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Executive Summary 

This report presents the findings of a study reviewing the impacts of climate change on mining transitions to 
identify research gaps relevant to the Cooperative Research Centre for Transformations in Mining Economies 
(CRC TiME).  The study developed:  

• A conceptualisation of the expected impacts of climate change, both risks and opportunities, across 
the mining system including closure and the transition to post-mining economies.  

• Three climate change scenarios based on the Intergovernmental Panel on Climate Change (IPCC) and 
their various implications for the Australian mining sector.   

• An understanding of mining stakeholder values and commitments to climate change based on analysis 
of public documents and statements. 

• A snapshot review on Indigenous Australians and climate change. 

Key findings are summarised below. 

Conceptualising the impacts of climate change 
Physical, financial, and transitional impacts were considered in line with the Task Force on Climate-Related 
Financial Disclosures (TCFD) and mapped onto the mining system.  As is to be expected, climate change impacts 
affect every aspect of the mining system and its context.  These diverse climate impacts across the mining 
system are interconnected and compounding.  However, although the financial impacts of climate change are 
greatly more significant than the direct physical impacts on mining operations, they receive less attention within 
the sector.  
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Scenarios for the future 
Three scenarios for future climate impacts were outlined.  Transformation is inevitable in every climate scenario 
– either to reduce GHG emissions to limit climate change (1.5°C and 2°C scenarios), or to adapt to the 
consequences of extreme weather events from extreme climate change (3.8°C scenario). Data describing the 
scale of the transformation for mining regions under different scenarios are provided. 
 
At a macro level, organisations mining fossil fuels and ‘tech’ minerals face two very different trajectories. 
Organisations and communities which seize the rapid growth opportunity of tech minerals stand to benefit 
substantially.  Expansive development of fossil fuel resources for energy is incompatible with the goals of Paris 
agreement (1.5°C and 2°C scenarios) and rapid decline in fossil fuel demand could result in stranded assets. 
Consequences for regional communities and economies reliant on the extraction of those fossil fuels is complex 
and dependant on their ability to grasp new opportunities. Key discussion points appear in Section 3.3 and 
Appendix B. 

Organisational responses to climate change 
Forty-five organisations with differing roles in the mining sector were examined for their public responses to 
climate change.  Almost all organisations of those researched acknowledged the Paris Agreement and a 
requirement to transition to a low carbon economy.  Most of them have internal policies to respond to climate 
change, and most supported carbon pricing.  However, the focus of organisations’ internal policies tends to be 
on managing the risks of climate change and typically overlook the substantial opportunities of low-carbon 
transitions.   
 
Excluding the International Council of Mining and Metals (ICMM), the peak bodies’ engagement with climate 
change tends to be less mature than that of mining organisations. Additionally, although most (84%) of the 
mining stakeholders analysed discussed the broad aspects of climate change, they generally had a relatively 
narrow view of climate impacts and only five organisations of those researched noted the impact of climate 
change on mining closure, highlighting a gap for CRC TiME. 

Indigenous Australians and climate change 
A brief review of scholarship on Indigenous concepts of climate change, adaptation and mitigation was 
undertaken as part of this study.  This material is rarely considered alongside the western dominated literature 
on the mitigation of, and adaptation to climate change.  In part, this is because Indigenous worldviews on caring 
for country and adapting to all ecosystem changes don’t mesh well with the colonial concepts of profit and loss, 
risk, and opportunity.  
 
The review highlighted a lack of effort in the incorporation of Indigenous knowledge into climate adaptation.  
Indigenous strategies are often localised and there is room to enhance the role and influence of place-based 
solutions in adapting to climate change.  In addition, the review identified a tendency to stereotype Indigenous 
livelihoods in terms of either being ‘vulnerable to’ or ‘resilient in the face of’ climate change.  Both of these 
framings underplay and limit the potential value that Indigenous knowledge can bring to climate adaptation.  
Several specific recommendations are made as a result of the review to enhance climate adaptation strategies 
by better empowering Indigenous leadership and connection to country in the face of a changing climate. 

Recommendations and research priorities 
Climate change will impact mining economies and there are gaps in the academic and industry literature 
regarding its impact on closure.  CRC TiME is well-placed to help regional communities and industries 
understand and seize opportunities and mitigate risks.  The scenarios presented in the report can be a common 
platform to support any project considering alternative climate scenarios in its execution. 
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The existing structure and project development process is well equipped to support solution-orientated research 
on the impacts of climate change on mining, with three small but critical developments:  

1) Develop a climate change statement and policy which represents best practice and supports the needs 
of diverse CRC TiME stakeholders. 

2) Ensure CRC projects engage with the consequences of mitigating against or adapting to climate change 
effectively by incorporating it into existing CRC TiME systems and processes and informing frameworks.  

3) Prioritise research which addresses critical knowledge gaps on climate change and mining – most 
notably: the financial impacts of climate change on mining projects; climate change impacts on closure 
and post-closure outcomes; and the incorporation of Indigenous knowledge into the mainstream 
discussion of climate impacts and responses. 

The inclusion of Indigenous concepts of change and country into the development of climate adaptation 
strategies is a gap which CRC TiME is uniquely placed to address using its embedded philosophy of ubiquitous 
Indigenous inclusion.  Indigenous inclusion should be incentivised as this CRC is uniquely positioned to provide 
the long-term investment required to successfully intertwine the different paradigms held by Indigenous 
peoples into climate adaptation strategies. 
 
And finally, five specific research priorities are advanced:  

1) Develop a Mining Transition Pathways Toolkit to allow organisations and regional communities to 
assess their unique climate risks and opportunities across the mining lifecycle, examine transition 
pathways, and develop community-centred transition strategies through broad stakeholder 
engagement. 

2) Develop a case study compendium of climate-smart industry best practice across the mining lifecycle 
including closure.  

3) Conduct broad stakeholder engagement across industry and regional communities to identify shared 
preferences for mining and governance to mitigate against or to adapt to climate change. 

4) Develop a full version of the Australian Mining Climate Atlas, to serve as a resource for regional mining 
stakeholders in planning for future responses to mining transitions. 

5) Apply Indigenous knowledge and perspectives to inform place-based climate mitigation and 
adaptation strategies in the mining sector 
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1. Background and aims 

The Australian mining sector is entering a time of rapid change as social, financial, and 
environmental forces push the sector toward alternative futures. Chief among these forces is the 
rapid onset of global warming and society’s response to it. Climate change presents both risks and 
opportunities for the mining sector which can be considered using the Task Force on Climate-Related 
Financial Disclosures (TCFD) framework. The TCFD is the established, accepted framework used 
throughout the finance sector with over 2,500 supports with a total market capitalization of over 
$25 trillion (Task Force on Climate-related Financial Disclosures 2021). The TCFD framework 
distinguishes among physical impacts (e.g. extreme weather events and changing rainfall), financial 
impacts (e.g. shifting investment and subsidies), and transitional impacts (e.g. reskilling workforce).  

There is a growing body of research on climate change and mining, but most only considers physical 
risks of climate change (Baisley, Pearce, and O'Kane 2016; Gonzalez et al. 2019; Clemente and 
Huntsman 2019; Clark et al. 2017; Labonté-Raymond et al. 2020; Pizarro et al. 2018; Correa-Ibanez, 
Keir, and McIntyre 2018; Janson et al. 2020; Liu and Song 2019; Ford et al. 2011) and excludes many 
opportunities from emerging technologies and transitioning to a low-carbon economy. Further, most 
research focuses on climate impacts on mining operation (Mavrommatis, Damigos, and Mirasgedis 
2019; Clemente and Huntsman 2019; E. Mavrommatis and Damigos 2020; Loechel, Hodgkinson, and 
Moffat 2013; Sharma and Franks 2013; Correa-Ibanez, Keir, and McIntyre 2018; Chiu et al. 2021; 
Janson et al. 2020), which represents only a small fraction of climate impacts across the whole sector 
and value chain. A more comprehensive view is needed which considers impacts across the whole 
mining system including finance, policy, communities, workforce, operation, and closure. The 
common focus on physical impacts needs to be expanded to include financial and transition impacts, 
in line with the TCFD framework, so that organisations and communities can position themselves 
strategically, align with industry best practice, and meet risk and reporting obligations. With this 
foundation in mind, it is then important to understand how different mining stakeholder groups are 
engaging with climate change, including core themes, and where different stakeholder groups tend 
to align and diverge. 

To navigate changes related to global warming and maintain a viable future of the mining sector in 
Australia and beyond, this report aims to provide solutions-oriented research to inform strategic 
decisions. To that end, this research emerges from a foundational project for the Cooperative 
Research Centre for Transformations in Mining Economies (CRC TiME). The CRC brings together 74 
mining and mining service companies, regional development organisations, State and 
Commonwealth governments and research partners from across Australia.  

To address these needs, this report aims to:  

• Identify expected climate risks and opportunities, including physical, financial, and 
transitional impacts, on mining systems, including closure and transition to post-mining 
economies. 

• Discuss the implications of these risks and opportunities for the Australian mining sector 
under three climate scenarios. 

• Provide a high-level foundation to inform industry strategy, government policy, and research 
prioritisation.  

• Understand the perspectives of mining stakeholders on climate change, including core 
themes, and where different stakeholder groups tend to align and diverge.  



 
 
             

10 
 

Final Report P5.3| Mining transitions and climate change: a research synthesis to inform CRC TiME strategy  

• Provide recommendations and research priorities for CRC TiME to play a leading role in 
supporting organisations and communities to navigate the impacts of climate change.   

• Provide recommendations and a conceptual foundation for a framework to support further 
analysis of climate impacts on mining which can be applied to specific industries, regions, 
organisations, and communities. 

 

2. Climate impacts on mining systems  

 The Mining System and types of climate driven impact 
The mining sector is vast and complex, containing a wide range of industries and stakeholders along 
its supply chain. To understand the range of expected impacts of climate change, it is necessary to 
take a whole-of-systems approach.  

Most tangibly, the mining sector consists of large-scale extraction operations in the landscape 
involving heavy infrastructure and processing facilities. These operations sit within and respond to a 
broader global economy with shifting demands for commodities. The economy in turn, forms part of 
broader social system of governance, policy, and community expectations. These components of the 
mining system shift throughout the mining lifecycle from finance and exploration, through operation 
to closure and rehabilitation. For clarity, this study conceptualises the mining system as follows: 

• Social-economic-environmental context: Finance (Demand, markets, and insurance), 
Permissions (Policy, approvals, and social license), People (Workforce and community), 
Environment (Biodiversity, water, ecosystem services). 

• Industry operations: Technology (used throughout the sector), Exploration, Operation 
(Development and extraction), Processing, Transport.  

• Post-mine futures: Closure (rehabilitation, and relinquishment)  

Global climate change is driving significant changes across society, the environment, and the 
economy, including the mining system. These changes affect each component of the mining system 
differently. The TCFD provides a valuable framework for identifying and disclosing risks and 
opportunities of a changing global climate. The TCFD is the established, accepted framework used 
throughout the finance sector with over 2,500 supporters with a total market capitalization of over 
$25 trillion (Task Force on Climate-related Financial Disclosures 2021). The framework distinguishes 
among three primary types of climate impacts:  

• Physical impacts relate to changes in the climate itself and its immediate impacts such as 
increased temperatures and changing rainfall patterns.  

• Financial impacts relate to changes in the economic system due to the physical impacts of 
climate change, or related to efforts to avert or adapt to climate change. For example, this 
includes shifting demand for products, policy, investment, and stranded assets.  

• Transitional impacts describe changes from the shift to a low-carbon economy to reduce 
climate change. For example, changing needs for jobs, skills, technology, and infrastructure.  

Each of these types of climate impact present substantial risks and opportunities for the mining 
sector (Figure 1). 
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2.2  Understanding climate driven impacts in terms of risks and 
opportunities across the mining system 
To understand how these established climate impacts may affect the mining sector, risks and 
opportunities were identified by reviewing existing industry and academic literature and through 
extensive industry engagement, including a survey, two workshops with 64 stakeholders, interviews, 
and other industry engagement activities. This formed part of a body of work to develop the An 
Adaptation Plan for the Energy, Mining and Manufacturing sectors and supporting entities, part of 
the Queensland Climate Adaptation Strategy (Q-CAS). Development of the Plan was led by The 
University of Queensland’s (UQ) Centre for Policy Futures, with the participation of industry 
stakeholders, and with the support of the Queensland Government Department of Environment and 
Science.  

Table 1 compiles these impacts from climate change across the mining system. It identifies the 
nature of the impact including opportunities () or risks (). It also identifies three types of impacts 
based on the TCFD framework: Physical (Orange), Financial (Blue), and Transition (Green). These 
impacts will manifest differently in different sectors, and regions.  
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Figure 1: Climate impacts across the mining system 
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Mine system     Opportunities      Risks  
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Finance: Demand, 
markets, and 
insurance 

 Increased demand for low carbon metals 
 Increased royalties from tech minerals 
 Increased lending and investment in 
renewables 
  

 Stranded private assets and insolvency 
 Potential carbon price cost or trade tariffs  
 Reduced fossil fuels royalties 
 Stranded assets, reducing funds for public services  
 Reduced demand and investment for fossil fuels 
 Reduced availability of insurance for coal 

Permission: Policy, 
approvals 

 Increased ease of approvals for ‘tech’ 
minerals 

 Reduced ease of approvals for fossil fuels 
 Civil opposition to fossil fuels 
 Legal liability for managing climate risks 

People: Workforce 
and community 

 Economic development of rural towns 
through low carbon industries  
 Job growth in renewables and low-carbon 
industries 
 Skill development in low-carbon industries 
 Automation facilitating working from more 
hospitable locations 

 Increased costs for (re)training workforce in 
declining industries 
 Transitions in rural towns with fossil fuel 
resources 
 Potential skill shortages and increased social and 
economic costs to communities in transition  
 Reduced livability of communities in hot regions  
 Increased heat stress on workforce 

Environment: 
Biodiversity, water 

 Improved air quality as fossil fuels in 
electricity and transport phase out 
 

 Reduced ecosystem services as climate change 
reduces ecosystem health  
 Reduced biodiversity and increased extinctions 

In
du

st
ry

 o
pe

ra
tio

ns
 

Technology  Climate-driven technology development  Increased damage to infrastructure due to 
bushfires and storms 

Exploration  Rapid increase of tech mineral exploration  End of fossil fuel exploration 

Operation: 
Development and 
extraction 

 Cheap onsite renewable energy generation 
 

 Increased flood risk and tailings dam spillage 
 Reduced slope stability due to more intense 
rainfall 

Processing  Increased demand for circular economy in 
mining e.g. reprocessing tailings 
 Low-energy processing technology 
development 

 Increased competition for water from agriculture, 
community, and ecological demands 
 Reduced water quality due to increased erosion 

Transport  Increased demand for low carbon transport 
options 
 

 Delayed freight rail from extreme weather events 
 Supply chain delays and reduced site access due 
to extreme weather 

Po
st

-m
in

e Closure: 
rehabilitation, and 
relinquishment 

 Transition impacts eased by progressive 
rehabilitation and closure plans  
 Increasing demand for carbon sinks through 
rehabilitation 

 Heightened risk of early closure and stranded 
assets due to shifting demand away from fossil fuels 
 Heightened risk of abandoned fossil fuel mine 
sites 
 Reduced water availability impeding rehabilitation 

LEGEND: Physical impacts (Orange), Financial impacts (Blue), and Transition impacts (Green). 
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3. Climate scenarios to support effective 
decision-making 

 Developing Scenarios 
The unfolding of these risks and opportunities will vary greatly, depending on how much the climate 
heats up, and how society responds. The IPCC has established high degrees of certainty that climate 
change is happening now, is caused by human society, and is resulting in global warming, extreme 
weather events, and adverse effects on ecosystems, people, and other species (Intergovernmental 
Panel on Climate Change (IPCC) 2021). How society responds is more uncertain. To navigate these 
substantial risks and opportunities, researchers and decision-makers alike require assessments, 
predictions, and strategies linked to established climate science. Scenarios provide a powerful 
conceptual tool to examine different potential future outcomes without presupposing which policies 
will be enacted (Burt et al. 2006). Rather than extrapolating data to identify probable outcomes for a 
single issue, scenarios explore several possible sets of outcomes across a wide range of variables. 
This supports more comprehensive decision making, helps to identify outliers and disruptive events, 
and enables more ambitious strategic visions. 

Scenarios in this study align with three primary IPCC scenarios, describing three different degrees of 
global warming. The Paris goal scenario aligns with the aims of the Paris Agreement to limit warming 
to 1.5°C. The Paris fallback scenario aligns with the upper limit of the Paris Agreement to keep 
warming below 2°C. The Current trajectory scenario follows a temperature increase of 3.8°C if efforts 
to reduce Greenhouse Gas Emissions (GHG) are unsuccessful. Each of these scenarios are set in the 
year 2050 which aligns with many prominent analyses and supports more ambitious long-term 
decision making.  

Within each of these scenarios, there is a need for consistent, internally coherent circumstances 
where policy, industry practice, and climate outcomes align with the climate outcomes. For example, 
for the Paris fallback scenario to eventuate, we must assume that by 2050, the combination of 
government policy and industry action was sufficient to keep warming below 2°C. For simplicity, 
linear change is assumed and averaged across the globe. However, the impacts of climate change 
and the pace of change vary greatly across different nations, environments, and social groups. Each 
of the scenarios are introduced below by providing global context before discussing some of the key 
risks and opportunities across the mining system including closure.   
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Scenario 1: Paris goal (1.5°C) 
Global society achieved Zero Net Emissions by 2050, and limited global warming to 1.5°C. This 
minimised the impacts of climate change and required a significant, rapid transformation of 
societies, economies, and industries. 

Global context 
Reduced crop yields and available food.  
Grazing land transitioned to crops and forest to 
capture carbon. 
Cost of rapidly reducing emissions is less than 
climate adaptation. 

30% of coral reefs remain. 
Reduced energy demand and rapid transition to 
renewables and storage. 
Fossil fuel is no longer a primary energy source 
and what remains is 100% offset.  

Key mining system impacts 
• Rapidly increased demand and investment 

for low-carbon metals. 
• Maintaining livability of communities in hot 

regions.  
• Economic development of rural towns 

through low-carbon industries.  
• Limited supply chain delays from extreme 

weather.  

• Increased royalties from tech minerals. 
• Least impacts on biodiversity and mine 

rehabilitation. 
• Stranded assets and insolvency in carbon 

intensive industries.  
• No fossil fuel investment or approval.  
• Potential skill shortages following rapid 

transition.  
• Changing approval processes to establish, 

operate and close mines. 
 

Scenario 2: Paris fallback (2°C) 
Global society is on track to reach Zero Net Emissions by 2070, and thus limit global warming to 2°C. 
While still severe, this avoided the worst impacts of climate change and required a significant 
transformation of societies, economies, and industries.  

Global context 
Periodic food supply shocks across regions. 
50% more water stress than at 1.5°C. 
99% of coral reefs die.  

Increased poverty and inequality compared to 
1.5°C.  
Little fossil fuel use remains. 

Key mining system impacts 
• High job growth in renewables and low-

carbon industries.  
• Increased demand and investment for low-

carbon metals. 
• Increased flood and tailings dam spills. 
• Stranded assets and insolvency in carbon 

intensive industries.  
• Supply chain delays and reduced site access 

from extreme weather. 

• Reduced livability of communities in hot 
regions.  

• Increased competition for water for food, 
community, and ecological demands. 

• Increased social opposition in relation to 
some mining activites.  

• Increased financial cost associated with 
management and mitigation of 
environmental impacts and rehabilitation 
costs.    

• Increased refusals and harder approvals to to 
establish and operate fossil fuel mines. 
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Scenario 3: Current trajectory (3.8°C) 
Global society failed to limit emissions to Net Zero, and global warming is on track to reach to 3.8°C. 
Extreme climate impacts impacted all societies and sectors and drove transformation of societies, 
economies, and industries.  

Global context 
Sustained food supply disruptions and food 
security loss globally.  
The largest migration in history increases armed 
conflict and social unrest. 
99% of coral reefs die.  

Greatly increased poverty and inequality.  
Ongoing fossil fuel use in some nations. 
Extensive land degradation and extinctions. 
Melting ice sheets lock in 60m of long-term sea 
level rise and associated destruction. 

Key mining system impacts 
• Ongoing fossil fuel royalties. 
• Lower costs for (re)training workforce. 
• Limited demand for low carbon metals. 
• Many regional communities become 

unlivable  
• Strong civil opposition to fossil fuels. 
• Dramatically increased competition for water 

for food, community, and ecological 
demands. 

• Extensive damage to infrastructure due to 
bushfires, storms, and flooding.  

• Increased social unrest in relation to mining 
activites.  

• Increased financial cost associated with 
management and mitigation of 
environmental impacts and rehabilitation 
costs.    

• Increased refusals to approve new mines; 
Longer and harder approvals needed to 
establish, operate and close mines. 

• Stranded assets and insolvency in some 
industries.  

3.2 Quantifying critical parameters 
A series of analyses were undertaken to examine the intensity of selected physical impacts under the 
different scenarios and determine where they might differ. 

 Will climate change impact existing mining projects in their lifetime? 
Many of the physical impacts of climate change, including increased average and peak temperatures, 
changing rainfall patterns, and increased bushfire risk, already impact Australia’s regional 
communities and mining operations. Furthermore, the financial impacts such as changing demand 
profile, availability of finance, and risks of early closure already impact existing mines and are 
expected to increase over the coming years. The scenarios outlined in the above sections are set in 
the year 2050. How many of Australia’s existing mines are likely to be still operating at this time? 

To address this question within the scope of the project, we analysed the start-up and closure years 
that were listed for Australian mines in the S&P global database. This provided a sample of 354 
projects. One hundred and ninety-five of these have closure years in the future, which is about half 
the number of currently operating mines, so the coverage of the sample is good.  

However, there are some uncertainties in the data that must be taken into account. As shown in 
Figure 2, the closure year listed for a large fraction of projects is this year or next. Many of these are 
surely outdated entries.  These likely inaccuracies mean that the averages calculated from this 
sample should be interpreted as extreme lower bounds; the true expected lifetime is likely to be 
much higher. 

https://www.spglobal.com/
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Even with this caveat, the average lifetime of the entire sample is still over 20 years. Taking into 
account also the bias in the data described above, this analysis indicates that a substantial fraction of 
currently active mines will still be operating in 30 years’ time in the year 2050. 

 

 
Figure 2: Lifetimes of Australian mining projects for which start-up and closure years were available from 

the S&P global database. The top panel shows the distribution of currently active mines by closure year. The 
bottom panel shows both data for the whole sample (lighter blue points indicating projects with closure 

years in the past). 

To understand potential physical climate effects in more detail, we compiled a prototype climate 
atlas for 12 mining regions in Australia.  These were chosen based on a mix of geographic location, 
commodity, and accepted recognition within the mining community and stakeholders.  The regions 
chosen comprised: the Pilbara; WA Goldfields; The Top End of the Northern Territory; the Granites-
Tanami; The Gawler-Curnamona; Far North Queensland; The NW Mineral Province of Queensland; 
the Bowen Basin; Central NSW; the Hunter Valley; Vistoria and Tasmania.  Climate projection data 
were extracted from the CSIRO-BOM Climate Change in Australia website, as well as from bushfire-
specific analyses (Dowdy 2020) and a selection of eight models of monthly projections of 
temperature, rainfall and windspeed derived from more recent CMIP6 models (O'Neill et al. 2016). 
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Figure 3: Screen capture of the prototype Australian Mining Climate Atlas Prototype.  See text for further 

description.  The atlas can be accessed online at https://miro.com/app/board/o9J_l2wxfx4=/ 

 

 Physical impacts of climate change 
Heat extremes 

To quantify the impact of rising temperatures on Australian mine sites, we analysed data from the 
Climate Change in Australia collaboration between CSIRO and Bureau of Meteorology.  

Informal expert elicitation on the management of heat in mining operations suggested that, whilst 
there are many challenges, of perhaps the greatest concern is equipment failure, and in particular 
any that would lead to operations being suspended. 

With this in mind, the data in the climate modelling compilations that seemed of greatest relevance 
to mining operators were the projections for extreme heat that has rarely been experienced before 
at that site. This may be the best indication of conditions that may lead to equipment failure, as the 
range of conditions for which equipment was chosen, and tested for, could potentially be exceeded.  
This will also be a strong indicator of the severity of a host of other consequences associated with 
extreme heat discussed in section 2. 

Two examples of such threshold data are visualised in Figure 4, which shows the number of days per 
year at which the temperature is projected to exceed 45oC in the projection period around 2050. 
This is the highest threshold temperature considered in the data post-processing and, historically, 
was almost never exceeded at the majority of locations. Even the very hottest areas have only 
reached this temperature on a handful of days per year. 

https://miro.com/app/board/o9J_l2wxfx4=/
http://www.climatechangeinaustralia.gov.au/
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Figure 4: Extreme heat projections for Australian mining projects, 2036-2065, taken from a suite of climate 
simulations for two scenarios (see text for details). The left panels are for a Representative Concentration 

Pathway (RCP) 4.5, which more closely corresponds to our Scenario 2. The right panels are for RCP 8.5, 
corresponding to our Scenario 3. 

 

By 2050, even in our intermediate Scenario 2, this temperature is expected to become much more 
common in those locations. In contrast to the historical average of 8 days per year in Marble Bar, it is 
projected to become the norm for over 3 weeks. And locations that have never previously 
experienced such heat extremes at all would by then be exposed to them. 

For our Scenario 3, we have taken the 90th percentile of the climate simulations, to illustrate how 
bad things could get by 2050 in this case. This shows that some climate simulations are predicting 
45oC to be exceeded for months on end in the hottest location, and a third of sites could be exposed 
to it for durations that have historically only been found in extreme locations. 

Monthly temperature projections for the 12 chosen mining areas and three scenarions over the 
period 2015-2100 show an overall consistency (Figure 4), but also highlight the broad range of 
predictions made by the different models. Predictions of mean temperature to 2050 show 
perceptible but relatively small differences between the scenarios.  All areas show a strong 
divergence between the scenarios by the year 2100. 
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Figure 5: Monthly temperature anomaly projections for selected mining regions based on the following 

CMIP6 models: ACCESS-CM2;CanESM5-CanOE;CESM2;CNRM-CM6;GFDL-ESM4;HadGEM3-GC31-
MM;MIROC6;NorESM2-MM.  Solid lines show the means of all 8 models, and the shaded regions show the 

full range of all models. 
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Figure 5 continued. 

 

Rainfall events 

To quantify the impact of extreme rainfall expected for the 3 scenarios, we drew from the same set 
of climate simulations described above, looking for a similar indicator for conditions that sites will 
have not been previously experienced. Rather than an absolute value, the threshold in this case was 
the daily rainfall volume that was in the 99.9th percentile of the historical records. That is, a daily 
volume of rain that only falls a few times a decade, on average. 

By 2050, the models indicate that these more extreme days will be happening almost every year, as 
illustrated by the distributions in Figure 6. A little less frequently in Scenario 2, but potentially more 
often still in some of the simulations of Scenario 3.  
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Figure 6: Extreme rainfall projections for Australian mine sites, 2036-2065 
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Figure 7: (This page and previous page) Eight model composite predictions of extreme rainfall for 12 of 

Australia’s major mining regions.  Lightest blue bars show the annual frequency of 1 in 1000 days; medium 
blue bars show annual frequency of 1 in 1000 days in the years 2050 and 2100 for the RCP 45 scenario; and 

darkest blue bars show annual frequency of 1 in 1000 days in the years 2050 and 2100 for the RCP 85 
scenario. 
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Sea level rise: increased flood risk to ports 

Quantifying the full financial implications of sea level rise for Australian mining industry is beyond 
the scope of this project, but qualitative visualisations of the likely impact are available online 
(National Climate Change Adaptation Research Facility (NCCARF) 2017).  

One natural example to highlight is the Port of Gladstone, as this has been forced to close in the past 
due to flooding (Munoz 2011; Alouat 2013).  As shown in Figure 8, a substantial area around the port 
would be flooded by 2050 in our Scenario 3, even under normal tidal conditions, without even taking 
into account storm surges, erosion and extreme rainfall, all of which are expected to grow due to 
climate change. 

 

 
Figure 8: Inundation for the RCP 8.5 scenario for the Port of Gladstone and surroundings, in 2050. Blue 

shading indicates areas flooded for this scenario, taking into account the projected rise in mean sea level 
(SLR=0.26m) and the highest astronomical tide (HAT=2.26m). 

 

Fire Danger: increased frequency of extreme fire risk events 

The regional locations of most mine sites make them susceptible to damage and interruption due to 
bushfires, and any increase in the frequency and severity of bushfires could have severe safety and 
financial implications for mining operations.  Predictions of forest fire danger have been previously 

https://coastadapt.com.au/climate-change-and-sea-level-rise-based-observed-data
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compiled and analysed (Dowdy 2020), and are available as part of the Electricity Sector Climate 
Information data portal. 

 
Figure 9: (This page and following page) Predictions of days of McArthur Forest Fire Danger Index (FFDI) of 

greater than 50 (Severe – shown in yellow) and greater than 75 (Extreme – shown in red).  Data derived 
from the GFDL-ESM2M-CCAM-QME ESCI Model composite. 

https://www.climatechangeinaustralia.gov.au/en/projects/esci/esci-climate-data/
https://www.climatechangeinaustralia.gov.au/en/projects/esci/esci-climate-data/
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Figure 9 continued. 

The data show that days of severe and extreme fire risk are approximately 1.5 times as likely under 
the RCP 45 scenario.  Under the RCP85 scenario, days of severe fire risk are just over twice as likely, 
and days of extreme fire risk are approximately 2.7 times as likely.  The data predict that the Hunter 
Valley will be particularly affected, with days of extreme fire risk more than 3 times as likely by 2050. 
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 Indirect impacts to regional economies 
In section 2, we discussed the size and complexity of the mining sector, and the wide range of 
industries and stakeholders along its supply chain. To visualise and quantify this network, we 
conducted GIS analysis to identify the nearest settlement to every listed mining project. For each of 
these we then further identified the nearest urban town, and then in turn the nearest regional city 
(see Figure 11, left panel).  

The network for the Australian dataset is visualised in Figure 10, illustrating that mining has truly 
reached “all four corners” of the continent.  Immediately noticeable is how the typical distances to 
settlements tend to decrease from the west and north of the continent to the south and east.  

 

 
Figure 10: The network of connections between Australian mine sites and regional towns and cities. 
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 The regional impact of energy transitions 
Using the spatial hierarchy described above and shown in Figure 10, the relationships between 
mining and regional economies can be analysed to reveal the dependance of each hierarchical level 
on each commodity category.  The vulnerability of these regional hierarchies to changes in resource 
extraction patterns for energy minerals and fossil fuels can then be examined.  

 

 
Figure 11: The relationships between mining projects and regional economies. The left panel illustrates the 

network structure and its levels. The right panel shows the exposure of each level in the network to coal 
closure (black shading) and to the boom in mining for energy transition metals (green). 

 

Closure of fossil fuel mining 

To achieve the reduction in emissions required under the Paris Agreement and described in 
Scenarios 1 and 2, there would be little or no coal mining by 2050. The regions impacted by this 
transformation are shown in 12 and stretch across the east coast. 

The network analysis above helps us to quantify the indirect impact that these closures will have, 
and these results are shown in Figure 11. Whilst only a quarter of all projects are mining for coal, 
over a third of urban towns are connected to them, and two thirds of regional cities. 

Boom in metal mining due to the energy transition 

Though the exposure to coal closure is considerable, our network analysis reveals that it may be 
more than offset by the boom in metals mining that might be expected in both the lower emission 
scenarios. 

Though coal projects fractionally outnumber those associated with energy transition metals (ETM), 
the fraction of towns connected to ETM projects exceeds those connected to coal at all levels of the 
network. Estimating the relative extent of gains and losses would require a case-by-case analysis, but 
over half of the urban towns and regional cities that are exposed to coal closure also stand to benefit 
from the metal mining boom in their network.  
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This encouraging result for those scenarios does not even include over 1,300 projects that are 
currently exploring for energy transition metals. Many of these will become operational between 
now and 2050, further improving the outcome for regional economies.  

 

 
Figure 12: The networks containing coal mining projects (black) and those containing projects that are 

mining for metals associated with the energy transition (green). 

 

For the purposes of this analysis, we have included the following metals as being associated with the 
Energy Transition: Copper, Dysprosium, Praseodymium, Rare Earth Elements, Scandium, Indium, 
Platinum, Selenium, Tellurium, Terbium, Lanthanides, Cobalt, Gallium, Lithium, Heavy Rare Earths 
and Yttrium.  
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3.3 Key discussion points 
Three critical issues stand out across these scenarios related to the impacts of climate change across 
the mining system:  

 Transformation is inevitable  
Every scenario involves transformation of the Australian mining sector. Transformation will occur 
either due to the transformation of global and Australian economies to avoid high-level climate 
change, or because of the consequences of high levels of warming. This transformation represents a 
fundamental reconfiguration of how the sector operates, the demand profile for different minerals, 
and its role in society. The limited industry and academic literature in this space, and the narrow 
scope of what does exist, indicates that organisations, governments, and communities are not 
prepared for the forthcoming transformation.   

 Different trajectories for ‘tech’ minerals and fossil fuels  
Two industries in particular face very different trajectories under a changing climate: ‘tech’ minerals 
(such as cobalt, lithium, nickel and rare earth elements) and fossil fuels (such as thermal and 
metallurgical coal). To avert climate change, many nations are rapidly transitioning to renewable 
energy sources, battery storage, and electric vehicles. Carbon-dioxide produced from burning fossil 
fuels is the primary contributor to global warming. Fossil fuel development is incompatible with 
either Paris scenario (1.5°C or 2°C). The rapid transition away from fossil fuels has seen over $8 
trillion of managed funds divest from coal, limited unavailability of insurance for coal projects, legal 
liability for Directors underplaying climate risks, and staged exists by many nations.  

Under a 1.5°C or 2°C scenario, Australian mining economies are predicted to gain income from 
mining critical minerals but lose income from mining coal by 2040. The change may occur by 2030 if 
net-zero emissions (NZE) targets are held to 2050, or by later than 2050 if NZE targets are pushed 
out to later in the century. As a result of unprecedented levels of demand for tech minerals there is a 
significant opportunity for a sizeable increase in incomes from creating a critical mineral processing 
sector onshore in regional centres. Onshore processing of critical minerals creates substantial 
opportunities for regional development, job growth, and economic benefits. However, the rapid 
growth demands skills development, and appropriate oversight to avoid associated environmental 
degradation. The shift from coal to critical minerals may differ for each mining economy, but 
planning will help to develop processing centres to counteract disproportionate transition effects 
and reduce the impacts of stranded assets and communities (See Appendix B, p 60). This present 
substantial opportunities for CRC TiME to support closure of fossil fuel mines, transition to post-
mine economies through better planning, risk reduction, and decision making practices. 

 Non-physical risks tend to receive less attention but have significant consequences 
Higher levels of warming present greater risks for the mining sector as a whole, and especially for 
regional communities. Understanding and managing these risks will be essential for the ongoing 
viability of the sector. Financial impacts, such as stranded assets and the shifting availability of 
investment, insurance, and approvals, present the most significant risks and opportunities to the 
Australian mining sector. The physical impacts of climate change on mining operation (such as heat 
stress, destructive weather, and competition for water) receive most attention, but may be the least 
significant climate impacts on the mining sector. Helping to address these non-physical impacts 
presents an opportunity for CRC TiME to support improved risk analysis, decision-support tools, and 
community engagement and planning practices. 
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4. Stakeholder perspectives: The mining supply 
chain 

 Aims and Methodology    
To support strategic planning by organisations, communities, and the CRC TiME, it is important to 
understand how different mining stakeholder groups engage with impacts of climate change. This 
stakeholder analysis examined public webpages and documents from 45 organizations across seven 
stakeholder groups: peak bodies (11), finance (7), supply chain (5), mining companies (6), unions (6), 
Australian federal agencies (4), and state policymakers (6). It primarily analyzed four themes for 
organizations:  

1. Climate change issues: if and how organisations engage with the threat of climate 
change, whether they are active on climate change issues, and whether they consider 
the intersection of climate change and mining specifically;  

2. Direction of climate change impacts: an analysis of whether organisations focused on 
the impacts of climate change on mining, or the impacts of mining on climate change;  

3. Organisational internal actions: what internal actions organisations have taken to 
mitigate and/or adapt to climate change; and  

4. International and national policy engagement: whether organisations engaged with 
international or national climate change policies and their stance on the issues.  

This study is by no means exhaustive, but represents a snapshot of the way that Australian mining 
stakeholders are engaging with these aspects of climate change.  

 Theme 1: Discussing climate change issues 

The majority of mining organisations examined discussed climate change issues, impacts, and/or 
policies in official publications (84%) 1

(. Despite wide differences in the degree of engagement,2 large 
mining organisations represented the most engaged on climate change, while Trade Unions and 
peak body organisations were typically the least engaged, in quantity and quality3. There was wide 
variation between stakeholder groups regarding whether they address the relationship between 
climate change and mining, specifically. Sixty-four percent of stakeholders acknowledged the 
relationship, primarily in supply chain, peak bodies, mining companies, finance, and federal 
policymaker groups4. Some of these stakeholders are reframing mining for the future economy: 

 
1 Analysis examined all official publications (ie. webpages, reports, speeches, press releases, etc).  
2 Most stakeholders had webpages and/or reports specifically designated to climate change issues. 
However, some stakeholders did not (ie. Climate change only mentioned in a public speech), which was 
noted in the analysis. 
3 Union and peak body organizations were among the least likely to be active on climate change overall, 
and when they engaged with climate change issues, they tended to have limited information and/or were 
likely to be defensive. 
4 The majority (approximately 80%) of peak bodies, supply chain, mining companies, finance, and federal 
policymakers acknowledge the relationship between climate change and mining. Unions and state 
policymakers, however, were at 50% or below.  
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mostly highlighting the importance of minerals for low emissions technologies, though some 
stakeholders discuss the importance of fossil fuels for future society 5. 

 

 Theme 2: Direction of climate change impacts 

The two largest foci in this theme were the impact of human activity on climate change,6 and the 
impact of climate change on mining7. No stakeholders suggested that climate change is not a result 
of human activities. Approximately 60% of stakeholders acknowledged the impacts of mining on 
climate change, with most focused on greenhouse gas emissions from mining. A few noted the 
impact of the need to exit coal-based industries. Trades Union were the least likely to acknowledge 
the impact of human activity or mining on climate change. The second largest focus was the impact 
of climate change on the mining industry (70-80%). The primary concern of stakeholders is physical, 
followed closely by transition and financial effects 8 (Figure 13). Only five organizations noted the 
impact of climate change for mining closure, rehabilitation, and/or relinquishment, and they were all 
mining companies or policymaking stakeholder groups. 

 

 

Figure 13: Impacts of climate change on mining systems identified by stakeholder groups 

 

 
5 Mining companies were the primary organizations reframing mining for the future economy (80%), 
followed by peak bodies and state policymakers (approximately 50%). Only peak bodies and unions 
advocated for the importance of fossil fuels for future societal function. 
6 71% of organizations discussing human and/or economic sectors’ contribution to climate change. 
7 62% of organizations discussed the impact of climate change on mining. 
8 Federal policymakers and peak bodies were the least likely to acknowledge the impact of climate change 
on mining.  
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 Theme 3: Discussion of international and national policies  
Regarding discussion of international and national policies, stakeholders primarily engaged four 
policies: the Paris Agreement, the low carbon economy transition, carbon pricing, and reporting 
scope 3 emissions9 (Figure 14).  All stakeholders who actively discussed climate change (84%) also 
acknowledged the Paris Agreement. Many stakeholders (38%) also mentioned the need for national 
policy that is consistent with the Paris Agreement. No organisation critiqued the Paris Agreement in 
these documents.  

 

 

Figure 14: Stakeholder groups engaging specific external policies 

 

All stakeholders who were active on the subject of climate change also acknowledged a requirement 
for transition to low carbon economy (Figure 14). Sixty percent explicitly supported net zero 
emissions, and 36% supported net zero by 2050 or before10. Most organizations active on the 
subject of climate change also discussed financial mechanisms, such as carbon pricing (55%)11. 
Mining companies were the most likely to discuss carbon pricing (70%) with half explicitly supporting 
a price on carbon (Figure 15). Only 32% discuss the need for scope 3 emission reporting. Mining 
companies were by far the most likely to discuss and acknowledge scope 3 emissions (approximately 
65%), predominantly by reporting their own scope 3 emissions12.  

 
 9 According to the Environmental Protection Agency (EPA), “scope 3 emissions are the result of activities 

from assets not owned or controlled by the reporting organization, but that the organization indirectly 
impacts in its value chain. …Scope 3 emission sources include emissions both upstream and downstream of 
the organization’s activities” https://www.epa.gov/climateleadership/scope-3-inventory-guidance.    

 10 Peak bodies and unions were the least likely to support net zero 2050. About 50% of peak bodies, supply 
chain, mining company, union, and finance organizations supported net zero. No Australian federal 
policymaker entities supported net zero 2050, but all state policymakers did.  

 11 The only stakeholder group that was explicitly against or concerned by carbon pricing was peak bodies, 
though only 20% of organizations. 

 12 Unions were the only stakeholder group that did not acknowledge scope 3 emissions, and unions and 
peak bodies were the only stakeholder groups where some organizations were explicitly against scope 3 
emissions reporting. 
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Figure 15: Engagement with external policies by stakeholder groups 

 

 Theme 4: Climate action by organisations 
Most (84%) organisations across stakeholder groups supported some form of internal policies in 
response to climate change (Figure 16). The three levels of internal climate action observed were: 1) 
company analyses, such as climate risk assessments and scenarios; 2) reporting, systemic, or 
financial mechanisms, such as internal policies, guidelines, or training; 3) reducing greenhouse gas 
emissions, such as through efficiency, decarbonization, electrical transportation, or renewables. The 
most supported internal climate action was reducing greenhouse gas emissions, with 97% of 
organization supporting or implementing internal policies. Internal company analyses (53% of 
organizations) and reporting, systemic, and financial mechanisms (45% of organizations)13 were also 
prominent. Mining companies consistently supported internal policies for company analyses and 
greenhouse gas emission reduction (80%), and the majority supported reporting systemic and 
financial mechanisms (60%). 

 
 13 Unions least supported internal climate policies, with none mentioning company analyses or reporting, 

systemic and financial mechanisms. Eighty percent of both peak bodies and union organizations supported 
reducing greenhouse gas emissions in some form.  
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Figure 16: Support for Internal Policies 

 

 -  5  10  15  20  25  30  35  40

Support internal climate action

> company analyses

> reporting, systemic and financial
mechanisms

> Reduce GHG emissions

> Carbon capture (storage)

% of organisations



 
 
             

36 
 

Final Report P5.3| Mining transitions and climate change: a research synthesis to inform CRC TiME strategy  

5. Indigenous Australians and climate change: 
key issues and some perspectives 

To compliment the primary stakeholder analysis, a snap-shot review of 42 published papers and/or 
book chapters was also conducted on key issues relating to, and perspectives held by, Indigenous 
Australians with regards to climate change.  The full review is reproduced as Appendix A and key 
findings summarised here. 

The review indicates that, whilst climate change is an issue of significant concern for Indigenous 
communities in Australia (both as a risk and an opportunity),  little of the reviewed literature focused 
on themes or perspectives specifically relating to mining and transitioning mining economies.  The 
literature touched on the effect of humans on climate change, as well as the effect of climate change 
on human societies and identified several key themes outlined in Table 2. 

Table 2: Indigenous Australians and climate change: key themes and perspectives 

1:  Enable Indigenous perspectives, cosmologies, and knowledge to inform adaptation pathways. 
• Decolonise narratives and framings of climate change to enable diverse knowledges 
• Role of Indigenous knowledge for contemporary climate management and localism of 

Indigenous adaptation strategies  
 

2:  Update risk management narratives to better reflect and enable Indigenous leadership/agency 
• Critique of narrative that sees Indigenous people as simply vulnerable and as victims of 

climate change  
• Indigenous leadership and agency (including caring for country) 
• Conceptual and empirical frameworks used to better understand and plan for Indigenous 

responses 
 

3:  Consider diverse assessments of climate change impacts, risks, and adaptive capacity 
 
4:  Acknowledge and enable Indigenous knowledge and observations of climate change  

• Perspectives and perceptions 
• Knowledge of seasonal change 

  
5:  Acknowledge and support Indigenous driven climate adaptation pathways 

• Cultural resilience and adaptive capacity are the foundations of adaptation 
• Indigenous knowledge informs culturally appropriate adaption strategies  
• Adaptation pathways for local adaptation 

 
6:  Support Indigenous groups to capitalise on climate change related opportunities 

• Carbon markets and enterprises 
• On-country management actions 
• Co-designed and ethical research pathways 
• Climate transition and resilient enterprises 

 

The literature review also included multiple examples of policies proposed by Indigenous 
communities, such as an Indigenous community-based climate change adaptation strategy in 
Australia (Nursey-Bray and Palmer, 2018) and carbon mitigation via carbon farming (Jackson et al., 
2017).  
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The reviewed scholarship on Indigenous Australians and climate change highlights a relationship 
with the changing environment that is markedly different to that of western cultures.  Indigenous 
cultures, through continuous stewardship of the land for many thousands of years, exist in a 
relationship with the earth that is based on adaptation to its dynamics and changes.  At one level, 
climate change is the next in a long line of dynamic changes experienced by Indigenous cultures. 

At another level, it is very different.  Indigenous cultures adapt to changes on country and in their 
locality. Climate change is a global phenomenon affecting a densely populated planet and 
necessitating a global solution.  The literature reviewed presented Indigenous perspectives on 
climate change in a paradigmatically different manner to the broader stakeholder analysis in the 
previous section.  Given this paradigm difference, it is no wonder that a common theme in the 
reviewed literature was a lack of appreciation for the experience and knowledge that Indigenous 
cultures can bring to climate adaptation through their relationship to country.  

 A key perspective emerging from the review was the desire for Indigenous peoples to be recognized 
as leaders, rather than “stakeholders”.  Another significant point was the tendency for Indigenous 
populations to be simplistically  identified as “vulnerable to” or “resilient to” climate change.  This 
binary classification does not capture the deeply embedded and dynamic relationship of Indigenous 
peoples to the land. Indigenous cultures can be simultaneously resilient and vulnerable to both 
opportunity and risk arising from climate change. 

More specifically, the review identified a major gap in processes to include Indigenous perspectives, 
cosmologies, and knowledge to inform adaptation pathways.  Such processes could update risk 
management narratives to better reflect and enable Indigenous leadership/agency, consider diverse 
assessments of climate change impacts, risks, and adaptive capacity; and enable Indigenous 
knowledge and observations of climate change.  The review identified examples of Indigenous driven 
climate adaptation pathways and options for Indigenous groups to capitalize on climate change 
related opportunities. Four recommendations are advanced in the fullreview in Appendix A (p58), all 
of which center on increased levels of Indigenous inclusion in the leadership of adaptation to climate 
driven transition and change.  Co-design and co-development of research with Indigenous leaders 
and communities to deliver research that responds to the challenges they identify is strongly 
recommended. 
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6. Recommendations 

Climate change is a critical priority for CRC TiME, as it is among the most significant forces 
influencing transformations in mining economies, mining closure, rehabilitation, and relinquishment. 
A lack of research into the consequences of climate change on mining is also a critical gap in 
academic and industry literature which the CRC TiME is well-placed to fill to help regional 
communities and industries to seize opportunities and mitigate risks.  

Specific recommendations from this foundation project are made in two ways: 

• Recommendations that will position CRC TiME at the forefront of leading practice for 
research on understanding and addressing the impacts of climate change across the mining 
system, including closure. 

• Recommendations for CRC TiME to conduct primary research to address gaps in knowledge 
of climate change, mine closure and post mining transitions. 
 

 Demonstrate best practice on responding to climate change  
The CRC’s existing structure and project development process is well equipped to support solution-
orientated research on the impacts of climate change on mining. However, to demonstrate a leading 
practice approach and awareness of the significance of climate change, three small but critical 
developments are recommended.  

• Develop a climate change statement and policy which represents industry best practice. 
Such a statement should: 

o Take a broad framing of climate risks and opportunities across the whole mining 
system including closure. 

o Connect with leading frameworks and institutions such as the International Energy 
Agency (IEA), TCFD, Intergovernmental Panel on Climate Change (IPCC), and the 
Paris Agreement. 

• Ensure CRC projects align with climate change policy and best practice by:  
o Incorporating climate change considerations into the project proposal template.  
o Using the co-design phase to support projects to apply the established climate 

scenarios, risks, and opportunities as a framework to guide research. 
• Enable the inclusion of Indigenous knowledge, experience and leadership in identifying 

challenges and solutions for local adaptation. 

6.2 Research priorities for CRC TiME 
Additionally, the CRC should prioritise research which addresses critical knowledge gaps on climate 
change and mining. Doing so would place the CRC as a global leader on these critical issues which 
will continue to grow in significance and demand for the foreseeable future.  Five immediate 
priorities have been identified through the project: 

 Develop a comprehensive Mining Transition Pathways Toolkit.  
This would allow organisations and regional communities to assess their unique climate risks and 
opportunities, examine transition pathways, and develop effective transition strategy through broad 
stakeholder engagement. This toolkit would combine and extend established frameworks including: 
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• TCFD framework including physical, financial, and transition impacts to identify priority 
issues amongst risks and opportunities via broad stakeholder engagement. 

• Climate scenarios including IEA’s Net Zero Emissions 2050 and related mining closure 
timelines and mineral demand profiles. 

• A spatial atlas of projected climate-sensitive data for key mining regions around Australia. 

The toolkit should then be refined and contextualised for specific regions through its application on 
case studies with mining and regional stakeholders. 

 Develop a case study compendium of climate-smart industry best practice across the 
mining lifecycle including closure. 

 Case studies would be presented as a web portal or guidebook using a consistent framework to: 

• Identify and showcase established and emerging climate smart solutions for mining closure, 
rehabilitation, and relinquishment.  

• Analyse industry organisational governance and strategy to identify best practice in 
mainstreaming climate change equivalent to workplace health and safety.  

 Mining and governance of responses to climate change.  
Conduct broad stakeholder engagement across industry and regional communities to identify shared 
preferences for governance and practice on climate change. The shared preferences can be further 
investigated to understand how they compare to climate change benchmarks, targets, and 
international agreements, which could inform CRC TiME engagement with industry and regional, and 
Indigenous communities. 

 Develop a Climate Change Atlas for Australia’s mining regions. 

The Prototype Climate Atlas shows that there is significant predicted variation between mining 
regions in terms of average temperature, days of extreme rainfall and temperature, and danger 
related to bushfires. A more detailed atlas, well beyond the scope of this small project, could be 
invaluable for regional mining stakeholders in planning for future responses to mining transitions. A 
more comprehensive atlas could: 

• Incorporate more up-to-date data sources. 
• Give additional consideration to identification and mapping of factors of interest to 

stakeholders. 
• Provide a simple and accessible tool for future planning for both mining companies and 

stakeholders. 
• Serve as a source of background information for researchers working in specific mining 

regions, and who may require data relating to climate predictions and their implications to 
inform their research. 

 Applying Indigenous knowledge and perspectives to inform place-based climate mitigation 
and adaptation strategies in the mining sector.  

This research would develop partnerships with Indigenous communities in mining regions to assess 
local risks, support communities to prepare for events and develop locally and culturally appropriate 
mitigation and adaptation strategies that focus on ‘place-based adaptation for traditional country’. 
Such research would build on Indigenous leadership to update risk management narratives and 
assessments.  
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Appendix A:  Indigenous Australians and 
climate change: key issues and some 
perspectives 
This is the full review completed by Kirsten Maclean (CSIRO) as part of the CRC TiME Foundational 
Project: Transition and Climate Change – a framework for research prioritisation. 
Kirsten.Maclean@csiro.au 
Aim and search criteria 
The aim of this report is a snap-shot review of published literature that analyses the key issues 
relating to, and perspectives held by, Indigenous Australians with regards to climate change.  The 
web of science search engine was used to conduct a systematic search of journal articles published 
in the date range of 2000-2021 that included research related to Indigenous people and climate 
change in Australia14.  The search generated a total of 121 papers, following a review of abstracts 
(using the search criteria), this set was reduced to a total of 48 papers.  A further and more in-depth 
review of each paper reduced the set to a total of 41 papers.  One book chapter was added to this 
set (known by the author) which brought the total to 42.  Important to note is that an initial search 
included a focus on mining.  As this did not result in any relevant papers, there was a slight shift in 
focus to use the broader search terms as detailed above. 

Given the focus of the review was to collect academic literature, it is not surprising that many papers 
were co-authored by non-Indigenous researchers, some were led or co-authored by Indigenous 
researchers and partners (Carmichael et al. 2017; L.C. Cullen-Unsworth et al. 2012; Green, Billy, and 
Tapim 2010; Hill et al. 2020; Lyons et al. 2019; Nursey-Bray et al. 2019; Parsons, Fisher, and Nalau 
2016; Robinson et al. 2016; Veland et al. 2013; E. Woodward and McTaggart 2019) and most papers 
linked their ‘results’ and ‘discussions’ to other bodies of published literature.  Some of the papers 
present empirical research with suggestions of applied outcomes and some papers provide more 
theoretical discussion.   Important to note is that Indigenous leaders and community groups are 
likely using other platforms (e.g. policy fora, websites, social media, Indigenous conferences 
including those related to land and sea management and so on) to share their perspectives on, and 
the key issues they face with regards to, climate change.  A review of these platforms was not a part 
of this literature review, however a review of a limited number of websites of Indigenous 
corporations, alliances, enterprises, and land and sea management organisations was conducted as 
part of the snapshot review of ‘stakeholder perceptions of climate change’ as outlined  in 
Foundational Project 5.3. 

All journal papers and book chapters collected for this review are useful for a better understanding 
of the key issues related to, and some perspectives held by, some Indigenous Australians with 
regards to climate change. None of the reviewed literature touched on themes or perspectives 
specifically relating to mining or transitioning mining economies.  Table 1 presents an analysis of the 
key themes arising from the literature review.    Important to note is that similar themes were 
articulated by Aboriginal and Torres Strait Islander delegates on climate change to the 7th Session of 
the United Nations Permanent Forum on Indigenous Issues (New York, April 2008).  Hunter (2009, 

 
14 The search was focussed on the following terms: TS=((Indigenous people* or Aborigine or Torres Strait Islander) AND Australi* AND (risk 

or adapt* or transform* or change*) AND (Climate))  
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445) notes that after outlining the importance of the focus on climate change, the delegates 
recommended that all efforts to address climate change should: 

• Seek to maximize opportunities and involvement arising from climate change that are driven 
and developed by Indigenous communities. 

• Respect Indigenous cultural knowledge and law in the design of climate change measures. 
• Ensure the full participation of Indigenous peoples in the design and delivery of measures to 

mitigate the impacts of climate change, so as to ensure that such measures do not 
contribute to the further dispossession of Indigenous people from our land and resources, or 
impact adversely on the cultural traditions, languages, traditional knowledge and traditional 
food sources of Indigenous communities (p445). 

The remainder of this snapshot review takes each of the identified themes in turn and presents a 
summary of the topics and evidence shared by the authors. The document ends with a set of 
recommendations for future CRC TiME work to support Indigenous leaders and communities 
involved in transitions in mining economies, in the face of climate change.  

 

Table A1: Indigenous Australians and climate change: key themes and perspectives from the 42 
papers and/or book chapters 

1:  Enable Indigenous perspectives, cosmologies, and knowledge to inform adaptation pathways. 
• Decolonise narratives and framings of climate change to enable diverse knowledges 
• Role of Indigenous knowledge for contemporary climate management and localism of 

Indigenous adaptation strategies  
 

2:  Update risk management narratives to better reflect and enable Indigenous leadership/agency 
• Critique of narrative that sees Indigenous people as simply vulnerable and as victims of 

climate change  
• Indigenous leadership and agency (including caring for country) 
• Conceptual and empirical frameworks used to better understand and plan for Indigenous 

responses 
 

3:  Consider diverse assessments of climate change impacts, risks, and adaptive capacity 
 
4:  Acknowledge and enable Indigenous knowledge and observations of climate change  

• Perspectives and perceptions 
• Knowledge of seasonal change 

  
5:  Acknowledge and support Indigenous driven climate adaptation pathways 

• Cultural resilience and adaptive capacity are the foundations of adaptation 
• Indigenous knowledge informs culturally appropriate adaption strategies  
• Adaptation pathways for local adaptation 

 
6:  Support Indigenous groups to capitalise on climate change related opportunities 

• Carbon markets and enterprises 
• On-country management actions 
• Co-designed and ethical research pathways  
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Enable Indigenous perspectives, cosmologies, and knowledge to inform adaption pathways 

Decolonise narratives and framings of climate change to enable diverse knowledges 
It is important to begin this review with insights from the literature into the ongoing influence of 
colonial narratives on national and international discourse into both the conceptualisation and 
management of climate change.  Lobo (2019), for example, calls for a process to decolonise what she 
describes as the dominant apocalyptic narratives of climate change and to provide insights into 
imaginaries of diverse (urban) futures. With regards to Indigenous Australians, some scholars 
highlight how these narratives can be identified and then unpacked when we turn the lens towards 
the ways in which the literature and policies frame the agency and knowledge of Indigenous people 
to confront and adapt to changes in climate (Howitt 2020; Nursey-Bray and Palmer 2018; Nursey-
Bray et al. 2019; Nursey-Bray et al. 2020; Veland et al. 2013). For example, Howitt (2020) highlights 
the need to acknowledge, unpack and decolonise narratives and discourses of climate change 
particularly in relation to the lived experiences and realities of Indigenous Australians.  He states: 

“Indigenous vulnerability and resilience, and Indigenous groups’ adaptive responses to climate 
change, need to be understood in the messy contexts of lived experience, rather than either elegant 
social theories or didactic ideological politics” (Howitt, 2020: 5882). 

Veland et al. (2013) provide an insightful example of how western science discourses of hazards and 
risk (that inform policy on adaptation) supersedes Indigenous perceptions of change and their 
meaning (that have their context in the Dreaming) and thereby excludes Indigenous cosmologies, 
knowledge and agency.  They draw on their work conducted with Indigenous participants from the 
Indigenous community of Warruwi on Goulburn Island, West Arnhem, Australia (2007-09).  In this 
work, Indigenous participants shared how environmental change was experienced as a lived reality 
(e.g. feeling and sensing change through close personal relationship with spirits and Dreaming); was 
perceived to be linked to capacity to take care of country and; that neglecting to take care of country 
would hurt country and its people (see Veland et al. 2013 for details).  The main points useful for this 
literature review, relate to insights into how the ‘continuous disaster of colonisation’ (e.g. 
perpetuated in adaption policies) pose risks to Indigenous knowledges, Indigenous capacity to care 
for country and Indigenous governance structures.  Veland et al (203) calls for clarification of what 
the goal of climate change adaptation is for Indigenous Australia. They acknowledge the centrality of 
cosmologically embedded risks that are determined by Indigenous capacity to care for country; call 
for policy to move beyond notions that a strong reliance on particular ecosystem configurations 
makes Indigenous cultures universally vulnerable to climate change; and advocate for recognition 
for the role of poverty, ill health and welfare dependency as primary contributors to high climate 
change vulnerability for Indigenous people (see Nash et al. 2018; Veland et al. 2013). 

 

Role of Indigenous knowledge for contemporary climate management and localism of Indigenous 
adaptation strategies  
Many scholars call for the acknowledgement of the role of Indigenous knowledge and voices to 
inform contemporary climate management.  They also advocate that for Indigenous people, their 
adaptation strategies occur at the local scale (e.g. Hill et al. 2020; Howitt 2020; Nursey-Bray and 
Palmer 2018; Nursey-Bray et al. 2019; Nursey-Bray et al. 2020; Parsons, Fisher, and Nalau 2016; 
Petheram et al. 2010; Veland, Howitt, and Dominey-Howes 2010; Veland et al. 2013; E. Woodward 
and McTaggart 2019).  
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Importantly, Petheram et al. (2010) note that despite growing global attention into climate change 
adaptation there has been little allowance in discussions and policy framings to input from 
Indigenous peoples.    

Nursey-Bray and Palmer (2018) highlight the ongoing challenge to make progress to find cultural and 
institutional ‘fit’ given the competing values-based climate and environmental governance regimes.  
They also advocate for the need to acknowledge the history of colonisation and ongoing dominance 
of entrenched western governance regimes, and the imperative to redress this in contemporary 
climate management.  Scholars advocate for ways to address this.   

• Nursey-Bray et al. (2019) posit acknowledging existing Indigenous agency and support local 
adaptation strategies through ‘tailored place-based adaptation for traditional country’. 

• Howitt, Havnen, and Veland (2012) suggest that the focus should be on the development of 
partnerships to assess local risks, prepare for events, and develop recovery and local 
adaptation options that are based on recognition, respect and with an explicit commitment 
to justice. 

Update risk management narratives to better reflect and enable Indigenous 
leadership/agency 

Critique of Indigenous people as vulnerable and victims of climate change  
Some scholars have investigated the ways in which Indigenous people have been categorised in 
some climate risk management discourses.  Following the earlier section, there is reason to critique 
different categories to better understand the politics behind such categories, and to move beyond 
these to embrace narratives that support and enable Indigenous leadership, agency and knowledge. 

Belfer, Ford, and Maillet (2017) reviewed how newspapers framed Indigenous people in Australia, 
Canada and the USA in their reports on climate change. They concluded that Indigenous people are 
often depicted as victims and ‘harbingers’ of climate change, with no substantive discussion of the 
role of colonisation, marginalisation or consideration for the structural roots of vulnerability as being 
related to society and political factors.  

A body of work (e.g. Howitt 2020; Lyons et al. 2019; Nursey-Bray et al. 2019; Nursey-Bray et al. 2020; 
Race et al. 2016; Veland et al. 2013) focuses particularly on the complexities of these framings and 
discourses.  

Howitt (2020:5882) highlights that “Indigenous peoples are easily classified as either dangerously 
vulnerable or inherently resilient to climate risks. There are elements of truth in both categorical 
statements. Yet neither is completely true” (also see Race, 2016; Lyons et al, 2019).   

Howitt goes on to explore the notion that both discursive modes frame Indigenous dimensions of 
climate risks that suggest Indigenous societies have particular weaknesses or strengths that are 
exposed by climate change.  The challenge of these discourses is that they risk stereotyping and 
oversimplifying the diverse experiences based on Indigenous geographies, histories and lived 
experiences, particularly in the context of policy responses to anthropocentric climate change 
(Howitt, 2020).   

A pertinent example already provided above comes from Veland et al (2013) who consider how 
Indigenous people are equally vulnerable to ‘procedural governance and related adaption strategies 
that aim to move Indigenous people away from the perceived environmental risks of climate change 
(e.g. storm surges, increase in cyclones) but actually move them (away from place) to face other 
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cosmologically embedded risks such as capacity and/or failure to take care of country (see also 
Kirsten Maclean, Robinson, et al. 2021) 

Indigenous leadership and agency (including caring for country) 

It follows that much of the literature on this topic advocates for changes in risk management 
discourse, framing and narratives to better reflect the diverse experiences, knowledges, aspirations 
and interests of Indigenous Australians.  Importantly, this should reflect the leadership and agency 
of Indigenous people to articulate, manage and adapt to climate change. 

Some researchers provide extensive examples of such agency including Nursey-Bray et al. (2019) 
work on ‘Old ways for new days’ includes pertinent examples (there are many more) of this 
leadership and have provided permission for this to be shared in this review (see Table 2).    

Table A2: A selection of Australian Aboriginal and Torres Strait Island climate change and 
adaptation initiatives (see Nursey-Bray et al. (2019, :481) p 481) 

 

Further examples of Indigenous leadership and agency discussed in the literature include: 

• Assertion of rights in the face of climate variability and change, for example with regards to 
the adaptive governance and management of water resources (e.g. Cosens and Chaffin 
2016; Daniell and Daniell 2019). 

• Development by the Arabana people of central Australia of the first Indigenous community-
based climate change adaptation strategy in Australia (Nursey-Bray and Palmer 2018). 

• Carbon mitigation via carbon farming with distinct conceptualisation of payment for 
ecosystem services to include, for example, labour, reciprocal relationships and logic of care 
required to abate or sequester carbon (Jackson et al. 2017).  
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• All these examples of Indigenous leadership and agency also reflect Indigenous approaches 
and on-ground management activities to ‘care for country’ (e.g. Campbell 2011; Green, Billy, 
and Tapim 2010; Howitt 2020; Howitt, Havnen, and Veland 2012; Nursey-Bray et al. 2019; 
Sangha et al. 2019; Veland, Howitt, and Dominey-Howes 2010; Veland et al. 2013; E. 
Woodward and McTaggart 2019).  

• Drawing together earlier arguments, the ‘caring for country’ discourse is linked to 
Indigenous risk management as informed by place-based cosmologies (Veland et al., 2013), 
and the notion of ‘healthy people healthy country’ – if you look after country, it will look 
after you (e.g. E. Woodward and McTaggart 2019).   

• Further, there is evidence in the literature that links caring for country activities to the 
generation of multiple public and private good benefits. Examples include the mitigation of 
climate change impacts via payment for ecosystem services (e.g. Campbell 2011; Sangha et 
al. 2019) and the future use of Indigenous historical and contemporary knowledge of 
seasonal change (e.g. Green, et al., 2010).   

Conceptual and empirical frameworks used to better understand and plan for Indigenous 
responses 
Researchers build on this scholarship to use and advocate conceptual and empirical frameworks to 
better understand Indigenous perceptions and conceptualising of climate change risk, including the 
following examples that were revealed in the literature search. 

• Bardsley and Wiseman (2012) consider conceptualising ‘vulnerability’ as the future risks to 
livelihoods and the related long-term challenges for sustainable development. 

• Bardsley and Wiseman (2016) used a social learning approach to integrate local knowledge 
with other ‘external’ knowledge to identify biophysical vulnerabilities and generate risk 
narratives to help guide spatial and systemic adaptation planning on heatwave, wildfire and 
bushfood management with the Anangu of the Alinytjara Wilurara region in South Australia. 

• McNamara, Westoby, and Smithers (2017) used a sustainable livelihood framework to 
investigate how Indigenous communities experience the impacts of climate change in their 
daily lives in the Torres Strait and to identify limits and barriers to climate change 
adaptation.  

• Lyons et al., (2019) advocate that some Indigenous peoples are situated in an unusual 
context of both significant vulnerability and unique resilience to climate change that 
influences their own perceptions of climate risk and uncertainty.  They posit a linked 
vulnerability-resilience framework that draws on the nexus of this vulnerability (in part due 
to contexts of living in some of the harshest and isolated environments) and unique 
resilience to climate change (originating from accumulated knowledge of specific 
environments through time and related socio-cultural adaptions) to strengthen climate 
justice approaches to risk management, including involvement of Indigenous people in 
climate adaption pathways that mobilise their cultural institutions and knowledge. 

Consider diverse assessments of climate change impacts, risks, and adaptive capacity 
The literature review located several papers that provide assessments of climate change impacts and 
risks to, and adaptive capacity of, some Indigenous groups.  Bearing in mind the discussion above on 
discourses and framings of risk, some scholars advocate that researches and policy makers need to 
“epistemologically ground proof risk assessments” and approaches, and not be “blind to the hazards 
of colonisation” (Veland et al, 2013:314).  A summary of the reviewed research follows. 
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• Choy et al. (2016) provide an assessment of future climate change risks to urban and peri-
urban Indigenous in 5 coastal locations in three states in SE Australia.  Their work highlighted 
the social, economic and environmental impacts on Indigenous communities including a loss 
of community and environmental assets (e.g. cultural heritage sites and potential to utilise 
wild native plants for the bush tucker industry) with significant impacts on quality of life and 
potential favourable conditions for the spread of plant diseases, weeds and pests. It also 
identified few opportunities for engagement with climate change adaptation policies and 
initiatives that was further exacerbated by shortages of qualified and experienced 
Indigenous members who could represent their communities' interests in climate change 
adaptation forums. 

• Davis (2013) identified risks as well as economic development opportunities of climate 
change for Aboriginal and Torres Strait Islander peoples, particularly those in remote parts of 
Australia.  Primary risks include the increase of cyclones, storms, bush fires and droughts, 
potential on the coast of storms, and flooding.  There is a further risk that people living in 
remote areas who already suffer disadvantage through poor housing, inadequate 
infrastructure, and limited access to community and emergency services, will have existing 
challenges exacerbated  by climate change; threats to health of vector-borne and water-
borne diseases, impacts to food security, and changes to hunting and gathering methods. 

• Green et al. (2010) assessed climate change impacts (and adaptation) for the Torres Strait 
Islands.  They note that communities located on low-lying islands are vulnerable to sea level 
rise and increasingly intense storm surges caused by more extreme weather. Torres Strait 
leaders are concerned about these issues, as well as the ongoing risks to community health 
and well-being posed by direct and indirect climate impacts.   

• McNamara et al., (2017) identified impacts of climate change on the daily lives of Torres 
Strait Islanders living on Erub Island (volcanic island with higher elevation than Boigu but 
significant infrastructure and cultural sites on the cultural fringe) and Boigu Island (a low 
lying mud island inundated by the sea during high tides and storm surges).  

• Hunter (2009) and Green and Minchin (2014) identified the (mental) health impacts of 
climate change to Indigenous people in the Torres Strait and northern Australia 

• Hunter (2009) considered the short, intermediate and longer-term effects of climate change 
in relation to the mental health of Indigenous residents of northern Australia. 

• Green and Minchin (2014) identified that health policies that overlook the connection 
between people and country will lead to detrimental health and mental health impacts for 
Indigenous people in climate changed future. 

Acknowledge and enable Indigenous knowledge and observations of climate change  

Perspectives and perceptions 
Six of the papers identified in the review provided insights into Indigenous perspectives and 
perceptions of climate change in different locations of Australia.  These papers also highlight 
consideration given towards support for adaptation strategies and pathways.  A summary of these 
follows.  

• Petheram et al. (2010) conducted workshops with Yolngu people (NE Arnhem Land) to 
better understand their observations and perspectives of climate change and their ideas and 
preferences for adaptation. Participants reported observing changes in their ecological 
landscape that they attributed to mining tourism development and climate change. They 
also noted ‘strange changes’ particularly in the last five years. Despite their concern about 
these changes, participants were particularly worried about other issues affecting their 
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community’s general wellbeing. They reported that major constraints to strengthening 
adaptive capacity had external origins at regional state and federal levels including poor 
communication and engagement, top-down institutional processes, and lack of recognition 
for Indigenous culture and practises. Preferences for strategies to strengthen community 
adaptive capacity included those that would enable greater self-sufficiency, independence, 
empowerment, and resilience in close contact with the natural environment.  

• Petheram, Stacey, and Fleming (2015) conducted research on South Goulburn Island (NT) 
with Indigenous participants that highlighted limited understanding of western concepts and 
English language terms associated with climate change and why change was occurring. 
However, many reported observing unusual patterns of environmental change that they 
couldn't explain. Most participants could understand the concept that climate change was 
resulting from human impacts. Their preference for adaptation included building general 
community capacity, drawing from customary knowledge, being involved in decision making 
and learning more about scientific knowledge on climate change.  A focus on enabling 
people to collect plant and animal foods and the associated interaction with country was 
considered important for improving community independence, resilience, and well-being for 
adaptation.   

• Choy et al., (2016) presents research with Indigenous groups living in urban and peri-urban 
coastal areas in southeast Australia.  Individuals expressed concerns over climate change 
impacts to: Indigenous representation in planning fora (e.g. opportunities for and capacities 
to represent their interests and concerns in climate change meetings decision forums and 
policy documents). Housing - the ability of people to either move or modify their existing 
housing to mitigate the effects of climate change. Employment concerns related to job loss 
due to changing employment prospects through climate change or job creation in climate 
change mitigation. Environmental and cultural assets, cultural science native title areas 
Indigenous run farms and areas connected to hunting and fishing licences. The Wild Food 
Network concerns with regards to impacts to native bush foods industry.  

• Carmichael et al. (2017) reports on research conducted with two Indigenous Ranger groups, 
from northern Australia, to discuss their perspectives of the impact of climate change on 
specific cultural heritage sites in particular bioregions.  The focus was upon the impact of 
extreme flooding to cultural heritage sites.  Sites include, in coastal zones, shell middens, 
earth mounds, sacred billabongs, sacred trees, and ceremonial grounds; and rock art sites 
located near wetlands.   

• Nash et al. (2018) present research into the ways in which Aboriginal Australians from 
remote arid zone in northwest QLD observe, understand, experience and act upon the 
changing environment. 
 

Knowledge of seasonal change  
Green et al. (2010) explain that despite the last 200 plus years of colonisation and the resulting 
radical changes for Indigenous Australians, many Aboriginal and Torres Strait Islanders living in 
remote areas still rely on and live in close connection with their natural environment. The strong 
connection to country has resulted in a sophisticated appreciation and knowledge of local 
ecosystems and seasonal change and in some cases climatic patterns associated with changes in 
ecosystems (e.g.  (Green, Billy, and Tapim 2010; Prober, O'Connor, and Walsh 2011; E. Woodward 
and McTaggart 2019). Some of this knowledge is recorded in oral histories that are passed through 
generations, documented in seasonal weather calendars and has been transcribed and translated 
into English (Green, Billy, and Tapim 2010; Prober, O'Connor, and Walsh 2011; E. Woodward and 
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McTaggart 2019). Natural resource scientists and managers are increasingly coming to recognise the 
contribution of traditional ecological knowledge to contemporary natural resource management 
(Prober et al., 2011) and are beginning to recognise how Indigenous knowledge about past weather 
and climate changes in Australia may inform climate change monitoring and adaptation pathways 
(e.g. Green et al., 2010a,b). However, work is needed to support the development of develop cross-
cultural methods to ensure TEK is appropriately and adequately used to inform management 
decisions (including protection of ICIP). Five papers were identified in this review that partially 
document and/or discuss Indigenous knowledge of seasonal change. A summary of this research 
follows.  

• Green et al., (2010b) document some local observations of environmental change that might 
be relevant for developing a better understanding of climate impacts in the Torres Strait.  
The paper shares some examples of Meriam Mer seasonal knowledge, a generalised 
seasonal weather calendar, including plant and animal behaviour ‘indicators’ for the Torres 
Strait region. 

• Prober et al., (2011) reviewed the literature on Australian Aboriginal seasonal knowledge to 
characterize contemporary and potential applications to NRM.  They identified the 
important role that Indigenous seasonal knowledge involving temporal knowledge of biota, 
landscapes, weather, seasonal cycles, and their links with culture (cultural and cosmological 
contexts) and land uses could have for NRM and climate change monitoring.  They 
concluded that by facilitating the combination of experiential with experimental knowledge 
and fostering complementarity of different knowledge systems, Aboriginal seasonal 
knowledge can increasingly contribute to more resilient social-ecological outcomes in NRM. 

• Cullen-Unsworth and Maclean (2015) present work conducted with some Kuku Nyungkal 
people from the Queensland Wet Tropics who identified the impacts of accelerated climate 
change on their country. They note that although their country has always been in flux, they 
perceive that the effects of accelerated climate change include the late arrival of the wet 
season that affects patterns of culturally significant plant and animal species which in turn 
impacts upon cultural and social practises. Examples include: impacts upon the habitat of 
important animal species; changes in flowering patterns of important plant species that may 
relate to the loss of bees and reduction of honey production; changes to fruiting patterns of 
particular plant species that may have led to reduced numbers of migrating Torres Strait 
pigeon, a cultural keystone species for the Kuku Nyungkal.  They report how they are taking 
action to manage their country in a time of climate change. They do this in three ways 1) 
engagement in activities that enable them to practise their culture; 2) advocating for their 
rights; 3) management of their cultural landscape (L. Cullen-Unsworth and Maclean 2015;  
see also K. Maclean and Bana Yarralji Bubu Inc. 2015).  

• Leonard et al. (2013) provide a case study developed with the Miriwoong people (East 
Kimberley region, NW Australia) to record their seasonal knowledge including a seasonal 
calendar (season, sub-season, weather conditions, indicators, actions) with a discussion 
about how they use this knowledge to inform their use and management of their 
environment via ‘caring for country’.  They also discuss how traditional ecological knowledge 
can contribute towards improved understandings about the impacts of climate change and 
the development of equitable and effective climate change adaptation strategies. 

• E. Woodward and McTaggart (2019) share insights into a research partnership developed 
with Ngan’gi language speakers of the Daly River (NT) that led to the incremental co-
development of an Indigenous seasonal calendar related to aquatic management and use of 
country.  They explain how the seasonal calendar emerged as an effective tool to support 
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healthy country, healthy people outcomes.  They advocate for and aknowledge the role of 
Indigenous seasonal calendars as a tool used by Indigenous language groups to document 
and communicate their own knowledge and understanding of country, to build recognition 
and respect for their knowledge and make it accessible for future generations  (see the 
following papers that were not identified in this review but are important to cite here E. 
Woodward 2010; E Woodward and Marrfurra McTaggart 2016; Woodward E et al. 2012 ). 

Acknowledge and support Indigenous driven climate adaptation pathways 
This review highlights draws on papers that both acknowledge the role of Indigenous people, their 
knowledge, their connection to country and their partnerships for climate change adaptation.  As 
presented earlier, these sentiments were similarly expressed by Aboriginal and Torres Strait Islander 
delegates about climate change to the 7th Session of the United Nations Permanent Forum on 
Indigenous Issues (New York, April 2008).  Hunter (2009:445) notes that after outlining the 
importance of the focus on climate change, the delegates recommended that all efforts to address 
climate change should: 

• seek to maximize opportunities and involvement arising from climate change that are driven 
and developed by Indigenous communities. 

• respect Indigenous cultural knowledge and law in the design of climate change measures. 
• ensure the full participation of Indigenous peoples in the design and delivery of measures to 

mitigate the impacts of climate change, so as to ensure that such measures do not 
contribute to the further dispossession of Indigenous people from our land and resources, or 
impact adversely on the cultural traditions, languages, traditional knowledge and traditional 
food sources of Indigenous communities. 

• Green (2010a) point out how the local knowledge of climate change held by Indigenous 
people (in their paper they mention specifically Torres Strait Islanders) has currency to 
inform knowledge about regional climate change that is of benefit to the whole Australian 
population.  But at the same time, it is noted that Indigenous people are not always present, 
or have the capacity to be present, in climate change adaptation forums and discussions.  
Their work with coastal peri-urban and urban Indigenous communities in SE Australia 
highlights the essential need for processes to better position Aboriginal engagement and 
knowledge systems in the wider climate change adaptation policy discourse and debate.   

Cultural resilience and adaptive capacity are the foundations of adaptation 
Some papers revealed by this literature review touched on the notions of cultural resilience and 
adaptative capacity, and it is well document in other literature (e.g. resilience of social ecological 
systems) that cultural/social resilience and adaptive capacity are the foundations of future 
adaptations to changes in social ecological systems (see K Maclean et al. 2013).  

• Green and Martin (2017) advocate how Indigenous people discuss that their connection to 
country (and strategies, activities, programs that enable this) enables them to build cultural 
resilience in the face of economic, environmental and social challenges.   

• Race et al. (2016) explore the extent of adaptive capacity of people to climate change in a 
small remote community and a larger service town in the Northern Territory.  They conclude 
that existing (and developing) social and cultural capital are central to enhancing effective 
community-based climate adaptation.  

• Choy et al., (2016) work with urban and peri-urban Indigenous groups in coastal regions of 
SE Australia identifies that with regards to peoples’ consideration of the future, even with 
due consideration given to climate change, the need for adaptation is significantly 
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influenced and dominated by economic aspirations that are in turn seen as fundamental 
survival strategies for their communities.  

Indigenous knowledge to inform culturally appropriate local adaption strategies  

The role of Indigenous knowledge in assisting people to adapt to climate change has received 
increasing attention (Nursey-Bray et al. 2020), however to date there has been limited support to 
enable Indigenous people to engage in policy forums and discussions (Petheram et al, 2010).  The 
literature provides a clear and documented message – the knowledge of Indigenous peoples 
(historical, seasonal, contemporary, cultural, social, institutional etc) should be engaged with to 
inform climate change adaptation strategies in general and certainly to formulate and drive 
culturally appropriate local scale strategies (Bardsley and Wiseman 2016; Green et al. 2010; Green, 
Billy, and Tapim 2010; Leonard et al. 2013; Lyons et al. 2019; Nursey-Bray et al. 2019). This includes 
specific on-country adaptation actions as well Indigenous people being empowered to join local 
decision-making forums and fora (Petheram et al., 2010).  

• Indigenous knowledge and cultural institutions are a source of resilience and can strengthen 
climate justice approaches and support Indigenous peoples in climate change contexts 
(Lyons et al., 2018). 

• Indigenous community-led climate change adaptation strategies can support Indigenous 
driven initiatives with the focus upon institutional conditions to support and enable such 
strategies (Nursey-Bray and Palmer 2018). 

• Support for Indigenous adaptation strategies needs to acknowledge “old ways of seeing and 
doing, build agency and partnerships and collectively address current climate change 
impacts on both people and country” (Nursey-Bray et al., 2019, p 484). 

• Adaptation pathways to empower local decision-making include strengthening community 
capacity with regards to self-sufficiency, resilience and via connection to their country 
(Petheram et al., 2010). 

• Indigenous women’s preference for adaption includes building community capacity, drawing 
on customary knowledge, involvement in decision-making, learning about scientific 
knowledge of climate change, and enabling collection of plant and animals.  All these actions 
and activities are central to building resilience and enabling wellbeing for adaptation 
(Petheram et al., 2015). 

Support Indigenous groups to capitalise on climate change related opportunities 
As already outlined above, and will be summarised here, Indigenous people have the right (and 
interest) to determine and realise meaningful opportunities that may arise from climate change, 
based on their knowledge and practices (Gerrard 2012). Certainly, investment in strengthening 
Indigenous knowledge and Indigenous driven management activities hold great potential to 
generate sustainable development opportunities for local people that enable them to fulfil their 
caring for country responsibilities and result in their stewardship of local environments (also for the 
benefit of all Australians) through periods of change (Bardsley and Wiseman 2016). Some pertinent 
examples from this literature review include, but are not limited to, involvement in carbon markets 
and enterprises, on-ground management actions and co-designed ethical research. 

Carbon markets and enterprises 
Climate change and the associated need to ‘decarbonise’ pose risks to culture, but also potential 
opportunities for cultural experimentation, revival and economic dynamism (Jackson et al., 2017). 
Some Indigenous groups have already developed enterprises that are engaged with the carbon 
economy and markets (Davis 2013; Gerrard 2012; Jackson et al. 2017; Robinson et al. 2014; 
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Robinson et al. 2016; Whitehead et al. 2008). There are certainly opportunities for others to engage 
in this space. 

• Jackson et al., (2017) present an Australian case study of carbon mitigation through carbon 
farming and discuss how Indigenous groups are using this approach to leverage a distinct 
conceptualisation of ‘payment for ecosystem services’ that values the labour and reciprocal 
relationships and logics of care that Indigenous people use to abate or sequester carbon.  
Their ‘carbon signature’ (Indigenous produce carbon offsets) works to enrich carbon as well 
as embed peoples' relations with it, with each other, and with the places from which the 
offset is generated. 

• An example is the often cited one of prescribed burning (Whitehead, et al., 2008) that links 
Indigenous land managers to global carbon markets, sometimes via a third party (e.g. a 
mining company buying carbon credits via prescribed burning).  Whitehead et al. (2008) 
argues that such markets and arrangements need to ensure equitable distribution of 
tangible rewards and protection for cultural and related benefits of customary fire use. 

• Robinson et al., (2014) and Robinson et al., (2016) document carbon market opportunities 
and Indigenous involvement and/or interests in these.  They argue for the need to support 
regionally specific capacity building to enable more Indigenous 
groups/organisations/enterprises to participate in carbon market related emerging 
activities. 

On-ground management action 
The focus on the role of Indigenous knowledge and people to drive on-ground management action 
as adaption pathways for climate change, have already bene touched on above.  Some further 
examples of such on-ground action are summarised here. 

Management of climate change impact to cultural heritage (Carmichael et al. 2017).  

Climate change mitigation via carbon schemes to also reduce dust storms (Campbell 2011).  

Community-based monitoring of environmental change drawing on Indigenous values and 
knowledge.  This relates to people living in remote areas in the Australian Rangelands who also have 
the ability to detect and response to changes and related impacts.  Leading to employment 
opportunities and improved learning and understanding of specific social ecological systems 
(Wiseman and Bardsley 2016).  

Co-designed and ethical research pathways 
Given this review is aimed at future research priorities for the CRCTiME with regards to transiting 
economies and climate change, a focus on what the literature says about the need for co-designed 
and ethical research pathways is essential.  As the search terms for the review did not focus on ‘co-
designed research’, only a few papers located by the review speak to this focus.  However, there is 
much in the literature on this topic and, important to note is that the author of this review, is a 
strong advocate for and practitioner of these approaches (for example see the following references 
that were not identified in this review but are important to note here  Kirsten Maclean, Woodward, 
et al. 2021; Zurba et al. 2019).  The focus of any partnerships aimed at co-producing knowledge for 
local decision making should develop and focus on partnerships for risk assessment, preparation and 
recovery that are based on recognition and respect with an explicit commitment to justice (Howitt, 
Havnen, and Veland 2012). As Howitt (2020:5882) eloquently states: 
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“climate change action and research needs to acknowledge and engage with the knowledges, 
ontologies and experiences of diverse Indigenous groups, along with the specific histories, 
geographies and impacts of colonization and their consequences for both the colonized and 
colonizers […] Negotiating respectful modes of belonging-together-in-Country to reshape people-to-
people, people-to-environment and people-to-cosmos relationships in Indigenous domains is 
essential in responding to planetary scale changes in coupled human and natural systems.”  

Hill et al. (2020) emphasis the role of knowledge co-production between scientific and Indigenous 
knowledge as a useful way to generating adaptation pathways with Indigenous peoples who are 
attached to their traditional lands (and do not intend to leave them) and are thus more exposed the 
impacts of climate change.  As has been already articulated earlier in this review, they also highlight 
how the highly contested and complex histories of nation state colonisation can and have resulted in 
naïve adaption plans that actually increase vulnerability (e.g. Howitt 2020; Howitt, Havnen, and 
Veland 2012; Veland, Howitt, and Dominey-Howes 2010; Veland et al. 2013).  Hill et al., (2020) 
present a case study of research co-developed with Ltyentye Apurte Rangers and staff from the 
Central Land Council in central Australia. The research enabled community members to identify 
potential adaption actions and implement one such action; and enabled the researchers to unpack 
how the influences of ideologies, institutions, economies have linked Indigenous societies and the 
establishing Australian nation-state since colonisation; and enables and constrained adaptation 
options).  Importantly, they found that knowledge co-production generates adaption pathways 
when: 

• effective methods for knowledge co-production are used, based on deeply respectful 
partnerships, cultural governance and working together through five co-production tasks-
prepare, communicate, discuss, bring together and apply; 

• Indigenous people have ongoing connection to their traditional territories to maintain their 
Indigenous knowledge;  

• the relationship between the Indigenous people and the nation-state empowers local 
decision-making and learning, which requires and creates consent, trust, accountability, 
reciprocity, and resurgence of Indigenous culture, knowledge and practices.  

Parsons, Fisher, and Nalau (2016) present an overview of scholarship about IK and global 
environmental change and examine the process of co-designing research agendas.  They stress the 
importance of “adopting a critically reflexive and engaging stance when it comes to Indigenous 
perspectives” (p 103) given the richness and variety of Indigenous knowledges and identities. They 
explain how “Indigenous co-design frequently involves challenging western-centric worldviews, 
power structures, and conceptions of time and requires acceptance and promotion of alternative 
knowledges, ontologies and future pathways. Rather than trying to completely merge Indigenous 
knowledges to be compatible with western scientific understanding, accepting different ways of 
viewing the world, including explanations for cause and effect, can enable a richer conversation 
between people. We therefore argue that further progress into ontological pluralism and multi-
natures could enrich the field of global environmental change studies” (p 103). 
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Recommendations for research prioritization 
 

The document now ends with a set of recommendations for future CRC TiME work to support 
Indigenous leaders and communities involved in transitions in mining economies, in face of climate 
change.  

• Recognise and support Indigenous people as leaders (not ‘stakeholders’) who possess 
valuable knowledge and expertise, and who have undeniable agency with regards to the 
development of locally and culturally appropriate adaptation strategies for mining 
transitions (in the face of climate change) on their traditional country.  

• Acknowledge and support Indigenous-driven climate adaptation pathways and leadership. 
• Support Indigenous leaders and groups to augment and build cultural resilience and 

adaptive capacity as the potential basis of local adaptation strategies to climate change. 
• Cultural governance and cultural institutions are central to development of place-based 

adaptation strategies.  
• Support Indigenous leaders to identify and capitalise on climate change related 

opportunities.  
• Co-design and co-develop research with Indigenous leaders and communities to deliver 

research that responds to the challenges they identify as central to the management of their 
traditional country. 

• Listen to (and support) the ways in which Indigenous leaders perceive and articulate place-
based concepts and understanding of notions such as ‘risk’, ‘resilience’, ‘vulnerability’, 
‘adaptation’ with regards to changes to climate on their traditional country. 

• Develop partnerships to assess local risks, support communities to prepare for events and 
develop locally and culturally appropriate adaptation strategies that focus on ‘place-based 
adaptation for traditional country’.  

• Develop and use conceptual and empirical frameworks that recognise Indigenous knowledge 
about (e.g. conceptualisation of risk), leadership of and agency to respond to the challenges 
and impacts that result from changes to climate on their country and to their community.   

• Acknowledge and celebrate Indigenous knowledge and observations of climate change. 
• Use processes and institutions to protect Indigenous cultural and intellectual property and 

that ensure benefit sharing (including payment for co-research). 

 

 

 

 

 

  



 
 
             

60 
 

Final Report P5.3| Mining transitions and climate change: a research synthesis to inform CRC TiME strategy  

Appendix B:  The Paris Agreement and 
Transitions in mining economies  
This analysis and concept note was developed by Lynette Molyneaux (UQ) as part of the CRC TiME 
Foundational Project: Transition and Climate Change – a framework for research prioritization.  
The Paris Agreement and Transitions in mining economies  
The Paris Agreement requires that global carbon dioxide emissions are limited to reduce global 
warming to less than 2 degrees Celsius (2DS). Most developed countries have announced Net Zero 
Emissions (NZE) targets - by 2050 for Japan, the European Union (EU), South Korea and the United 
States of America (USA), and by 2060 for China. These targets are forecast to decrease demand for 
fossil fuels and increase demand for metals required for renewable energy generation and electric 
vehicles. The IEA advises that, if we are to meet the 2DS target, a reduction in world demand for coal 
is required: from 5,625 million tonnes (mtce) in 2019 to 3,205 mtce in 2030 and 1,848 mtce in 2040. 
More specifically, demand for coal in the Asia Pacific reduces from 4,148 mtce in 2019 to 2,598 in 
2030 and 1,593 in 2040 (International Energy Agency, 2021). If we are to reach Net Zero Emissions 
by 2050 (NZE2050), coal demand will have to decrease to 2040 levels by 2030. Any remaining coal in 
use by 2050 will have to be 100% offset to be compatible with NZE2050. 

The coal mining sector in Australia is of the view that the quality of Australian coal, especially 
metallurgical coal, will ensure that coal exports will be preserved. Although the IEA forecasts that 
metallurgical coal demand will decrease from 984 mtce in 2019 to 622 mtce in 2030 and 438 mtce in 
2040 to meet 2DS targets, it suggests that Australian exports will be less affected by the global 
decrease in demand for coal than other exporters. This view holds that large consumers like China, 
with very large coal production capacity, will reduce their production capacity to meet their NZE 
targets. However, with an estimated 3.5 million workers in the coal mining sector, China may well 
find export opportunities to maintain employment more attractive (much like the Australian view). 
Moreover, Russia and Mongolia are investing in considerable new supply of high quality thermal and 
metallurgical coal, estimated to be exported at lower costs than those from Australian mines. 
Greater supply from Russia and Mongolia, and China flipping from an importer to an exporter, is 
likely to reduce prices for seaborne coal destined for India and other developing Asian nations. Low 
prices may well undermine Australian mines’ competitiveness. Under this assumption, the data 
indicates that Australian exports will decline significantly. Mining communities in Australia are 
therefore vulnerable to the risk of mine closure as global coal demand decreases. 

The NZE targets also require very large investment in supply of energy transition metals for 
renewable energy and electric vehicles. The European Commission has committed € 1 trillion over 
the next decade to advance technologies and projects that will facilitate decarbonisation, and the 
USA too is committing $1.9 trillion to infrastructure spending (The Whitehouse, 2021b) and both 
have intentions to spend more to strengthen supply chains for critical minerals as input to battery 
manufacturing (Deese & Sullivan, 2021; European Raw Material Alliance, 2021). West Australia has 
large deposits of lithium and nickel and South Australia large deposits of copper, which will support 
increased royalties to WA and SA from mining those deposits.  Smaller critical mineral deposits in 
Qld will bring smaller benefits for QLD.  



 
 
             

61 
 

Final Report P5.3| Mining transitions and climate change: a research synthesis to inform CRC TiME strategy  

 

 
Figure A3: Value of all coal exports and critical mineral exports to meet European demand under Net Zero 

Emission target 

 

Figure A3 details the potential shift in value of exports from thermal and metallurgical coal in 2020 
to the major critical minerals for renewable energy generation, stationary energy storage and 
electric vehicles by 2040.  These revenue projections are estimated from the IEA World Energy 
Outlook 2020, The IEA’s Role of Critical Minerals in Clean Energy Transitions 2021, and the Future 
Battery Industries CRC Future Charge 2021 reports. 

The Future Battery Industries CRC (FBICRC) estimates that Australia has the potential to capture 31% 
of global critical mineral demand. But mining of critical minerals for export delivers a fraction of the 
downstream value of those minerals in lithium-ion batteries for electric vehicles, stationary energy 
storage and renewable energy.  The FBICRC estimates that Australia will capture only 15.5% of global 
critical mineral processing, 6.2% of global electro-chemical manufacturing and 5% of global lithium 
cell and pack manufacturing. It is realistic to assume that lithium cell and pack manufacturing will 
gravitate to Europe and the USA, but it is equally realistic for Australia to establish a chemical 
manufacturing sector to process critical minerals to battery precursor purity requirements for export 
to Europe. Based on the FBICRCs assumptions, Australia could increase its export revenues in 2040 
by a further $50 bn, if this opportunity is pursued. Figure A4 details the expected export revenue 
from extracting, refining, processing to precursor purity, and manufacturing lithium cells and battery 
packs, by state based on FBICRC assumptions. The series labelled ‘CritM Proc Lost’ is the potential 
revenue lost to Australia from not pursuing critical minerals refining and processing.  
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Figure A4: Opportunity for supply of manufactured critical minerals to Europe by 2040 

 

In summary, Australian mining economies’ under a 2DS are predicted to gain income from mining 
critical minerals but lose income from mining coal by 2040. The change may occur by 2030 if NZE 
targets are held to 2050 or by later than 2050 if NZE targets are pushed out to later in the century. 
There is a significant opportunity for a sizeable increase in incomes from creating a critical mineral 
processing sector onshore in regional centres. The shift from coal to critical minerals may differ for 
each mining economy, but planning will help to develop processing centres to counteract 
disproportionate transition effects and reduce the impacts of stranded assetts and communities. 
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