there was a small but growing segment of visitors who wanted to see 
tourism services and agricultural practices that were environmentally sustainable.  

Participants also spoke about other issues more immediately of concern than climate change. For example, in 
the wine industry, the rising value of the Australian dollar was leading to excess supply and pushing the price of 
grapes and wine down. Coach operators, among others, were concerned with the rising price of fuel and the 
potential for new regulations requiring operators to run low emission vehicles. One operator added a number of 
issues specific to the profitability of their business (e.g. adequacy of the passenger pick-up arrangements in 
Adelaide). The coach and tour operators appeared to be least aware of climate change and its implications for 
their business, perhaps because of their particular sensitivity to problems of peak oil. However, environmental 
representatives also saw peak oil as a major threat to tourism, in conjunction with a serious lack of public 
transport services, and especially rail passenger services. 

Participants located outside of the Barossa were inclined to speak about how climate change was being talked 
about within their organisational and professional contexts. A number of these individuals were engaged in 
climate change issues and were able to talk about what their own organisations were doing and what allied 
organisations were also doing: 

I think that there is a general awareness amongst the tourism industry of South Australia, or certain segments, 
that climate change is an issue that needs to be addressed. It is an area that the South Australian Tourism 
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Association… have been active in trying to look at what tools are available for industry to use to reduce their 
emissions. So there is some level of awareness… (Industry) 

In the tourism industry in general, particularly the conference and exhibition and meetings market they’re 
probably a bit more conscious about climate change than the rest of the industry per se… If you’re the Adelaide 
Convention Centre, for example, and you’re not green then you’re probably not going to get our international 
business. (Industry) 

What do you need to know in order for the tourism sector in your region to adapt to climate 
change? 
All participants believed there were significant knowledge gaps around climate change and adaptation. A strong 
message expressed in the interviews was that people across the industry would need help to understand what was 
possible, as well as the risks and the likely consequences of different actions. Some industry representatives 
expressed a need for practical solutions, and assistance in implementing them. 

As a general observation, it appeared at times during the interview process that the bigger operators were 
more likely to be planning and acting for adaptation (and mitigation) than were smaller operators. This appeared 
to be because the larger operators (1) have the resources to act, and (2) may have a responsibility to shareholders 
to manage the risks of climate change impacts. It may also be the case that small businesses, unlike large 
corporations, are more short-term ventures.  

Several people interviewed from the bigger tourism operators were clear about the need for an industry-wide 
strategy, which included the development of benchmarking systems so that progress could be monitored and 
used in their marketing strategies. The idea was that operators such as wineries could make more of their land 
management practices in their marketing, and there could be greater collaboration between viticulture, wine-
making and the wider business community toward becoming a carbon neutral tourist destination. Apparently, 
some operators were already claiming to be carbon neutral without necessarily knowing what it really meant, and 
without the ability to quantify their emissions.  

There was concern among a small group of participants that the science community were going out on a limb 
on the climate change forecasts. They felt that local people needed to come together to talk and learn about what 
was happening in their own backyard rather than depend upon information that was not specific to their region. 
When questioned about information deficits and knowledge gaps, participants identified the following needs if 
the sector was to successfully tackle the challenges of climate change:  

• Information about how to maintain market share. 
• More information about what is happening elsewhere (i.e. what solutions are being developed overseas 

and how successful have they been). 
• Information and solutions appropriate to the Barossa region. 
• Assistance with start-up leadership / partnership / demonstration projects. 
• Better communication between the wineries and the tourist operators.  
• Better understanding of how different businesses work and how they can work together to respond to the 

climate challenge. 
• Better forecasting of climate events such as heat waves.  
• Research to quantify the carbon footprint of the region. 
• Research on developing heat tolerant strains of vines. 
• Research on better irrigation systems. 
• Better communication with the wider community. 

Perceived impacts 

What types of positive and negative effects do you think climate change will have on tourism in 
the Barossa Valley? 
Tourist perceptions were identified as playing a key role in the way interviewees responded to changing 
conditions: 

If we do have more periods like [the heat wave] it is a deterrent for visitors to the region. (Industry) 

The positive and negative effects for tourism are really governed by the media. If the media is putting a spin on it 
about Adelaide going through its hottest January spell in 80-odd years then people cancel their 
accommodation… Even now people still talk about that dry spell in Adelaide and how hot it is, and the reality is 
that it’s not that much hotter. It was eight days of, yes hot, but we kind of go through those patterns occasionally 
anyway. (Industry) 
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The role of the media in talking the region or the wine industry down was a major concern regardless of the 
realities being experienced. While some participants believed that fewer visitors might come to the Barossa if 
there were hotter days as a result of climate change, there was also a view that the media tended to misrepresent 
the real conditions in the Barossa. Any change in tourism numbers because of the heat during the preceding 
summer was explained by negative media coverage in Adelaide depicting images of endless scorching heat and a 
dry river bed, rather than the generally dry conditions. 

For some participants, the effects of climate change, along with unfavourable economic conditions, have 
contributed to failing winery operations. A case in point was the recent announcement by Fosters to sell its large 
operations in the Barossa: 

You heard today’s news story here in South Australia was the problem of Fosters with their wine portfolio? Well 
that’s a huge problem, and a lot of that has been weather related because their crops over the last two to three 
years have been well down because of the heat. A lot of it was spoiled during the heat wave here in March. 
(Community) 

Changing weather patterns in the Barossa, particularly with the unexpected heat wave, also created a break 
down in logistics at vintage time and caused problems for wine-making. There were instances where it was 
simply too hot for people to physically process the fruit quickly enough. For some wineries, the vintage period 
was compressed into a considerably narrower timeframe, and with existing storage and labour constraints, a 
considerable amount of fruit was damaged. One participant said that, if the industry was to build more storage to 
deal with changed conditions, it would have to come to grips with the cultural landscape issue of not becoming 
‘tank town’. This type of development would eventuality threaten the ‘village’ aesthetic of the region and 
abrogate marketing campaigns that sought to promote this desirable quality of the region.  

A related example of the negative effects of climate change on wine tourism was the destruction of the 
harvest used to produce the ‘Seriously Good Shiraz’, which is usually prepared for and presented at the Vintage 
Festival. According to one participant, the harvest was completely decimated by the heat wave and meant that 
the 2008 vintage could not be picked nor the wine produced: 

The Vintage Festival is Australia’s oldest and largest wine festival and it runs every two years. So this year we 
would pick the grapes and then produce for a 2008 Vintage which would then get presented at the 2009 event… 
and we can’t make it because there are no grapes. (Visitor) 

Water shortage was seen as the most negative of impacts, and while wineries have been engaging in water 
conservation, a wine industry spokesperson felt there may not be a great deal of room to move given that most of 
the grapes grown in the Barossa have typically been non-irrigated. The dry grown varieties were established 
under wetter conditions and might not readily adapt to hotter, drier conditions. However, most participants 
tended to agree that the only place a grape vine won’t grow is where it hasn’t been planted. There was optimism, 
expressed by most participants, in the reality that the Barossa vines had stood the test of time and would continue 
to do so. 

Another negative impact from climate change was believed to be the cost of compliance with regulations and 
accreditation schemes, particularly for large companies. Carbon credit schemes, for example, were thought by 
one industry participant to be so significant that they would need to be passed on to the consumer. It was stated 
that climate and sustainability programs that helped operators to meet accreditation would be necessary in 
moving toward adaptation and a new carbon-centred operating environment: 

The cynic in me says Australia accounts for what? Less than 1% of the world’s carbon emissions? And yet the 
cost of carbon emissions and carbon trading is going to cost industry and cost Australia millions if not billions… 
(Industry)  

Although wineries dominate the tourism experiences offered in the Barossa, the region is also known for its 
cultural heritage and the cultural landscape in which the wine industry resides. Many of the region’s heritage 
buildings are privately owned. One participant stated that the dry conditions were having a significant impact on 
the old buildings, resulting in considerable maintenance and repair costs. A second participant felt that the appeal 
of the Barossa heritage in tourism was largely an aesthetic appeal. That is, the tourism attraction resided in the 
character and the landscape of the region rather than in its heritage per se.  

Some environmental and community representatives mentioned the impact of ongoing drought on native 
flora and fauna, while others talked about the impact of reduced water availability on parks and gardens. Weeds 
were seen as a growing problem that may get worse under changed climatic conditions. But positive impacts 
were also seen if visitors became more interested in native gardens, water wise plants etc. If this trend was to 
emerge then it was possible places like the Bush Garden might benefit from more visitors. Some of these 
participants also expressed frustration that too much Council land in the Barossa was planted with non-native 
species for the sake of maintaining an aesthetic in keeping with the region’s European tradition.  
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Identifying the positive outcomes of climate change was more difficult than noting the negative impacts, and 
some participants could think of none. Others acknowledged that climate change had been the catalyst for a 
number of water saving / reuse initiatives. Several of the big wineries had made significant investment in water 
saving / reuse infrastructure, and recycled water was being provided for non-wine uses in the community: 

It’s an impetus for people to be more efficient with water, power, energy. So, while the cost of energy is going 
up, the incentives to be more efficient are greater. (Industry) 

Interviewees reported that there was increasing talk about the ‘licence to operate’ afforded to them by the 
community and tourists. Wine and tourism operators fully appreciated the idea that tourist attitudes were a 
‘driver of change’, and believed that cellar door visitors were interested to know what was happening 
environmentally at the winery, including the way land, water and chemicals were used. Given the coherent 
nature of the Barossa wine and tourism industry, several people could see the potential for extending its clean 
and green image to specifically branding the region as leading the way in responding to climate change. For 
some, the manner in which the region responded to climate change could be a positive impact: 

The positioning of the Barossa in terms of being able to say how it is responding to climate change. So, again 
that’s like a branding / marketing exercise. (Industry) 

An early response to climate change is recognised as advantageous, as the wine industry is highly attuned to 
image and branding. Unlike many other types of produce, each bottle of wine is traceable back to the producer, 
winemaker and even the soil type, seasonal conditions of a particular vintage and vineyard management 
practices, down to the paddock it was grown in. People like to talk about where wine comes from and what they 
know about its production and the place, particularly if they have visited the area. The wine industry is well-
placed to take advantage of any changes in environmental management. 

One participant believed that the wine industry in the Barossa would shrink with a hotter and drier climate in 
the future. Some vineyards might close and some winemakers could leave the region. However, this may not 
result in less tourism. Rather, as some visitor and industry representatives suggested, climate change may shift 
visitation away from hotter times of the year, without necessarily decreasing the annual number of visitors: 

I think that slightly milder winters might be more accommodating, but the drier summers are definitely negative. 
But it’s episodic I suppose in that when you get outside that short heat wave period, the temperature is pretty 
bearable in summer actually because it’s dry not humid. So the opportunities may well be that people abandon 
more extreme climates. That the Barossa is a desirable destination. (Industry) 

I wouldn’t put it all down to climate but we get a more even spread of visitors throughout the year. The peaks 
and troughs aren’t so dramatic. (Visitor) 

Others believed that benefits will arise from the introduction of new grape varieties and foods which could 
increase visitor numbers by offering a wider range of tourism experiences around food and wine: 

If there is any positive impact that the wine industry can get out of [climate change] in terms of being able to 
expand its grape varieties, and therefore its produce, and therefore a benefit to tourism can accrue from that. 
(Industry) 

A minority of participants felt that a positive impact of climate change was in relocating wineries to higher 
and cooler regions nearby (e.g. the Adelaide Hills). This view emphasised benefits such as those associated with 
expansion of the industry, albeit beyond the traditional boundaries of the Barossa. A second benefit accruing to 
wineries and vineyards through relocation was attaining a greater capacity to respond to climate change.  

Possible adaptation 

How do you think tourism in the Barossa valley may respond or adapt if the climate changes?  
There was concern expressed from wine industry representatives about adaptation strategies that involved 
relocating wine and grape production outside the Barossa, and plans to abandon traditional grape varieties for 
warmer climate varieties. Some participants questioned the willingness of consumers to embrace new and exotic 
wines, should there be a need to change grape varieties and the type of wine produced in the Barossa. In this 
respect, one wine industry spokesperson talked about the need to manage climate risk and market risk. That is, if 
new grape varieties were to be considered, or if wine styles were to change, then these developments needed to 
be set in the context of consumer tastes and market realities more generally. Therefore, the risks associated with 
climate impacts need to be traded off against the risk of losing competitiveness and market share. 

The wine and grape market was also seen as a potential major driver of responses to climate impacts. Some 
participants stated that the wine industry needed to appreciate climate change because major domestic and 
international retailers (on behalf of their customers) were demanding a green product. That is, to the extent that 
the market focuses attention on climate change and a sustainable commodity, the wine industry would need to 
respond: 
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I know that the growers in the Barossa and the wine industry looked for its own sector agreement and has been 
talking about climate change for quite a while because of the nature of the wine industry around the world… it’s 
probably more to do with fitting with market need or losing your market share. It’s more market driven than 
sustainability driven. (Industry) 

Several interviewees mentioned the existence of 164-year-old vines which have survived many droughts. 
Opinions on wine grape growing talked about the resilience being found in strains within varieties, and that the 
100+ year old vines could be grafted to a more resilient strain with a turnaround of approximately 18 months to 
full production. Developing better strains of existing grape varieties was seen as preferable to shifting to new 
varieties or relocating by most participants involved in the wine industry.  

Another option suggested by a few participants was the potential to buy in grapes from outside the region. 
The belief was that the bigger wineries had access to grapes from outside the region and were therefore less 
vulnerable to changeable climatic conditions. However, it was also noted that there are restrictions on the 
amount of imported produce that can be used under the Barossa regional brand. 

As noted earlier, participants reported that some wineries had experienced logistical problems at vintage time 
due to extreme heat. As a response, some of the larger wineries were making capital investments to deal with the 
problem as well as managing their water use efficiency. Although these participants could not say how 
widespread this was, they could identify specific examples where wineries had made investments in 
infrastructure to cope with climate impacts: 

Certainly people are adapting with their water usage and growers who previously believed that they needed 6 
ML/ha have realised that they exist on 3 or 3½. It’s led to people buying more water. Certainly the current 
spending on water has shifted in the last years or two. (Industry)  

There were participants who noted adaptation strategies that were inspired by the recent heat wave. These 
included better forecasting so that people could prepare for the extended periods of hotter days. For example, 
winegrowers who had water used it to water vines during the night. Others who had access to overhead 
sprinklers found some success in minimising loss of fruit. These strategies are obviously dependent on water 
availability, and overhead sprinklers are not often used in the Barossa because of their inefficiency relative to 
other forms of irrigation.  

 A number of participants identified water conservation as a general strategy that might be adopted by 
tourists and residents alike. To this end, communication strategies were seen as key, particularly where visitors 
to the region were concerned. That is, tourists were seen as more likely to use things such as spa baths especially 
when they don’t have to pay for the water. Operators were also seen as important in the communication of water 
saving behaviours. One visitor representative felt that some operators ‘don’t necessarily have the right tact’. 
They noted, however, that another large accommodation operator had gone some way to implementing water 
conservation and efficiency practices to areas of gardens, visitor education, laundering, swimming pool, etc. 
Apart from the cost savings and environmental benefits involved, there were also benefits in terms of marketing 
the company as environmentally responsible: 

We work very hard on our environmentally friendly measures and I think that we definitely get some press out of 
that and some kudos out of that. There is a bottom line effect and I think guests are generally happy staying here 
and seeing some of the things we do, and feel good staying here… I think consumers are far more aware of what 
you are doing to look after the environment. (Industry) 

Harvesting storm water was also something that a few participants spoke about as a specific strategy. These 
participants saw current storm water systems as wasting a valuable resource and lamented that action to make 
use of it hadn’t been taken some years ago. One community representative felt that there should have been 
government intervention to encourage the harvesting of storm water when otherwise it would simply run out to 
sea. Recycled wastewater was also thought to be a worthwhile adaptation with respect to the watering of parks 
and gardens.  

One large accommodation provider in the Barossa was investigating the potential to treat its wastewater to a 
level suitable for irrigating gardens and grounds. In addition, this organisation was currently moving to drought 
tolerant gardens as a means of improving water conservation and reducing costs in the long-term. In fact, the 
participant noted that their organisation had focused on a number of sustainability areas, including water 
conservation and re-use, energy conservation, waste management, and procuring goods and services that meet 
sustainability criteria. Similarly, some of the bigger wineries were responding to the need for change with major 
water recycling projects, adopting an environmental management system approach to vineyard management, and 
focusing specifically on reducing carbon emissions.  
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Do you believe that the Barossa Valley can adapt to the likely effects of climate change? 
It was generally thought that the people of the Barossa Valley were well able to adapt and respond to changes 
affecting both the winegrowers and the tourism operators. The community has a great capacity to share 
knowledge and information. There just needs to be a process by which this can be more effectively done. 

There was widespread faith in the capacity of tourism in the Barossa, and in the community in general, to 
meet the challenge of climate change and adaptation. At times, some participants indicated that the multi-
generational nature of the wine industry in the Barossa lent itself to a strong and coherent response to any 
challenges it faced. Certainly, participants were able to talk about water management actions that were already in 
place. The Barossa is a region, according to some, that has been adapting to climate change (or decreasing water 
availability) for at least a decade. Much of the faith expressed by participants was grounded in a strong affection 
for the region and the people who live there:  

Knowing how innovative these people are who live around here, particularly those with German in them, [they] 
are very clever people [and] hard working. Not a high regard of themselves, but high expectations of their jobs. 
Look, I would say they will adapt very well… They put much more importance on their community than they do 
about their success in business… They support their local church to the hilt and their local community to the hilt. 
(Community) 

This interviewee went on to talk about the strong ‘Lutheran work ethic’ that exists in the region, and how this 
meant that many winegrowers were hard working, low carriers of debt, and there for the long-term.  

Many interviewees talked about the strong commitment people have to ‘place’ in the valley, and how this 
was key to meeting any challenges. The community has the capacity to drive any strategy. However, the Barossa 
is also an old area with much of the tourism attraction grounded in a strong tradition about the way things are 
done. While there are some ‘really switched on operators’, there are also those who will need assistance to adopt 
new practices. While participants often remarked on the commitment local tourism businesses have to the region, 
some noted that they are also strongly committed to what they do in the region. Winemakers, for example, want 
to continue living in the Barossa and to continue making Shiraz there. 

Many interviewees commented on the high level of business savvy that exists in the Barossa Valley, which 
have made it the iconic wine and tourism destination it has become. These same people were already taking steps 
to respond to the changing conditions and it was thought that, as better information became available, the 
industry as a whole would respond. 

Cost was sighted as a key issue for the smaller operators. If cost was not an issue for a particular adaptation 
strategy, it was generally felt that changes would be made. Moreover, some participants believed that State and 
Federal governments should be providing incentives to encourage and support adaptation in the industry.  

Current and future actions 

What actions are happening now or need to happen now? 
Participants were asked to nominate existing and future actions that they believe were worthwhile in adapting to 
climate change or facilitating adaptation. A range of actions were identified, but most participants took the 
opportunity to reiterate their earlier discussions. Moreover, as was the case in response to other questions, some 
participants tended to focus on mitigation rather than adaptation.  

Two participants talked about the South Australian Office of Sustainability and its activities toward 
developing a ‘sector agreement’ with the Wine Grape Council South Australia and the South Australian Wine 
Industry Association, focusing on the establishment of and adherence to a greenhouse monitoring and reporting 
regime. This includes commitments to achieve agreed reductions in greenhouse gas emissions, and achieving a 
20% target for renewable energy. As part of this process, the South Australian Office of Sustainability is hosting 
a series of regional seminars, training and awareness raising initiatives, and the development of mechanisms for 
reporting greenhouse gas emissions.  

One participant outlined doubts about the process of establishing a sector agreement and how it might 
actually work to improve the situation in a manner superior to alternative actions: 

They [the State Government] have written the [Climate Change and Greenhouse Emissions Reduction Act 2007] 
legislation and said ‘thou shalt have sector agreements’ but nobody has put down any guidelines as to what a 
sector agreement might be. 

A wine sector agreement was signed in May 2008 (Department of the Premier and Cabinet 2008). 

In another part of State government, Primary Industry and Resources South Australia is also running 
seminars on carbon trading systems and developing a tool kit that can equip land managers with a range of 
strategies aimed to adapt to climate impacts. Similarly, the South Australian Tourism Alliance believes there is 
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significant scope for adaptation, but recognises it will depend on people’s commitment. The Alliance sees a need 
for programs that support tourism organisations to get accreditation (if required), and offer education regarding 
the industry’s responsibilities under current legislation, self-assessment and benchmarking.  

Within the realm of Barossa food and wine, two participants stated that operators were offering local produce 
over imports so as to reduce transport costs and carbon emissions. Although it was not known how widespread 
the practice was, it was believed to be undertaken by large accommodation providers and restaurateurs: 

We will always try and buy local before we source an outlet outside. That’s a conscious decision that we have. 
Same with wine. We get a lot of our wines direct from cellar doors. And we do it for two reasons. Number one: 
it is an environmentally sustainable strategy, reducing transportation costs and also transportation impacts, but its 
also just good for business in this region. (Industry) 

What timeframes are required to properly respond and adapt to climate change in the Barossa 
Valley? 
It was difficult for all participants to think about the appropriate timing of adaptation strategies. This was 
because of the difficulty in conceiving climate trends over timeframes that extend well into the future, and also 
because the impacts are likely to manifest in diverse and complex ways (e.g. not specific to the tourism sector). 
Put simply, many things might (or might not) happen between now and 2070. A common response from 
participants was that adaptation strategies should be implemented as quickly as possible. 

In the short to medium term, winegrowers will need improved climate forecasting if they are to adjust the 
logistics of harvest time and vintage. The heat wave last summer was not well forecasted, resulting in extensive 
fruit damage. Actions could have been taken to save more vintages if they had received more notice.  

More significant changes, such as the establishment of drought tolerant grape varieties, will take longer to 
implement. More importantly, however, was the issue of confidence in long-term climate projections. It was 
stated that shifts in wine type will pose a market risk for the Barossa, which will outweigh the risk of climate 
change until the risks are clearer and better understood. The bigger wineries will adapt quicker because of 
shareholder expectations of effective risk assessment and management. 

Barossa Valley Workshop 

Representatives of winegrowers and producers, tourism operators, environmental management, local council and 
the community attended the workshop, and, in line with the methodology used in this project, were initially put 
into three groups across the different scenarios (2020, 2050, 2050) and then into three Visitor, Industry, and 
Community and Environment combined groups. The first session required participants to discuss and rank the 
identified adaptation strategies. The second session required them to discuss the highest priorities from a sector-
specific perspective, and to then identify the resources needed to implement the different strategies and the 
barriers to their success. 

Session 1: Scenario groups 
The adaptation strategies from the interview process presented to the workshop participants are shown in Table 
52. Typically, climate change is seen as being a long way off, and therefore hard to understand and respond to. 
The workshop participants highlighted local realities of short term attitudes toward climate change in the 
Barossa, i.e. ‘…we just need to tweak a few things to fix it’, or ‘…carbon trading will fix it’. However, it was 
also acknowledged that quite a lot of initiatives were already underway, which were heading them in the right 
direction. It was generally thought that a great deal needed to be achieved by 2020. Once the foundations of 
cultural change and evolutionary shifts were in place, the Barossa would be able to continue to adapt in the years 
beyond. Consequently, it was difficult to interpret the responses from each of the groups as being entirely 
specific to the different scenarios. 

The highest priorities for the Barossa region, where all three groups rated it as such, were to: 

• Encourage water conservation throughout the region; 
• Obtain more information about the expected climate change impacts in the Barossa; 
• Breach gaps and skill deficiencies within the industry about climate change; 
• Gather local data and develop benchmarks;  
• Develop a collaborative action strategy; and  
• Ensure the installation of energy saving devices and water re-use systems are broadly adopted. 
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Table 52: Adaptation strategies developed from the interview process 

2020 2050 2070 Adaptation Strategy  

H H H Encourage water conservation throughout the industry 

L H L Promote green credentials 

L L L Educate visitors about the local response to the climate change threat 

M L L Tourism operators to engage in carbon off-set strategies in collaboration with 
wineries and the business community 

M H H Change varieties of wine grapes grown in the region—in a gradual but timely 
manner 

L L L Shift wineries into cooler areas 

L L L Import grapes from other areas / regions 

H H H Buy more water 

L L M Prioritise parks and gardens for water use 

H L H Shift parks and gardens toward native species and drought tolerant species 

H H H Undertake research on expected climate impacts on vine growth and wine 
production 

H M H Plan for climate impacts on winery infrastructure and harvesting. 

H M H Foster greater understanding of the links between wine tourism and other tourism 
activities 

M M M Establish Sectoral Agreements between operators and government on how to 
proceed in a strategic and tactical manner 

M M L Gain a greater understanding of tourist attitudes toward clean and green, carbon 
neutral, chemical use by tourist operators and wineries 

H M M Develop waste minimisation strategies 

M H L Promote carbon neutral forms of transport, e.g. cycling, horse riding 

H H H Broker good ideas from across the region 

H M H Manage groundwater for the long-term by increased understanding of the water 
balance 

H M M Establish partnerships between vineyards and council on water re-use schemes 

M M H Showcase good environmental management practice 

H H H Obtain more information about the expected climate change impacts in the Barossa 
Valley 

M L H Engage specialist advice on heritage building protection 

M L H Seek financial assistance with the protection of heritage sites 

H H H Work to breach the knowledge and skill deficiencies within the industry about 
climate change 

H H H Gather local data, develop benchmarks and an action strategy to enable appropriate 
adaptation to changing conditions 

H H H Create opportunities for information exchange between wine and tourism groups 

H H H Install energy saving devices in all tourist accommodations and venues 

H H H Re-use and recycle water whenever possible across the tourism sector 
NOTE : (H=high, M=medium, L=low priority) 
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Two additional adaptation strategies were identified and considered of high priority, namely:  

1. Establish nationally accredited environmental standards for tourism; and 
2. Provide a tool kit for wineries and tourism operators to enable them to take effective action. 

Most, if not all, participants believed the Barossa region to be a wine and food destination first and foremost. 
Wine is the primary reason for tourism and as such adaptation strategies need to ensure the sustainability of 
viticulture into the future, long-term water security, and an ability to be resilient in the face of extreme climatic 
conditions (e.g. heat, frost and rainfall).  

However, it was also recognised that the ‘tourism’ industry was much more than the vineyards. It was all the 
businesses and tourism operators in the Barossa region. All agreed that any response to climate change must 
reflect the need to maintain the cultural heritage and the premium wine status of the region. It was suggested that 
a foundation question to be asked is ‘are we going to protect vineyards and cultural heritage sites at all costs and 
what does this mean?’ 

Building knowledge and sharing information was seen as critical in answering such questions and effectively 
planning for climate impacts. Development planning will need to be clear about goals to maintain the cultural 
landscape in the process of ensuring the long-term viability and sustainability of the wine industry. Modern 
infrastructure has landscape impacts. The need for greater wine storage capacity, for example, will bring into 
question the landscape amenity of stainless steel tanks: ‘…few people want to see it become Tank Town’. The 
expansion of corporate wineries in the region is another issue which calls for greater planning clarity in terms of 
both water use and cultural amenity. Region-wide planning is needed, with several people commenting on the 
need to include the wider community in the issues.  

Several of the adaptation strategies focused on educating tourists and promoting green credentials. The 
tourism people and the winegrower representatives felt that it must not simply be a marketing exercise done as a 
‘green mask’, but for real and authentic outcomes. Visitor attitudes to environmental credentials was 
acknowledged but generally rated low / medium, particularly by those involved on the grape growing side, 
arguing that consumer preferences and market demands were always a high priority for the wine and tourism 
industry: ‘…wineries are very market savvy’. Scope for the tourism sector to build credibility in this area was 
highlighted, recognising the current lack of any nationally consistent environmental standards for tourism. 

Research into vineyard management and drought tolerant varietal strains was considered to be the highest 
priority for the longer term. Research on varietal strains in the Barossa was believed to be scant, but developing 
and showing promise. One participant stated that ‘trials show some varieties can actually increase production 
with less water’.  

The highest priority was water conservation regardless of the scenario timeframe (i.e. 2020, 2050 and 2070). 
It was suggested that research was needed into the salt tolerance of root stock, which has not been investigated 
enough, mostly because the industry and market are more focused on wine flavour. The need to better manage 
groundwater was considered a ‘no brainer’ and is already happening, but more information is required. Issues 
regarding nutrients, groundwater recharge rates and spatial variation, and wastewater irrigation all deserve 
further research attention to ensure the right decisions are made and appropriate management practices 
implemented. It was generally thought that much was already happening to improve water efficiency, given that 
the region has been experiencing reduced water availability for at least the last decade.  

Parks and gardens were also acknowledged as being important but of low priority to the tourism industry, 
even though the region’s ambience was directly linked to the overall presentation. Most participants felt that 
plantings should reflect the water situation and that a shift toward natives was already underway. In terms of 
water use, parks and gardens were also seen as the least of the region’s worries. Large, new wineries totally 
reliant on irrigation were of greater concern. 

The idea of shifting vineyards to cooler areas was also given a low priority, with many believing that such a 
shift would be indicative of a declining Barossa wine industry and open to perceptions that ‘they had given up’. 
This may happen over time in response to the changing conditions, but it wasn’t seen as a key strategy at this 
stage. 

The option to import grapes from other regions was also given a low priority through time, even though a 
large amount of produce is already imported. The current 85% locally grown rule was discussed in terms of 
maintaining flexibility. However, potential for increased pest invasion with changing climatic conditions was 
thought to be of greater significance. By 2070, the need for more stringent bio-security measures is more likely. 

Participants generally considered the Barossa wine and tourism industry to be well-placed to do the research 
and development needed to adapt to changing conditions, and that the community commitment to both the region 
and its viticultural heritage would see them effectively tackle any challenge they confronted. It was noted, 
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however, that while tradition was an important element of the region’s appeal, it was also a barrier to change. 
Viticulturalists and vignerons were already adapting to changing conditions and, in many respects, were a more 
organised sector than the more disparate allied tourism operators who would need specific directional assistance. 
For these reasons, there was a perceived need for nationally recognised standards and a tool kit to assist tourism 
operators to make necessary changes. 

Session 2: Sector groups 

Winegrowers  
The need to maintain the Barossa’s premium product image, branding and marketing was generally voiced as a 
high priority. This was thought to be a significant challenge with the increasing costs of production, but essential 
if the industry is to be sustained. Many of the bigger operators are already planning and acting, mainly because 
they have the resources to do so, and may have a responsibility to shareholders to manage the risk in a clearly 
articulated way. 

The changing nature of development in the region, and how it is managed into the future, was also a key 
issue for this group. Tax structures, such as the tax break managed investments which encouraged uneconomic 
development of wineries, were a significant concern in terms of the damage to the Barossa Valley brand, ‘… 
when they ultimately fail as many already have’. These incentive structures have encouraged large-scale 
developments which put pressure on the cultural identity of the region and consume large volumes of water. 
Those developments, which are often abandoned, mar the visual amenity and detract from the visitor experience. 

The ‘highest priority’ adaptation strategies identified by the winegrower representatives were discussed as 
follows: 

1. Shifts in wine grape varieties: This would need to be well underway by 2050. The planting of a new 
vineyard takes four years to production, and 10 years to reach premium quality, at a cost of $50,000 – 
$60,000 per hectare. Upon this reasoning, even if a shift began in 2009, it would not reach premium 
production until 2019. From a wine industry perspective, varietal change must be managed to ensure the 
region maintains its iconic status of premium wines. Palates may change by 2070, but there was general 
agreement that the Barossa would not give up on Shiraz unless consumers do. 

2. Fostering greater understanding of the links between wine tourism and other tourism activities: Investors 
in accommodation and other tourism operations will be looking out to 2070 in terms of the payback 
period, and will be very susceptible to negative press. Tour operators and wineries will need to be in step 
if they are to override any negative perceptions about the condition of the Murray River, the heat, and the 
sustainability of the Barossa Valley region. 

3. Establishment of Sectoral Agreements between operators and government on how to proceed in a 
strategic and tactical manner: These need to broaden out to be regionally relevant. Private and public 
actions need to be in step; they need to be highly visible, replicable and credible. 

4. Promote carbon neutral forms of transport: While this strategy wasn’t given a high priority by the wider 
group, the winegrowers discussed the opportunities that would flow if the railway service from Adelaide 
to the Barossa was reinstated. It would boost domestic tourism, provide greater access to convention 
participants in Adelaide and reduce the carbon footprint. Furthermore, the fact that the European market 
is now requiring carbon footprint measures on their wine labels, lack of action in the Barossa will become 
a barrier to trade. 

5. Seek financial assistance with the protection of heritage sites: Old buildings are not very energy efficient, 
retrofits are very expensive and the biscay soils shrink if not kept wet, which is already causing damage to 
foundations. Approximately 200,000 people visit Bethany (Seppeltfield) each year. A loss of Bethany 
would potentially represent a 10 – 20% reduction in visitor numbers. 

Visitors  
The visitor group felt that, without specific information about the social and economic trends of South Australia, 
Adelaide and the wider tourism industry, it was difficult to make any real comments about adaptation strategies 
beyond 2020. However, they identified the need to change operator practices in water and energy conservation, 
to get their ‘green credentials’ in order, and to establish greater understanding of how the wine industry is 
responding to the challenges, so that they can be promoted through the tourism sector. 

This group felt that visitors were mostly concerned with the end product rather than the process (i.e. the 
quality of the wine). It is up to tour operators to make more of the environmental credentials of the region and 
the awards that have been won for high environmental management standards: ‘If people don’t know about these 
things then they can’t engage with it as part of the product’s characteristics’. The need for greater 
communication between the wine industry and the wider tourism sector is therefore essential. 
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In terms of water use and energy efficient systems, this group felt that by 2020 new practices should be the 
norm. Either legislation will force it or people will demand it, so the sector needs to become proactive in this 
area. 

Community and environment 
The community-environment group felt that the culture of the Barossa was changing and that there were now 
two types of wineries: (i) multigenerational family businesses with a strong sense of place, producing high 
quality product; and (ii) foreign-owned commercial enterprises with no sense of place. It was widely believed 
that the Barossa community had a great deal of capacity to work together and establish highly collaborative 
strategies to deal with climate change while maintaining the Barossa brand, but there was concern that the newer 
style of winery development and management could pose a challenge because they were not generally well 
‘hooked into the community’ and there was an impression that they are far less interested in the issues that 
concern the wider community. There may also be a view among smaller operators that they are only in it for the 
short-term (e.g. their life time) and don’t really need to worry about it. In contrast, ‘the long-term’ means ‘multi-
generational’ to many of the family-owned vineyards. 

 The community-environment group expressed a keen desire to see the Barossa transformed into a region 
recognised for its energy efficiency, water re-use and recycling systems, and general innovations which reflect a 
positive attitude towards the environmental challenge. Restaurants and accommodation venues were already 
responding to market demands for locally produced products which advance both green credentials and the 
‘authentic experience’ of the Barossa region.  

Barriers and concerns 
The main barriers to responding to climate change were generally thought to be coordination and communication 
across the wine and tourism industry and the broader community, particularly in getting people to fully 
understand the long-term nature of climate change and its implications.  

Given the inherent uncertainty of climate change, an element of precaution must be built into its 
management, enhancing the adaptive capacity of the industry to cope with a broad range of likely consequences. 
It is important that broad climate projections be evaluated in terms of the realities experienced at the local level, 
and that the risks and consequences are understood in terms of what is locally plausible (i.e. rather than relying 
on potentially misleading averages). Hence, the need for greater focus on scenario planning and fleshing-out of 
the likely risks and opportunities on a regional scale will be important. 

The industry group felt that the Emissions Trading Scheme was being seen by some as the ultimate solution, 
requiring little, if any effort on their part. This could be seen as a barrier to more localised action, but given the 
nature of the Barossa community, this was also not considered likely. Nevertheless, there was a view that until 
the details of the Emissions Trading Scheme were revealed, it represents another area of uncertainty by further 
obscuring the context in which climate adaptation in tourism will take place. 

Resourcing 
In terms of resourcing any strategic action, specific skills were identified that would be necessary to progress the 
development of spatially explicit sectoral agreements. One participant said, ‘There is perhaps a need for more 
project officers who can develop spatially-based sectoral agreements (rather than just industry-based) to bring 
into focus the broader issues important to the Barossa Valley.’  

It was noted by all three groups that much was already being done in terms of water and energy efficiency, 
but even more could be achieved through a coordinated action strategy, particularly if the region is to be seen as 
an innovator and leader in the wine and tourism industry. However, it was mainly the larger businesses that have 
the resources to adopt new practices and install new systems. The challenge, as always, is to engage and resource 
small operators to become involved in new initiatives that will ultimately be cheaper and more sustainable.  

Very few of the climate change issues were seen as unique to the Barossa region, and therefore the need for a 
national approach was frequently discussed, particularly in the area of best practice accreditation, setting of 
standards for the tourism industry, and providing guidelines and tool kits for small businesses. 

Finally, it should be said that while a ‘business as usual’ mentality does exist, with many believing that 
climate change can be addressed by some minor tweaking, there was a strong feeling that the Barossa region 
can’t ignore climate change. To this end, industry associations and collaborations were encouraged to work hard 
on fostering greater understanding of the long-term issues the region will face. Further, adoption of new 
practices in response to the threat of climate change will require: 
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• Confidence that the climate is really changing; 
• Motivation to avoid risk or take up opportunities; 
• Demonstration of new technologies; 
• Transitional support; 
• Alteration of market infrastructure; and 
• Effective monitoring and evaluation. 

Given the importance of visitor perceptions, it was also thought that a regionally focused media office was 
needed to assist with portraying the region in the right light and promoting its initiatives toward a sustainable 
future. 

Discussion 

The larger proportion of participants was concerned about the impact of climate change on tourism and the 
Barossa region more generally. Nonetheless, most recognised climate change is a difficult phenomenon to 
consider at the local level due to large uncertainties. Thinking about the temporal impacts of climate change and 
adaptation over long timeframes was especially difficult. The impacts of climate change were perceived as being 
a long way off and, therefore, hard to discuss and respond to in concrete terms. Connecting stakeholders to 
information about climate change is likely to have limited success if it cannot be tailored to the needs of the 
stakeholders in the Barossa and to the spatial scale of the region. Participants did express a desire to know more 
about climate change in their region, what was happening to adapt in other parts of the country and the world, 
and to see potential strategies established and trialled in their region. While addressing these information deficits 
is important for long-term planning, one risk might be that the tourism sector will postpone adaptation in lieu of 
more knowledge at the local scale. As Smith (1990) argued nearly two decades ago:  

If we simply wait for more definitive regional and seasonal scale predictions from the models, it will be too late. 
By then change is likely to be well underway and the potential range of adaptive strategies is likely to be 
curtailed. (p.180) 

Despite issues of uncertainty, participants were able to report a handful of impacts, and these were primarily 
perceived to be associated with declining rainfall, increasing temperatures, and the frequency of hotter days. 
Impacts included things like damage to heritage buildings, loss of wine grapes, changes in the style of existing 
wines, degraded public parks and infrastructure, more significant weed infestations, redistribution in tourist 
visitation patterns (if not a decline in the number of visitors annually), increasing efficiency in resource 
management, development of new water sources, opportunities to develop the way the Barossa is marketed to 
tourists, and the potential to relocate wineries and/or expand their operations outside the region. These 
perceptions were expressed during the initial semi-structured interviews (and in the subsequent workshop), but 
they were not representative of all participants’ views. For example, one participant doubted the presence of 
climate change and preferred to speak about ‘climate variability’, while a few others did not know what to think 
about climate change and/or believed that it was only beginning to emerge as a local issue. Some of this latter 
group felt that other issues (e.g. peak oil) were of greater current significance. Readers should be aware that data 
collection for this project took place prior to the global financial collapse of late 2008, which conceivably has 
created new issues for the economy as a whole, and the wine and tourism industry in particular, in addition to 
declining oil prices.  

Participants were able to identify actions that were being undertaken in the region as a means of adapting to 
the climate. These ranged from household behaviours (e.g. planting native species) to recycling water for use in 
wine production and to sell to other water users. There was a sense that the larger tourism operations were better 
geared toward adaptation, despite their larger organisational scale relative to smaller enterprises. In a number of 
instances, larger organisations were adapting their water and energy use, and in other areas where benchmarks 
were clear, monitoring was possible, and similar actions elsewhere had provided cost-savings and/or public 
relations benefits (e.g. switching off lights, reducing laundering, etc.). In other words, large companies seemed 
well-versed in the management and accounting practices of green business (e.g. resource efficiency, triple 
bottom line accounting, etc.). The feeling among some participants was that adaptation among smaller operators 
would be limited partly because of prevalent ‘short-termism’ (i.e. the tendency to avoid proactive actions geared 
to the long-term for the sake of responding to proximate, short-term issues that are more easily amenable to 
intervention). Adapting reactively to climate variability and market developments has been reported in other 
tourism contexts (e.g. Aall & Hoyer 2005), and has been associated with providing tourism entrepreneurs with 
the confidence to tackle climate impacts in the future (Saarinen & Tervo 2006). Moreover, if motivated and 
supported toward sustainable practices, the smaller operators may have their leaner organisational scale on their 
side.  
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There were a relatively modest number of adaptation strategies arising from the interview process after 
filtering out practices that were solely concerned with mitigation. Grape and wine industry participants 
understood that adaptation was necessary if the region were to maintain its distinct identity into the future. In 
fact, there was a strong view among most participants attending the workshop that the Barossa needed to be 
maintained as a premium wine region. The wine industry participants were keen to support research and 
development of new vines suitable for the changing agricultural conditions, and to avoid unpopular strategies, 
such as relocating or shifting to different varieties of wine. However, while it may be possible to invest in 
adaptation technologies and processes (e.g. the development of standards and accreditation), there is a risk of 
losing some competitive positioning. Further, under a significantly water-constrained future, there is a real 
likelihood that the wine industry will contract to the valley floor where the older vines grow in deeper soils with 
better access to water in general. Since most of the wine tourism occurs in this area, it is possible that there will 
be an economic loss to wine grape production in the Barossa before there is a significant impact on tourism. But, 
even though vines may still exist to attract wine tourists, visitors may be reluctant to travel between wineries in 
conditions of extreme heat. 

While tour operators and cellar doors saw opportunities to communicate climate change to visitors and to 
market their green credentials, they need access to good quality information. Moreover, attention will need to be 
focused on how to present the information in a manner that enhances the tourism experience rather than 
detracting from it (e.g. when communication is perceived as preaching or moralising). 

Adaptation among many of those involved in the industry was tempered by the language of the market. 
Incentives capable of driving adaptations were seen as those clearly linked to financial benefits (either directly or 
through some other market outcome, such as achieving a better competitive position). Put simply, businesses 
will adapt in ways that are consistent with maintaining and/or increasing their bottom line. Wineries, for 
example, do not want to lose access to markets due to consumer perceptions that they are not doing enough 
toward promoting a green agenda. These concerns were noted by Anderson et al. (2008) in their discussion of 
climate change and the Australian wine industry:  

It will be important to allay concerns of consumers and meet retailer expectations of its response to climate 
change. Without success there are real risks not simply of loss of sales but of discriminatory trade-related 
measures taken against Australian exports. The degree of sensitivity of this industry’s sales to these concerns is 
higher than that of any other agricultural exporter (p.13) 

While responses to market signals may not be consistent with the sort of long-term planning and action 
required by communities dealing with climate change, it nonetheless has the potential benefit of building links 
between members of the wine industry, who collectively face shared problems in their region brought about, in 
part, by a changing climate. That is, with greater recognition of interdependencies, the scope for engagement 
among network members can expand and open up new resources to influence national policy environments (e.g. 
carbon trading and water) and build resilience to changing climate conditions (Tompkins & Adger 2004). That 
is, actions through the market can be leveraged in policy realms (Anderson et al. 2008).  

Participants’ discussions recognised the importance of developing networks within and across particular 
scales of influence and geography, and can be viewed within a broader discussion of social capital and sense of 
place. Social capital concerns the ways in which people use their relationships with other individuals, groups and 
institutions to achieve personal and collective outcomes (Adger 2003). Mohan and Mohan (2002) note that ‘it 
would seem reasonable to argue that the quality of these relationships is shaped by, and itself shapes the 
character of and the contexts in which [people] live’ (p.193). In this way, social capital is a quality of 
individuals, groups and the places in which they live. In effect, social capital underpins the capacity to adapt by 
enhancing the resilience of people, places and ways of life. People define what is important to them according to 
the meanings they attribute to their social and physical environments, and can attempt to maintain or improve 
these things by consolidating and extending social networks, and mobilising social networks in collective action. 
Much of participants’ discussions, particularly during the workshop, sought ways to extend their influence, 
improve access to information, and develop or adjust institutional arrangements to facilitate adaptation.  

Members of the grape and wine industry were keen to engage with others around the issues of climate change 
and tourism at the workshop. Moreover, certain members of the industry have been engaged in building 
relationships with State and local governments around tourism and water issues. This type of proactive activity is 
also true of the Australian wine industry in general (Anderson et al. 2008). Therefore, there is reason to be 
optimistic about the development of networks within the tourism sector and non-tourism interests in the Barossa 
region, and the potential to build relationships with decision-makers at the institutional level outside the region. 
But, it is worthwhile noting that adaptation to climate change will require more than managing market 
expectations. For example, greater stress on the region’s water security over the long-term can create conflicts 
around the equitable management of water between domestic users and the wine and tourism industries, and 
between these groups and other agricultural industries in the region. Put simply, managing market factors is 
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unlikely to substitute for the coordination of efforts among groups and individuals to build adaptive capacity and 
achieve greater resilience to climate threats in the region over the long-term (Ostrom 1999). 

 Many participants did see a need to facilitate adaptation through fostering cooperation among members of 
the tourism sector. Collaboration among the sector was regarded as essential to developing and implementing 
responses to climate change at the local level. This may require strong leadership, but this is often difficult to 
achieve at the regional level in tourism planning and management. Certainly, there is a need and scope for the 
development of adaptation plans across the sector. There are examples where adaptation strategies have been 
successfully implemented, and these examples can provide the sector with local champions who can serve as 
experts to assist others to develop similar strategies. While this will require some cooperative spirit, it can also 
provide a platform for leveraging assistance and expertise from the public sector.  

According to the participants who attended the workshop, key groups within the tourism sector were believed 
to be the viticulturalists, the winemakers and the tourism businesses and organisations. Certainly, wine tourism is 
particularly important in the Barossa, and a lack of alternative tourism products makes the prospects for tourism 
very dependent on the viability of the wine industry. Through collaboration across the sector, there was a belief 
that resources could be leveraged from State government (and eventually Federal government) to, for example, 
broaden current state-based extension efforts to the real needs of local communities. Moreover, effective 
responses to climate change, through the collaborations undertaken by these broad groups, would require 
information at a local scale, straight-forward communication of the threats involved, and visualisations of how 
the region might look given the threats involved.  

Most participants saw a significant financial role for government in supporting adaptation across the region. 
Current problems in responding to reduced water availability were regarded by some as a product of a lack of 
government investment in water management initiatives that could have been in place already. Some of these 
participants saw a role for government-industry partnerships. For example, one participant believed it was 
important for State government to be involved ahead of new legislation focusing on climate change. Another 
participant believed the State government’s relationship with the tourism sector needed to allow businesses to 
develop and follow their own initiatives. However, while tourism businesses may require some measure of self-
determination in dealing with government, there is the obvious requirement for effective systems of compliance 
and accountability. In any event, conflict may arise between the different priorities and styles characteristic of 
private and public decision-making systems, and this might be managed within a relationship underpinned by 
principles of procedural justice (Lind & Tyler 1988). 

Similarly, while sectoral agreements were regarded as offering a context for communication about, and 
action on, climate change, they may have been too narrowly focused in the past. There is a need according to 
some for more spatially-informed collaborations that would be more capable of highlighting issues of local 
importance. This does not rule out a national approach to climate change for tourism, however, since the impacts 
identified by participants are not unique to the Barossa. But, it does require recognition of the local 
characteristics of these issues and that local stakeholders and access to region-specific information are a crucial 
part of the process of regional and national adaptation.  

Tourism destinations involve interdependence among a range of in-situ stakeholders. In such contexts, 
networking and cooperation can be effective means of identifying and bringing together the types of information 
and resources relevant to climate change adaptation. In general, industry participants did not consider as 
necessary collaboration with the broader community of residents, who may not directly be associated with the 
tourism industry, but are resource users nonetheless. An ongoing, broad community involvement process may be 
required to prevent potential conflict over perceived negative impacts of adaptation by the tourism industry on 
the sense of place of the region, and to maintain effective planning, monitoring and evaluation of adaptive 
actions undertaken by the sector. Tompkins and Adger (2004) articulated the issue in the following way: 

Social acceptance of any response strategy to environmental change of any form is critical. Response strategies 
themselves need to be flexible enough to be able to adjust to ongoing environmental and social change. Hence, 
when faced with some degree of uncertainty, management approaches need to be iterative, flexible, and 
inclusionary; they must also take into account the technological, institutional, and management options that are 
available to individuals and communities. (p.11) 

Strategies for adaptation to climate change (involving institutional change, new technology, etc.) may be at 
odds with the prevailing social norms of one social group or another. The process of attaining broader local 
involvement in decision-making would contribute to the capacity of the tourism sector to adapt by building 
relationships to other, non-tourism interests in the region, who may also be seeking to make changes to minimise 
or avoid negative climate impacts and/or capitalise on new opportunities. Adaptation in this way develops 
adaptive capacity based on available social capital and enabling negotiated outcomes over what values are 
important and where tradeoffs can be made. This is not to imply that collaborative endeavours of this nature 
inevitably produce ‘win-win’ outcomes, but it does recognise that climate change adaptation is a political act 
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involving differences in power, access to resources and a range of relevant interests (Robinson 2004; Few, 
Brown & Tompkins 2006).  

In order to develop governance structures to manage adaptation through social institutions, there is a need to 
incorporate local-level decision making with higher scales in order to balance place-specific adaptive responses 
with broader strategic directions (Berkes 2002; Nelson, Adger & Brown 2007). While this creates greater 
complexity with respect to negotiating objectives and priorities, there is also the potential for greater conflict 
over rights and responsibilities. Maintaining these structures over time and resourcing them to evaluate the 
success of adaptive actions also present challenges. Stakeholders recognised that this type of coordination needs 
to happen and its present form represents a barrier to change. 

In conclusion, there are many aspects of estimating the impacts of climate change and policies to reduce 
greenhouse gasses that make it a vexing public issue. The uncertainty climate change brings, the pervasiveness 
of its impacts over large spatial and temporal scales, and its necessity for collaboration across sometimes 
fragmented areas of society, are enough to hinder efforts toward adaptation. However, as in other places, tourism 
in the Barossa is closely linked to climate and is a very important industry in the region. Achieving sustainable 
tourism in the Barossa is inherently tied to the sustainability of the local communities; the wine, the vineyards 
and other tangible aspects of cultural life. Without these things, it is difficult to consider what else might provide 
for sustainable tourism into the future.  

Recommendations 

• Develop a research agenda to support evidence-based decision-making for adaptation. This agenda might 
focus on: (i) articulating and reducing the uncertainties in climate projection at the local level; (ii) 
development of vine strains, agricultural practices and methods of wine production that are suitable for 
changing climate conditions; (iii) the actual and expected behaviour change of tourists (e.g. visitation 
behaviour and intentions) in key markets and in response to changing weather conditions and proposed 
adaptation plans; (iv) understanding the beliefs and values of local residents with the view of building 
support for adaptation in the tourism sector; and (v) understanding the impact of adaptive responses on 
the range of social, economic and biophysical processes and outcomes in the region. 

• Assess the impact of climate change on local tourism infrastructure (e.g. heritage buildings, roads, public 
amenities, etc.). This might begin with collecting information on the current state of the infrastructure, 
estimating the risk of accelerated deterioration (i.e. above the expectations implicit in any existing 
maintenance regime), and identifying adaptation strategies where required. 

• The planning and implementation of adaptations strategies would benefit from an appreciation of non-
tourism policy agendas, so as to avoid the duplication of efforts and undertaking activities at cross-
purposes. To this end, there is a need to promote integrated regional planning approaches across the areas 
of tourism, climate, agriculture, natural resources, energy, water, infrastructure and health. Water policy, 
in particular, is an area in which tourism should be involved, given its current shortages in the region. 

• Diversify the marketing image of the region to encompass non-wine experiences and eco-friendly 
credentials, and especially where there is an opportunity to promote visitation in the shoulder season. 

• Develop climate change stakeholder networks across the region, through which threats and opportunities 
can be identified, ideas can be generated and disseminated, resources can be pooled, and priority actions 
can be implemented, monitored, evaluated and communicated back to stakeholders. 

• Develop networks across wine tourism regions at the State, national and international levels to 
disseminate knowledge, share resources, and broker collaborations around common issues.  

• Develop incentive schemes to support innovation and promote ‘model’ tourism businesses and 
organisations who want to succeed in adapting to climate change. These successful examples can 
encourage others in the sector toward adaptation, as well as form part of the platform to influence local, 
State and national decision-making. There is already some scope in the region whereby the larger tourism 
organisations who have undertaken adaptation in their enterprises can advise smaller operations who may 
wish to adapt along similar lines. This type of innovation would be particularly welcome to the extent that 
it attracts new markets and caters for planned (and unplanned) developments in visitor patterns.  

• Given the importance of tourism businesses (and related service deliverers) as drivers of innovation and 
adaptation, communication programs (e.g. workshops and seminars) might be developed and delivered to 
this part of the sector. Where appropriate, these forums might also serve to demonstrate new technologies 
for the purpose of adaptation. Effort should be directed toward groups who may not initially see an 
obvious interest in adaptation. For example, it may be a challenge to engage tour operators located 
outside of the region in a discussion of climate change issues within the region.  
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• Produce information guides to assist small tourism operators and organisations to develop and undertake 
adaptation strategies as a means of supporting the regional economy. The information provided could be 
tailored to different types of organisations and businesses in the tourism industry.  

• Explore opportunities where operators can work with the local community on specific adaptation projects 
as a means of building relationships and support for the tourism sector. There may also be opportunities 
where operators can collaborate with visitors in areas of adaptation. 

• Make climate change information available to tourists prior to and during their visits as a means of raising 
awareness, promoting sustainable behaviours, and showcasing current and future adaptation in the region. 
Some innovation may be required in developing modes of information communication that are consistent 
with the tourism experience offered by operators and cellar doors. 

• Engage a larger number of stakeholders in the tourism sector by communicating the impacts of climate 
change and potential adaptation strategies noted in this report. This report represents an initial attempt to 
represent the views and ideas of members of the tourism sector. However, further work may need to be 
done to identify the interests of these target groups so that engagement approaches can be tailored to 
them. 

• Develop a sector-wide adaptation plan based on participatory decision-making processes and community 
involvement. The plan should include (where possible) timelines for the implementation, monitoring and 
evaluation of key adaptation strategies, and evaluation should span the planning, implementation and 
outcomes of adaptation. General evaluative criteria might include their costs, benefits, equitable 
distribution of costs and benefits, consistency with existing government policies, resource requirements 
relative to capacity to implement, extent and quality of consultation, and community acceptance. Specific 
evaluation criteria will depend on the characteristics of the adaptation strategy and the range of interested 
parties either involved in its implementation or affected by its implementation and outcomes. 

• Develop appropriate conflict resolution processes in anticipation of conflicts between competing users of 
water resources within the region.  
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Chapter 7 

TOURISM AND CLIMATE CHANGE ADAPTATION IN THE 
VICTORIAN ALPS 

By Amanda Lynch, Carolina Roman and Lee Tryhorn 

The information presented in this chapter has largely been sourced from two Monash University Philosophy 
Doctorate (PhD) research projects carried out in the region, one of which was completed in early 2008 and the 
other due for completion by April 2010. 

The Victorian Alps, also known as Victoria’s High Country, is located in the northeast of the state of 
Victoria, and includes local government jurisdictions, national parks and alpine resorts. The eight local 
government areas in the Victorian Alps are the Shires of Alpine, Indigo, Towong, Mansfield, Murrindindi, and 
Strathbogie, and the Rural Cities of Wangaratta and Benalla (Tourism Victoria 2008). The Victorian Alps also 
includes sections of the Australian Alps National Park, which stretches from Canberra, through the Brindabella 
Range in the Australian Capital Territory, to the Snowy Mountains of New South Wales, and along the Great 
Divide through north-eastern Victoria (Australian Alps National Parks 2008). Other alpine recreation 
destinations in Victoria include Mount Donna Buang in the Yarra Ranges National Park, Mount St Gwinear in 
the Baw Baw National Park and Mount Buffalo National Park. The six Victorian alpine resorts in the High 
Country include Falls Creek, Mount Hotham, Mount Sterling, Mount Buller, Mount Baw Baw and Lake 
Mountain. 

For the purposes of this analysis, only the Alpine Shire local government area, its neighbouring alpine 
resorts—Falls Creek and Mount Hotham—and Mount Buffalo National Park will be addressed. The case study 
area serves well to represent the diversity that exists between the alpine and sub-alpine environments and 
communities that is characteristic of the Victoria Alps region. It is this diversity to which this chapter aims to 
call attention. 

Case Study Context 

Alpine Shire 

Historical and social context 
The Alpine Shire is located approximately 270 km northeast of Melbourne, in the state of Victoria (Figure 48). 
The Alpine Shire was incorporated in 1994 from the amalgamation of the Shires of Myrtleford and Bright, along 
with parts of the Yackandandah, Beechworth and Omeo Shires. The Shire now encompasses 4,397 km2 and a 
resident population of around 13,000 people. The major urban centres in the Shire are Bright and Myrtleford in 
the Ovens Valley, and Mount Beauty in the Kiewa Valley. The Alpine Shire local government area is 
approximately 92% public land, including parts of the Alpine National Park and all of the Mount Buffalo 
National Park. Most of the freehold lands are alluvial flood plains along the Ovens, Kiewa and Buffalo Rivers, 
together with adjoining gentle slopes and hills. The Shire’s economy is based on tourism, forestry and 
agriculture (Department of Planning and Community Development 2007), with tourism being a key component 
of its economy, contributing approximately $300 million to the local economy each year (Buchan Consulting 
2003). 

The first inhabitants of Alpine Shire were the Australian Aborigines—archaeological evidence suggests they 
have inhabited the area for the last 17,000 years (Temple & Lloyd 1989). In 1824, Hamilton Hume and Captain 
William Hovel became the first recorded European explorers to pass through the area. Eleven years later, in 
1835, white settlers followed. There are estimated to have been at least 2,000 Aboriginal people in the alpine 
area during the early to mid 1800s, but almost all were killed by disease and hostility due to competition for 
resources after Europeans arrived (Lawrence 2002). The decline in Aboriginal numbers accelerated after the 
discovery of gold in 1851 brought many Europeans and Chinese to the Shire. 
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Grazing was the first economic activity undertaken in the Shire, and the only economic activity prior to the 
discovery of gold in the early 1850s (Kaufman & Lawrence 2004). From 1837, squatters leased large areas for 
sheep and cattle grazing, eventually taking up most of the valley areas. It is thought that the practice of grazing 
the cattle on high altitude, government-owned land began in the early 1850s. By the mid-1870s, most of the 
accessible high country was licensed for grazing. 

 

Figure 48: Map of Alpine Shire 

SOURCE: Roman 2008 
 

The practice has persisted in Victoria for several decades. In 2005, a report from the Alpine Grazing 
Taskforce reported on damage to the fragile alpine environment (Alpine Grazing Taskforce 2005), prompting the 
State government to ban all grazing of cattle on its land (Victorian Premier & the Minister for Environment 
2005). The Government offered a $5.4 million package to accompany the announcement, including $1.8 million 
for transitional payments to graziers, of up to $100,000 per operation over three years, but that did not prevent 
significant protests (Marino & Tippet 2005; Murphy 2006). Given that expectations for south-eastern Australia 
are for increased aridity, it seems likely that the pressure on decision-makers to reallocate high altitude grazing 
lands will only intensify. 

Agriculture and timber remain significant activity in the Shire, ranging from cereals and dairying to hops and 
tobacco. For example, in 2001, the value of timber goods produced in the Alpine Shire was $62 million, the 
highest of all the northeast municipalities, and the industry accounted for 12.3% of total employment within the 
Shire (Kaufman & Lawrence 2004). Other products now include apples, grapes for wine production, nuts, green 
tea, raspberries, lavender and olives. These modern, ‘boutique’ crops are profitable for smaller land areas and 
contribute strongly to the tourism industry. Land values are increasing through urban encroachment, creating a 
demand for ‘rural lifestyle living’ or ‘tree changers’, which in turn makes land acquisition more costly to the 
agricultural industry. 

Since the early years of settlement, the Shire has been a popular tourist destination due to its scenic beauty. A 
key change to tourism in the Shire in recent years has included the development of accommodation and services 
on-mountain at the ski resorts, which has impacted off-mountain (that is, within Shire jurisdiction) 
accommodation and other services quite negatively. However, construction of cycling trails, the introduction of 
adventure activities, and the enhancement of viticulture, olives, lavender and other niche crops have helped to 
alleviate this. The tourism sector remains the largest employer in the Shire. 

Political landscape 
The Alpine Shire was formed in 1994 from the amalgamation of the Shires of Myrtleford and Bright along with 
parts of the Yackandandah, Beechworth and Omeo Shires, as part of a mandatory State-wide consolidation 
initiative. This was part of widespread change by the Kennett Government in Victoria. Overall, the number of 
municipalities was reduced from 216 to 78, but in rural areas the number dropped from 149 to 47. As a result of 
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the amalgamations in Victoria, many small rural towns lost their local government offices (O’Toole & Burdess 
2002). These days, administration is generally conducted from the largest or most accessible population centre 
within the new municipalities. In the Alpine Shire, this is the township of Bright. Before these amalgamations, 
local decision-making gave small towns some sense of autonomy and discretion over their own affairs. 
Following the amalgamations these towns lost many of the resources—legal, financial, political, informational 
and organisational—associated with their former status (O’Toole 2001). Mercer and Jotkowitz (2000) 
highlighted the amalgamations as particularly problematic in disempowering local citizens and local 
government. 

Within the Alpine Shire, there have been problems with separate communities (geographically as well as 
socially) having to work together. The Economic Development Officer for the Alpine Shire Council noted that 
following the amalgamation, businesses in the Shire still tended to manage uniquely. The Myrtleford Chamber of 
Commerce highlighted the difficulties in promoting the tourism industry because of this arrangement. Most 
shires are dominated by a major centre, but the Alpine Shire needs to provide services in three distinct localities 
which are around 30 km apart.  

The Alpine Shire Council is a public statutory body constituted under the Local Government Act 1989, 
consisting of seven elected members appointed for four-year terms. The election of Mayor and Deputy Mayor is 
conducted annually. The Victorian Electoral Commission conducted the fourth election for the Alpine Shire 
Council in November 2006 for the election of seven Councillors. Over the four years that this research has been 
conducted, the Council has had four mayors; Julie Carroll (2005), Jan Vonarx (2006, currently Deputy Mayor), 
Daryl Pearce (2007), and Nino Mautone (2008 to present). 

Council representation on advisory committees, committees of management and external committees is 
reviewed annually, with Councillors being appointed to the relevant committee under an Instrument of 
Delegation. The Alpine Shire Council operates under a corporate management model, headed by the Chief 
Executive Officer who reports directly to Council. The Senior Managers are responsible for the delivery of 
services within their portfolios. 

Tourism industry actors 
Historically, tourism has been an important activity for the Shire by providing local employment opportunities 
and enhancing the economic development of the region. One of the first activities to promote tourism growth in 
the 1880s was the introduction of recreational skiing and the formation of local skiing clubs (Webb & Adams 
1998). Other forms of sporting, cultural and musical events that saw the early developments of a vibrant tourism 
industry were supported through the mining community when gold was discovered (Lloyd 1982; Sheppard 1982; 
Bate 1988; Alpine Region Tourism Board 2008a). Over the years, much of the tourism development in the 
region has been attributed to the introduction and improvements in infrastructure and transport links, such as rail 
and roads, facilitating visitation by tourists to the region from major centres such as Melbourne (Webb & Adams 
1998; Waugh 2004; Tryhorn 2008). 

The Alpine Shire is characterised by a diverse range of tourism products and services, which include food 
and wine, festivals and events, sport, nature and adventure-based activities, touring and 4WD, winter tourism to 
the ski resorts, and historical attractions (Alpine Region Tourism Board 2006; Alpine Region Tourism 2007; 
Alpine Region Tourism Board 2008a). A high degree of diversity is evident amongst the various stakeholders 
and actors that combine to create a tourism sector in the region, ranging from government at various scales—
Federal, State (agencies such as Tourism Victoria) and Local (Alpine Shire Council)—tourism operators and 
service providers in the region, tourism bodies and association such as Alpine Region Tourism, neighboring 
alpine resort operators and national parks managers. 

In the valley towns and sub-alpine regions, tourism activity is significant across all four seasons of the year, 
but peaks during the summer months particularly when it coincides with public holidays, school holidays and, 
most significantly, the events and festivals that are often scheduled in the region. Whilst winter is not identified 
as one of the main tourist seasons for the valleys and sub-alpine areas in terms of visitation numbers, there are 
four areas within the Shire’s geographical boundaries that offer snow-based tourism and related activities in 
winter. These areas include the two alpine resorts of Mount Hotham and Falls Creek, which are managed 
externally from the local government of Alpine Shire, by the Alpine Resorts Co-ordinating Council under state-
level jurisdiction. The third ski recreational area is within Mount Buffalo National Park, which is managed by 
Parks Victoria. The fourth and only alpine resort area which falls entirely within the Shire’s jurisdiction and 
management is Dinner Plain Village, which is located just outside the Mount Hotham Alpine Resort. 
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Alpine resorts 

Historical and social context 
In the state of Victoria, all six alpine resorts are located on permanent Crown land reserves, and are managed by 
an Alpine Resort Management Board appointed by, and responsible to, the Minister for Environment and 
Climate Change (Alpine Resorts Co-ordinating Council 2008a). The Boards exist under the provisions of the 
Alpine Resorts (Management) Act 1997, as is the Alpine Resorts Co-ordinating Council which is a statutory 
body with a coordinating role across all Victorian alpine resorts. The Alpine Resorts Co-ordinating Council is 
focused on strategic planning, research, investment prospects and overall resorts promotion. The Co-ordinating 
Council also serves an advisory role for the Minister in charge over a wide range of issues affecting alpine 
resorts. Whilst the Alpine Resorts Co-ordinating Council is in charge of the overall strategy pertaining to alpine 
resorts, it is up to each individual management board to oversee the development, promotion, management and 
use of the alpine resort for which they have responsibility, including infrastructure and provision of utilities such 
as water and energy supply, and sewerage and garbage disposal (Alpine Resorts Co-ordinating Council 2008b). 

The two alpine resorts which fall under the scope of this case study are Mount Hotham and Falls Creek, 
whose Alpine Resort Management Boards are bound by the provisions of the Alpine Resorts (Management) Act 
1997. 

Tourism industry actors 
According to a study by the National Institute of Economic and Industry Research, Australian alpine resorts 
generate a combined 2% of total Australian tourist activity (National Institute of Economic and Industry 
Research (NIEIR) 2006). The industry is characterised by many small businesses, a large proportion of which 
only operate during the snow sports season, a period of around four months over winter (Garnaut 2008b). 

In Victoria, each resort has separate entry gates and directly charge a resort access and use (gate entry) fee 
during the winter season (Saturn Corporate Resources 2008). The gate entry fees enable the resort Boards to 
directly capture revenue both from day-trippers and overnight visitors, which is intended to cover infrastructure 
and service costs, as well as to allow the compilation of data to estimate visitor numbers (Saturn Corporate 
Resources 2008). 

The economic benefits flowing from alpine resorts to neighbouring regional economies is considered vast 
and significant, given its value as a half-a-billion-dollar industry attracting approximately 1.3 million visitor days 
in Victoria in winter alone (NIEIR 2006). Table 53 illustrates estimates of additional net contributions made 
from alpine resorts in Victoria to neighbouring regional economies. In Alpine Shire’s case, it is estimated that 
the $106 million of additional contribution brought by neighbouring alpine resorts constitute approximately 20% 
of its gross product (NIEIR 2006). 

Table 53: Net annual additional contribution from Victorian alpine resorts to neighboring local 
government areas’ economies 

Local government areas in Victorian 
Alpine Regions 

Net annual additional 
contribution (in AUD) 

Alpine Shire $106 million 

Mansfield and Benalla Shires (combined) $49 million 

Murrundindi Shire $7.3 million 

Baw Baw Shire $7 million 

East Gippsland Shire $25 million 
SOURCE: NIEIR 2006 

 
While much of the economic contribution is derived from winter visitations to the alpine resorts, it is 

estimated that summer visitation accounts for approximately 40% of the winter season benefit (Garnaut 2008), 
despite there being no gate entry fee collected during the summer months. Given the reliance on adequate snow 
conditions for the viability of these resorts in winter, much attention has been focused on the issue of climate 
change and how that would impact upon the provision of a winter tourism product through snow-based activities. 
Over the past 35 years, natural snow conditions have seen a decline given increased maximum and minimum 
temperatures (Hennessy, Wheatton, Smith, Bathols, Hutchinson & Sharples 2003), and under current climate 
projections the trend is set to continue. This has created greater reliance by the ski industry on the production of 
artificial snow to service tourism demand by maintaining and improving snow depths and season length (Garnaut 
2008b). 
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Identification of Vulnerabilities 

Methodology 
The identification of vulnerabilities in this analysis is centered on issues identified within two sets of factors: 
those pertaining to the biophysical environment and those pertaining to factors of socioeconomic nature. It is 
important to be able to identify how these factors play a role in how vulnerability and adaptive capacity are 
described in the context of climate change. 

The vulnerabilities associated with climate variability and change were analysed in a Monash University PhD 
completed in 2008. Data was obtained from the Bureau of Meteorology as raw station data as well as derived 
products such as indices of the El Niño Southern Oscillation. A high-quality precipitation dataset developed 
specifically for monitoring long-term trends and variability in Australian rainfall (Lavery, Kariko & Nicholls 
1992; Lavery, Joung & Nicholls 1997) was used. Full details of methodology are supplied in the associated 
dissertation (Tryhorn 2008). 

With respect to identifying socioeconomic factors, a series of interviews were conducted between May and 
September of 2007, and August and September of 2008, as part of an ongoing Monash University PhD research 
project. The interviews were conducted with a number of actors from the Alpine Shire tourism sector, both 
within the Shire itself and external stakeholders, whose voluntary participation was sought using a snowball 
sampling procedure through an existing contact in the region. A good range of respondents were interviewed, 
both in terms of their role in the tourism sector (tourism business operators, business owners, chamber of 
commerce representatives, community group representatives, business associations, public servants, local 
government managers, and local government leaders) as well as geographic coverage of the major centres and 
towns located throughout the Alpine Shire jurisdiction, and others operating in the immediate surrounding region 
such as the alpine resorts of Mt Hotham and Falls Creek (Roman, Lynch & Dominey-Howes in prep.). 

Biophysical factors 
Across the Alpine Shire the climate is highly variable. Summers range from mild conditions in the alpine areas 
(maximum temperatures of 20 – 25oC) to hot on the plains of the northwest (maximum temperatures >30oC). 
Throughout winter, frost is common throughout the region, and there is snow in the mountains. Since 1950, the 
area has experienced a warming trend of around 0.1oC per decade (Alpine Shire Council 2006a). 

It has long been established that precipitation in the region is associated with low pressure over northern 
Australia (Hunt, Taylor & Quayle 1913; Quayle 1929), and indeed with El Niño Southern Oscillation (Pittock 
1975; McBride & Nicholls 1983). During the months of November to March, the dominant feature associated 
with rainfall is anomalous high pressure centered off the southeast coast, with Victoria underlying a distinct 
northerly to north-easterly airflow (Whetton 1988). Hence, summer rainfall in northern Victoria is associated 
with inflow of moisture from the Tasman Sea. Winter rainfall variability is dominated by interacting fronts 
related to atmospheric circulation anomalies in the Australian region and El Niño Southern Oscillation (Wright 
1988). Wet winters are characterised by a positive El Niño phase, associated with a vigorous subtropical 
westerly circulation at middle and upper tropospheric levels, and a relatively weak subtropical high-pressure belt 
over Australia. 

Weather-related events in Australia account for around 87% of economic damage due to natural disasters 
(Bureau of Transport Economics 2001), and there is strong evidence that the increases seen in a number of 
extremes are related to anthropogenic climate change (Manton, Della-Marta, Haylock, Hennessy, Nicholls, 
Chambers, Collins, Daw, Finet, Gunawan, Inape, Isobe, Kestin, Lefale, Leyu, Lwin, Maitrepierre, Ouprasitwong, 
Page, Pahalad, Plummer, Salinger, Suppiah, Tran, Trewin, Tibig & Yee 2001; Frich, Alexander, Della-Marta, 
Gleason, Haylock, Klein Tank & Peterson 2002; Alexander, Zhang, Peterson, Caesar, Gleason, Klein Tank, 
Haylock, Collins, Trewin, Rahimzadeh, Tagipour, Rupa Kumar, Revadekar, Griffiths, Vincent, Stephenson, 
Burn, Aguilar, Brunet, Taylor, New, Zhai, Rusticucci & Vazquez-Aguirre 2006; Hegerl, Zwiers, Braconno, 
Gillett, Luo, Orsini, Nicholls, Penner & Stott 2007; Intergovernmental Panel on Climate Change 2007). Despite 
great advances in recent decades in the understanding of the physical mechanisms that generate natural extremes, 
along with major improvements in the forecasts and warnings associated with atmospheric hazards, adaptation to 
these events has not always been successful (White, Kates & Burton 2001). Although mortality and morbidity 
rates have been falling, economic losses have been rising sharply (Munich 2005), and many of these impact the 
tourism industry. 
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Observed climate change in the past 
The Alpine Shire’s average rainfall (1160mm) is among the highest in the state. Until recently, residents of the 
Alpine Shire felt protected from drought. But since 2005, widespread drought has meant that many towns in the 
area have had water restrictions enforced (Alpine Shire Council 2006b). Trends in total annual rainfall 
demonstrate the importance of the analysis period on rainfall trend values. The linear trend in Victorian total 
annual rainfall from 1950 – 2006 shows a substantial decrease in rainfall of 20 – 30mm per decade. This trend 
reflects a combination of a very wet 1950s and an extremely dry last decade. In contrast, the trend from 1900 – 
2006 reveals a slight increase in rainfall (approximately 0 – 5mm per decade). Seasonal trends are also highly 
variable. Interestingly, a closer examination of the autumn rainfall trend indicates that conditions today may 
resemble those around the turn of the last century (Figure 49). 

Figure 49: The Autumn Break: the average date after 1 March when rainfall first exceeded 125mm at 
Bright 

SOURCE: Lisa Alexander, Regional Climate Group, Monash University 
 

Future scenarios 
According to analyses by CSIRO (Hennessy et al. 2008), annual average maximum and minimum temperatures 
are likely to increase a further 0.6°C by 2020, about 1.0°C for low emissions by 2050 or about 1.7°C for high 
emissions by 2050, and about 1.4°C for low emissions by 2070 or about 2.8°C for high emissions by 2070. The 
annual average number of days below 2°C is likely to decrease by about 17 days by 2020, about 40 days for high 
emissions by 2050, and about 58 days for high emissions by 2070 (Table 54). Annual mean rainfall is likely to 
decline by about 2% by 2020, about 7% for high emissions by 2050, and about 11% for high emissions by 2070. 
The percentage reductions in the number of rain-days are greater. Nevertheless, small increases in heavy rainfall 
intensity are likely, exceeding 10% for the 90th percentile in 2050 and beyond. At 1740m elevation on Mt Buller, 
the annual-average duration of at least 1cm of snow cover may change from 108 days at present (1979 – 1998) to 
70 – 102 days by 2020 and 7 – 89 days by 2050 (Hennessy et al. 2003). The peak snow depth at this elevation 
may decline from 95cm at present (1979 – 1998) to 35 – 85cm by 2020 and 2 – 62cm by 2050 (Hennessy et al. 
2003). 

These projections suggest that water quality and availability are likely to remain an issue. Lower flows and 
higher temperatures will also create a more favourable environment for microbes and algal blooms. A substantial 
increase in fire weather risk is likely, with expected increases in the average number of days when the Forest 
Fire Danger Index rating is very high or extreme (CSIRO & Bureau of Meteorology 2007). With an increase in 
fires and extreme rainfall events, there are implications for emergency managers, water authorities, tourism 
industry operators and residents. Insurance risk assessments and premiums are also likely to be affected. 
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Table 54: Projected changes in annual-average maximum and minimum temperature, number of days 
below 2°C, total rainfall, number of rain-days (above 1mm) and heavy rainfall intensity at Mt Buller 

 2020 2050 2070 

 A1B B1 A1FI B1 A1FI 

Percentiles 10 50 90 10 50 90 10 50 90 10 50 90 10 50 90 

Max temp 
(°C) 0.4 0.6 0.9 0.8 1.1 1.6 1.3 1.8 2.6 1.1 1.5 2.1 2.0 3.0 4.1 

Min temp 
(°C) 0.4 0.6 0.8 0.7 1.0 1.4 1.1 1.6 2.2 0.9 1.3 1.8 1.8 2.6 3.6 

No. days < 
2 C -12.9 -17.3 -21.3 -18.7 -26.9 -36.7 -27.6 -40.3 -51.6 -23.7 -35.7 -45.6 -42.0 -58.0 -84.6

Total rain 
(%) -5.4 -2.3 0.6 -9.4 -4.1 1.1 -15.4 -6.6 1.7 -12.9 -5.5 1.5 -24.9 -10.7 2.8 

No. of rain-
days -7.7 -3.5 -1.5 -13.5 -6.2 -2.7 -22.0 -10.1 -4.4 -18.4 -8.4 -3.6 -35.5 -16.3 -7.0 

Heavy 
rainfall 
intensity 
(%) 

-3.1 1.3 6.1 -5.4 2.3 10.7 -8.8 3.8 17.5 -7.3 3.2 14.6 -14.2 6.1 28.2 

NOTE: Number of days below 2°C is relative to the 1986 – 2005 average of 187 days. Projections for 2020 are based on a mid-range emission scenario (A1B), 
while projections for 2050 and 2070 are based on low (B1) and high (A1FI) emission scenarios. The lowest and highest 10% of the range of model results (10th 
and 90th percentiles) are given for each scenario, along with the median (50th percentile). All projections are relative to the period 1980 – 1999, consistent with 

the Intergovernmental Panel on Climate Change (2007). 
 

Socioeconomic factors 

Issues identified 
The types of businesses that characterise the Alpine Shire are small to medium sized enterprises, often referred 
to by interviewees as ‘mum and dad’ businesses (Roman, Lynch & Dominey-Howes in prep.). Consequently, 
many of these have limited resources—financial, human and time—to participate more broadly in the 
governance of the industry, e.g. by engaging with tourism bodies and industry associations such as Chambers of 
Commerce or Alpine Region Tourism. Furthermore, there are a number of businesses that do not appear to 
operate as registered businesses, and therefore are excluded from data gathering. As noted by Becken and Hay 
(2007), the smallest businesses working independently tend to risk operating sub-optimally, particularly where 
the flow of information and representation is likely to be inadequate. This disconnection can lead to tensions 
between the day-to-day business priorities of the operators and the aims of regional and local governments. 

Emerging themes identified through primary data analysis were verified against reported themes and issues 
raised in existing documentation and other secondary data sources, such as publicly available local and state 
government documents and reports and published literature. Table 55 lists the main central issues of concern as 
raised by interviewees. Note that the only issue that is influenced directly and immediately by climate change is 
that of natural hazards, although it may be an indirect influence on other factors. 
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Table 55: Top 7 issues of concern  

Issue Description Secondary data sources that support 
findings 

Representation and 
leadership 

State-level approach to strategic tourism 
development difficult to engage with 
locally. 

Alpine Region Tourism Board 2006; 
Parliament of Victoria 2008; The Regional 
Development Company 2007) 

Data gaps Lack of consistency in tourist-related data 
gathering and reporting. 

Alpine Region Tourism Board 2006; Alpine 
Region Tourism Board 2008a; Alpine 
Region Tourism Board 2008b; Parliament 
of Victoria 2008 

Natural disaster 
management 

Post-disaster recovery and access to 
support for rebuilding, as well as the 
media’s role in the recovery process. 

Alpine Region Tourism Board 2006; 
Ministerial Taskforce on Bushfire Recovery 
2003; Ministerial Taskforce on Bushfire 
Recovery 2007; Parliament of Victoria 
2008; The Regional Development Company 
2007 

Business capacity Skills shortage, employability and lack of 
adequate business skills. 

Alpine Region Tourism Board 2006; 
Parliament of Victoria 2008; The Regional 
Development Company 2007 

Tourism infrastructure 
and transport 

Road signage and tourist attraction 
signage, and public transport options. 

Parliament of Victoria 2008; The Regional 
Development Company 2007) 

Branding and 
marketing 

Ownership of Tourism Victoria’s ‘Jigsaw’ 
campaign by individual tourism operators. 

Parliament of Victoria 2008; The Regional 
Development Company 2007 

Exposure to external 
factors of macro-scale 

Changes in the value of the Australian 
dollar, interest rates, inflation, and fuel 
prices. 

Alpine Region Tourism Board 2006; 
Parliament of Victoria 2008; The Regional 
Development Company 2007 

NOTE: Synthesis of information gathered through interviews conducted in Alpine Shire during May and August 2007 and August, September, October 2008. 
SOURCE: Roman, Lynch & Dominey-Howes in prep. 

Disaster management 
Cioccio and Michael (2007) described the geography of northeast Victoria as susceptible to periodic natural 
disasters, particularly from bushfires and floods. In January 2003, bushfires burnt through 1.1 million ha (or 
5.5% of the state) in northeast Victoria. The fires significantly affected tourism across the northeast, with the loss 
of business reportedly in excess of $20 million within the first month (Cioccio & Michael 2007). The fires struck 
during the summer, a busy time of the year for sub-alpine areas, causing revenue losses for most if not all local 
tourism operators (Ministerial Taskforce on Bushfire Recovery 2003; Cioccio & Michael 2007; Lucas et al. 
2007)). Again in late 2006 and into 2007, bushfires had a major impact on the tourism industry, with regional 
tourism officials estimating a $200 million downturn for the 12 months from December 2006 (Ministerial 
Taskforce on Bushfire Recovery 2007), although this is less evident in the Alpine Resorts themselves (Figures 
50 and 51). According to figures by Alpine Shire, these two bushfire events resulted in at least a 50% drop in 
visitor numbers to the Shire, compared to non-bushfire years (Alpine Shire Council 2007). At first, the 
immediate danger presented by the 2003 fires meant that most tourists left the region or postponed their travel 
plans. Further, the duration and, according to residents, the intense publicity this event attracted meant that 
would-be travellers avoided the whole region long after the immediate threat had passed (Cioccio & Michael 
2007; Parliament of Victoria 2008). 
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Figure 50: Domestic overnight trips to Alpine region by financial year 

NOTE: Unfortunately, the data for the Shire is likely to be incomplete, and hence long-term trends in visitation data for sub-alpine tourism operators are lacking.  
Source: Alpine Shire Council 2007 

 
Faulkner (2001) describes how the role of the media can have significant negative impact on disaster-affected 

destinations, given the discretionary nature of taking a holiday. Nevertheless, the Alpine Shire Council was able 
to demonstrate, using a postcard reporting system, that most visitors were repeat visitors, with over 98% saying 
that they would visit the Shire again. 

Figure 51: Victorian Alpine Resorts Winter visitor numbers by calendar year 

NOTE: Visitation to Falls Creek in 2004 and 2005 may be overestimated because of changes in the pricing policy. 
Source: ARCC 2008c 

Research Agenda 

Weather-related events in Australia account for around 87% of economic damage due to natural disasters 
(Bureau of Transport Economics 2001), and there is strong evidence that the increases seen in a number of 
extremes are related to anthropogenic climate change (Alexander et al. 2006; Hegerl et al. 2007; 
Intergovernmental Panel on Climate Change 2007). Despite great advances in recent decades in the 
understanding of the physical mechanisms that generate natural extremes, along with major improvements in the 
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forecasts and warnings associated with atmospheric hazards, adaptation to these events has not always been 
successful (White, Kates & Burton 2001). Although mortality and morbidity rates have been falling, economic 
losses have been rising sharply (Munich 2005). 

Reducing vulnerability to climate change will undoubtedly involve a combination of diverse mitigation and 
adaptation options. Adaptation refers to changes in policies and practices that may enhance resilience and reduce 
vulnerability to observed or expected changes in climate and associated extreme weather events. It may occur in 
physical, ecological and human systems, and involves changes in both social and environmental processes. 
Adaptation has the potential to reduce the vulnerability of society to the dangerous impacts of climate change, 
such as those from extreme weather events, as well as to capitalise on new opportunities that may present 
themselves. While the benefits of mitigation of greenhouses gases will be associated with long-term reductions 
in vulnerability, the benefits of adaptation to community and industry resilience can be immediate, especially 
when they also address inter- and intra-annual climate variability. 

As an organising principle, many integrated assessment activities employ a framework or a set of concepts 
that serve as heuristics. Any such framework can be described as a set of categories, which in the research 
context ‘permits and rationalises a division of scholarly labor’ (Nakamura 1987: 143). In this way, a framework 
will direct attention to what may be important in the context at hand, but will not predict or prescribe what will 
be found there. Frameworks are counterproductive if they are piecemeal, directing attention to part of the context 
and diverting attention from the rest, where the important considerations may be found. 

A good framework is logically comprehensive; it facilitates the identification of an inclusive set of 
considerations and their integration for the context at hand. A good framework is also cognitively manageable 
and stated in functional rather than institutional terms to make it universally applicable. An integrated 
assessment process that rigorously maps local context and perspectives has the ingredients to yield useful 
adaptation alternatives, regardless of the choice of framework. Furthermore, selection of a good framework will 
result in research that is:  

• Intensive, focusing on a single community, organisation, or at most, sector, on the ground;  
• Comprehensive in the range of factors considered across natural and social sciences;  
• Prioritises the convergence of relevant factors in environmental and policy processes; and  
• Continuous, emphasising appraisal and termination of failed policies. (Lynch & Brunner 2007) 

In the context of the significance of the tourism industry as a prominent contributor to the Shire’s economy, 
and its sensitivity to the impacts of summer hazards such as extensive bushfires, it is concluded that it is critical 
to assess sub-alpine vulnerability with respect specifically to seasonally distributed climate extremes under 
projected future climate change, in order to fully characterise the Victorian Alps’ long-term adaptive capacity for 
future sustainable development. 
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 Chapter 8 

CLIMATE CHANGE INDUCED ECONOMIC IMPACTS ON 
TOURISM DESTINATIONS: THE CASE OF AUSTRALIA  

By Tien Duc Pham, Peter Forsyth and Ray Spurr 

This chapter examines the economic implications of the impacts of climate change on the tourism sectors in the 
regional economies of Cairns, the Blue Mountains, the Barossa, Kakadu and the Victorian Alps in the years to 
come. Apart from regular television programs, the science of climate change has been documented very clearly 
in literature, e.g. in Hennessey et al. (2003, 2008), Garnaut (2008), and Hoegh-Guldberg and Hoegh-Guldberg 
(2008). Attempts have also been made to provide economic impacts of climate change on various industries of 
the Australian economy, e.g. wheat crops in Crimp, Howden, Power, Wang and Voil (2008), livestock in 
McKeon, Flood, Carter, Crimp and Howden (2008), forestry in Buchanan, Tulloh and Ford (2008), fisheries in 
Vieria and Newton (2008), and horticulture in Duter (2008).  

This project focuses on climate change induced tourism impacts in the five tourism destinations discussed in 
preceding chapters. The approach is to adopt the likely impacts of climate change on the Australian economy 
from the Garnaut Climate Change Review as the climate change inputs in the ambient economic condition 
against which the tourism impacts on those regions are measured. 

While the links between climate change and the output levels of industries, e.g. agriculture, can be 
formulated logically and scientifically at least to some extent, the link between climate change and tourism 
activity is harder to estimate. Often, climate change affects the environment, which leads to losses of tourist 
attractiveness over the longer term. But how much of these losses will translate into lost tourism activity is an 
unknown factor, reflecting tourists’ preferences and hence the prediction of human behaviour. 

The topic of climate change and tourism impacts warrants extensive research. This project should be viewed 
as a scoping study at this stage, which attempts to explore links between climate change and the tourism sector, 
and subsequently predict the magnitude of the economic impacts on those regions. The projections of changes in 
tourism activity based on current predictions of weather patterns are expected to evolve as a result of climate 
change and the largely intuitive judgements of tourists’ responses. The projections are then examined, together 
with climate change inputs, using a Computable General Equilibrium (CGE) economic model.  

The following discussion describes the economic model and the modelling approach adopted in this study, 
the assumptions and projections of the economy and tourism activity under the effect of climate change, and 
finally, the simulation results for the five regions.  

The Enormous Regional Model 

For the Australian economy, the Enormous Regional Model (TERM) is the only CGE model that has regional 
economies below the state level. TERM is a multiregional and multi-sectoral CGE model. The model is well 
described and its application is also illustrated in Horridge, Madden and Wittwer (2003). Thus this section will 
explain the model very briefly and draw attention to its strengths.  

Figures 52 and 53 represent a framework under which users purchase goods from different regions specified 
in the model. Users in TERM include industries, household sector, government, investment and overseas export. 
There are a wide range of goods demanded by users in a region, and Figure 52 shows an example for ‘Good 1’ 
only. The same principle will be applied to all other goods. In Figure 52, a user will have to choose Good 1 from 
either the imported or domestic source in such a way that minimises its total cost on the consumption of Good 1, 
given the relative prices of the good from two sources. This is represented by an imperfect substitution of a 
Constant Elasticity of Substitution (CES) functional form.  
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Figure 52: Imported vs. domestic demand 

Figure 53: Domestic sourcing 

Prices of imported goods are assumed to be given, i.e. exogenous to the domestic economic condition, in 
order to reflect a small open economy assumption. This means Australian producers do not have large market 
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share power to influence the world price level. Domestic prices are determined by the cost components in the 
production process. All prices are based on a numeraire, which is often the exogenous nominal exchange rate.  

The last square box in Figure 52 represents the total demand for Good 1 from Region r, which is simply a 
sum of all demands for domestic goods across all users in the region. 

In the top part of Figure 53, the first square box is equivalent to the total demand for Good 1 in Figure 52. 
This box represents a broker who acts on behalf of all users in Region r to select Good 1 from a combination of 
regions in the domestic economy. These selections are made in the same way that goods are selected from the 
cheapest source to minimise the cost (CES function). This allows a cheap producing region to expand their 
market share to supply Good 1 to Region r. As shown, the model does not explicitly map a specific user to any 
specific suppliers across regions. All users in Region r are assumed to have fixed shares in the total demand for 
Good 1 from other regions of the domestic source, and similarly for other goods.  

The bottom part of Figure 53 shows how transport services are used to facilitate movement of Good 1 from 
the producing regions to Region r. Regardless where Good 1 is purchased, the same constant proportions of 
transport are applied to the amount of Good 1 purchased. And the supplier of the transport services will be 
selected across all regions using a CES function to minimise transport costs.  

The supply side of the model is very similar to that in the pioneer ORANI model (Dixon, Parmenter, Sutton 
& Vincent 1982). In this structure, an industry pays for intermediate inputs, composite primary demand (i.e. 
composite demand for labour and capital), and production tax to the government in fixed proportions. The 
intermediate input demands are sourced from domestic regions and imports as described in the above demand 
system. For its demand for labour and capital, an industry will choose a combination of the two inputs using a 
CES function to minimise costs at a given level of composite primary demand. Production tax is assumed to 
move in line with production level. 

The structure on the demand side of TERM does not require data for explicit bilateral trade flows between 
consumers and producers across regions in the model. Thus, the compact structure of the demand side reduces 
significantly the memory requirement and simulation time compared to a conventional multiregional and multi-
sectoral CGE model such as MMRF (Peter, Horridge, Meagher, Naqvi & Parmenter 1996; Adams, Horridge & 
Wittwer 2002). Therefore, the advantage of TERM is its ability to handle a larger number of regions and 
commodities.  

There are some major differences between TERM and MMRF that should be noted. These differences are 
important, as MMRF was used in the Garnaut Climate Change Review and TERM is used in this project to 
replicate part of the work in the Review in order to set an environment for the tourism impact to be analysed. 

6. TERM does not have a full treatment of government financial accounts. Thus, the government 
expenditure in TERM is not driven directly by the government budget, nor directly related to tax 
instruments in the model. As a result, the model is not suited for scenarios related to government budget 
policy simulations. 

7. In the labour market, wage rates in MMRF are determined by the setting of a group of variables, 
including employment, unemployment, interregional migration, labour participation and population, 
explicitly for all regions. In TERM, the wage rates are determined by regional labour supplies, but 
sources of the regional labour supplies, such as interregional migration, and labour participation are not 
explicitly defined. The original labour market in TERM was modified to derive labour supply in this 
project. The modification allows more labour supply into a region when the region’s real wage growth is 
higher than the national real wage growth. This situation reverses when a region’s real wage growth is 
less than the national real wage growth, in which case the region will experience a net outflow of 
migration.  

8. In MMRF, investment is determined on a year-on-year basis in a dynamic framework using the inverse 
logistic function (Dixon & Rimmer 2002), while investment growth in TERM is assumed either to move 
in line with capital stock growth over a period of a number of multiple years, or to be proportional to the 
movement of the gross rate of return within a short timeframe such as one to two years. 

9. The aggregate regional real household income in TERM is only determined by wage income, not by the 
return to capital, nor return to land. As the model does not have foreign ownership of capital, including 
total return to capital in household income will distort the household income in the regions. As a result, in 
simulations that have more adverse impact on wage income than on capital income, this current treatment 
will tend to exaggerate the impact on household consumption.  

Nevertheless, the advanced demand structure and a standard supply side of the model are more than enough 
to compensate for the simplified features in the model in order to allow for opportunities to undertake modelling 
analysis at a sub-state level. The master database contains 172 commodities and 59 statistical divisions, with 
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possibility to be disaggregated into 206 small local areas—a very comprehensive database. Currently, the model 
is calibrated for a year 2005/06 database, referred to as 2005 hereafter. 

In this project, the model database is aggregated down to only 25 commodities and 11 regions (Table 56) to 
ease the burden of simulation time while still satisfying the necessary requirement of the analytical results. These 
11 regions map back to only five states and the rest of Australia (ROA). The model is run by GEMPACK 
(Harrison & Pearson 2005; Horridge, Jerie & Pearson 2008). 
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Table 56: Commodity and region sets 

Commodities Regions States 

1 Agriculture Blue Mountains New South 
Wales 

2 Coal oil and gas Rest of New South Wales New South 
Wales 

3 Other mining Alpine Victoria 
4 Food and drink Rest of Victoria Victoria 

5 Texttile clothing footwear 
and leather products 

Tropical North of 
Queensland Queensland 

6 Petrol and coal products Rest of Queensland Queensland 
7 Other non metallic Products Barossa South Australia 
8 Metal  Rest of South Australia South Australia 

9 Equipment and machinery Kakadu Northern 
Territory 

10 Utility Rest of Northern Territory Northern 
Territory 

11 Construction Rest of Australia Rest of Australia 
12 Wholesale   
13 Retail   

14 Restaurant and 
accommodation   

15 Other transports   
16 Air transport   
17 Transport services   
18 Banking and finance   
19 Ownership of dwelling   
20 Business services   

21 Government Administration 
and defence   

22 Education   
23 Health services   
24 Entertainment   
25 Other services     

 
 Modelling Approach 

Limitations of economic modelling in climate change research 
By its nature, the effects of climate change are long-term. Most research in climate change science investigates 
in a timeframe between now and 2020, 2050, 2070 and 2100. The very long-term nature of climate change 
research poses a challenging task for economic modelling because, firstly, structural changes will have occurred 
in the economy regardless of climate change effects. Most economic models are built using historical data to 
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calibrate behavioural parameters. But these parameters are unlikely to accurately reflect economic behaviour far 
into a future which will be experiencing ongoing changes in technology and policy. Secondly, the links between 
climate change and its impact on tourism activities are based on weak historical observations. These represent 
significant limitations on the current modelling work. 

Model choices 
Dynamic CGE models are more suited to dealing with updating structural changes in the economy, as external 
forecasts of macro conditions as well as industry structures can be imposed on the model on a year-on-year 
simulation basis. Thus, a dynamic CGE model is ideal for this task. Unfortunately, the resource and time 
limitations imposed on this project were not adequate to accommodate a full modelling development for such a 
dynamic task.  

In a comparative static mode, simulations are generally not associated with a time path. Applications of this 
type of CGE model are often in two scenarios: short run and long run. In the short run, the timeframe is assumed 
to be more or less one year, within which the capital stock has not had enough time to adjust and respond to the 
shocks, and any changes in demand for capital stock are reflected by changes to the rate of return. Wages are 
assumed to be very sticky, as often employees are locked in contracts with their employers. It is a similar 
situation for fixed commodity prices in sale contracts for producers, who do not have flexibility in their budgets 
to satisfy any cost increases in their operations. Thus, significant wage negotiation will not be available for 
employees, and changes in labour demand will be reflected by changes in level of employment. This scenario is 
certainly not suitable for the climate change simulations. 

In a long run scenario, assumptions on the labour and capital markets are reversed. Capital stock now has 
enough time to adjust and respond to the demand for capital by production activity, while rates of return will 
converge or be equalised across industries. In the labour market, wages are no longer sticky, commodity prices 
in sale contracts can be negotiable, employers and employees can negotiate wages, and, finally, whoever wants 
to work can get a job if they are prepared to accept new wage levels. Wages will adjust so that full employment 
is realised. The approximate timeframe in a long run scenario is assumed more than five years.  

In this project, TERM is used in a comparative static mode and in a long run scenario. The modelling task 
first builds a base case scenario, in which the economy is projected to grow at an average annual growth rate 
without any climate change effects. Against this base case, the impacts of climate change effects on the regional 
economies via tourism activity in an unmitigated scenario are then measured. Figure 54 summarises the whole 
procedure to estimate tourism impact under climate change effects. 
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Figure 54: Simulation procedure 

 

TERM-TOUR Model 

TERM does not explicitly model the tourism sector and thus required modification to incorporate an explicit 
tourism sector for the five tourism destinations, so that climate change effects on tourism in those regions could 
be measured directly. 

Figure 55 illustrates the basic database structure of a region in TERM prior to modification. This is often 
referred to as an Input-Output Table. Each column in the Input-Output table represents a user in an economy; 
users include all industries, household consumption (HH), investment (INV), government consumption (GOV) 
and overseas export (EXP). Users purchase commodities from the rows for their consumption, e.g. industry J1 
purchases commodities C11, C21 … Cn1 as intermediate inputs in the production process. In addition to these 
intermediate inputs, industries will also pay wages to employees (P1), capital rental (P2), net taxes on goods and 
services consumption (P3), net production taxes (P4), and imported goods (P6). The total cost of production for 
an industry is the column total. The total cost has to equal total sales for every industry (TC1 = TS1). 
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Figure 55: A snapshot of an economy—TERM database 

In the original TERM database, the household consumption vector includes both non-tourism and tourism 
expenditure components, and similarly for overseas tourism expenditure in the overseas export vector. 
Consumption of commodity C2HH is not differentiated between non-tourism household consumption and 
domestic traveller expenditure; C2EXP is not differentiated between goods exported to overseas countries and 
consumption of overseas tourists in Australia. The inclusion of both tourism and non-tourism components in the 
household consumption and overseas export vectors does not allow tourism activity to be analysed separately 
from non-tourism activity, so the simultaneous impact of changes on the same commodity between the two 
activities cannot be captured.  

In this project, the TERM database was substantially modified for five tourism destination regions (Cairns, 
the Blue Mountains, the Barossa, Kakadu and the Victorian Alps) to decompose non-tourism and tourism 
components in such a way that it allowed free movements of the two components in the household consumption 
and overseas export vectors. 

The modification of the TERM database required a two-step procedure. The first step was to reconcile 
Tourism Research Australia expenditure data and TERM export data. The reconciliation was required mainly 
because the Tourism Research Australia tourism expenditure data were larger than the data for overseas export 
data in the TERM database. While there are plans to reconcile this difference for the entire TERM database, a 
temporary treatment was adopted for the five tourism destinations by reducing interregional trade flows to offset 
a required increase in the overseas trade flows for the reconciliation.  

Figure 56 illustrates the second step in the modification to create the new structure of a tourism model 
(TERM-TOUR) based on TERM. In the TERM-TOUR database, most of the original elements remain 
unchanged, except that two new industries (‘dtour’ and ‘etour’) have been created. Dtour represents expenditure 
on domestic tourism activity, which includes both overnight visitors and day-trip travellers; etour represents 
overseas visitor expenditure. Elements of dtour are extracted from the household vector. Similarly, elements of 
etour are extracted from the export vector. 
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Figure 56: TERM-TOUR database structure 

Although Tourism Research Australia has tourism expenditure data broken down into further categories, e.g. 
business, holiday, and visiting friends and relatives, the purpose of this scoping study does not require the 
tourism sector to be subdivided to that level of detail, as the totals for domestic tourism activity and overseas 
tourist activity are adequate for this task. 

The tourism sectors’ dtour and etour do not require primary inputs. They act as a middle man to select all 
goods and services for tourism activity, and then sell all tourism services to the corresponding tourists. This 
follows closely the approach adopted in the construction of the Tourism Satellite Account (Pham, Dwyer & 
Spurr 2009), where the tourism sector is not a commodity or industry per se and tourists consume a wide range 
of commodities and services for their tourism activity. To some extent, the treatment here reflects exactly how 
loosely defined the tourism sector is in relation to goods and services in reality. This approach was also adopted 
in Dwyer, Forsyth, Spurr and Ho (2003) and Madden and Thapa (2000). 

The total household consumption is unchanged, as the total domestic tourism expenditure is now allocated as 
a single value dtour at the bottom of the household consumption (HH) vector, and similarly etour at the bottom 
of overseas export (EXP). The full detail of commodities for both dtour and etour are in the cost structures of the 
tourism sectors. The details of commodities are based on unpublished Tourism Research Australia regional data. 

Note that dtour not only sells their tourism goods to domestic visitors in the local area, it also sells tourism 
goods to visitors from other regions in Australia who visit the destination regions. In this TERM-TOUR, inter- 
and intra-regional flows of tourism activities are fully captured. The split of tourism consumption by regions was 
also based on unpublished Tourism Research Australia data. 

Currently, TERM-TOUR has its tourism sectors modelled only in the five destination tourism regions. The 
rest of regions still have the original setting of the TERM database. It would be ideal to have the same treatment 
of tourism sectors for all regions in the model, but this would have required more time to complete than was 
available for this scoping study. Certainly, this is an area for further development of the model in the future. The 
mixed treatment, however, does not compromise the purpose of this climate change impact analysis. 

Base case projection (key drivers in simulation 1) 
The base case projection is a growth path for the economy that is used as a benchmark for measuring the impact 
of climate change on the economy. It represents the growth which would occur in the economy without any 
effect from climate change. Because we are using a comparative static model, the growth path is not on a year-
on-year basis but is simply a smooth growth assumption of economy on an annual average basis over a reference 
period in our study. The climate change impacts are assessed for three different time reference paths, namely 
2005 – 2020, 2005 – 2050 and 2005 – 2070.  
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Information and data implemented in these three reference cases are obtained mainly from the Garnaut 
Review, particularly from Economic Modelling Technical Paper 3 and 5 (Garnaut 2008). The Review provides 
projections for national employment growth rates, national labour productivity growth rates, population growth 
rates for all States and Territories, and Gross State Product (GSP) growth rates for the macro economic 
condition. The Review also provides data for changes to intermediate inputs required across all industries, and 
household taste changes for some selective commodities. It also provides a broad compositional change in four 
main sectors: agriculture, mining, manufacturing and services. Each category will be considered separately.  

Macro condition 
The national employment growth rates and labour productivity growth rates are sufficient to determine the Gross 
Domestic Product (GDP) growth rate path for Australia as a whole, using the production functional form Y = 
{K, (L/A)}2. As the implied GDP growth rate, based on employment growth and labour productivity growth, is 
also consistent with the aggregation of GSP growth rates, in this project the GSP projection has been applied 
directly to generate state-specific labour productivity for the base case. Furthermore, as the labour market 
specification in TERM is much simpler than that in MMRF, it is explicitly assumed that the working population 
moves in line with the population growth rates for all states, and labour participation rates are constant. These 
assumptions allow population growth rates to be applied as a proxy for employment growth rates for all states. 
The national population growth rate was also calculated from the states’ data, revealing that the national 
population growth rate is nearly the same as the national employment growth rate provided in the Review. 
Hence, the population growth rates data are used to drive household consumption, and as proxy for the 
employment growth in all states (Table 57). 

Ideally, there would be projections for Gross Regional Production (GRP) for all sub-state regions listed in 
Table 56. But these projections are not available; thus, the same GSP projections were applied across regions in 
the same state.  

The combination of employment and GSP shocks will set different labour productivity growth for states for each 
reference case. This approach is somewhat different to that in the Garnaut Review, where different labour 
productivity growth rates were implemented for different industries uniformly across all states over the period to 
2020. Beyond 2020, labour productivity of all industries converges to 1.5% per annum, implying that labour 
productivity will be the same across all regions after 2020. It was felt that, while it is a preferred option to have 
differentiated labour productivity growth across industries, the differentiated labour productivity growth across 
states might still exist because, given such a long timeframe, the ‘spill over’ effect of labour productivity can 
lead to convergence of labour productivity across industries within a state, but the condition of labour markets 
between states will still be different. Therefore, it might be reasonable to have differentiated labour productivity 
across states. This explains the choice of closure to allow for different labour productivity growth rates between 
states. 

                                                           

2 K is capital, L is hours worked and A represents productivity factor. The whole (L/A) is the effective labour 
supply, which equals GDP growth rate. A decrease in A implies an increase in productivity, as it results in a 
larger effective labour supply for the economy. 
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Table 57: Macro projections—annual average growth rates (%) 

Projection 2020 2050 2070 

National Projection 

Employment growth 1.415 1.02 0.94 

Labour Productivity -1.418 -1.45 -1.46 

State Projection 

Gross State Product 

New South Wales 2.73 2.36 2.26 

Victoria 2.93 2.40 2.29 

Queensland 3.40 2.84 2.68 

South Australia 2.37 1.81 1.70 

Northern Territory 3.30 2.79 2.75 

Rest of Australia 3.33 2.58 2.45 

Population 

New South Wales 1.03 0.83 0.79 

Victoria 1.27 0.96 0.86 

Queensland 1.87 1.51 1.34 

South Australia 0.80 0.44 0.32 

Northern Territory 1.63 1.52 1.41 

Rest of Australia 1.61 1.15 1.00 
SOURCE: Derived from Tables 5, 6 and 7, Economic Modelling Technical Paper 3, Garnaut 2008 

 Structural changes 
Industries do not use the same proportions of inputs in their production processes over time. They tend to change 
these proportions over a relatively long timeframe. Given the trend of higher costs for energy intensive 
commodities, industries will tend to reduce their usage of these inputs per unit of output by adapting new 
strategies or technologies. Thus, their cost structure is likely to reflect a smaller proportion of energy intensive 
inputs and a relatively larger proportion of other inputs, such as business services.  

The changes in intermediate usage requirement were also implemented in a cost-neutral manner in TERM, as 
they were in MMRF, so that total factor productivity remains unchanged. Table 58 provides an aggregated 
version of the structural change data reported in the Garnaut Review. The data in Table 58 reflects the 
percentage change of those commodities as input usage, uniformly across all industries. Similarly, Table 59 
presents an aggregated version of the household taste change data reported in the technical paper. Note that even 
though TERM-TOUR now has dtour as an industry in the model, the household taste changes were actually 
applied to the dtour tourism sector instead of the intermediate input structural changes from Table 58. This is 
because of the need to be consistent with the corresponding taste changes in the household sector, as dtour 
originated from the domestic consumption. 



THE IMPACTS OF CLIMATE CHANGE ON AUSTRALIAN TOURISM DESTINATIONS 

 

202 

Table 58: Technological change—new intermediate input usage requirement (%) 

Commodity 2020 2050 2070 

Agriculture -0.13825 -0.108994 -0.060043 

Coal oil and gas -0.24143 -0.24143 -0.24143 

Other mining -1.5 -1.186269 -0.671117 

Food and drink 0.134035 0.103378 0.059747 

Textile clothing footwear and leather 
products -0.782342 -0.623357 -0.355404 

Petrol and coal products -0.5 -0.5 -0.5 

Other non metallic products -0.443047 -0.331749 -0.187054 

Metal  -0.449441 -0.354599 -0.19724 

Equipment and machinery -0.033629 -0.025947 -0.015017 

Utility -0.604515 -0.562754 -0.488923 

Construction 0.5 0.385637 0.222876 

Wholesale 0.5 0.385637 0.222876 

Retail 0.5 0.385637 0.222876 

Restaurant and accommodation -1.5 -1.186269 -0.671117 

Other transports 0.450586 0.342696 0.195615 

Air transport 0.5 0.385637 0.222876 

Transport services 0.576654 0.461201 0.256788 

Banking and finance 0.5 0.385637 0.222876 

Ownership of dwelling 0 0 0 

Business services 1.5 1.185171 0.667373 

Government Administration and 
defence 0 0 0 

Education 0 0 0 

Health services 0 0 0 

Entertainment 0 0 0 

Other services 0 0 0 
SOURCE: Derived from Table 12, Economic Modelling Technical Paper 3, Garnaut 2008 

0 Table 59: Taste change in the household sector (%) 

Commodity 2020 2050 2070 

Agriculture -0.12898 -0.102003 -0.057707 

Coal oil and gas -0.080493 -0.065172 -0.037191 

Other mining 0 0 0 

Food and drink 0 0 0 

Textile clothing footwear and leather 
products -0.84605 -0.677023 -0.378192 

Petrol and coal products 0 0 0 

Other non metallic Products 0.416331 0.327045 0.183877 

Metal  0 0 0 

Equipment and machinery 0 0 0 

Utility -0.104515 -0.080642 -0.046672 

Construction 0 0 0 

Wholesale 0.5 0.385637 0.222876 

Retail 0.5 0.385637 0.222876 

Restaurant and accommodation 0.5 0.385637 0.222876 
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 The structural and household taste change data in Economic Modelling Technical Paper 3 (Garnaut 2008) 
contains two groups. The first group is assumed to have a constant rate of change until 2100, and the second 
group is assumed to decline to zero by 2050, to reflect uncertainty over the next century (Economic Modelling 
Technical Paper 3, Garnaut 2008: 17). For the second group, data provided in the Review are on an annual 
average basis for each decade, even though these changes were implemented on a year-on-year basis to decline 
smoothly. As a result, one would find values for commodities by 2050 on an annual average basis. The original 
growth rate data were initially converted in to indexes, and then the annual average growth rates were calculated 
separately for the three cases (2005 – 2020, 2005 – 2050 and 2005 – 2070).  

Compositional change 
The implementation of GSP growth rates to states generates a relatively even distribution of growth for 
industries in the states, except agriculture, which is constrained by land. This is because of the current shares of 
industries in the economy and parameters calibrated in the model. However, this evenly distributed industry 
growth pattern is not exactly consistent with the assumption of industry growth rates in the Garnaut Review over 
the next century. This reflects the fact that most of the drivers to generate industry or sector growth rates were 
from exogenous factors in addition to the national labour productivity and employment shocks. It was not 
possible to obtain all of the exogenous factors from the Review. In addition, the TERM model does not have the 
capability to incorporate into simulations some of those exogenous factors that were available, such as energy 
efficiency, electricity technologies and carbon emission. 

Economic Modelling Technical Paper 5 of the Review (Garnaut 2008: 6) indicated that, by 2100, the services 
sector will have strong growth in communication, finance and business services. The services sector is assumed 
to increase by 2.5% per annum over the next century, above the GDP growth of 2.3%. Similarly, the mining 
sector is also assumed to grow at around 2.4% per annum, a little less than recent growth of the sector, as 
resource constraints are assumed to begin to affect underlying productivity in the second half of the century.  

In contrast, the Australian manufacturing sector will face tougher competition in the world market as the 
productivity growth of the manufacturing sector in developing countries is increasing, together with a rise in the 
nominal exchange rate, implying a loss of competitiveness of Australia’s manufacturing industry in the world 
market. As a result, manufacturing is assumed to grow very slowly, at approximately 1.1% per annum over the 
century, well below the national average growth of the economy as a whole. For agriculture, as previously 
mentioned, land is a primary factor constraining growth. Over the century, agriculture is assumed to grow at 
1.5% per annum. As both manufacturing and agriculture are assumed to grow slower than the national average 
growth rate, their shares in the economy will gradually reduce, while the shares of services and mining increase. 

The assumed sectoral growth rates in the Review are adopted as targets in the base case. The precise 
implementation of these targets is very challenging. The Review acknowledged that ‘the requirement to model 
changes in the structure of the Australian economy in a general equilibrium framework to the end of the 21st 
century takes the models to the limits of their capacities’ (Economic Modelling Technical Paper 5, Garnaut 
2008: 4). If this was the case for dynamic CGE models, such as GTEM and MMRF, the task to adjust the 
compositional change in a comparative static framework such as TERM is far more demanding. This is because 
the compositional changes can be implemented incrementally in the dynamic models on a year-on-year basis, 
while in TERM the whole changes over the entire timeframe are condensed into a single adjustment. The model 
is not capable of making such drastic changes. Given the current large share of the manufacturing sector in the 
economy, the assumed low growth rate (1.1%) of the sector will make it very hard for the model to 
accommodate economic adjustments realistically. 

For 2005 – 2020, no compositional changes to the model were imposed, as the timeframe is relatively short 
for such changes to take place. In the 2005 – 2070 base case, a less stringent level of compositional adjustment 
than the changes indicated by the Review was assumed, but the suggested relativity of sectoral growth was still 
retained: 1.4% for manufacturing and 2.4% for mining for the given the national GDP growth rate of 2.35% per 
annum. The agriculture and services sectors were determined endogenously by the model. For the base case 
2005 – 2050, compositional changes for the mining (2.4% per annum) and manufacturing sectors (1.5% per 
annum) were also imposed, slightly less stringent than in the case of 2070. The other two sectors were 
determined by the model. 

Tourism projection (an additional driver in simulations 1 and 2) 
Tourism projections are for two broad categories only: domestic and overseas visitors. The first category covers 
both overnight travellers and day-trip visitors. Projections are based on the Forecast publication (Tourism 
Research Australia 2006) and supplemented by another Tourism Research Australia publication, Tropical North 
Queensland—A Tourism Case Study (Collins, Hossain, Barry & Lubuwa 2006). 
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Among the five tourism destinations, Tropical North Queensland is a more popular and larger destination 
than the other regions. Thus, more attention has been paid to differentiate it from the rest in making projections. 
There are two reasons why forecasts from Tourism Research Australia were taken as the reference case. First, 
because Forecast by Tourism Research Australia was done in 2006, before the 2008 financial crisis, this could 
be seen to present a healthy potential development path, or ‘business as usual’ for tourism activity. However, as 
a part of their sensitivity analysis, Tourism Research Australia happened to set a path that took into account the 
effects of economic disturbances. This broadly coincided with the financial crisis. It was not a prediction of the 
current financial crisis, but rather a hypothetical testing to see how the projection reacted to disturbance. 
Although this climate change project does not particularly take the current financial crisis into consideration, it 
seems reasonable to assume that the disturbance will set a different path of tourism projection compared to 
otherwise. Although it cannot be said that Tourism Research Australia’s Forecast was not influenced by climate 
change factors, it is clear that climate change factors were not present as direct drivers in their forecasts. It was 
thus concluded that the Tourism Research Australia forecasts were suitable for the base case. 

There are so many different types of numbers related to tourism activity: number of visitors, visitor 
expenditure, tourism consumption, tourism economic value, visitor nights and so on. The number of visitors is 
not a good indicator of economic activity and impact as, given the same number of visitors, the length of their 
stay can vary, which will subsequently affect tourism contribution to the economy. Other measures, such as 
tourism consumption, tourism economic value or tourism expenditure, are based on the number of visitor nights 
and a price factor, which can vary year after year. CGE models differentiate movements between quantity and 
nominal variables. Imposing movements of a dollar-value variable on a CGE model with incompatible price 
levels will distort the analysis. In this project, tourism projection is based on the number of visitor nights in order 
to determine demand for goods and services by tourists in quantity terms, and price movements are determined 
by the model. 

The forecast for domestic visitor nights predicted growth of 0.5% on an annual average basis between 2005 
and 2015. This forecast came out after the large fall in domestic visit nights in 2005 by 7%. Tourism Research 
Australia indicated that domestic overnight travelling would have to face intensifying competitive pressure from 
consumption of other goods and services. In addition, petrol prices would play an important role in determining 
tourism activity, as it was argued that petrol prices would reduce consumer income available for discretionary 
spending. 

Looking back at the overall performance of the Tropical North Queensland region, Collins et al. (2006) 
showed that domestic overnight visitors over the period 1998 – 2004 increased by 4.3% on an annual average 
basis. This calculation was extended over the whole period 1998 – 2007, and it was found that the annual 
average growth was 2.3%, corresponding with an increase of 1.84% in visitor nights. In comparison, the annual 
average growth rate of Tropical North Queensland has been consistently higher than all other regions.  

Calculations of the annual average growth rates of domestic visitor nights at the state level show small 
negative growth rates for New South Wales, Victoria and South Australia, while other states had very small 
increases (Queensland was the highest) over the same period 1998 – 2007, resulting in a 0.2% decline at the 
national level. But if recent years only are looked at (2005 – 2007), there was a small increase in the annual 
average growth by 2.3% at the national level. So, given weaker economic conditions in the years ahead, the 
forecast of 0.5% on average over 2005 – 2015 is seen as plausible. Consequently, 0.5% was set as the growth 
rate for all four small tourism regions, while Tropical North Queensland is projected to grow at a higher rate of 
1.84%, for all three reference periods. 

The inbound tourism arrivals are projected more optimistically in the Tourism Research Australia forecasts, 
with the number of overseas arrivals to increase by 4.3% on an annual average basis, ‘given an assumed 
weakening of both the Australian dollar and world crude oil prices along with a modest expansion of aviation 
capacity’ (Tourism Research Australia 2006: 9). The Tourism Research Australia (2006) Forecast also foresaw 
more competitive pressure for inbound tourism from the expansion of low cost carriers among Asian countries. 
In their sensitivity analysis, Forecast conducted two scenarios in which their model had to respond to two cases: 
a single-shock case (occurring in 2009) and a double-shock case (in 2009 and 2013) during the forecasting 
period. Their annual average inbound arrival forecast is reduced to 3.7% in the one-shock scenario; and 1.5% in 
the other. 

Both hypothetical shocks assume an exogenous reduction in arrivals at some point in the forecasting period, 
and the purpose of the analysis was to test the new level of arrival growth when returning to the trajectory. Both 
shocks were at the same magnitude of the impact of the 9/11 event, but at different timing (Tourism Research 
Australia 2006: 12). It appears that the sum of the two shocks comes close to the impact of the earlier Asian 
financial crisis. Although the extent to which the current crisis will impact on the number of arrivals is unknown, 
the annual average growth of arrivals in the two-shock forecast case is taken as input into the inbound projection. 
It is acknowledged that because the main countries of origin of overseas visitors to Australia include Japan, the 
United Kingdom and the United States of America, taking the magnitude of the Asian financial crisis as a proxy 
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might underestimate the shift in tourism trends in the current global crisis, particularly in relation to visitors from 
the United States. But at least this provides an informative figure that can be used to set a more realistic than 
otherwise. 

Using Tourism Research Australia data, ratios of growth rates between visitor nights to arrivals for all 
regions were derived in order to convert the projected arrival growth rate into the visitor night growth rate. It was 
found that those ratios are different across regions, but broadly the same at the state level. On average, the ratio 
is two, meaning that a 1% increase in arrivals leads to a 2% increase in visitor nights. It is beyond the scope of 
this study to come up with a more comprehensive projection of visitor nights at the sub-state level. The average 
ratio was adopted to derive the annual average growth of inbound visitor nights equal to 3% (i.e. 2x1.5%) and 
this was applied to all five regions. It may be noticed that the ratio of growth in arrivals to growth in visitor 
nights for inbound tourism is very different from the ratio of growth in domestic overnight trips to visitor nights, 
because overseas tourists tend to have a longer stay than domestic visitors, and, more importantly, because the 
number of overseas visitor nights come off a smaller base than the number of domestic visitor nights. A small 
increase in the number of nights for overseas visitors can thus result in higher growth than is the case for 
domestic visitors. 

Climate change effects (key drivers in simulation 2) 
It is important to note that this modelling section does not incorporate the costs and benefits of the mitigated 
conditions on the economy in the current analysis. The purpose of this scenario is to measure the likely impacts 
of climate change on the economy. Thus, in this scenario the findings of the Garnaut Review are imposed as 
inputs directly onto TERM-TOUR. These inputs include a wide range of climate change effects on domestic 
industries obtained from Economic Modelling Technical Paper 4 (Garnaut 2008). These effects are mainly the 
extra costs incurred by the industries from the climate change conditions. The Review considered five scenarios 
of climate change conditions: median non-mitigation, extreme dry non-mitigation, mitigation to 550 ppm, 
mitigation to 450 ppm, and mitigation to 550 ppm under extreme drying. The present analysis is within the 
assumption of the median non-mitigation scenario. Thus, all data in this section were derived strictly from the 
median non-mitigation scenario. 

Technical Paper 4 covered four affected areas:  

10. Primary (agriculture) production;  
11. Critical infrastructure;  
12. Human health; and  
13. Tropical cyclones.  

While data reported for the primary production and critical infrastructure are in a form which can be readily 
adapted for the present modelling task, data for human health and tropical cyclones are not, and it is unclear how 
these data were derived. 

The human health section focused on the following main areas: bacterial gastroenteritis, dengue fever and 
heat related mortality and hospitalisation. The projection of health expenditure is driven by the projected 
population growth and the estimated costs associated with each problem. It appears that the increase in health 
expenditure is driven mainly by the change in population growth assumption. Climate change effects thus play 
only a marginal role in the increase of health expenditure.  

Tropical cyclones are assumed to affect the life expectancy of private and commercial buildings as well as 
the cost of maintaining property, but the estimated costs are relatively insignificant, as reported in the technical 
paper. 

Although it would be ideal to have all four areas incorporated in the unmitigated scenario of our analysis, our 
judgment at this point is not to include human health and tropical cyclones, as they will make relatively little 
difference to the overall costs due to climate change effect in our analysis and it is likely to prove time 
consuming to obtain further clarification on the data. However, a useful subset of data related to human health 
that will be incorporated is the effect of climate change on labour productivity. 

Agriculture production 
Table 60 combines all effects of climate change on agriculture considered in the Review into a single table. The 
factors considered by the Review include: 

14. The likely changes to pasture production and hence livestock carrying capacity from the projected 
changes to atmospheric CO2 concentration, temperature and rainfall (see McKeon et al. 2008 for more 
information). 
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15. The likely effects on dairy production, such as increases in capital expenditure to cool dairy cattle in 
times of high heat and a shift toward capital intensive production of dairy cattle with heavy reliance on 
supplementary feedstock (Table 61). 

16. The likely effect on dry-land grains production (barley, wheat and oat crops). 
17. The likely effect adverse effect of lower rainfall and subsequently runoffs on irrigated agriculture 

(Quiggin, Adamson, Schrobback & Chambers 2008). 

Table 60: The effect of climate change on primary factor usage in agriculture by state (annual average 
growth rates) (%) 

Year New South 
Wales Victoria Queensland South 

Australia 
Northern 
Territory 

Rest of 
Australia 

2020 0.044 0.120 0.143 0.164 0.120 -0.083 

2050 0.092 0.186 0.162 0.219 0.116 0.030 

2070 0.184 0.275 0.193 0.290 0.106 0.152 
SOURCE: Derived from Tables 13, 15 – 19, Economic Modelling Paper 4, Garnaut 2008 

Table 61: Changes to usage of supplementary feedstock by dairy industry (annual average growth rates) 
(%) 

Year New South 
Wales Victoria Queensland South 

Australia 
Northern 
Territory 

Rest of 
Australia 

2020 0.002 0.022 0.002 0.005 0.000 0.003 

2050 0.002 0.022 0.002 0.005 0.000 0.003 

2070 0.002 0.021 0.002 0.005 0.000 0.003 
SOURCE: Derived from Table 14, Economic Modelling Paper 4, Garnaut 2008 

 

 It is interesting to note that the rest of Australia (ROA) in Table 60 actually has an improvement in its 
productivity3. Appendix A reproduces Table 17 of Technical Paper 4 (Garnaut 2008), which portrays results 
from Crimp et al. (2008). The Crimp et al. (2008) study indicates that higher CO2 concentration can improve 
dry-land crops. However, higher CO2 concentration is also associated with high temperature, which has an 
adverse impact on dry-land crops. Therefore, during the early stage until 2020, the level of CO2 concentration 
with less heat can improve output of dry-land crops, but further out toward 2050 and 2070, the effect of higher 
heat is to reverse the productivity. All states were estimated to have productivity improvement for dry-land 
grains, and this productivity in Western Australia was so high that, when it was combined with all other losses of 
productivity for the aggregated agriculture sector, Western Australia still had an improvement overall, while this 
type of improvement was more than offset by the loss of productivity in other states. Note that heat can 
adversely affect grain quality and subsequently grain prices in the world market. However, the price effect is not 
captured in this study as it is hard to estimate.  

Critical infrastructure 
Climate change can reduce water supply in some areas but it can also bring higher rainfall in other areas, 
changes in variability, and more storms with higher intensity. Areas likely to be affected by increased frequency 
and intensity of severe weather conditions are identified by the Review in four groups as follows: 

• Buildings in coastal settlements; 
• Electricity transmission and distribution networks; 
• Water supply infrastructure in major cities; and 
• Port infrastructure and operations. 

In coastal areas, severe storms will inflict damage on existing buildings (private and commercial), incurring 
costs to both private owners and commercial operators for upgrading and repairing damages. New buildings will 
also need to be built to higher construction standards, incurring increased costs. The costs of upgrading and 
meeting higher construction standards are presented as a loss of productivity in capital (Appendix B, Tables B1 
and B2)4 for private and commercial operators. Tables B3 and B4 in Appendix B set out the associated costs 

                                                           

3 Recall that a negative value reflects an increase in productivity. 
4 All data for this section are listed in Appendix B. 
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related to relatively more frequent demands on Construction Services to repair existing and new buildings during 
the operation or use of private and commercial buildings respectively. 

The transmission and distribution networks for electricity are even more vulnerable to weather conditions 
than buildings. With more severe storms, the networks have to be upgraded, redesigned and replaced in order to 
maintain the supply of electricity. These costs are presented in Table B5. In addition, higher operating costs for 
repair and maintenance are assumed for the industry. Tables B6, B7 and B8 present higher associated costs for 
equipment, materials and construction services in the per unit cost of the industry. 

Water supply is likely to be affected by climate change in two ways. First of all, more frequent intense storms 
can cause damage to pipeline and drainage systems. This will lead to increased maintenance costs on capital, 
equipment and construction services used in the industry. Secondly, as water becomes scarcer, it is likely that the 
water supply industry will try to source water from alternative sources, such as desalination or recycling. Such 
developments will steer the water supply industry toward greater capital and energy intensity. The additional 
capital cost to accommodate for new drainage systems is represented through the industry being more capital 
intensive in its costs per unit of output (Table B9). Higher maintenance costs are presented in Tables B10, B11 
and B12, and higher energy demand for the alternative water supply will result in higher energy use per unit cost 
of water supply, as indicated in Table B13.  

Port and water transport will face adverse impacts from severe weather, which could result in more port 
downtime, implying losses of productivity for both capital and labour. In order to facilitate the same volume 
goods for a shorter operational period, the throughput of port and water transport will have to be higher, which 
will require larger vessels and more equipment. Tables B14 to B18 summarise additional costs for water 
transport and ports under a climate effect.  

Although the impacts of climate change are not modelled on human health here, Technical Paper 4 (Garnaut 
2008) does provide some indication of broad changes to labour productivity for four industries due to heat effect. 
This approach is adopted and those labour productivity losses for those broad industries are imposed across all 
destinations in the model. 

Reduced tourism demand (key driver in simulation 3) 
This section involves one of the two most difficult tasks in this project, as there is no direct evidence of the effect 
of climate change on tourists’ responses. Any changes must be based on the researcher’s judgement. Overall, 
climate change is expected to result in a lower growth rate for tourism activity (visitor nights) as compared to the 
projection case. The difference in growth rates could be interpreted as a relative reduction in visitor nights. This 
reduction, for the five tourism regions, could be diverted to other regions in the country as alternative 
destinations. At this stage, this project does not attempt to directly capture this effect in its modelling framework.  

For the four small regions, a schedule of reductions in visitor nights of 10% (2020), 40% (2050) and 60% 
(2070) are arbitrarily assumed. However, the schedule of reduction in visitor nights in Cairns (Tropical North 
Queensland) warrants an explanation and justification, as outlined below. The reductions here are not compared 
to the current (2005) level but they are compared to the assumed business-as-usual level of visitor nights by 
2020, 2050 and 2070. Subsequently, the corresponding implied annual average growth rates were derived and 
used as shocks in simulation 3. Thus these corresponding implied growth rates (shocks) will be lower than the 
projection of visitor night growth rates, and can have negative values.    

The Tropical North Queensland tourism area is consistently among the top five Australian destinations for 
overseas visitors, and among the top 20 destinations for domestic visitors (Collins et al. 2006: iii). Tropical 
North Queensland is a well-known place internationally and domestically, due to its unique access to the Great 
Barrier Reef, which is considered to be one of the world’s most spectacular coral reef ecosystems. It is seen as 
one of the most pristine ecosystems due to low human population pressure, as compared to other countries such 
as Indonesia. 

The main threats to the Great Barrier Reef include both local and global factors (see Chapter 4). The local 
factors include water quality (increased nutrients and sediments from agriculture activities), coastal degradation, 
pollution and fishing pressure. Global climate change is believed to have caused an increase of 0.4oC in Great 
Barrier Reef water temperatures compared to 30 years ago. A higher carbon concentration also leads to ocean 
acidification. These are damaging factors to the Reef, both visually and physically (Hoegh-Guldberg & Hoegh-
Guldberg 2008). In addition, typical weather conditions in the region are expected to involve an increase in the 
number and intensity of storms, water inundation and bushfires. This is likely to cause further physical damage 
to the reef and to make conditions hotter and with higher humidity. As pointed out in Prideaux, Falco-Mammone 
and Thompson (2006), for backpackers, the weather is one of most attractive features of Cairns, but hot, wet and 
humid weather can certainly drive backpackers away. Tourists to the Tropical North Queensland region are 
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mainly coming for holidays and visiting family (perhaps indirectly for holidays as well). Table 62 shows that 
domestic visitors account for a slightly higher economic contribution to the region than do international visitors.  

Table 62: Tropical North Queensland regional expenditure profile ($million) 

 Domestic 
overnight Domestic day International 

2007a 1,545 232 1,041 
2004b 1,424 206 1,020 

SOURCE: a: Tourism Research Australia 2007; b: Collins 2006 
  

The main tourism attractions include the Great Barrier Reef, the Daintree Rainforest, the Undara Lava Tubes 
in the Gulf Savannah, seven islands around the area, Cairns Convention Centre for business activity, the Skyrail 
Rainforest Cableway between Cairns and the rainforest village of Kuranda, and experiences with indigenous 
culture (Collins et al. 2006: 8-10).  

The most popular activities international visitors participate in include snorkelling, scuba diving, tourist 
training, and exploring Aboriginal art or craft and culture displays (Collins et al. 2006: 18).  

For domestic visitors, the most popular activities include eating out in restaurants, general sightseeing, 
visiting friends and relatives, shopping, and going to the beach (Collins et al. 2006: 28). Although some visitors 
have an interest in the rainforests, the level of activity related to rainforests is not very high and rainforests do 
not seem to be a strong attraction for tourists coming to the region. 

Intrastate travellers to Tropical North Queensland account for 66% of total visitors, smaller than the 71% of 
intrastate visitors to other regions of Australia (see Chapter 4). This implies that Tropical North Queensland 
attracts more interstate visitors than all other tourism destinations in Australia (Collins et al. 2006: 23). As the 
Tropical North Queensland region is not close to the central areas of the state, such as the state capital, Brisbane, 
most intrastate overnight trips would require long-distance driving. Overall domestic overnight visitors, 
intrastate and interstate would require long vehicle or air journeys to get there. This could explain the relatively 
low level of intrastate visitors compared to other tourism areas. 

Given the great interest of international visitors in outdoor activities, mainly related to the reef, climate 
change is likely to have significant effects on the number of international visitors in the years ahead. In addition, 
given that the weather is likely to become more unfavourable for long-distance driving and uncomfortable for 
visiting family and friends, the number of domestic visitors will also be significantly affected. 

Given the rapid rate of change to the reef indicated by Hoegh-Guldberg and Hoegh-Guldberg (2008), it is 
anticipated that under the median unmitigated scenario, damage to the Great Barrier Reef will be visible by 
2020, significantly by 2050 and seriously by 2070 (see Chapter 4). As it is one of the most spectacular reefs in 
the world, the assumption is that tourists (both domestic and overseas) will make an attempt to see it before it is 
gone. Thus, in contrast to the negative forecast for the other small tourism regions, it is assumed that there will 
be an increase of 10% (cumulative) of visitor nights above the projection case level by 2020; please note that this 
is not 10% higher than the 2005 level but it is 10% higher than the level of the reference case at 2020. However, 
the forecast comes down by 40% from the level of the reference case by 2050, due to unfavourable weather 
conditions, and loss of tourist attraction, to a 60% reduction in visitor nights by 2070.  

For other regions, an arbitrary 10%, 40% and 60% reduction is adopted in 2020, 2050 and 2070 for all other 
regions and for both domestic and overseas visitor nights. Table 63 summarises tourism shocks for the reference 
case and the unmitigated cases 2020, 2050 and 2070. Appendix C explains how those shocks were calculated. 
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Table 63: Projection of tourism—annual average growth rates (%) 

Region 
Domestic visitor nights Overseas visitor nights 

Projection 
(Sims 1 & 2) 

2020 
(Sim 3)

2050 
(Sim 3)

2070 
(Sim 3)

Projection 
(Sims 1 & 2)

2020 
(Sim 3) 

2050 
(Sim 3) 

2070 
(Sim 3)

Blue Mountain 0.50 -0.20 -0.63 -0.91 3.00 2.28 1.84 1.56 
Alpine Victoria 0.50 -0.20 -0.63 -0.91 3.00 2.28 1.84 1.56 
Tropical North 
Queensland 1.84 2.49 0.69 0.41 3.00 3.66 1.84 1.56 

Barossa 0.50 -0.20 -0.63 -0.91 3.00 2.28 1.84 1.56 
Kakadu 0.50 -0.20 -0.63 -0.91 3.00 2.28 1.84 1.56 
 
 Model Closure 

A formal representation of TERM or TERM-TOUR (interchangeable here onward) in this case can be captured 
in a simple expression as below. 

F[Z1(t), Z2(t), Z(0)] = 0 

Where: Z(0) is the initial state of the economy (database values) 

  Z1(t) is the vector of values of the endogenous variables after simulation 

  Z2(t) is the vector of values of exogenous variable that are assumed in the solution  

 The choice of setting variables as exogenous or endogenous creates a closure for a simulation to be solved 
within that condition. Changes in closure will significantly change the simulation results—the values of 
endogenous variables. Exogenous variables are those that are assumed to be unchanged, or which have their 
values imposed as shocks in the simulations. The previous section provided the values for exogenous variables 
(shocks) in the reference case and the unmitigated cases that will be imposed in simulations. This section will 
explain the setting of closure in the present cases and highlight where those exogenous shocks will be introduced 
to the model (Adams & Parmenter 1995). 

Base case 
TERM is a sub-state CGE model, which has three institutional levels: national, state and local level. The 
macroeconomic closure here is set mainly at the state level, which has been already reconciled with the 
corresponding national level outside the model. As projections for gross regional product (GRP) are not 
available at the tourism destination/region sub-state level, the model will solve for GRP. Figure 57 represents the 
state macro condition. Exogenous variables are enclosed in square boxes and endogenous variables in ovals. The 
direction of the arrows indicates cause-effect relationships between variables in the closure.  

Recall that this is a long run scenario, in which the rate of return to capital is assumed to be fixed and the 
capital supply is assumed to be unconstrained (perfectly elastic) in order to satisfy the demand for capital. The 
capital supply is not explicitly linked with domestic saving, thus any increases in capital stock could come from 
either domestic or overseas sources in this model. Investment is assumed to move in line with capital stock. Real 
wages are flexible in response to labour demand, in order to allow a full employment level for a given level of 
labour supply in the economy. The exogenous GSP and the employment shocks determine the level of effective 
labour supply. Given the fixed rate of return for capital, the real wage rate is determined via the factor price 
frontier.  

Aggregate regional real household consumption is driven by the growth rate of endogenous real wages (wage 
income) and exogenous changes in the regional population growth. This implies a constant propensity to 
consume for the household sector. Aggregate regional real government consumption is assumed to grow at the 
same pace with the growth in aggregate real household consumption. International trade emerges as the residual 
in the GSP/GDP identity.  

At the sectoral level, the closure to implement the projections of the four broad aggregate sectors (agriculture, 
mining, manufacturing and services) also warrants some discussion. 
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 Figure 57: Macroeconomic closure 

 The macro projection shocks generate a conservative growth rate of around 1.5% per annum for agriculture 
(model-implied growth rate), well below the GDP growth rate due to the constraint on the supply of land, and the 
higher growth rate for mining. These growth rates are not too far from the projections for these two sectors in the 
Review. In terms of gross output, the economy is made up of 3% agriculture, 5% mining, 31% manufacturing 
and 61% all services and trade. As a result, if targets for agriculture and mining growth rates need to be imposed 
in order to achieve the growth rates indicated by the Garnaut Review, the adjustment does not significantly affect 
the rest of the economy.  

For manufacturing and services, the adjustment to achieve the targets is a real challenge. As all of the shocks 
required to replicate the base case are not available from the Garnaut Review, or cannot be implemented due to 
the lack of modelling capacity in TERM, a pragmatic approach has been adopted to build the base cases for this 
study. The reported outcomes for manufacturing and services are imposed directly onto the model. The Review 
projected manufacturing to grow at only 1.1% per annum, while the model-implied growth rate for such a large 
sector usually follows the GDP growth rates quite closely. These range from 3% for 2005 – 2020 and 2.34% 
2005 – 2007. This means the projected growth rate for manufacturing is constrained to grow at less than half of 
the model-implied GDP growth rate. 

The main reason for such a slow growth of the manufacturing sector is an increase in productivity in the 
manufacturing sector in developing countries in the second half of the century. Consequently, Australian 
manufacturing will lose export demand from the world market. Such a slow-down in manufacturing sector 
output is modelled directly by an endogenous downward shift in export demand. This will show real pressure on 
the household sector. First of all, the manufacturing sector reduces its demand for labour and capital due to lower 
production. The amounts of labour and capital released by manufacturing subsequently make primary inputs 
available to other sectors at a cheaper cost, thus enhancing other sectors’ competitiveness in the world market for 
more exports. But the stronger growth of exports implies a decline in the terms of trade, meaning cheaper export 
prices result in Australia having to export more to pay for the same amount of imports, leading to a significant 
reduction in household wage income. Thus, household consumption does not increase in this scenario, an 
unrealistic outcome for the base case. To counter the effect of a decline in the terms of trade, shocks were 
applied to limit the increase in exports of other sectors. A slightly different approach was adopted to model the 
mining sectoral output growth. This was modelled as experiencing lower productivity in its primary inputs, 
reflecting an assumption of the higher cost of extraction in the longer term.  

However, it was felt that the exact growth of 1.1% for the manufacturing sector is too much for the 
adjustment in a comparative static framework, as in fact exports of agriculture are enhanced more than expected. 
As 2070 is in the middle of the second half of the century and the economy still has more than two decades to 
adjust, it seems that a growth rate of 1.4% is all a comparative static model can cope with during this adjustment. 
This explains the assumption of the growth rate for the sector. 
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It is the adjustment of the manufacturing sector that attracts the most effort in the task to set up the base case, 
and which is the most difficult task in this exercise. The initial share of manufacturing in the economy is large, 
and the adjustment required is also significant. Thus, the interaction between manufacturing and other sectors is 
hard to control. It is also this adjustment that makes a comparative static CGE model generate very different 
results from a dynamic model, which is able to carry out the adjustment incrementally and update the database 
for the subsequent year. A dynamic TERM could have addressed this problem better. An alternative approach 
could be to create a new database that already has the right size for manufacturing, so that the slow projection 
growth of the sector does not create such a large effect on resource relocation in the economy.  

A Brief Account on Economic Structure of Regional Economies 

Before simulation results are looked at, it is important to know the relative significance of all industries as well 
as the two tourism sectors (dtour and etour) in each tourism destination. Table 64 shows output shares5 for all 
regions. These outputs are consumed by all regions including own region, other regions in Australia and 
overseas export. As noted, only the five tourism destinations have their tourism sectors modelled explicitly, all of 
the corresponding regions in the rest of the state do not have tourism shares. The tourism shares in these 
corresponding regions are included among the conventional commodities in the column. Data from Table 64 
indicates that tourism activity of domestic tourists plays a more important role than tourism activity of overseas 
tourists (hereafter domestic tourism and overseas tourism) for all regions. The Alpine region relies significantly 
on tourism, and more specifically on domestic tourism (25%). As expected, Barossa has a large output share 
(23%) for their wine industry (food and drink), but the tourism sector in the Barossa region is not large in the 
local economy (4%). The Tropical North Queensland region has an even distribution of industries in its 
economy, the most significant of which is the ‘construction’ industry, which is consumed mainly within the 
region. Both domestic and overseas tourism are equally important to the Tropical North Queensland region, their 
shares are broadly the same. Taking both of them together, Tropical North Queensland also relies heavily on 
tourism, approximately 13% of the total output of the region, well above the shares of all other industries in the 
region. 

Also, it should be useful to know that the tourism sector is made up of ‘food and drink’; ‘textile, clothing, 
footwear, and leather products’; fuel; retail; restaurant and accommodation; road transport; air transport; 
business services; and entertainment. Only the first three industries have approximately a 1:1 ratio between 
labour and capital. The rest of these industries are very labour intensive, and a larger share of tourism 
expenditure is spent in this labour intensive group. Tourism can thus be regarded as a labour intensive sector. 

                                                           

5 These are measured at basic price; margin and tax are not included. 
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Table 64: Industry output shares by origin region 

Industry  
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1 Agricultr 0.017 0.021 0.095 0.032 0.058 0.046 0.105 0.056 0.008 0.024 0.038 

2 CoalOilGas 0.016 0.013 0 0.008 0.002 0.068 0 0.01 0.091 0.015 0.055 

3 OtherMining 0.007 0.005 0.004 0.004 0.038 0.025 0.008 0.012 0.558 0.199 0.092 

4 FoodDrink 0.042 0.047 0.092 0.058 0.046 0.042 0.23 0.063 0.002 0.005 0.031 

5 TCFLeatherWd 0.039 0.036 0.051 0.043 0.012 0.021 0.025 0.035 0 0.005 0.02 

6 PetrolCoalP 0.017 0.013 0 0.016 0.002 0.011 0.005 0.005 0 0 0.011 

7 OthNMetalPrd 0.051 0.033 0.009 0.04 0.008 0.022 0.046 0.034 0 0.006 0.022 

8 Metal 0.057 0.04 0.014 0.039 0.051 0.053 0.03 0.054 0.001 0.059 0.053 

9 EquipMachine 0.051 0.04 0.008 0.07 0.016 0.036 0.084 0.095 0 0.017 0.029 

10 Utility 0.028 0.022 0.024 0.025 0.012 0.021 0.015 0.025 0.002 0.011 0.024 

11 Construction 0.125 0.104 0.072 0.099 0.111 0.128 0.078 0.09 0.023 0.114 0.124 

12 Wholesale 0.006 0.007 0.002 0.009 0.005 0.006 0.005 0.007 0.007 0.024 0.013 

13 Retail 0.025 0.023 0.045 0.022 0.033 0.026 0.02 0.023 0.008 0.019 0.02 

14 RestAccomdtn 0.029 0.03 0.065 0.02 0.058 0.037 0.018 0.025 0.029 0.038 0.021 

15 OthTransPort 0.015 0.012 0.006 0.012 0.016 0.013 0.012 0.011 0.001 0.008 0.01 

16 AirTrans 0.005 0.013 0.001 0.008 0.022 0.01 0.001 0.006 0.006 0.018 0.008 

17 TransprtSrvc 0.044 0.049 0.016 0.056 0.049 0.047 0.023 0.046 0.011 0.04 0.044 

18 BankFinance 0.054 0.084 0.012 0.063 0.022 0.042 0.017 0.048 0.002 0.025 0.035 

19 OwnerDwellng 0.057 0.059 0.036 0.052 0.044 0.054 0.048 0.055 0.064 0.066 0.045 

20 BusnsService 0.131 0.187 0.098 0.169 0.101 0.13 0.071 0.121 0.017 0.11 0.135 

21 GovDef 0.055 0.041 0.015 0.03 0.064 0.046 0.025 0.041 0.033 0.079 0.063 

22 Education 0.034 0.032 0.023 0.036 0.027 0.031 0.027 0.037 0.011 0.029 0.027 

23 HealthComSer 0.04 0.041 0.03 0.043 0.037 0.042 0.03 0.051 0.022 0.038 0.04 

24 Entertainmen 0.026 0.028 0.017 0.029 0.018 0.02 0.021 0.025 0.003 0.029 0.023 

25 OthServices 0.018 0.02 0.008 0.019 0.018 0.024 0.015 0.025 0.018 0.02 0.02 

26 DTOUR 0.010 0 0.250 0 0.076 0 0.038 0 0.062 0 0 

27 ETOUR 0.001 0 0.006 0 0.054 0 0.001 0 0.02 0 0 

Total 1 1 1 1 1 1 1 1 1 1 1 
SOURCE: TERM database and TRA unpublished data 

Simulation Results 

Although most of inputs for this modelling exercise were taken from the Garnaut Review, results in this project 
are not directly comparable with results from the Garnaut Review. This is mainly because the mechanisms of 
MMRF and TERM are not the same, as highlighted earlier in this report, but also because of the use in this 
project of a comparative static framework as compared to the dynamic system of MMRF used in the Review 
leading to the concept of time span between the present results and the Review’s results being not strictly 
compatible.  

Care must be taken when interpreting results, as they are presented in two different forms: (a) per cent 
change as an annual average growth, and (b) percentage point change deviation from the base case. Results in 
the base case are often presented in the form of annual average growth rates, e.g. over the period 2005 – 2070, 
GDP is projected to grow at an average rate of 2.34% per annum. Results for the impacts, however, are often 
presented as percentage point change deviations from the base case, e.g. the climate change effect lowers GDP 
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by 0.043 percentage points which means that GDP grows by 2.297% per annum. Recall that all shocks were 
measured in annual average growth rates over a time period. Results in this report present the typical year 
results, representing the same outcome for all years in the time period being examined.  

In the following, an explanation is built briefly from the simulation 1, to the climate change effect case6, and 
finally the impact of reduced tourism demand case7.  

 

 Simulation 1 result (projection case) 
Table 65 shows some selective macro projections for all levels. In all three base cases, the main pressure was 
from the reduction in manufacturing output and exports. The reduction in exports, as well as output of 
manufacturing, has induced other industries to expand their exports, particularly the services sectors. The decline 
in manufacturing exports reflects the way a decline is modelled in the terms of trade indirectly8, which means 
that export price is falling relatively to import price. The effect of this decline in the terms of trade affects the 
ability of Australians to pay for imported goods: Australia must export more in order to pay for the same level of 
imports, thereby limiting household consumption. Thus household consumption (row 1) is projected to grow at a 
lower rate than exports (row 4) and GDP/GSP/GRP (row 6) in all cases. At the same time, import volumes (row 
5) grow slower than GDP/GSP/GRP and household consumption, because domestic consumers substitute toward 
cheaper, domestically produced goods.  

                                                           

6 The results here are derived as indicated in Box B in Figure 1 (Sim2 minus sim 1). 
7 Similarly, the results here are derived as indicated in Box C in Figure 1 (Box A minus Box B). 
8 As we do not have enough inputs from the Garnaut Review regarding the position of the export schedule in the world 
market, the focus is more on controlling overseas exports to reflect movements of the terms of trade. 
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Table 65: Projections of selective macro variables (%) 
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2005 – 2020 

1 Real household 
consumption 2.76 2.56 2.66 2.66 2.05 2.78 2.78 2.32 2.96 2.93 2.29 2.33 2.33 2.55 2.69 2.69 2.99 

2 Real investment 3.04 2.73 2.81 2.81 2.34 2.98 2.97 2.91 3.38 3.36 2.45 2.49 2.49 3.10 3.12 3.12 3.33 

3 Real government 
consumption 2.77 2.56 2.66 2.66 2.05 2.78 2.78 2.32 2.96 2.91 2.29 2.33 2.33 2.55 2.69 2.68 2.99 

4 Export volume 3.16 3.34 2.84 2.85 3.59 2.77 2.78 3.33 3.66 3.64 3.45 2.36 2.37 3.37 3.71 3.70 3.40 

5 Import volume used 2.44 2.08 2.23 2.22 1.46 2.41 2.40 2.42 2.79 2.76 1.83 1.95 1.95 2.15 2.80 2.78 2.75 

6 Real GDP/GSP/GRP 2.99 2.69 2.74 2.73 2.43 2.93 2.93 3.22 3.41 3.40 2.30 2.37 2.37 3.18 3.30 3.30 3.33 

7 Aggregate 
employment 1.33 1.08 1.13 1.13 0.95 1.31 1.31 1.38 1.70 1.68 0.83 0.85 0.85 1.38 1.45 1.44 1.59 

8 Average real wage 1.06 1.09 1.15 1.14 0.73 1.09 1.09 0.56 0.88 0.86 1.08 1.10 1.10 0.79 0.86 0.86 1.02 

9 Aggregate capital 
stock 3.02 2.68 2.77 2.77 2.41 2.94 2.94 2.97 3.43 3.41 2.37 2.45 2.44 3.10 3.14 3.13 3.31 

2005 – 2050 

1 Real household 
consumption 2.16 2.00 2.16 2.15 1.56 2.06 2.06 2.19 2.41 2.40 1.48 1.42 1.42 3.24 2.78 2.79 2.37 

2 Real investment 2.63 2.18 2.36 2.35 1.89 2.33 2.33 2.75 3.06 3.04 1.77 1.84 1.83 3.61 3.16 3.18 3.20 

3 Real government 
consumption 2.17 2.00 2.16 2.15 1.56 2.06 2.06 2.19 2.41 2.39 1.48 1.42 1.42 3.24 2.78 2.79 2.37 

4 Export volume 2.23 11.22 3.04 3.15 8.14 2.25 2.26 4.20 2.59 2.67 10.98 0.47 0.50 5.74 2.18 2.21 1.43 

5 Import volume used 1.40 1.10 1.31 1.30 0.58 1.33 1.33 1.76 1.77 1.77 0.76 0.70 0.71 1.55 1.96 1.95 1.59 

6 Real GDP/GSP/GRP 2.47 2.24 2.36 2.36 2.08 2.40 2.40 2.96 2.84 2.84 1.78 1.81 1.81 1.99 2.83 2.79 2.58 

7 Aggregate 
employment 1.02 0.85 0.93 0.92 0.69 0.94 0.94 1.28 1.39 1.38 0.39 0.36 0.37 1.81 1.58 1.58 1.19 

8 Average real wage 0.44 0.45 0.53 0.53 0.17 0.42 0.42 0.21 0.32 0.31 0.39 0.36 0.36 0.72 0.49 0.50 0.47 

9 Aggregate capital 
stock 2.63 2.13 2.29 2.28 1.90 2.26 2.26 2.68 3.22 3.20 1.61 1.79 1.78 3.69 3.31 3.34 3.29 

2005 – 2070 

1 Real household 
consumption 2.04 1.92 2.03 2.03 1.54 1.93 1.93 2.23 2.28 2.28 1.42 1.31 1.32 3.39 2.80 2.82 2.26 

2 Real investment 2.54 2.13 2.28 2.27 1.90 2.23 2.23 2.75 2.93 2.92 1.72 1.76 1.76 3.65 3.16 3.18 3.11 

3 Real government 
consumption 2.05 1.92 2.03 2.03 1.54 1.93 1.93 2.23 2.28 2.28 1.42 1.31 1.32 3.39 2.80 2.82 2.26 

4 Export volume 2.02 10.90 2.89 3.00 7.89 2.06 2.06 3.96 2.33 2.41 10.57 0.23 0.26 5.53 1.86 1.90 1.23 

5 Import volume used 1.23 1.00 1.15 1.14 0.52 1.17 1.17 1.62 1.56 1.57 0.66 0.57 0.57 1.57 1.83 1.82 1.40 

6 Real GDP/GSP/GRP 2.35 2.18 2.27 2.26 2.03 2.29 2.29 2.86 2.67 2.68 1.70 1.70 1.70 2.01 2.78 2.75 2.45 

7 Aggregate 
employment 0.92 0.79 0.85 0.85 0.64 0.84 0.84 1.22 1.25 1.25 0.31 0.26 0.26 1.83 1.54 1.55 1.07 

8 Average real wage 0.43 0.43 0.49 0.49 0.21 0.40 0.40 0.31 0.34 0.34 0.42 0.37 0.37 0.85 0.56 0.57 0.50 

9 Aggregate capital 
stock 2.52 2.07 2.19 2.19 1.87 2.16 2.16 2.64 3.07 3.05 1.53 1.69 1.69 3.76 3.34 3.36 3.19 

NOTE: Underlined values are shocks 
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One way to understand the effect of the decline in the terms of trade is to compare the movements in average real 
wages over the three time periods in Figure 58. It is the terms of trade effect that forces real wages to become 
relatively cheaper for more exports.  

Figure 58: Movements of real average wage rates (average annual per cent) 

At the sectoral level, as mining is projected to grow relatively faster than GDP, and mining is a capital 
intensive sector, this makes the economy more capital intensive. Capital stock (row 9) grows at a faster rate than 
GDP (row 6) for all periods. Over time, the economy becomes more capital intensive9 as the reduction in 
manufacturing output, particularly metal and metal products, redirects resources to the mining sector. The larger 
the share of the mining sector in the economy, the more capital it will require. Figure 59 illustrates the relative 
movements of capital, labour and GDP at the national level. Similar changes are also found for all regions. 
However, among all states, Queensland and the rest of Australia (mainly Western Australia) are the states that 
require the most capital growth, as both of them have larger shares of ‘coal oil and gas’ and ‘other mining’ 
compared to all other states. As a result, the growth in mining explains why these two states have relatively 
stronger GSP growth rates than others, while other states do not require capital to grow as fast as their GSP 
growth rates.  

Figure 59: Relative movements of labour, capital and GDP growth rates (%)  

The underlying assumption of increasing world market competition is shown clearly over the three base 
cases: the longer the timeframe, the closer the catching-up of developing countries in their productivity growth, 
and the larger the loss of Australia’s competitiveness. Thus, growth slows down on an annual average basis as 
the economy is projected further into the future. At the same time, the composition of GDP from the expenditure 
side also changes, as illustrated in Figure 60. Note that national GDP is determined by the GSP shocks imposed 
on the model over each time period, and subsequently the components of GDP are determined in the simulations. 

                                                           

9 Capital grows at a relatively faster rate than employment and GDP over time.  
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In the period 2005 – 2020, GSP projections are relatively stronger than the other two time periods, subsequently 
generating stronger GDP components than in the other two periods (see Table 65 for GSP projections). 

Figure 60: Compositional changes of national GDP components (average annual per cent) 

In the first 2005 – 2020 period, state populations are projected to grow much more slowly than GSP growth 
projections; real wages are affected by the decline in the terms of trade, and projected to grow modestly. As a 
result, projections for household consumption in all states are relatively slower than GSP projections. As a 
residual, exports are projected to grow relatively faster than household consumption and investment within the 
period (also faster than government consumption—which is not shown in Figure 60). However, over the other 
two periods, the capital growth requirement is much stronger, due to higher demand for capital from capital 
intensive sectors in the economy; consequently, investment growth becomes an increasingly important driver of 
growth in GDP. Therefore, export growth is reduced and replaced by stronger investment growth in 2005 – 2050 
and 2005 – 2070.  

In the 2005 – 2020 base case, no restriction was applied on sectoral output growth for two reasons: (a) to 
reflect the fact that the timeframe is still too short for other developing countries to catch up, and (b) to show the 
structure of model-implied growth rates as a benchmark for comparing changes when growth restriction is 
applied in the other two time periods. 

While the changes in this pattern of GDP components over the three time periods are very similar for nearly 
all rest of state regions10, particularly the rest of Queensland and the rest of Australia (mainly Western Australia) 
as these two regions are very strong in mining export. However, for the rest of New South Wales, the pattern 
does not change over time. Here, investment growth is not emerging as a prominent driver of growth because of 
the economic structure of the region. The rest of New South Wales is a strong exporting region of almost all 
goods and services. Among its exports, mining is not disproportionately significant compared to services and 
manufacturing, thus the rest of New South Wales region continues to export less capital intensive goods and 
services in both of the periods 2005 – 2020 and 2005 – 2070. As a result, export growth is strong, while the 
requirement for capital is not so strong in stimulating investment as in the other main state regions. 

It is interesting to note that most tourism destinations have relatively weaker growth rates compared to the 
corresponding rest of the state (Figure 61). The main reason is that for these tourism destinations, services such 
as communication, finance and business services tend not to be as large as is the case in the corresponding rest of 
state regions. In most cases, these services are involved in interstate linkages between larger cities. As the 
economy grows, the large city regions tend to exchange their services directly with each other, and to some 
extent the large city regions also provide those services to smaller regions. Altogether, this will stimulate growth 
in large city regions more than in often less economically developed tourism destinations. 

The pattern of growth over the period 2005 – 2020 in Figure 61 is similar to other time periods, except that in 
other periods the Tropical North Queensland actually grows relatively faster than the rest of Queensland. The 
main reason for this is the fact that while growth in Queensland GSP is projected to slow, steady growth of the 
tourism sectors in the Tropical North Queensland is maintained. In addition, Tropical North Queensland’s shares 
of the communication, finance and business services are rather similar to those in the rest of Queensland region. 

                                                           

10 Including rest of New South Wales, rest of Victoria, rest of Queensland, rest of South Australia, rest of Northern Territory 
and rest of Australia  
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Increases in exports of these sectors further enhance the region’s growth at a relatively higher rate than for the 
rest of Queensland region in 2005 – 2050 and 2005 – 2070. 

Figure 61: GDP and GRP projections of tourism and non-tourism regions 2005 – 2020 (average annual 
per cent) 

Net climate change impacts  
Table 66 shows the climate change effects for each of the three cases. In this table, results are presented as 
percentage point change deviation from the base case. It is important to remember that a negative value for the 
percentage point deviation does not necessarily mean a reduction—rather it means that under the effects of 
climate change, the variables increase to a lesser extent compared to the base case. In this simulation, denoted as 
simulation 2 in Figure 54, the climate change shocks are being implemented on to the economy. Note that the 
base case (sim 1) and this climate change simulation (sim 2) both have the same projections for the two tourism 
sectors. However, apart from the climate change shocks, this simulation also includes explicitly the output 
targets for two industries for which the original shocks from the Garnaut Review were not able to be obtained, 
namely ‘coal oil and gas’ and ‘other mining’. The Economic Modelling Technical Paper 5 (Garnaut 2008: 11) 
indicated that, due to lower demand for these mining sectors from the world market, coal output is projected to 
decline by 8% and ‘other mining’ by 13% by 2100 relative to the base case. The same percentage of reduction 
relative to the base case is applied for these two mining industries in both 2005 – 2050 and 2005 – 2070.  

Figure 62: Climate change impacts—GSP percentage change deviation from the base case (%) 
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The nature of the climate change shocks is to impose losses of productivity of labour and capital, and 
technological changes of selective intermediate inputs, mostly lower productivity due to climate change 
conditions. As expected, the impacts of such changes will adversely impact on all states of Australia. Figure 62 
illustrates the distribution of impacts across all states measured by net GSP growth rates between the climate 
change and the base case scenarios. 

The patterns of impacts are different over time periods and across regions. First of all, over the next decade 
the impacts are not very strong. The impacts become stronger over the longer periods into the second half of the 
century. The difference of impacts between 2005 – 2020 and the other two time periods is mainly due to the 
constraint imposed by mining output that was applied in simulation 2. As the mining sector (Table 64) is a major 
industry in the Northern Territory (mainly exported to New South Wales) and is an important overseas export 
component of Queensland and the rest of Australia region (Western Australia), these three regions are the most 
affected ones over the 2005 – 2050 and 2005 – 2070 periods, in which mining output is projected to reduce. The 
impact on the Northern Territory is relatively stronger than for all other regions, particularly in 2005 – 2070.  

In the period 2005 – 2020, there are no restrictions on sectoral growth and export volume. Climate change 
simply imposes a loss of productivity on capital in the electricity, water supply, dwellings and business services 
industries, which are in the group of medium to very high capital intensive sectors. In particular, dwellings is 
such a large industry in all regional economies that the requirement for capital is relatively higher than in the 
base case for all regions (Table 66, row 9), making all regions more capital intensive.  

As the requirement of capital stock is relatively more intensive in 2005 – 2020, the pattern of strong growth 
in investment that was encountered previously has been enhanced further over this period under the effect of 
climate change. Investment becomes a strong driver of growth in all regions except South Australia, leading to 
lower growth rates for exports, particularly from non-tourism regions (Table 66, row 4).  

With the climate change effect alone, South Australia is the most affected region within the period 2005 – 
2020, as can be seen from Figure 62. Compared to all other regions, agriculture in South Australia is the most 
vulnerable to climate change. Thus, loss of productivity in agriculture pushes up the cost of agriculture 
production slightly. In addition, technological change (Table 55) indicates that ‘food and drinks’ as an 
intermediate input is required more by domestic industries. This creates an upward demand for the domestic 
market, which raises the price of ‘food and drinks’ in the climate change scenario relative to the base case, a very 
similar result to agriculture. As a result, both of these commodities become more expensive for the overseas 
market. Hence, South Australia loses export volume of both agriculture and ‘food and drinks’, two of four 
significant export products for South Australia. As South Australia is changing its industry structure, moving 
away from capital intensive sectors such as mining, its requirement for capital is less strong and therefore the 
investment growth it requires is lower in the climate change case than in the base case.  

Overall, the loss of productivity across labour and capital due to climate change has resulted in higher costs 
of production, which subsequently reduces domestic demand for goods and services as well export demand. 
Industries have lower output growth rates relative to the base case and thus reduced demand for labour. 
Unfortunately these industries are the labour intensive ones in the services sector. Under the assumption of full 
employment, a lower demand for labour is reflected by lower wage rates. Thus the impact of climate change 
tends to fall on labour income earners more than those that receive income from investment. Coupled with the 
fact that the TERM model only uses wage income to drive household consumption, the impact on household 
consumption is more pronounced across the three time periods: household consumption under the climate 
change effect grows less than the growth rate of household consumption in the base case, as well as below the 
growth rates of GDP/GSP/GRP. This can be seen more clearly in the 2005 – 2050 and 2005 – 2070 periods, 
where the effect of climate change and the effect of the decline in the terms of trade are becoming more severe. 
Figure 63 illustrates real wage, household consumption and GDP growth rates for all three time periods and 
provides a comparison of the climate change effects across time. As the chart indicates, while the GSP growth 
rates are becoming smaller from one time period to the next, the absolute difference between household 
consumption growth and GSP growth is also widening.  

In 2005 – 2020, the assumption of no catching-up of productivity growth from the developing countries 
implies no external forces, such as lower export demand, to suppress the output levels of any sectors. The model 
thus adjusts only slightly to the climate change effect with limited supplies of slack resources that can be 
diverted among sectors in the economy. Among those sectors where export growth rates fall below the base case 
are agriculture (most severe), ‘coal oil and gas’, and ‘food and drinks’. These are nearly offset by higher export 
growth rates from the services and manufacturing sectors, which results in only a marginal reduction to 
aggregate regional exports relative to the base case for all regions. 
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Figure 63: Labour income effect on household consumption—simple comparison across all time periods 

For the other two periods (2005 – 2050 and 2005 – 2070), the additional exogenous constraints on mining 
output growth due to lower world demand will initially divert resources to the services sector, and subsequently 
allow more room for services and some of the manufacturing industries such as ‘metal and metal products’ to 
expand their exports. As a result, regions with relatively large shares of mining will suffer from the loss of 
mining production as well as mining exports overseas. These include the rest of Queensland and the rest of 
Australia. In contrast, regions with relatively more significant shares of services and manufacturing, rather than 
mining, will experience an increase in their export volumes, which are greater under the climate change effect 
compared to the base case. However, as the pressure from the decline in the terms of trade exists during these 
two periods, higher export volumes do not translate into more income for Australians. Household consumption 
in all regions continues to be weaker than the base case, as indicated by Figure 63, or row 1 in Table 66.  

The pattern of exports for all sectors is consistent with the export paths illustrated in Figure 1.2 in Modelling 
Technical Paper 5 of the Review (Garnaut 2008: 11). Furthermore, the effect of the decline in the terms of trade 
indicates that imported goods in the climate change scenarios are more expensive than domestically produced 
goods; subsequently import volume (row 5) is reduced relative to the base cases, as domestic consumers 
substitute cheaper domestically produced goods for imports. Note that in the Garnaut Review, movements in the 
terms of trade were modelled to decline over 2005 – 2020, and started to improve beyond 2020, getting back to 
their 2005 level by 2100. In the comparative static framework, the annual average still captures values in 
previous years, thus there cannot be a close to zero effect of the terms of trade by 2070 in the 2005 – 2070 period 
as indicated by the terms of trade path in the Garnaut Review (Economic Modelling Technical Paper 3, Garnaut 
2008: 15). 

In these last two periods, the capital stock is reduced far more than GDP reduction. The main reason is that, 
in the base case, the economy has become more capital intensive due to changes in the composition of industries 
in the economy. Therefore, when GDP/GSP/GRP declines, particularly because of a shrinking mining sector, the 
percentage of capital stock would be released more rapidly than the fall of GDP/GSP/GRP growth rates. Note 
that the increase in exports of the services sector is not strong enough to offset the loss of productivity generated 
by climate change. Thus, the movements of real wages can be attributable to two factors. The first is the overall 
lower output level for sectors such as business services, which is relatively labour intensive. The lower demand 
for labour by the services sector is reflected in lower wage rates in the full employment assumption. Secondly, 
capital is now more readily available, thus more strongly growing industries will substitute toward capital rather 
than labour. Overall, a strong reduction in labour demand results in a large movement of the wage rate. 
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Table 66: Climate change effects—percentage point change deviation from simulation 1 
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2005 – 2020 

1 Real household 
consumption -0.02 -0.02 -0.02 -0.02 -0.02 -0.01 -0.01 -0.04 -0.03 -0.03 -0.05 -0.06 -0.05 -0.04 -0.04 -0.04 -0.02

2 Real investment 0.01 0.02 0.02 0.02 0.00 0.01 0.01 0.00 0.01 0.01 -0.01 -0.02 -0.02 0.00 0.00 0.00 0.01

3 Real government 
consumption -0.02 -0.02 -0.02 -0.02 -0.02 -0.01 -0.01 -0.04 -0.03 -0.03 -0.05 -0.06 -0.05 -0.04 -0.04 -0.04 -0.02

4 Export volume -0.01 0.00 -0.01 -0.01 0.00 -0.02 -0.02 0.00 0.00 0.00 0.02 -0.02 -0.02 0.00 -0.01 -0.01 0.00

5 Import volume 
used 0.00 0.00 0.00 0.00 -0.01 0.00 0.00 -0.01 -0.01 -0.01 -0.02 -0.02 -0.02 -0.01 -0.01 -0.01 0.00

6 Real 
GDP/GSP/GRP -0.02 -0.01 -0.01 -0.01 -0.03 -0.01 -0.01 -0.03 -0.02 -0.02 -0.05 -0.05 -0.05 -0.02 -0.02 -0.02 -0.01

7 Aggregate 
employment 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.01 0.00 0.00 -0.01 -0.02 -0.02 -0.01 -0.01 -0.01 0.00

8 Average real 
wage -0.04 -0.04 -0.04 -0.04 -0.04 -0.03 -0.03 -0.05 -0.04 -0.04 -0.05 -0.05 -0.05 -0.05 -0.04 -0.04 -0.03

9 Aggregate capital 
stock 0.01 0.01 0.01 0.01 0.00 0.01 0.01 0.00 0.01 0.01 -0.01 -0.02 -0.02 0.00 0.00 0.00 0.00

2005 – 2050 

1 Real household 
consumption -0.07 -0.05 -0.05 -0.05 -0.07 -0.04 -0.04 -0.08 -0.09 -0.09 -0.04 -0.07 -0.07 -0.22 -0.16 -0.16 -0.12

2 Real investment -0.05 -0.01 -0.01 -0.01 -0.03 -0.01 -0.01 -0.03 -0.07 -0.07 0.00 -0.03 -0.03 -0.15 -0.11 -0.11 -0.12

3 Real government 
consumption -0.07 -0.05 -0.05 -0.05 -0.07 -0.04 -0.04 -0.08 -0.09 -0.09 -0.04 -0.07 -0.07 -0.22 -0.16 -0.16 -0.12

4 Export volume 0.05 0.32 0.13 0.14 0.21 0.21 0.21 0.10 -0.03 -0.02 0.28 0.16 0.16 0.13 0.06 0.06 -0.07

5 Import volume 
used -0.06 -0.04 -0.04 -0.04 -0.07 -0.04 -0.04 -0.05 -0.08 -0.07 -0.04 -0.05 -0.05 -0.16 -0.11 -0.12 -0.10

6 Real 
GDP/GSP/GRP -0.04 -0.02 -0.02 -0.02 -0.05 -0.01 -0.01 -0.04 -0.06 -0.06 -0.03 -0.04 -0.04 -0.14 -0.10 -0.11 -0.09

7 Aggregate 
employment 0.00 0.01 0.01 0.01 0.00 0.01 0.01 0.00 -0.01 -0.01 0.01 0.00 0.00 -0.08 -0.05 -0.05 -0.03

8 Average real 
wage -0.09 -0.08 -0.08 -0.08 -0.09 -0.07 -0.07 -0.09 -0.10 -0.10 -0.08 -0.09 -0.09 -0.16 -0.13 -0.13 -0.11

9 Aggregate capital 
stock -0.05 -0.02 -0.02 -0.02 -0.03 -0.01 -0.01 -0.04 -0.08 -0.08 0.00 -0.04 -0.04 -0.16 -0.13 -0.13 -0.13

2005 – 2070 

1 Real household 
consumption -0.07 -0.05 -0.05 -0.05 -0.08 -0.05 -0.05 -0.07 -0.09 -0.09 -0.04 -0.07 -0.07 -0.23 -0.17 -0.17 -0.13

2 Real investment -0.05 -0.02 -0.02 -0.02 -0.04 -0.02 -0.02 -0.03 -0.07 -0.07 0.01 -0.03 -0.03 -0.17 -0.12 -0.13 -0.13

3 Real government 
consumption -0.07 -0.05 -0.05 -0.05 -0.08 -0.05 -0.05 -0.07 -0.09 -0.09 -0.04 -0.07 -0.07 -0.23 -0.17 -0.17 -0.13

4 Export volume 0.06 0.35 0.15 0.16 0.24 0.22 0.22 0.09 -0.01 -0.01 0.30 0.15 0.16 0.14 0.07 0.07 -0.09

5 Import volume 
used -0.06 -0.05 -0.04 -0.04 -0.08 -0.04 -0.04 -0.05 -0.08 -0.08 -0.04 -0.05 -0.05 -0.17 -0.13 -0.13 -0.11

6 Real 
GDP/GSP/GRP -0.04 -0.02 -0.02 -0.02 -0.06 -0.02 -0.02 -0.03 -0.06 -0.06 -0.03 -0.04 -0.04 -0.16 -0.11 -0.12 -0.10

7 Aggregate 
employment 0.00 0.01 0.01 0.01 0.00 0.01 0.01 0.00 -0.01 -0.01 0.02 0.00 0.00 -0.08 -0.05 -0.05 -0.03
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 Although not strictly applicable to convert typical year results into the accumulative results over time, Figure 64 
highlights the compound effect of climate change impacts on the regional economies by 2070. In Figure 64, net 
GRP of each region is compounded over 65 years, and the Figure indicates by how much regional GRP will 
grow compared to the base case in per cent terms by 2070. For example, GRP for the rest of Queensland region 
will grow at less than its base case by nearly 4% by 2070. 

Figure 64: Long-term (2005-2070) impact of the net climate change compound effect (accumulated) on 
GRP by regions (per cent) 

Net tourism impacts 
Recalling that Figure 54 explained the procedure adopted to isolate the net tourism impact on the tourism 
destinations from all other impacts of climate and projections on the economies, Table 67 only presents net 
results of tourism impact in the context of climate change conditions on the regional economies. At the national 
level, the net impact of tourism is insignificant, as only five selective tourism regions are being looked at, only 
one of which (Tropical North Queensland) is relatively significant (among the top five destinations for overseas 
tourists and top 20 for domestic tourists). However, the impacts at the destinations are very different. As 
expected, the Victorian Alps and Tropical North Queensland are the two regions that show the impacts most 
clearly. 

The 2005 – 2020 case assumes a 10% reduction in all domestic and overseas tourism for the Blue Mountains, the 
Victorian Alps, the Barossa and Kakadu, but an increase of 10% for both domestic and overseas tourism to 
Tropical North Queensland. It is important to note that the 10% of tourism expenditure in the Tropical North 
Queensland is far more significant than the 10% tourism expenditure reduction in all other regions. As the 
Alpine region relies on tourism so heavily (at 25% of total industry output), the reduction in tourism activity 
reduces the economic growth of the region noticeably. This region does not export goods and services to 
overseas markets, thus the reduction of overseas tourism is the primary reason for a reduction in its GRP, and it 
subsequently triggers reductions in all components of the region’s GRP. As previously mentioned, tourism is a 
labour intensive sector. A reduction in demand for tourism consumption from the region will reduce demand for 
employment/labour and wages in the Alpine region. Loss of wage income (row 9) contributes to the lower level 
of household consumption (row 1). Generally lower demand results in a much weaker requirement for capital 
stock, thus investment growth is below the base case.  

The Barossa and Kakadu share almost the same pattern of impact with the Alpine region, but less strongly. 
Between the two, the impact on Kakadu is slightly higher, as the output share of the tourism sector in Kakadu is 
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marginally higher than that in the Barossa, 6.4% of total industry output compared to 3.4% respectively. 

Table 67: Net tourism impacts on the tourism destinations—percentage point change deviation from the 
climate change affected cases 

Main Macro 
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2005 – 2020 

1 Real household 
consumption 0.0003 0.005 0.001 0.001 -0.058 0.002 0.002 0.095 -0.006 -0.001 -0.012 0.003 0.002 -0.006 -0.005 -0.005 -0.002

2 Real investment 0.0001 0.006 0.000 0.001 -0.036 0.002 0.002 0.069 -0.005 -0.001 -0.006 0.002 0.002 0.000 -0.005 -0.005 -0.002

3 Real government 
consumption 0.0006 0.005 0.001 0.001 -0.058 0.002 0.002 0.095 -0.006 0.001 -0.012 0.003 0.002 -0.006 -0.005 -0.005 -0.002

4 Export volume 0.0004 -0.025 -0.003 -0.003 -0.243 -0.004 -0.004 0.278 -0.001 0.013 -0.114 -0.004 -0.004 -0.452 -0.003 -0.008 -0.002

5 Import volume 
used 0.0011 -0.003 0.001 0.000 -0.170 0.002 0.001 0.140 -0.004 0.005 -0.027 0.002 0.001 -0.095 -0.004 -0.007 -0.001

6 Real 
GDP/GSP/GRP 0.0002 0.004 0.000 0.001 -0.164 0.002 0.001 0.083 -0.005 0.000 -0.014 0.002 0.001 -0.018 -0.005 -0.005 -0.002

7 Aggregate 
employment 0.0000 0.002 0.000 0.000 -0.029 0.001 0.001 0.048 -0.003 -0.001 -0.006 0.001 0.001 -0.003 -0.003 -0.003 -0.001

8 Average real wage 0.0006 0.003 0.001 0.001 -0.029 0.002 0.002 0.048 -0.003 0.000 -0.006 0.002 0.001 -0.003 -0.002 -0.002 -0.001

9 Aggregate capital 
stock 0.0000 0.005 0.000 0.001 -0.035 0.002 0.002 0.052 -0.004 -0.001 -0.005 0.002 0.002 0.001 -0.004 -0.004 -0.002

2005 – 2050 

1 Real household 
consumption -0.001 -0.008 0.001 0.001 -0.158 0.002 0.001 -0.202 0.004 -0.007 -0.036 0.000 -0.001 -0.024 0.003 0.002 0.002

2 Real investment 0.001 -0.002 0.002 0.002 -0.101 0.002 0.002 -0.146 0.005 -0.003 -0.021 0.000 0.000 -0.001 0.006 0.006 0.002

3 Real government 
consumption -0.002 -0.008 0.001 0.000 -0.158 0.002 0.001 -0.202 0.004 -0.011 -0.036 0.000 -0.001 -0.024 0.003 0.002 0.002

4 Export volume -0.002 -0.028 0.004 0.004 -0.368 0.003 0.003 -0.480 0.003 -0.021 -0.159 0.006 0.006 -0.707 0.005 -0.003 0.004

5 Import volume 
used -0.002 -0.014 0.001 0.000 -0.318 0.001 0.000 -0.264 0.003 -0.013 -0.053 0.000 -0.002 -0.159 0.004 -0.002 0.001

6 Real 
GDP/GSP/GRP 0.000 -0.007 0.001 0.001 -0.323 0.002 0.001 -0.169 0.003 -0.006 -0.035 0.000 -0.001 -0.034 0.004 0.002 0.002

7 Aggregate 
employment 0.000 -0.004 0.001 0.001 -0.079 0.001 0.001 -0.101 0.002 -0.003 -0.018 0.000 0.000 -0.012 0.002 0.001 0.001

8 Average real wage -0.001 -0.005 0.000 0.000 -0.080 0.000 0.000 -0.102 0.001 -0.004 -0.019 -0.001 -0.001 -0.013 0.001 0.000 0.000

9 Aggregate capital 
stock 0.001 -0.002 0.001 0.001 -0.094 0.002 0.002 -0.111 0.003 -0.002 -0.018 0.000 0.000 0.002 0.006 0.005 0.002

2005 – 2070 

1 Real household 
consumption -0.0010 -0.010 0.001 0.001 -0.196 0.002 0.001 -0.251 0.005 -0.009 -0.045 0.000 -0.001 -0.029 0.003 0.002 0.002

2 Real investment 0.0009 -0.003 0.002 0.002 -0.125 0.003 0.003 -0.181 0.006 -0.004 -0.026 0.001 0.000 -0.001 0.007 0.007 0.003

3 Real government 
consumption -0.0019 -0.010 0.001 0.001 -0.196 0.002 0.001 -0.251 0.005 -0.013 -0.045 0.000 -0.001 -0.029 0.003 0.002 0.002

4 Export volume -0.0028 -0.035 0.005 0.004 -0.458 0.004 0.004 -0.597 0.004 -0.027 -0.198 0.008 0.007 -0.879 0.006 -0.003 0.005

5 Import volume 
used -0.0029 -0.017 0.001 0.000 -0.394 0.001 0.000 -0.328 0.004 -0.016 -0.066 0.000 -0.002 -0.198 0.005 -0.003 0.002

6 Real 
GDP/GSP/GRP -0.0006 -0.009 0.002 0.001 -0.401 0.002 0.001 -0.211 0.004 -0.007 -0.044 0.001 -0.001 -0.042 0.005 0.003 0.002

7 Aggregate 
employment 0.0000 -0.004 0.001 0.001 -0.098 0.001 0.001 -0.126 0.003 -0.004 -0.022 0.000 0.000 -0.014 0.002 0.002 0.002

8 Average real wage -0.0012 -0.006 0.000 -0.001 -0.099 0.000 0.000 -0.127 0.002 -0.005 -0.023 -0.001 -0.001 -0.016 0.001 0.000 0.000

9 Aggregate capital 
stock 0.0010 -0.003 0.002 0.002 -0.117 0.002 0.002 -0.139 0.004 -0.002 -0.023 0.001 0.000 0.002 0.007 0.007 0.002
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As also expected, the positive shocks to tourism sectors in Tropical North Queensland over the next decade will 
bring a positive outcome to the region. The positive shock to overseas tourism in the first round would have 
generated much higher total overseas exports from the region than is projected in Table 67. However, as the 
crowding out effect happens, all overseas exports of other commodities from Tropical North Queensland are 
lower than in the base case. The total of overseas exports from the region slightly smaller than in the first round 
effect. Overall, overseas exports from Tropical North Queensland are higher than in the base case, due to the 
shocks imposed on the model. Higher demand for tourism sectors generates more labour income in the region. 
As a result, the growth rate for household consumption in Tropical North Queensland is stronger than in the base 
case.  

It is surprising to see that the rest of Queensland does not do as well when the Tropical North Queensland 
region expands its tourism activity, even though both are in the same state. The main reason is that the 10% 
increase in tourism activity in Tropical North Queensland generates a crowding out effect in the first round: all 
regions lose their export volume, except Tropical North Queensland. The net increase in exports at the national 
level is purely due to the increase in overseas tourism to Tropical North Queensland. It is interesting to find that 
Tropical North Queensland actually has stronger economic links with the rest of New South Wales and the rest 
of Victoria than with the rest of Queensland (as indicated from the TERM database): trade flows from the rest of 
New South Wales and the rest of Victoria with Tropical North Queensland are nearly 60% and 40% larger than 
that of the rest of Queensland with Tropical North Queensland, respectively. Although all three regions (the rest 
of New South Wales, the rest of Victoria and the rest of Queensland) lose out from the first round crowding out 
effect, the higher growth in Tropical North Queensland requires more inputs from the rest of New South Wales 
and the rest of Victoria than from the rest of Queensland. As a result, the second round growth effect is stronger 
for the rest of New South Wales and the rest of Victoria than the crowding out effect, while the crowding out 
effect dominates the outcome for the rest of Queensland region. Thus the rest of New South Wales and the rest 
of Victoria have stronger growth and the rest of Queensland loses out from the tourism stimulus in Tropical 
North Queensland. In a similar fashion, as the Blue Mountains and the rest of New South Wales are closely tied 
together by large trade flows (five times larger than that between Tropical North Queensland and the rest of 
Queensland) the stimulus from Tropical North Queensland on the rest of New South Wales flows on to the Blue 
Mountains to over offset the reduction in a small tourism sector in the Blue Mountains. The rest of Australia is 
affected mainly by the crowding out effects. 

In the 2005 – 2020 case, the combined effect of tourism shocks at the national level is an increase in 
domestic demand, for both domestic consumption and overseas demand. Consequently, the overall real wage 
rate increases slightly compared to the base tourism projection. This effect at the national level is generated by 
the Tropical North Queensland region, thus the same pattern of a higher wage rate is similar to the result of 
Tropical North Queensland. In contrast, the wage rate in the Alpine region is lower than the wage rate in the base 
tourism projection, as a result of the overall decrease in demand in the Alpine region. The changes in capital 
stock are smaller than the changes in GDP/GSP/GRP in absolute magnitude, because the tourism shocks affect 
the labour intensive sectors in the economy: a positive shock requires more labour than capital, while the 
negative shock reduces labour more than capital, and GDP is a weighted average of both labour and capital.  

In the other two cases (2005 – 2050 and 2005 – 2070), the total effect is a reduction in the tourism sector, 
which will reduce the requirement for both labour and capital, but impact relatively more heavily on labour. For 
tourism regions, the reduction in tourism expenditure will result in a smaller decrease in capital growth, as the 
tourism sector is a labour intensive. However, for non-tourism regions, the reduction in the tourism sectors in 
tourism regions has the effect of stimulating growth of all sectors to grow relatively more strongly, especially in 
the mining and manufacturing sectors with greater capital intensity. Thus, the capital growth rates in these non-
tourism regions are moving toward more capital intensive, the opposite direction to the tourism regions, and 
often the capital growth rates in the non-tourism regions are higher than GDP/GSP/GRP growth rates. Note that 
in the climate change simulations, particularly for 2005 – 2050 and 2005 – 2070, all regions experience a fall in 
growth of their capital stock. When the tourism expenditure reduction is incorporated, non-tourism regions still 
suffer a decline in the growth of capital stock, but to a lesser extent than in the base case. Thus, it appears in 
Table 67 as a relative increase in capital stock. At the national level, as the reduction of tourism activity is 
stronger than the new growth in mining and manufacturing, GDP declines slightly. 

The reduction in overseas tourism expenditure allows exports of all sectors in all regions to grow more 
strongly. This explains the stronger growth in exports for all non-tourism regions. But in the tourism regions, the 
tourism shocks are larger than the increases in exports of other sectors; thus, overall total exports are reduced 
relative to the base tourism project case. 

A lower GDP growth results in less demand for resources in general, which makes domestic goods relatively 
cheaper than imported goods. Domestic consumers substitute toward domestically produced goods and cut down 
on imports. Therefore, import volume (row 5) increases only marginally compared to GRP growth for non-
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tourism regions (growing regions) and reduces more than GRP in tourism regions (declining regions). In the 
tourism regions, the additional driver lowering the level of imports is a lower level of demand from the region 
generally.  

In both the 2005 – 2050 and 2005 – 2070 periods, the rest of Queensland actually does better than the rest of 
New South Wales and the rest of Victoria, for the same reason that gave the rest of Queensland slower growth 
rates when Tropical North Queensland has a large increase in tourism. First of all, the reduction in tourism 
stimulates growth in the rest of New South Wales, the rest of Victoria and the rest of Queensland 
simultaneously. Furthermore, the reduction in demand from Tropical North Queensland for the rest of New 
South Wales and the rest of Victoria is greater than the reduction in demand for the rest of Queensland. Thus, in 
this case, the rest of Queensland suffers less than the other two regions from the slow-down of the Tropical 
North Queensland economy.  

Overall, the most severe scenario for tourism reduction lowers GDP by 0.0006 percentage point deviation 
from the base case of tourism projection in the climate change effect. Again, although it is not strictly applicable, 
a simple calculation of the compound effect of the climate change induced tourism impact by 2070 is portrayed 
in Figure 65. The impact is measured by the net change in GSP between the climate change induced tourism 
impact economy and the climate change effect economy. 

 Figure 65: Long-term (2005-2070) impact of reduced tourism demand effect (accumulated) by region—
net GSP growth rates (per cent) 

Among those tourism regions or destinations that we examine in this report, the Alpine region is the most 
affected region in the long-term by 2070. The net impact for Alpine GRP would be nearly 23% below its GRP 
level under the climate change base case. Tropical North of Queensland will be the second hardest hit by a 
climate change induced tourism impact, about 13% below its GRP level in the climate change base case.  

Conclusion 

This report constitutes a first step toward analysing tourism impacts in the context of climate change induced 
effects at the tourism destination level. It is understood that this is also the first set of results from analysis of this 
kind at a regional destination level. While this is a highly interesting area for an analysis, it has proven to be very 
demanding and difficult. Estimating the climate change effects alone, over a period of decades into the future, 
requires a wide range of multi-disciplinary research skills, and is subject to significant uncertainty. Although 
there is a degree of agreement among researchers on the broad ways in which climate change will affect human 
life, there is considerable uncertainty about how to predict the precise extent of these effects.  

The research team responsible for the Garnaut Review (including the associated commissioned papers) has 
taken a large step to link the science of climate change to the long-term evolving transformation of the economy. 
Industry growth is closely linked to environmental conditions and, in turn, economic development affects the 
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environment. The approach was scientifically well-grounded in observable data. But the analysis remains a work 
in progress. 

The use of a comparative static CGE model for this study has raised some difficult issues in attempting to 
deal with long-term compositional change of an economy in a single timeframe. This would normally warrant 
the use of a dynamic CGE model. An alternative to using a dynamic model for this task is to create a database 
with appropriate sectoral shares for manufacturing and agriculture, to reflect their future industry structure prior 
to simulations. 

This project represents a scoping study for examining how the effects on the economy of tourism destinations 
from the impacts of climate change on tourism activity can be analysed. It faces the problem of a relative lack of 
historical data correlating climate change effects and tourism activity. The assumptions adopted to analyse 
tourism impacts from climate change have thus by necessity been somewhat arbitrary. Nevertheless, the project 
has identified some practical steps for carrying out such an analysis and identified some interesting issues for 
further study. 

Although, in the short-term, it is possible that tourism activity might increase for some climate change 
vulnerable destinations as a result of traveller curiosity, in the long-term climate change seems more likely to 
induce further adverse impacts through tourism as an inevitable add-on effect on regional tourism economies. 
Tourism effects induced by climate change are likely to represent an endogenous factor in the whole process, 
and the induced impact should be analysed explicitly as an additional climate change cost in any climate change 
analysis.  

Although the net GDP impact at the national level in this report is marginal, at only some 0.04% of GDP 
lower than the base case of the climate change effect only, the total economic impact when all tourism 
destinations are taken into account will be much more significant. But the impact at the national level is not all 
that should be considered. A point indicated clearly in this study is that tourism impacts are not evenly 
distributed. First of all, the economic impact of tourism will further exacerbate the adverse effect of climate 
change on income earners: as tourism is relatively labour intensive, a reduction in tourism demand will result in 
job losses and lower wage incomes. Although the model does not differentiate between skilled and unskilled 
labour, in general terms, the tourism sector will normally have a larger share of unskilled or relatively less 
skilled labour, e.g. hotel services staff and wait staff in restaurants. This is an area that government should be 
concerned about, as social impacts and increasing inequality might cause further costs to society.  

Secondly, the climate change induced tourism impacts are not evenly distributed across regions in the 
economy. The induced effect could change the level of economic impact of climate change on regions 
significantly. For example, Kakadu is the most affected region under the climate change effect alone in terms of 
net GRP measurement (Figure 64), but when the inevitable flow-on climate change induced effect of tourism is 
incorporated, the Alpine region jumps from fourth ranked to become the most affected region (Figure 65). This 
change is attributable to the structure of the regional economy, and particularly its level of dependence on 
tourism for its economic viability. Domestic tourism is a key industry in the Alpine region’s economy, thus the 
tourism impact on the regional economy is severe. And unfortunately, most tourism-reliant regions at the 
destination level, as examined in this report, do not have obvious alternative sources of economic activity which 
might enable them to diversify their economies in response to climate change induced impacts. Governments 
will need to be aware of the vulnerability of these regions so that appropriate policies can be put in place to 
facilitate the transition. And certainly, social impacts, inequality and vulnerability of tourism destinations are 
areas of potential emphasis in future tourism-related research on climate change. 

Finally, the findings set out in this report provide additional support for the case for further steps being taken 
to preserve the environment. Among all currently proposed measures to deal with environmental changes, 
tourism adaptation is certainly an immediate step that the tourism industry can explore in order to soften the 
impact of climate change to achieve sustainable tourism and economic development in the longer-term. 
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Chapter 9 

INTEGRATION: COMMON THEMES AND ADAPTATION 
STRATEGIES ACROSS DESTINATIONS 

By Wade Hadwen, Stephen Turton, Bradley Jorgensen, Tien Duc Pham and Robyn Wilson 

Across all five case study destinations, it is clear, both from the science and from the stakeholders engaged in 
this project, that the anticipated climate change will have both economic and non-economic consequences. 
Whilst not all of these changes are necessarily negative, many are and represent significant adaptive challenges. 
Although the detailed impacts and adaptation strategies are presented in the case study chapters, it is pertinent to 
also investigate, across all of the case study destinations, the general applicability of adaptation strategies and 
common limitations or avenues through which adaptation may occur. In this chapter, four of the case study 
destinations (Kakadu, Cairns, Blue Mountains and the Barossa Valley) are integrated in an attempt to identify 
common themes and issues that may have national relevance. For these issues and strategies, a national 
implementation might be more successful, and realistic, than would a destination/region-focused approach.  

The Victorian Alps destination was not included in this component of the report because that work was 
conducted using a different process, which did not generate the number or breadth of adaptation strategies that 
came out of the standardised approach taken in the semi-structured interviews and workshops for the other four 
destinations. To this end, including the Victorian Alps destination here would be inappropriate. 

By cutting across the remaining four case study destinations and their nominated adaptation strategies and 
limitations to implementation, the project specifically sought to learn more about the following: 

1. Common themes or groups of adaptation strategies (this chapter). 
2. Challenges and avenues for adoption and implementation of adaptation strategies (this chapter). 
3. A ‘toolkit’ for tourism destination climate change adaptation assessments (Chapter 10). 
4. Knowledge gaps and research needs (Chapter 10). 

Common Adaptation Themes across All Destinations 

To examine the degree to which adaptation strategies were broadly applicable to all destinations examined in this 
study, all of the strategies nominated were categorised as high priority for each destination to come up with some 
general themes. Table 68 presents all of the ‘high priority’ adaptation strategies from the four destinations, 
organised by the seven theme areas identified. These theme areas are listed below. 

Theme 1: Green 
The Green theme represents adaptation strategies that were nominated along the ‘green and clean’ and 
‘sustainability’ lines, including many water and energy saving initiatives that represent best practice for small 
(and large) businesses. Although many of these strategies are most often thought of as mitigation strategies, 
many of them were put forward in the context of how the destination could be marketed as a ‘green’ destination, 
which represents an adaptation to growing tourist concerns about the tourism footprint. 

Theme 2: Data and knowledge  
Adaptation strategies listed under the data and knowledge theme include those that touched on some aspects of 
data inadequacies, both in terms of businesses and climate change data, and also those which captured the widely 
held view that there is a real need for increased data collection and improved storage and sharing of data. 

Theme 3: Risk and Disaster management  
Strategies which sought to improve how disasters are managed fell into this category. They not only included 
aspects of resource requirements, but also captured concerns about how media treats natural disasters and how 
media-fuelled hysteria, which can damage a destination’s image, needs to be better managed by the tourism 
sector. 
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Theme 4: Marketing 
Strategies which sought to highlight particular aspects of the destination in brand recognition and marketing 
initiatives were listed in this theme. 

Theme 5: Planning 
Many adaptation strategies revolved around the need for improved and better informed planning of both built 
and natural environments. These strategies fell into the planning theme. 

Theme 6: Community 
Community themed adaptation strategies revolved around the idea of local identity, the need to produce food 
locally (and support it), and the need for strong community-government relationships. Only two of the 
destinations (Cairns and Barossa Valley) had community-themed adaptation strategies, which not only highlights 
the local residents’ attachment to these destinations, but also the feeling that they would be willing to fight for 
the businesses and tourism market in these regions. 

Theme 7: Resources 
As for planning, many adaptation strategies were nominated that focused on the management of resources, both 
built and natural, and the need for additional resources (in both of these areas) to support the implementation of 
adaptation strategies. 

Table 68: High priority adaptation strategies, as nominated across the four case study destinations 

Theme Kakadu Cairns Blue Mountains Barossa Valley 

Ensure that the region 
increases its 
environmental / green 
credentials (operating 
standard, accreditation 
schemes, efficient and 
appropriate energy 
sources, waste 
management, pollution 
control, recycling, etc.). 

Low foot print tourism—
offset and design; adapt 
attitudes; change 
advocacy. 

Marketing the region so it 
can be visited in a 
sustainable way. 

Encourage water 
conservation throughout 
the region. 

Capitalise on green 
credentials and promote 
travel to the region as 
environmentally sound 
and worth visiting. 

International ‘families’ 
and domestic tourism—
market as ‘energy 
conservative’ 
accommodation and 
ground travel; promote 
planet safe partnership. 

Grey water systems, solar 
heating, energy efficient 
light globes, wheelie bins.  

Ensure the installation of 
energy saving devices and 
water re-use systems are 
broadly adopted. 

 Implement offsets or more 
efficient ways of 
travelling to reduce their 
contribution to 
Greenhouse Gas 
Emissions. 

Water restrictions in place 
and maintaining this 
(increase in importance 
over time). 

Establish nationally 
accredited environmental 
standards for tourism, and 
provide a toolkit for 
wineries and tourism 
operators to enable them 
to take effective action. 

 Position ourselves as 
‘green and clean’; 
marketing positive 
changes as they arise. 
Rainforest visitation is for 
the aesthetics, greenery. 

Accreditation to be able to 
use Blue Mountains 
Business Advantage 
(BMBA) logo. 

 

 Using climate change as a 
trigger to promote 
sustainable activities. 
 

  

Green 

 Modes of transportation—
use more rail, bike tracks, 
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Theme Kakadu Cairns Blue Mountains Barossa Valley 

walking, and public 
transport; new, more 
efficient boat designs; 
provide incentives (tax) to 
replace engines with more 
efficient technology. 

 Research alternative 
energy technologies and 
identify what can be done 
to retrofit or if new what 
is needed that is not in 
current design. 

  

 Transport—alternative 
fuels; buses and boats 
move from diesel to 
biofuels. 

  

 Standardised system of 
calculating carbon and 
ETS (emissions 
calculator; Green Gobe 
auditing) and rigorous 
annual energy audit 
(federal assessment). 

  

     
    

Monitor and obtain data 
about impacts. 

Fund research and have 
long-term monitoring—
have operators involved; 
smarter operators. 

 Breach gaps and skill 
deficiencies within the 
industry about climate 
change. 

Undertake broad tourism 
plan to monitor and deal 
with climate change. 

Good information from 
reputable scientists that 
give key points, e.g. 
research on wind, more on 
storms, hybrid transport, 
solar power. Not obvious 
what we need to plan for. 

 Obtain more information 
about the expected climate 
change impacts in the 
Barossa. 

 Data storage and 
dissemination—system 
where information is 
stored and is readily 
available to everyone, not 
restricted to departments. 

 Undertake research on 
expected climate impacts 
on vine growth and wine 
production. 

Data and 
knowledge 

   Gather local data and 
develop benchmarks. 

 Emergency evacuation 
policy—risk assessment 
and plan for emergency 
events, and well-informed 
staff and community. 

Improved resources and 
rapid response to fire. 

 Disaster 
management 

Ensure we manage public 
perceptions and avoid 
hysteria about the nature 
and/or extent of the 
damage anticipated. 

Combat negative publicity 
promptly and effectively. 

Media management, 
media education; educate 
tourism industry about 
media management. 

 

Marketing Change the way tourism 
(to Kakadu / Top End) is 
marketed, and the nature 
of the product 
emphasised—as well as 
the landscapes that feature 

Diversify product, offer 
complementary 
experiences to pristine 
reef and rainforest in 
cultural, business, 
education and research; 

Far greater education to 
the public. 
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Theme Kakadu Cairns Blue Mountains Barossa Valley 

in tourism promotion. focus tourists in different 
areas which take up 
different economic 
activities; more island-
based activities and 
interpretation. 

 Identify why region is 
unique and how it adapts 
to climate change—build 
resilience and brand. 

  

 A marketing strategy 
where travellers are 
attracted to the area 
because of its approach to 
energy efficiency and 
reducing carbon 
emissions; changing 
marketing strategies that 
match tourist expectations 
with what is available on 
the reef and in the 
rainforest. 

  

 Build infrastructure that 
has low carbon emissions 
and use this in marketing. 
Tax people if they do not 
choose to use low 
emission infrastructure. 

  

 Tourism workforce needs 
to be trained and valued in 
a way that ensures they 
can offer tourists a 
rewarding experience and 
where the region is known 
as a place where 
exceptional service is 
provided. 

  

 Zoning—Great Barrier 
Reef and rainforest to 
protect environment. 

Integrated management 
plans across regions. 

Shifts in wine grape 
varieties—would need to 
be well underway by 
2050. Palates may change 
by 2070. 

 No development or sale of 
land in flood-prone areas.

Access: working on train, 
invest in technology and 
promote accordingly. 

Promote carbon neutral 
forms of transport –
railway service from 
Adelaide to the Barossa. 

 Implement a building 
code for all infrastructure / 
accommodation design to 
cope with extreme winds, 
Category 5 cyclones. 

Businesses involved in 
sustainability—legislative 
measures to implement, 
Set national regulation for 
tourism businesses. 

Seek financial assistance 
with the protection of 
heritage sites.  

 Inventory of open spaces 
in rainforest of areas 
previously disturbed 
which will become the 
only places where 
buildings can be 
constructed in the future. 

  

Planning 

 Town planning needs to 
rethink / respond to where 
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Theme Kakadu Cairns Blue Mountains Barossa Valley 

building approvals are 
given; building designs 
and siting guidelines 
which are appropriate for 
the environment and built 
into building codes for the 
area. 

Community  Social mapping exercise 
to see how climate change 
impacts community. 

 Develop a collaborative 
action strategy; create 
opportunities for 
information exchange 
between wine and tourism 
groups. 

  Purchase local produce—
hotels and restaurants 
required to purchase 
locally or pay surcharge / 
levy on items sourced 
elsewhere. 

 Establishment of sectoral 
agreements between 
operators and government 
on how to proceed in a 
strategic and tactical 
manner. 

Promote small tourism 
operations involving 
indigenous land 
management activities in 
remote areas and support 
them with proper training, 
infrastructure and 
resources. 

Deal with water quality on 
the land and corals will be 
healthier, more resilient 
and better able to adapt to 
climate change. 

  

Review (modify, replace, 
displace, redesign) 
tourism infrastructure and 
basic tourism facilities in 
park (accommodation, 
visitor services, cruises, 
campgrounds, boat 
ramps). 

Build resilience of 
ecosystems by reducing or 
controlling other 
pressures, e.g. control 
weeds and feral animals. 

  

Address fire management 
(which is both mitigation 
and adaptation). 

Applying best practice in 
plant husbandry to reduce 
loss of habitat and land 
degradation, and control 
exotic pests and diseases. 

  

Address other, more 
immediate threats first 
(invasive species, fire 
management, etc.). 

Applying best practice in 
bio-sequestration 
technologies and carbon 
accounting practices. 
Implement C02 
sequestration programs—
tree-planting and 
community revegetation 
programs. 

  

Develop new-alternative-
appropriate 
accommodation projects 
(locations, types, designs). 

Plant coral gardens and 
translocate corals from 
areas adapted to higher 
temperatures. 

  

Resources 

Plan for more 
comprehensive safety, 
health and heat stress 
services and strategies / 
training to support 
tourism. 

Wildlife corridors inside 
and outside rainforest—
improve connectivity 
especially along riparian 
areas, use of elevated 
platforms. Use statutory 
and non-statutory 
approaches. 
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Theme Kakadu Cairns Blue Mountains Barossa Valley 

 
 
 
 

Act now to manage risk 
and reduce impact rather 
than wait for detailed 
scientific information. 

Research and build 
infrastructure to cope with 
climate change—roads, 
pipes, sewage, sewage 
treatment plants, water 
storage. 

  

Lobby government to 
provide structures and 
resources to adapt to 
climate change. 

Resource sharing among 
operators to reduce carbon 
off sets, higher fuel costs 
and reduce carbon 
emissions. 

  

 

Despite being generally applicable across all destinations, few of the themes were nominated by stakeholders 
from all four destinations. Indeed, only the green theme had adaptation strategies nominated from all four 
destinations. Adaptation strategies were nominated by three of the destinations in four other themes, namely data 
and knowledge, disaster management, marketing and planning. Community themes were only picked up by 
stakeholders in the Cairns and Barossa Valley destinations, and adaptation strategies relating to the management 
of (and access to) resources were only nominated in the Cairns and Kakadu destinations. Some of these trends in 
theme area membership, across destinations, are likely to be driven by similarities and differences among the 
destinations and the nature of the tourism sector within these regions, as discussed in more detail below. 

The appeal of green strategies was highlighted by the fact that all four destinations had at least three 
adaptation strategies relating specifically to the sustainable use of energy and water (Table 68). Although these 
strategies often represent operational best practice and are also mitigation measures, there is also an obvious link 
between improved performance and the desire, shared across all destinations, to be marketed and perceived as 
being a ‘green’ destination. This latter point is reflected in the fact that all destinations highlighted this green 
marketing as one approach that might enhance the tourism industry’s capacity to better position itself in a 
climate change affected marketplace. 

For strategies relating to media, it was interesting to note that only the Barossa Valley destination was not 
represented. Specifically, stakeholders in the Kakadu, Cairns and the Blue Mountains destinations all felt that 
negative publicity surrounding disasters needed to be managed much better to protect the destination brand. 
Although drought and heat waves have affected the Barossa Valley in recent years, perhaps the absence of 
devastating short-term catastrophic events, like bushfires, floods and cyclones, explains the absence of strategies 
relating to media treatment of issues in the region. Alternatively, perhaps the media is already well-managed in 
the Barossa Valley. That, coupled with the fact that this destination is an agriculture-tourism region and not a 
destination based around natural ecosystems, might also explain the lack of strategies nominated by Barossa 
Valley stakeholders to target media and disaster management. One possible alternative explanation might be that 
stakeholders (and the media) in the Barossa Valley view droughts and heat waves as aspects of climate 
variability rather than climate change. Until a link has been demonstrated between these long-term chronic 
events and climate change, the media may not need ‘managing’ to the degree that it apparently does at the other 
three destinations. 

Capacity for Adaptation Strategy Adoption and Implementation 

In all destinations, the stakeholder workshops revealed considerable institutional, legal, community and resource 
limitations that inhibit, or are at least perceived to inhibit, the timely implementation of adaptation strategies. 
Interestingly, this is despite the fact that all destinations nominated sustainable use of resources, especially water 
and energy, as an adaptation strategy which clearly represents best practice and has been shown to save 
businesses lots of money. Nevertheless, there were numerous and often-articulated barriers to implementing the 
suggested adaptation strategies, including: 

5. The scale and uncertainty surrounding climate change projections. 
6. Communication within and between regional and National bodies. 
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7. Concerns regarding the capacity of small and medium enterprises to adapt, relative to governments and 
larger operators.  

The following sections will address each of these areas. 

Uncertainty and scepticism surrounding climate change projections 
Numerous stakeholders indicated a) that they were sceptical about the perceived role that human activities have 
had in stimulating climate change, and/or b) that the geographical scale (super-regional at best) and uncertainty 
in climate change projection modelling resulted in considerable uncertainty on their part in terms of how much 
they were willing to invest (intellectually and economically) in climate change adaptation. Although scepticism 
within the workshop groups was generally quite low, workshop participants commented that there was enough 
scepticism in the community to prohibit rapid and significant adaptation. Not all stakeholders were concerned 
about the scale of climate change projections and many recognised the fact that as a global phenomenon there 
will be no escaping from climate change. Nevertheless, in terms of evaluating priority actions within their 
destination, many participants felt that it would be necessary for regional-scale projections to be created to assist 
with the planning and response process. 

Despite uncertainty and concern regarding the science of climate change and how it is likely to impact 
regional communities and industries, all stakeholders recognised the threat that climate change (or even media 
relating to climate change) poses to the regional communities that give tourism in the case study destinations its 
particular character. In this context, tourism demand could be significantly reduced simply by perceived 
changes; hence the above call for more regionally relevant and up-to-date information. Coupled with 
stakeholders’ concerns about media coverage of climate change and natural disasters, it seems that climate 
change is, and will continue to be, a major issue confronting tourism in regional Australia. 

Communication and community involvement 
Although not all destinations examined in this study had tight-knit communities, there was an overwhelming 
view that local communities and stakeholders are required to be heavily involved in the planning and 
implementation of adaptation strategies. Whilst resources frequently came up as a limiting factor in this local 
‘grass roots’ approach, few participants felt that a top-down national approach would work for all destinations. 
Clearly, there was a consistent view that locals know their destinations best and they, therefore, should be the 
ones coordinating and implementing adaptation. As one respondent commented, ‘Local communities are… 
central to the adaptation of the region as they provide the raw materials from which the tourist experience is 
packed, marketed and sold.’ Adding to this view was the sentiment that a national approach would not 
adequately consider the importance of the local community in creating, influencing and contributing to the sense 
of place and, indeed, making tourism possible. 

Communication and inclusion also appear to be important features of how a successful adaptation plan could 
be implemented. Many respondents expressed their concern about the number and overlap between climate 
change research projects, initiatives and granting schemes. Specifically, some stakeholders had been involved in 
multiple climate change workshops and felt that more coordination and communication among (and within) 
sectors like the government (at all levels), the tourism industry, local community groups and researchers was 
required. 

Adaptive capacity of tourism—an industry built around small and medium 
enterprises 
One of the major perceived limitations to adaptation within the tourism sector is the high proportion of small and 
medium enterprises (SMEs) that characterise regional tourism. Specifically, a lot of concern revolved around the 
fact that these smaller enterprises are operating on small overheads with little or no capital or capacity to 
implement major adaptation strategies. Furthermore, very few SMEs are able to plan on timeframes longer than 
a couple of years, and as a result, making changes now, which will cost something, with a view to threats that 
may or may not eventuate in 10, 20 or 50 years time, is not something that many of these smaller operators are 
willing (or able) to do. 

In contrast, the overwhelming view across destinations was that bigger operators were more likely to be 
planning and implementing adaptation strategies now, as they have more resources and may have a 
responsibility to their stakeholders to manage the risks of climate change impacts on business operations and 
bottom lines. 
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Adaptation strategy adoption 
The adoption of adaptation strategies will require some, if not all, of the following: 

• Confidence that the climate is really changing and that increased variability in climate is part of the 
process. 

• Motivation to avoid risk or take up opportunities. 
• Demonstration of new technologies. 
• Transitional and legislative support from government. 
• Resources from government and private stakeholders. 
• Effective monitoring and evaluation—climate change is a moving target. 

Economic Impacts of Climate Change across the Regions 

This project is the first that examines the likely flow-on effects of climate change on tourism activity (in other 
words, climate change induced tourism impacts) on the regional tourism economies of Australia in the modelling 
framework of a fully bottom-up Computable General Equilibrium (CGE) Model. The project was developed in 
two stages, first to estimate the impacts of climate change alone, and then from that basis the impacts of tourism 
changes were measured against the base case. The inputs in the first stage of the climate change effects were 
taken from the Garnaut Review.  

Results indicate that the economy will be adversely affected, and more so in the second half of the century 
than in the next decade. Overall, the economy declines steadily over time due to (a) the climate change effect on 
productivity losses of labour, capital and intermediate inputs, (b) loss of export demands from overseas as 
tougher international competition against young developing countries increases. The loss of capital productivity 
on capital makes the economy relatively more capital intensive, thus investment becomes an important driver of 
growth. Coupled with the lower level of productivity, the loss of overseas exports results in a reduction in 
domestic production, which subsequently reduces labour income and household consumption. In a comparison, 
the adverse impact of climate change falls more on the wage earners than on owners of capital. 

Tourism impact in the context of this project is an extension of climate change analysis, which explicitly 
attempts to measure the flow-on effect of climate change on tourism activity by applying guesstimates of 
tourists’ responses to losses of tourist attraction. In the longer-term, it is almost a case that losses of tourist 
attraction imply losses of tourism demand.  

Lower demand for tourism has the effect of stimulating mining and manufacturing to expand their outputs 
and exports further. Given that the tourism sector is labour intensive, while mining and manufacturing are 
relatively more capital intensive, this diversion of resources actually shifts the structure of the economy toward 
being more capital intensive. The negative impact on wage earners is exacerbated. 

At the national level, the total of climate change induced tourism impacts given in this report is insignificant, 
as this project examines only five out of many tourism destinations in Australia, and only the Tropical North 
Queensland (Cairns) is a relatively well-known destination. If all destinations across Australia are taken into 
account, the national impact would be very likely significant. 

At the regional level, tourism impacts are not distributed evenly across tourism destinations, as it largely 
depends on how tourism-reliant a destination is. The Victorian Alps region is the hardest hit region because its 
tourism output shares 25% of the total output produced in the region; the second hardest hit region is the 
Tropical North Queensland with 13% tourism share. 

It is important to note that the flow-on effects of climate change on tourism activity in fact are an endogenous 
factor in the climate change process. And it is these climate change induced tourism impacts that can change the 
actual impact level of climate change as a whole on a region. Results in Chapter 8 demonstrate that Kakadu is 
the most affected region under the climate change effect alone; the rest of Northern Territory and the rest of 
Australia are the next two regions after Kakadu. However, when the climate change induced tourism impacts are 
considered, Alpine and Tropical North Queensland (Cairns) are the most affected regions. As a result, climate 
change analysis, without further consideration of its induced tourism impact, will very likely underestimate the 
total economic costs to a region under climate change effects.  
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Future Actions Applicable to All Regions 

Despite the concerns and limitations outlined above, climate change adaptation is necessary, as a precautionary 
principle, in all five case study destinations. Whilst many of the adaptation strategies outlined in this report 
represent excellent business and community opportunities (best practice) and can also serve as mitigating 
strategies, there are still many additional strategies that require further investigation, both in terms of their 
adaptive potential and their capacity to be implemented. Furthermore, significant science and other knowledge 
gaps represent risks in the adaptation approach, so more funding is required to examine other components of the 
tourism-climate change space. In addition to further research on areas already touched on in this project, there 
are substantial additional areas of research and policy effort that require attention in light of the findings, or 
limitations, of this project.  

In addition to further research on areas already touched on in this project, there are substantial additional 
areas of research and policy effort that require attention in light of the findings, or limitations, of this project.  

Adaptation is an on-going process and Australians have proven resilient over time to significant 
natural variation in climate. Enhancement of this adaptive capacity in the face of increasing climate variability as 
described in this report must, in the first instance, build on this inherent capability.  

The strategies required to address both the overarching adaptive capacity and the range of individual climate 
change impacts need to be tailored for each type of business and within each region.  The majority of tourism 
businesses are SME’s, made up of many different types of products, and the long term impacts of climate change 
may be quite different from one product to another.  Some businesses have built infrastructure which may be 
very costly or difficult to upgrade or alter, some are mobile operators that have the capacity (over time) to amend 
tour programs in response to destinational changes, and some have no physical assets (e.g. cultural walks and 
talks) that could more easily transition what is being interpreted and where the product might be situated, 
possibly at little or no cost.   

Because tourism is one of a number of activities that occurs within communities—all of which draw on 
natural resource capacities and local infrastructure—workshop participants recognised that adaptation for 
tourism destinations should be part of the general community management processes.  It is State and Local 
Authorities that hold statutory risk management responsibilities—and need to accommodate the ongoing 
integration of tourism activities within their broader mandate. Climate change adaptation (and to a lesser extent 
mitigation {which might better be applied to the industry as a whole}) must be incorporated as part of the 
ongoing processes of ‘destination management’ and (community /resource) ‘risk management’. To develop and 
advocatea tourism focus local lead tourism agencies (STOs STICs, RTOs, LTOs) need to be proactive in 
integrating destination management into Local Government statutory planning processes. The VICE framework 
has provided a simple framework for integrating stakeholder views into such processes.  

Government actions 
• Conduct risk assessments of natural assets under climate change, develop strategies to minimise risk 

around these strategies such as emergency evacuation policies.  
• Promote integrated regional planning approaches across the areas of tourism, climate, agriculture, natural 

resources, energy, water, infrastructure and health. Better resource local government so that it can 
coordinate regional development adequately. 

• Support research to improve the accuracy of the climate models; reduce the uncertainties in climate 
projection at the local level, fund research and develop long term monitoring. 

• Plan for and implement the high priority adaptation strategies identified from the workshops. 
• Develop and implement policy for land planning, building codes and infrastructure development informed 

by good research. Actions, timelines and targets need to be clear in the plans and need to be monitored 
and reported on to the community. 

• Provide appropriate funding for low carbon emission infrastructure development—roads, 
telecommunications, wharves, airports that support the tourism industry—and use this in marketing. 

• Involve the tourism industry in the development of ‘water policy’. 
• Develop appropriate conflict resolution processes in anticipation of conflicts between competing users of 

water resources within the region. 
• Make a concerted effort to plan for water use for 2020, 2050 and 2070—this does not mean more dams 

but better and more appropriate use of water that is ‘fit for purpose’ ( water recycling, changed irrigation 
techniques). 

• Provide information about a new carbon economy to the tourism industry so they can assess the impact 
upon their business; standardised system of calculating Emissions Trading System (ETS) and ‘Carbon’ 
audit for the tourism industry. 
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• Provide incentives for best practice management to assist operators to reduce their environmental impact, 
through rebates, tax benefits etc. 

• Develop incentive schemes to support innovation and promote ‘model’ tourism businesses and 
organisations who want to succeed in adapting to climate change. 

• Reduce carbon footprint—hotels and restaurants required to purchase locally or pay surcharge on 
products sourced elsewhere. 

• Adaptation strategies need to be simple, cheap, effective, and the need and the benefit clearly identified. 

Operator actions 
• Keep-up-to-date with the latest research and adapt accordingly. 
• Consider how the new carbon market could impact business practices. 
• Reduce their environmental impact by moving to more efficient means of transport, taking up renewable 

energy sources, reducing their energy consumption, improving their waste management practices and 
informing themselves of future climate projections for their region. 

• Obtain environmental accreditation – assistance needs to be provided to operators to achieve this through 
auditing, education and certification. 

• Diversify products to cope with future environmental and market changes. 
• Develop resource sharing among operators. 
• Build accommodation and transport needs for visitors in the next 10, 40, 60 years. 

Industry group actions 
• Provide a tourism ‘voice’ for governments planning and resourcing the region’s future. 
• Develop climate change stakeholder networks across the region through which threats and opportunities 

can be identified, ideas can be generated and disseminated, resources can be pooled, and priority actions 
can be implemented, monitored, evaluated and communicated back to stakeholders. 

• Lobby governments to provide better incentives for operators to shift to ‘greener’ business practices. 
• Community need to continue to lobby the government for support in tackling climate change. 
• Communicate relevant policy changes to operators.  
• Produce information guides to assist small tourism operators and organisations to develop and undertake 

adaptation strategies as a means of supporting regional economy. 
• Develop low footprint tourism—offset systems, design and adapt attitudes; change advocacy. 
• Develop and implement offsets or more efficient means of travel. 
• Develop and then market Australian destinations as ‘clean-green’—particularly targeted at international 

markets sensitive to the carbon costs of travel, such as Europe. 
• Work with marketers, agencies and tourism operators to coordinate the region’s response to climate 

change. 
• Undertake research into the actual and expected behaviour change of tourists (e.g. visitation behaviour 

and intentions) in key markets and in response to changing weather conditions and proposed adaptation 
plans. 

• Inform visitors about how a region is tackling climate change and promote the region’s and operators’ 
good business practice.  

• Explore opportunities where operators can work with the local community on specific adaptation projects 
as a means of building relationships and support for the tourism sector.  

• Price product so it is competitive and affordable to attract visitors. 

Tourist and community actions 
• Continue to monitor environmental changes, disseminate findings and encourage further research.  
• Understanding of the beliefs and values of local residents with the view of building support for adaptation 

in the tourism sector.  
• Increase efficiency in the way communities and tourists live—reduce energy use, water use and carbon 

footprint. 
• Greater education of, and communication with, the public and the tourism industry. 
• Understand the impact of adaptive responses on the social, economic and biophysical processes.  
• Social mapping exercise to see how climate change impacts the community. 
• Workshops and seminars to update the industry on likely impacts of climate changes and strategies to 

lessen them. Use these forums to demonstrate new technologies for adaptation. 
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• Continue to build resilience through strategic management of weeds, pests and fire.  
• Provide training for the tourism workforce and recognise (value) the training so it is retained in the 

community. 
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Chapter 10 

FUTURE DESTINATIONS—RECOMMENDATIONS FOR 
TAKING THE APPROACH TO NEW AREAS 

By Stephen Turton, Wade Hadwen, Bradley Jorgensen David Simmons and Tien Duc Pham 

In addition to generating adaptation strategies and identifying capacity to respond to climate change in the case 
study destinations, this scoping study also sought to identify a process through which additional destinations 
might be able to proceed with their own interest in identifying and developing adaptive approaches to climate 
change. To this end, the methodology adopted in this project was evaluated with a view to examine its general 
applicability beyond the current set of destinations. Furthermore, and with an eye to future investigations, a 
Margaret River (Western Australia) tourism and climate change adaptation project, which builds on this scoping 
project, is now underway. It is anticipated that refinements of the methodological approach outlined in this report 
will streamline the process for that and any other future destinations. 

Taking a broader view, the methodology outlined in this report represents a defendable, sensible and timely 
approach to considering adaptation strategies to climate change, with a focus on the multiple industries involved 
in and influencing (and influenced by) tourism. It is felt that the approach worked, both in terms of bringing 
together different interest groups across the VICE grid and in generating long wish lists of adaptation strategies 
in each destination. The project team also feel that the commonality of limitations and resource needs for 
adaptation strategy implementation across all destinations reflects the commonality of problems facing tourism 
and allied industries in regional Australia. 

The standardised approach taken to the interviews and workshops also facilitated integration at the national 
scale, something that is not necessarily likely to happen when single, regionally-focused destinations are to take 
up this methodology. To this end, this scoping project has revealed some strong common ground across all 
destinations, even those as different and distinct as Kakadu and the Barossa Valley. 

In considering the idea of whether a destination ‘toolkit’ could be developed for climate change impacts and 
adaptation, the following questions were posed: 

1. Can this exercise be repeated at the destination level without climatic and other scientific technical 
assistance? 

2. Can this exercise be repeated at the destination level without economic modelling technical assistance? 
3. Can this exercise be repeated at the destination level without an independent facilitator? 

Recommendations for Application of the Methodology to Additional 
Destinations—A Climate Change Destination ‘Toolkit’ 

The experiences in applying the methodology provided in this report would obviously be interesting and relevant 
to any individuals or groups hoping to undertake a similar analysis of climate change impacts and adaptation in 
their regions. To this end, it is thought that other interested parties, from tourism and other destinations, will 
benefit considerably from simply reading this report. Indeed, the high level of overlap in nominated adaptation 
strategies, at least across the similar destinations in this study, will serve as a good pointer for new destinations, 
as interested parties will no doubt be able to identify lots of relevant adaptation strategies just by reading through 
those that are listed in this report. 

Although the approach outlined in this report is relatively simple and easy to follow, local experts can 
provide significant and highly relevant additional information. To this end, it is recommended that regional 
authorities hoping to apply the methodology seek out appropriate expert advice and support, whether it be in the 
form of climate science and regional projections, tourism statistics, economic data collation and modelling, 
and/or assessment of relevant stakeholders that need to be engaged in the interviews and workshops.  
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An additional consideration in the context of whether a toolkit could be generically applied across a wide 
variety of destinations is that conflict may arise when topics covered in this project are presented, or challenged. 
This will be dependent upon the stakeholder mix, the quality of the information provided and the degree of 
scepticism or cynicism among the participants. While none of these problems were experienced to any great 
degree in this project, it may be that a regional tourism organisation may not be the best facilitator of the 
approach in light of the views held by stakeholders regarding the purpose or scope of such entities. In these 
instances, an independent and potential national-in-scope facilitator, or lead team, may be required to provide a 
less locally biased approach (or at least one perceived to be unbiased) to the generation of adaptation strategies.  

Finally, it is evident that the approach outlined in this report is also likely to be highly relevant and applicable 
to interest groups outside of the tourism sector, particularly those where multiple and sometimes competing 
stakeholders are concerned. Certainly, regions with complex and significant mining, agriculture, tourism and/or 
cultural identities may find the VICE grid approach to be a useful framework to identify and engage all relevant 
parties in discussions of adaptation strategies and capacities within the region. 

Economic modelling component 
The economic modelling component of this project was obviously quite detailed and required a considerable 
level of skill, experience and expertise with the TERM model. Future efforts to model the economic impacts of 
climate change, including factoring in the costs and return on investment for different adaptation strategies, 
would similarly require expert technical assistance and involvement. Furthermore, the economic modelling 
process identified alternative models that might, in the future, be more suitable to this kind of work, although not 
without considerable investment, so the relevant expertise would of course need to be sourced for this 
component of the study to be implemented in new destinations.  

Given the considerable level of investment and expertise required to model the economic impacts of climate 
change, it is suggested that a modified and much simpler approach could perhaps be applied to new destinations, 
which focuses only on the regional economy and does not relate it to national level economics. This approach 
could potentially be done regionally, with relatively little technical expertise, but it still does not get around the 
problems of assuming future tourism activity / volume. Furthermore, scaling up the impacts beyond the regional 
scale would not be possible using this approach. To examine the applicability of this regionally focused 
economic modelling, there is scope to explore a less sophisticated economic model in the forthcoming Margaret 
River case study. 

Whilst the economic bottom line is an important component of climate change adaptation and impacts and a 
powerful political tool, regional stakeholders and interest groups are probably able to engage in the non-
economic component of this study without too much external assistance. The absence of an economic modelling 
component may detract from the study in the eyes of some parts of the community and political circles, but it is 
felt that the process of including all relevant parties and discussing adaptation strategies and their 
implementation is a necessary first step in responding to the challenge of climate change. Furthermore, since 
climate change is likely to have adverse economic outcomes throughout Australia (either due to local or national 
schemes and responses, like the Emission Trading Scheme), identifying adaptation strategies and implementing 
them as soon as possible will almost certainly result in a net gain in resilience and profitability for any given 
destination. To this end, the non-economic component of the study would certainly be a worthwhile exercise in 
any destination, across any sector, as it currently stands. 

Who can run this process at new destinations? 
The approach taken in this project is logical, straightforward and relatively easy to apply. As a result, the 
approach is likely to be generically applicable to sectors beyond the tourism sector. Local agencies or individuals 
wishing to implement this approach may do so as the methodology currently stands (at least for the non-
economic component of the study), but who that group or individual is will likely be different for each new 
destination. One suggestion has been for substantial local government involvement, since they invest heavily in 
tourism at the regional scale and, increasingly, also have climate change and/or sustainability officers. However, 
depending on the size of the region/destination and the sectors involved in the interviews and their relationships 
to the local council, these local government bodies may not be the best drivers of this process. Indeed, the project 
team’s experience has been that implementation of the approach used in this study will ultimately be dependent 
on the will of all of the relevant parties (across the VICE grid). It is suggested that the level of scepticism and 
engagement of these parties is best assessed during the semi-structured interview phase of the project, whereby 
the lead individual or organisation can determine the need, or otherwise, for an independent body or facilitator to 
become involved in the process. From the project team’s experience, some destinations have good links across 
VICE grid groups and the trust that already exists in these relationships will likely enable a single agency to run 
the process. However, in destinations where vested interests or high levels of scepticism exist, it may be in the 
best interests of the project goals to engage with an independent facilitator and/or research team to ensure that all 
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stakeholders feel equally engaged and are willing to contribute to the process without fear of misrepresentation 
or distrust. 

At this point it should be highlighted that decisions on who should lead the process in new destinations do 
not need to be made before the process starts. Indeed, one of the purposes of the semi-structured interview phase 
is to identify whether engagement, across all VICE grid groups, is sufficient to get the right individuals, with the 
right attitudes, engaged in the project and its intended outcomes. The person or persons conducting these 
interviews should therefore be able to determine whether independent facilitation will be required at this early 
stage of the process. For this to be achieved, it may be necessary for the interviewer to be trained up to a level at 
which informed and objective conclusions about this matter can be made. In cases where it is deemed that 
independence is required, it may be that a national body (and certainly not a parochial regional), like the STCRC, 
may provide one option for outsourcing these activities. 

How might the methodology be improved? 
Although the methodology developed and implemented in this study worked quite well, there are some areas that 
could be improved, both to link various aspects of the study together more and to streamline the process. 
Specifically, there are four aspects that could be immediately improved to yield tighter and more rigorous 
conclusions, as follows: 

1. The semi-structured interviews and the workshops could be more closely aligned. The experience here 
was that the interviews yielded a lot of very useful and interesting information that did not end up feeding 
into the design and discussion at the workshops, or make it into this report. Some of this information 
would likely be highly relevant to climate change adaptation strategy implementation and adoption, so 
efforts could also be made, post project completion, to ensure the delivery of all relevant information to 
all of the parties involved. 

2. The link between the economic and non-economic components of the project was not well described or 
articulated. Although this ensures that these components can run independently of one another (and the 
non-economic component can certainly be a useful exercise without the economic activity being 
undertaken at all), one way that the link may be strengthened would be to generate the shock information 
for the time-steps of interest at the workshops. Specifically, this would require stakeholder engagement 
and response to the climate change threats and would also no doubt generate interesting discussion across 
all VICE grid groups as to how they each see climate change influencing their own and the collective 
economic scene. 

3. In this study, the Victorian Alps case study destination adopted a different methodological approach, 
which not only made comparisons with the other destinations impossible, but also lead to a restricted 
identification of adaptation strategies (which was the key focus of activities in the other destinations). 
This lack of comparability and absence of adaptation strategy suggestions strongly supports this project’s 
call for the adoption, across all future studies, of the methodology outlined in this report for the other four 
destinations.  

4. The project team notes the difficulties in getting their collective heads (and the heads of workshop 
participants) around the long time lines (i.e. most, if not all, will be deceased by 2070). On the basis of 
these difficulties, the suggestion for the Margaret River case study is to present three scenarios without 
timeline labels, along the lines of the Scott et al. (2007) approach. Taking time out of the consideration 
should make responses easier, even if the workshop attendees are able to easily determine that the more 
extreme scenarios represent impacts that are anticipated over longer periods. 

Knowledge Gaps and Future Research 

The findings and the limitations of this project have identified a number of areas that require further research 
effort to enhance the development and discussion of climate change adaptation in regional Australia. Some of the 
research needs revolve around the desire, among interview and workshop participants, for improved regional 
projections and predicted impacts on biophysical components of the landscape. Others are more socioeconomic 
in nature and include aspects of tourism demand, including how visitors (tourists), communities and economies 
are likely to respond to climate change. Although not exhaustive, some obvious topics for further investigation in 
the realm of destination-based adaptive strategies include: 

• Creating better, more regionally specific climate projections (tourists are generally mobile within a 
regional destination and broad effects mapping may not take account of local variations and tourist 
behaviour, e.g. coastal cooling breezes vs. inshore heating). 
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• More specific timeframes for climate change impacts. 
• Determining how landscape is likely to change. 
• Ecological impacts of climate change upon wildlife. 
• What visitors want out of the regional experience and how climate change will impact upon their 

experiences. 
• Technologies to help mitigate and adapt to climate change. 
• Information about available incentive schemes. 
• Investigate overseas examples of best practice management. 
• How to become green and clean. 
• Better current economic data about the value of tourism to the region. 
• More information about health impacts. 
• More information about human and tourist comfort indices (HCIs / TCIs) and how these might predict 

behaviour (residents, staff, tourists). 
• Explore opportunities for product development that ‘weather proof’ core tourist experiences. 
• Analysis of the economic impact of Emissions Trading System / Carbon Pollution Reduction Scheme, 

trends, costs of adapting. 
• How to improve resource efficiencies in tourism—and how to demonstrate such (clean and green) brands. 
• Technologies to help mitigate and adapt to climate change. 
• Information about available incentive schemes. 
• Investigate overseas examples of best practice management. 
• Better interpretive information.  
• Better current economic data about the value of tourism to the region. 

Adoption of new practices will require: 

• Confidence that the climate is really changing and that increased variability in climate is part of the 
process. 

• Motivation to avoid risk or take up opportunities. 
• Demonstration of new technologies. 
• Transitional support from government. 
• Effective monitoring and evaluation. 
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APPENDIX A: SHOCKS TO DRY-LAND GRAINS PRODUCTION 

Table 17: Shocks to MMRF for dry-land grains production in the MMRF industry Grains
Direct impact in MMRF: Change in all primary factor usage

Year NSW VIC QLD SA WA TAS NT ACT
2020 -5.7 -10.1 -1.0 -0.5 -9.8 - - -
2050 -11.3 -11.5 -1.2 3.7 -14.2 - - -
2100 -0.4 20.0 2.4 20.2 1.1 - - -

Source: Derived from Tables 20 and 21, Economic Modelling Paper 4,
            Garnaut Climate Change Review, 2008  
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APPENDIX B: DATA USED IN THE UNMITIGATED SCENARIO 
FOR CRITICAL INFRASTRUCTURE 

Table B1: The effect of weather condition on capital usage by private coastal dwellings
             Annual average growth rates
Year NSW VIC QLD SA NT ROA

2020 0.126 0.106 0.126 0.126 0.133 0.104
2050 0.090 0.071 0.092 0.092 0.097 0.075
2070 0.074 0.066 0.077 0.087 0.080 0.069

Source: Derived from Tables 20 and 21, Economic Modelling Paper 4,
            Garnaut Climate Change Review, 2008

per cent

 

 

Table B2: The effect of weather condition on capital by commercial coastal dwellings
             Annual average growth rates
Year NSW VIC QLD SA NT ROA

2020 0.076 0.055 0.085 0.075 0.085 0.065
2050 0.054 0.036 0.062 0.055 0.062 0.046
2070 0.045 0.034 0.052 0.051 0.052 0.043

Source: Derived from Tables 20 and 21, Economic Modelling Paper 4,
            Garnaut Climate Change Review, 2008

per cent

 

 

Table B3: Changes to Construction Services used by private dwellings
             Annual average growth rates
Year NSW VIC QLD SA NT ROA

2020 0.326 0.326 0.326 0.217 0.145 0.123
2050 0.202 0.192 0.299 0.171 0.130 0.109
2070 0.138 0.129 0.235 0.138 0.129 0.106

Source: Derived from Table 22, Economic Modelling Paper 4,
            Garnaut Climate Change Review, 2008

per cent

 

 

Table B4: Changes to Construction Services used by commercial property
             Annual average growth rates
Year NSW VIC QLD SA NT ROA

2020 0.149 0.123 0.179 0.107 0.082 0.056
2050 0.092 0.072 0.164 0.085 0.073 0.049
2070 0.063 0.048 0.129 0.068 0.073 0.048

Source: Derived from Table 22, Economic Modelling Paper 4,
            Garnaut Climate Change Review, 2008

per cent
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Table B5:   Changes to capital expenditure in Electricity industry
             Annual average growth rates
Year NSW VIC QLD SA NT ROA

2020 0.048 0.028 0.069 0.046 0.015 0.022
2050 0.056 0.031 0.092 0.054 0.039 0.039
2070 0.052 0.027 0.091 0.047 0.040 0.044

Source: Derived from Table 23, Economic Modelling Paper 4,
            Garnaut Climate Change Review, 2008

per cent

 

 

Table B6:   Changes to intermediate usage of  Matal Products by Electricity industry
             Annual average growth rates
Year NSW VIC QLD SA NT ROA

2020 0.041 0.019 0.054 0.024 0.007 0.011
2050 0.025 0.010 0.037 0.015 0.007 0.009
2070 0.018 0.008 0.037 0.011 0.008 0.012

Source: Derived from Table 24, Economic Modelling Paper 4,
            Garnaut Climate Change Review, 2008

per cent

 

 

Table B7:   Changes to intermediate usage of  Equipment by Electricity industry
             Annual average growth rates
Year NSW VIC QLD SA NT ROA

2020 0.113 0.080 0.142 0.159 0.062 0.069
2050 0.067 0.045 0.097 0.095 0.064 0.055
2070 0.051 0.036 0.099 0.071 0.074 0.071

Source: Derived from Table 24, Economic Modelling Paper 4,
            Garnaut Climate Change Review, 2008

per cent

 

 

Table B8:   Changes to intermediate usage of  Construction Services by Electricity industry
             Annual average growth rates
Year NSW VIC QLD SA NT ROA

2020 0.099 0.056 0.122 0.098 0.035 0.043
2050 0.059 0.031 0.083 0.059 0.037 0.034
2070 0.044 0.025 0.085 0.044 0.043 0.044

Source: Derived from Table 24, Economic Modelling Paper 4,
            Garnaut Climate Change Review, 2008

per cent
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Table B9:  Changes to capital expenditure in water supply infrastructure
Annual average growth rates

Year NSW VIC QLD SA NT ROA

2020 0.117 0.185 0.104 0.356 0.026 0.296
2050 0.084 0.133 0.075 0.247 0.063 0.210
2070 0.049 0.089 0.043 0.156 0.090 0.141

Source: Derived from Tables 25 and 26, Economic Modelling Paper 4,
            Garnaut Climate Change Review, 2008

per cent

 

 

Table B10:  Changes to intermediate usage of  Matal Products by Water Supply industry
Annual average growth rates

Year NSW VIC QLD SA NT ROA

2020 0.089 0.151 0.081 0.191 0.049 0.165
2050 0.040 0.075 0.041 0.094 0.029 0.085
2070 0.017 0.033 0.019 0.042 0.014 0.039

Source: Derived from Table 27, Economic Modelling Paper 4,
            Garnaut Climate Change Review, 2008

per cent

 

 

Table B11:  Changes to intermediate usage of  Equipment by Water Supply industry
Annual average growth rates

Year NSW VIC QLD SA NT ROA

2020 0.021 0.055 0.018 0.104 0.035 0.081
2050 0.009 0.027 0.009 0.051 0.021 0.042
2070 0.004 0.012 0.004 0.023 0.010 0.019

Source: Derived from Table 27, Economic Modelling Paper 4,
            Garnaut Climate Change Review, 2008

per cent

 

 

Table B12:  Changes to intermediate usage of  Construction Services by Water Supply industry
Annual average growth rates

Year NSW VIC QLD SA NT ROA

2020 0.024 0.051 0.021 0.088 0.027 0.069
2050 0.011 0.025 0.010 0.043 0.017 0.036
2070 0.005 0.011 0.005 0.019 0.008 0.016

Source: Derived from Table 27, Economic Modelling Paper 4,
            Garnaut Climate Change Review, 2008

per cent
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Table B13:  Changes to intermediate usage of  Electricity Industry by Water Supply Industry
Annual average growth rates

Year NSW VIC QLD SA NT ROA

2020 0.005 0.016 0.006 0.037 -0.002 0.038
2050 0.006 0.020 0.008 0.043 -0.004 0.041
2070 0.006 0.017 0.008 0.035 -0.005 0.031

Source: Derived from Table 28, Economic Modelling Paper 4,
            Garnaut Climate Change Review, 2008

per cent

 

 

Table B14:  Lower Productivity in Water Transportation - Port Downtime
Annual average growth rates

Year NSW VIC QLD SA NT ROA

2020 0.00047 0.00048 0.00074 0.00030 0.00186 0.00092
2050 0.00039 0.00040 0.00082 0.00025 0.00185 0.00089
2070 0.00033 0.00034 0.00073 0.00021 0.00233 0.00082

Source: Derived from Table 29, Economic Modelling Paper 4,
            Garnaut Climate Change Review, 2008

per cent

 

 

Table B15:  Higher capital expenditure in Water Transportation
Annual average growth rates

Year NSW VIC QLD SA NT ROA

2020 0.00058 0.00063 0.00056 0.00018 0.00101 0.00069
2050 0.00077 0.00073 0.00084 0.00024 0.00135 0.00092
2070 0.00059 0.00054 0.00074 0.00020 0.00159 0.00081

Source: Derived from Table 30, Economic Modelling Paper 4,
            Garnaut Climate Change Review, 2008

per cent

 

 

Table B16:  Higher Input usage of Matal Products in Water Transportation
Annual average growth rates

Year NSW VIC QLD SA NT ROA

2020 0.00075 0.00078 0.00065 0.00028 0.00142 0.00092
2050 0.00058 0.00061 0.00057 0.00023 0.00119 0.00072
2070 0.00031 0.00033 0.00037 0.00013 0.00101 0.00047

Source: Derived from Table 31, Economic Modelling Paper 4,
            Garnaut Climate Change Review, 2008

per cent
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Table B17:  Higher Input usage of Equipment in Water Transportation
Annual average growth rates

Year NSW VIC QLD SA NT ROA

2020 0.00218 0.00214 0.00220 0.00091 0.00439 0.00265
2050 0.00169 0.00166 0.00195 0.00076 0.00366 0.00209
2070 0.00092 0.00090 0.00127 0.00043 0.00311 0.00136

Source: Derived from Table 31, Economic Modelling Paper 4,
            Garnaut Climate Change Review, 2008

per cent

 

 

Table B18:  Higher Input usage of Construction Services in Water Transportation
Annual average growth rates

Year NSW VIC QLD SA NT ROA

2020 0.00012 0.00013 0.00010 0.00004 0.00023 0.00016
2050 0.00010 0.00010 0.00009 0.00004 0.00020 0.00012
2070 0.00005 0.00006 0.00006 0.00002 0.00017 0.00008

Source: Derived from Table 31, Economic Modelling Paper 4,
            Garnaut Climate Change Review, 2008

per cent

 

 

Table B19:  Heat Impact on Labour Productivity in Construction Industry
Annual average growth rates

Year NSW VIC QLD SA NT ROA

2020 0.00073 0.00148 0.00039 0.00326 0.01782 0.00372
2050 0.00134 0.00271 0.00157 0.00422 0.05204 0.00600
2070 0.00385 0.00419 0.00861 0.00632 0.05807 0.00957

Source: Derived from Table 38, Economic Modelling Paper 4,
            Garnaut Climate Change Review, 2008

per cent

 

 

Table B20:  Heat Impact on Labour Productivity in Mining
Annual average growth rates

Year NSW VIC QLD SA NT ROA

2020 0.00000 0.00067 0.00000 0.00067 0.00400 0.00094
2050 0.00044 0.00067 0.00044 0.00111 0.01241 0.00126
2070 0.00105 0.00105 0.00210 0.00168 0.01422 0.00189

Source: Derived from Table 39, Economic Modelling Paper 4,
            Garnaut Climate Change Review, 2008

per cent
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Table B21:  Heat Impact on Labour Productivity in Agriculture
Annual average growth rates

Year NSW VIC QLD SA NT ROA

2020 0.00067 0.00133 0.00067 0.00333 0.01665 0.00458
2050 0.00133 0.00289 0.00156 0.00444 0.04946 0.00676
2070 0.00399 0.00431 0.00839 0.00672 0.05578 0.01040

Source: Derived from Table 40, Economic Modelling Paper 4,
            Garnaut Climate Change Review, 2008

per cent

 

 

Table B22:  Heat Impact on Labour Productivity in Manufacturing
Annual average growth rates

Year NSW VIC QLD SA NT ROA

2020 0.00067 0.00067 0.00000 0.00200 0.00866 0.00165
2050 0.00200 0.00400 0.00200 0.00666 0.07494 0.00824
2070 0.01266 0.01399 0.02662 0.02130 0.17907 0.02818

Source: Derived from Table 41, Economic Modelling Paper 4,
            Garnaut Climate Change Review, 2008

per cent
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APPENDIX C: SHOCKS CALCULATIONS 

We take TNQ domestic visitor for example to explain how shocks are calculated. Given the annual average 
growth rate of 1.84%, by 2020 the number of visitor nights would increase to 1.3145 from the base of 1 initially. 

 ( 1 + 0.0184 )15 = 1.3145 

Assuming 10% in crease above the reference case would give us an index of 1.446 

 1.3145*1.1 = 1.446 

Given the index of 1.446 by 2020, the implied annual average growth in for 15 years by 2020 would be 

 0249.01446.115 =−  or 2.49% 
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