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Abstract  

Mine closure processes require sites to achieve a post-mine land-use (PMLU) that accounts for 

environmental, social, and economic outcomes. In principle, the PMLU should be selected to maximise 

social welfare by accounting for stakeholder preferences. However, there is limited evidence that current 

PMLU assessments are welfare-maximizing because stakeholder preferences are often not taken into 

account. 

The overall objective of this research is to determine community preferences and attitudes for mine 

rehabilitation and PMLU options of coal mines in New South Wales (NSW), with the aim to improve 

evidence-based decision-making. To this end, the thesis examines the perceptions and values held by the 

community towards mine rehabilitation outcomes for a coal mine in the Central Tablelands of NSW. The 

thesis also analyses land-use changes of coal mines in NSW and Queensland (QLD).  

To assist PMLU decision and policy making at a landscape level, research question 1 seeks understand What 

are current pre- and post-mine land-use trends across the NSW and QLD coal industry? Datasets were 

created for QLD and NSW coal mines to describe the pre-mining land-use and how this classification 

changes post-mining. The analysis included general statistics and Markov probability transition matrixes. 

Results found the most common PMLU in the coal mining industry of NSW and QLD are agriculture and 

biodiversity compared to agriculture being the dominant pre-mining land-use. Also observed is that it is 

common for mine sites to nominate a combination of PMLUs. Evidence was found to show that operations 

are unlikely to remain consistent with the land-use present at pre-disturbance. Furthermore, it was found 

that mine sites tend to focus on the rehabilitation descriptions or fail to consider the utility value of the 

rehabilitation when detailing the PMLU(s). 

The second research question, What are the public attitudes towards mine rehabilitation of open-cut coal 

mines in regional NSW? was addressed through focus groups held in regional NSW and a survey of 1,000 

NSW residents. Results identified that important characteristics of rehabilitation to the community include; 

the prevention of water pollution, providing habitat and linkages for wildlife, and making the site safe and 

stable. Multiple PMLU options were identified as preferred options by the community, including those seen 

to be sustainable like alternative energy sources or where mine rehabilitated land is used instead of 

impacting other existing land-uses in the area. Community members were concerned that the NSW 

Government does not do enough to ensure that mine sites achieve their rehabilitation outcomes and have 

low confidence that mining companies will achieve the desired outcomes for rehabilitated land. Findings 

illustrate community preferences for socioeconomic, cultural, environmental, and utility values may not 

currently align with mine rehabilitation outcomes. It is suggested that the mining companies could alleviate 
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community concerns through clearer communication about the PMLU and progress towards rehabilitation 

outcomes. Current public attitudes towards mine rehabilitation suggest diverging expectations on mine 

rehabilitation between the community, mine operators, and NSW policy. Results will be helpful in decision- 

and policy-making and may improve community engagement processes for mine rehabilitation and closure 

planning.  

We used a choice experiment of a sample of NSW residents to investigate research question three; What 

are the preferences for different approaches to mine rehabilitation and post-mining land-use? 

Rehabilitation attributes were defined by: access for recreation, time taken to achieve the PMLU, jobs 

created, and PMLU. Costs was defined by a one-off household payment to a rehabilitation fund were also 

included to allow willingness to pay values estimates. A split sample design was used to assess whether the 

level of detail about alternative PMLU mattered when choosing between preferences. Analysis was 

completed using conditional and mixed logit models. Results show that the NSW community holds a range 

of values across the offered mine rehabilitation attributes and preferences were influenced by the level of 

information presented in the survey. Preferences for mine rehabilitation consisted of PMLU combinations, 

especially solar and conservation (in combination). The community hold diminishing PMLU preferences for 

the amount of area mine rehabilitated land is used for including 60% and 80% for native vegetation, 60% 

for conservation, 80% grazing and between 20-40% solar. Respondents further preferred having access to 

rehabilitated land for recreation, less time needed to establish a PMLU, and creating more local jobs 

through the established PMLU.  

This thesis contributes to the literature using non-market valuation to support mine rehabilitation 

decisions. It provides an evidence-based method for evaluating community preferences that should be 

incorporated in PMLU decisions and desired mine rehabilitation outcomes.  

 

  



vii 
 

Table of Contents 
 

Table of Contents ............................................................................................................................................. vii 

List of Tables ...................................................................................................................................................... xi 

List of Figures ................................................................................................................................................... xiii 

List of Acronyms .............................................................................................................................................. xiv 

Acknowledgements .......................................................................................................................................... xv 

1 Introduction ....................................................................................................................................... 1 

1.1 Background and rationale .................................................................................................................. 1 

1.1.1 Coal mining in Australia ..................................................................................................................... 3 

1.1.2 Selection of Wilpinjong Coal Mine as a case study ............................................................................ 4 

1.2 Thesis aims and objectives ................................................................................................................. 5 

1.3 Research contribution ........................................................................................................................ 5 

1.4 Organisation of the thesis .................................................................................................................. 6 

1.5 References.......................................................................................................................................... 7 

2 Mine rehabilitation policy and regulations ...................................................................................... 9 

2.1 Introduction ....................................................................................................................................... 9 

2.2 Institutional framework ................................................................................................................... 10 

2.2.1 Australian Commonwealth Government ......................................................................................... 10 

2.2.2 NSW Rehabilitation Regulatory Requirements ................................................................................ 12 

2.2.3 QLD Rehabilitation regulatory requirements ................................................................................... 18 

2.2.4 Mining industry guidelines and international policy on mine rehabilitation and closure ............... 22 

2.3 Conclusion ........................................................................................................................................ 23 

2.4 References........................................................................................................................................ 24 

3 Mine rehabilitation and post-mining land-use decision-making ................................................... 28 

3.1 Introduction ..................................................................................................................................... 28 

3.2 Literature review – techniques for evaluating mine rehabilitation and post-mining land-use 

options ............................................................................................................................................. 31 

3.2.1 Non-market valuation (NMV) to inform mine rehabilitation and post-mining land-use decisions . 31 

3.2.2 Market valuations to inform mine rehabilitation and post-mining land-use decisions .................. 32 

3.2.3 Other decision-making techniques and tools used to analyse PMLU alternatives .......................... 33 

3.3 Discussion and conclusion ............................................................................................................... 35 

3.4 References........................................................................................................................................ 36 



viii 
 

4 Pre- and post-mine land-use trends across the New South Wales and Queensland coal industry

 .......................................................................................................................................................... 40 

4.1 Introduction ..................................................................................................................................... 40 

4.2 Methods ........................................................................................................................................... 42 

4.3 Results .............................................................................................................................................. 45 

4.4 Discussion and conclusion ............................................................................................................... 56 

4.5 References........................................................................................................................................ 58 

5 Case Study - Wilpinjong Coal Mine ................................................................................................. 61 

5.1 Wilpinjong Coal Mine description .................................................................................................... 61 

5.2 Biophysical and landscape aspects relevant to mine rehabilitation ................................................ 62 

5.2.1 Water ............................................................................................................................................... 62 

5.2.2 Vegetation and biodiversity ............................................................................................................. 62 

5.2.3 Geology, soils and geochemistry...................................................................................................... 63 

5.2.4 Climate ............................................................................................................................................. 64 

5.3 Mine rehabilitation and final landform ............................................................................................ 64 

5.4 Aboriginal cultural heritage ............................................................................................................. 65 

5.5 Land-use ........................................................................................................................................... 66 

5.5.1 Pre-mining and local current land-use ............................................................................................. 66 

5.5.2 Current regional land-use ................................................................................................................ 67 

5.5.3 Government planning directions ..................................................................................................... 67 

5.6 Mine rehabilitation and post-mining land-use approvals ................................................................ 68 

5.7 Discussion and conclusion ............................................................................................................... 71 

5.8 References........................................................................................................................................ 73 

6 Community attitudes on mine rehabilitation of open-cut coal mines in regional New South 

Wales ............................................................................................................................................... 76 

6.1 Introduction ..................................................................................................................................... 76 

6.2 Methods ........................................................................................................................................... 78 

6.3 Results .............................................................................................................................................. 79 

6.3.1 Mine rehabilitation (general) ........................................................................................................... 81 

6.3.2 Defining rehabilitation success and benefits ................................................................................... 82 

6.3.3 Community attitudes on decision-making ....................................................................................... 83 

6.3.4 Possible post-mining land-uses ........................................................................................................ 86 

6.4 Discussion and conclusion ............................................................................................................... 87 

6.5 References........................................................................................................................................ 90 



ix 
 

7 Community attitudes towards mine rehabilitation in New South Wales ..................................... 93 

7.1 Introduction ..................................................................................................................................... 93 

7.2 Methods ........................................................................................................................................... 93 

7.3 Results and discussion ..................................................................................................................... 94 

7.3.1 Important rehabilitation aspects ..................................................................................................... 98 

7.3.2 Mining industry's performance ...................................................................................................... 100 

7.3.3 Confidence in mining companies and government ....................................................................... 101 

7.3.4 Paying for mine rehabilitation ....................................................................................................... 103 

7.3.5 Preferred post-mining land-use ..................................................................................................... 103 

7.4 Conclusion ...................................................................................................................................... 104 

7.5 References...................................................................................................................................... 105 

8 Choice experiment theory and application .................................................................................. 106 

8.1. Introduction ................................................................................................................................... 106 

8.2. Choice experiment models ............................................................................................................ 107 

8.3. Methodology .................................................................................................................................. 109 

8.3.1. Literature review ............................................................................................................................ 111 

8.3.2. Focus groups .................................................................................................................................. 112 

8.3.3. Selection of attributes and levels ................................................................................................... 112 

8.3.4. Defining the experimental design .................................................................................................. 115 

8.3.5. Survey administration .................................................................................................................... 116 

8.4. Conclusion ...................................................................................................................................... 116 

8.5. References...................................................................................................................................... 116 

9 A choice experiment on public preferences for mine rehabilitation in New South Wales ........ 119 

9.1 Introduction ................................................................................................................................... 119 

9.2 Data analysis and results ................................................................................................................ 120 

9.2.1 Rehabilitation preferences (Split Sample A – only PMLU description) .......................................... 123 

9.2.2 Rehabilitation preferences (Split Sample B – PMLU proportions) ................................................. 125 

9.2.3 Diminishing preferences for PMLU ................................................................................................ 128 

9.3 Mixed logit models ......................................................................................................................... 131 

9.3.1 Mixed logit model – split sample A (PMLU description only) ........................................................ 131 

9.3.2 Mixed logit – split sample B (PMLU proportions) .......................................................................... 134 

9.4 WTP estimates ............................................................................................................................... 137 

9.5 Discussion and conclusion ............................................................................................................. 140 

9.6 References...................................................................................................................................... 142 



x 
 

10 Discussion and conclusions ........................................................................................................... 144 

10.1 Introduction ................................................................................................................................... 144 

10.2 Discussion of findings ..................................................................................................................... 144 

10.2.1 Research Question 1 - What are the pre-and post-mine land-use trends across the New South 

Wales and Queensland coal industry? ........................................................................................... 144 

10.2.2 Research Question 2 - What are the public attitudes towards mine rehabilitation of coal mines in 

New South Wales? ......................................................................................................................... 147 

10.2.3 Research Question 3 - What are the preferences and economic values provided by different 

approaches to mine rehabilitation and post-mining land-uses? ................................................... 149 

10.3 Future research .............................................................................................................................. 151 

10.4 Industry and policy implications .................................................................................................... 152 

10.5 References...................................................................................................................................... 154 

Appendix 1- Indicative workshop guide for Technical Expert Group Workshop .......................................... 156 

Appendix 2 - Choice experiment survey ........................................................................................................ 159 

Appendix 3 – Supplementary material for Chapter 9 – Choice Experiment ................................................. 174 

Appendix 3– 1 Split Sample A (PMLU descriptions) ...................................................................................... 174 

Appendix 3 – 2 Split Sample B (PMLU proportions) ...................................................................................... 178 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xi 
 

List of Tables  
 

Table 1.1 - Benefits of mine rehabilitation ........................................................................................................ 2 

Table 2.1 – NSW policy documents relevant to mine rehabilitation .............................................................. 14 

Table 2.2 – QLD policy documents relevant to mine rehabilitation ................................................................ 20 

Table 3.1 - Factors affecting post-mining land-use decisions ......................................................................... 29 

Table 4.1 – Post-mining land-use definitions (USA Code of Federal Regulations, 2011) ................................ 42 

Table 4.2 - Land-use classification categories to collate pre-and PMLU data for QLD and NSW coal mines . 43 

Table 4.3 - Land-use classification of dummy variables (used in Table 4.7 and 4.8)....................................... 45 

Table 4.4 - Breakdown of mining operation sites and type in QLD and NSW (as of July 2018) ...................... 45 

Table 4.5 - Change in sites’ land-use types in each state (n=61 QLD, n=65 NSW) .......................................... 47 

Table 4.6 - Comparison of pre-mining land-use to PMLU (n=86) .................................................................... 48 

Table 4.7 - Probability transition matrix from pre-mining to PMLUs in QLD .................................................. 49 

Table 4.8 - Probability transition matrix from pre-mining to PMLUs in NSW ................................................. 50 

Table 4.9 - Terminology used to describe pre-mining land-use categories .................................................... 51 

Table 4.10 - Terminology used to describe PMLU categories ......................................................................... 52 

Table 4.11 - Potential PMLU using general rehabilitation description ............................................................ 53 

Table 6.1 – Emergent themes on mine rehabilitation from the three focus groups  ..................................... 80 

Table 7.1 - Socio-demographic characteristics of respondents (n=1000) ....................................................... 96 

Table 8.1 – Summary of stages taken in the CE to elicit values for mine site rehabilitation in NSW ........... 110 

Table 8.2 - Attributes considered for CE survey ............................................................................................ 111 

Table 8.3 – Attributes and levels used in the mine rehabilitation choice experiment ................................. 113 

Table 9.1 - Socio-demographic characteristics of respondents (n=1,000) .................................................... 121 

Table 9.2 PMLU descriptions used in CE survey and CL and ML models ...................................................... 122 

Table 9.3 - Main reason a respondent always chose status quo (n=1000) ................................................... 122 

Table 9.4 - Conditional logit model with socio-demographic variables (compared to 100% grazing) with 

standard error in parentheses ....................................................................................................................... 124 

Table 9.5 - Ranking of PMLU preferences – actual PMLU combinations (compared to 100% grazing) with 

standard error in parentheses (n=535) ......................................................................................................... 127 

Table 9.6 - Conditional logit model with post-mining land-use attributes and levels (compared to 100% 

grazing) (Split Sample B, n=535) .................................................................................................................... 129 

Table 9.7 - Mixed logit model - PMLU description only, showing all choice attributes as random (PMLU 

compared to 100% grazing) ........................................................................................................................... 133 



xii 
 

Table 9.8 - Mixed logit model – PMLU description (PMLU proportions) showing all choice attributes as 

random (nreps=500) (compared to 100% grazing) ....................................................................................... 136 

Table 9.9 - One-off marginal willingness to pay per household in 2021-22 financial year using the standard 

error of the mean coefficients and standard deviations of random variables (A$/household/one-off 

payment) – Sample B (PMLU proportions, n=491) ....................................................................................... 139 

 

 

  



xiii 
 

List of Figures  

Figure 1.1  Coal mining areas in Queensland and New South (adapted from Mohr et al., 2011) .................... 4 

Figure 4.1 QLD identified pre-mining and PMLUs (% of sites), n=61 .............................................................. 46 

Figure 4.2 NSW identified pre-mining and PMLUs (% of sites), n=65 ............................................................. 46 

Figure 4.3 Number of pre- and PMLUs identified by each mine site .............................................................. 47 

Figure 4.4 Identified pre-mining and PMLUs using dummy variables (% of sites), n=126 .............................. 49 

Figure 5.1 Location of Wilpinjong Coal Mine .................................................................................................. 62 

Figure 5.2 The mining process at Wilpinjong (own photo) ............................................................................. 65 

Figure 5.3 and Figure 5.4 Photos of mine rehabilitation at Wilpinjong (own photos) .................................... 65 

Figure 5.5 Regent Honeyeater (Anthochaera Phrygia)  .................................................................................. 69 

Figure 5.6 Approval PA05-021 Final Post-Mining Land-use  ........................................................................... 70 

Figure 5.7 Approval SSD-6764 Final Post-Mining Land-use  ............................................................................ 70 

Figure 6.1 Photos from the Technical Expert Workshop ................................................................................. 79 

Figure 7.1  Local sample area  ......................................................................................................................... 94 

Figure 7.2 'Is there anything about mining in general that concerns you? ..................................................... 96 

Figure 7.3 'Which impacts of mining concern you the most (Primary concern) .............................................. 97 

Figure 7.4 'What are the three most important aspects of mine rehabilitation to you? ................................ 99 

Figure 7.5 Mining Industry Performance  ...................................................................................................... 101 

Figure 7.6 Confidence in mining companies will achieve their approved mine rehabilitation outcomes  ... 102 

Figure 7.7  Confidence in NSW Government agencies to regulate mine rehabilitation outcomes  .............. 102 

Figure 7.8 and Figure 7.9 Willingness to pay for mine rehabilitation  .......................................................... 103 

Figure 7.10 Preferred post-mining land-use  ................................................................................................. 104 

Figure 8.1 Example of a choice set used in the CE survey ............................................................................. 115 

Figure 9.1 Non-linear preferences for grazing, conservation and Native vegetation ................................... 131 

 

  



xiv 
 

List of Acronyms 

AHP Analytical Hierarchy Processes  

ALUM Australian Land-use and Management  

ASC Alternative Specific Constant  

CBA Cost Benefit Analysis 

CE Choice Experiment 

CL Conditional Logit Model 

DPIE Department of Planning, Industry and Environment  

EA Environmental Authority  

EDR Economic Demonstrated Resources  

EIS Environmental Impacts Statement 

EP Act  Environmental Protection Act 1994  

EPA Act Environmental Planning and Assessment Act 1979  

EPBC Act  Environmental Protection Biodiversity Conservation Act 1999 

FG Focus Group 

GIS Geographic Information Systems  

IID Independently Identically Distributed  

IPC Independent Planning Commission  

MADM Multi-Attribute Decision-making  

MCDM Multi-Criteria Decision-making  

MERF Act Mineral and Energy Resources (Financial Provisioning) Act 2018  

ML Mixed Logit Model 

MNL Multinominal Model  

MR Act Mineral Resources Act 1989  

MWTP Marginal Willingness to Pay  

NMV Non-Market Valuation 

NSW New South Wales 

NUMA Non-Use Management Area  

PMLU Post-Mining Land-use 

PRCP Progressive Rehabilitation and Closure Plan  

QLD Queensland 

RUM Random Utility Maximization  

SDPWO Act State Development and Public Works Organisation Act 1971  

SSD State Significant Developments  

TEW Technical Expert Workshop  

TSC Act  Threatened Species Conservation Act 1995 

WTA Willingness to Accept  

WTP Willingness to Pay 
 

  



xv 
 

Acknowledgements  

This research was supported by an Australian Government Research Training Program (RTP) Scholarship 

and AusIMM Education Endowment Fund PhD Scholarship who made this research possible.  

I extend a special thanks to my supervisors Assoc. Professor Marit Kragt and Assoc. Professor Ben While. 

Their patience, guidance, advice and teachings are greatly appreciated and contributed significantly to this 

thesis. I truly hope you enjoyed our journey together as much I did. 

I also wish to acknowledge the support of industry mentors and my ‘women in mining’ network that gave 

me the initial push and provided a continuous voice of encouragement and wisdom, and ‘mental health 

checks’ along the way - cheers to you all.  

Finally, I take this opportunity to express my profound love and gratitude to my family and friends. Words 

cannot describe how grateful I am for all of your love, patience, and continued support not just through my 

PhD candidature but throughout the years. Trinity, Grace and Lochlan, I could not have done this without 

you - I love you.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xvi 
 

This thesis contains work that has been published.  

Details of the work: 

Fogarty, K, Kragt, ME & White, B 2019, 'Pre- and post-mine land-use trends across the New South Wales 

and Queensland coal industry', in AB Fourie & M Tibbett (eds), Mine Closure 2019: Proceedings of the 

13th International Conference on Mine Closure, Australian Centre for Geomechanics, Perth, pp. 937-

950, https://doi.org/10.36487/ACG rep/1915 74 Fogarty 

Location in thesis: 
Chapter 4 
 

Student contribution to work: 
80% 
 

Co-author signatures and dates: 
Assoc Prof Marit Kragt  
22/02/2022 

 
Assoc Prof Ben White 
01/03/2022 
 

 
 
 
 
 

 

 

 

 

 

 



1 
 

1 Introduction 

1.1 Background and rationale  

Mining has been the backbone of the Australian economy for decades and coal remains Australia's second-

biggest export (Australian Government, 2021). Coal mining is economically important to many rural 

communities; however, coal mining also exposes these communities to health, environmental, and social 

impacts. Mining companies attempt to mitigate some of these impacts through mine ‘rehabilitation’. Mine 

rehabilitation is the treatment or management of land or water that has been disturbed through mining 

(NSW Government, 2013). Typically, mine rehabilitation includes removing unwanted infrastructure, 

reshaping waste rock dumps, applying topsoil, and seeding or planting with species to support the selected 

post-mining land-use (PMLU). The completion of rehabilitation is a statutory obligation and integral 

component of any mining project (QLD Government, 2017). Mine rehabilitation is also seen as a way to 

demonstrate a mining company's 'social licence to operate' (Bice, 2014; QRC, 2021; Lawrence, 2021; 

Australian Government, 2016). 

Mine rehabilitation regulations vary across state jurisdictions, however, a common objective is to treat 

disturbed land to an agreed standard that is safe, stable, non-polluting, sustainable, and able to sustain a 

PMLU (NSW Government, 2013; QLD Government, 2021). A PMLU is a statement describing the overall goal 

of the rehabilitation and is a consideration in the mine closure planning process. In Australia, the mine 

closure planning is defined as “a process that extends over the mining life-cycle and that typically 

culminates in tenement relinquishment, includes decommissioning and rehabilitation” (Australian 

Government 2016, p. 110). To obtain mine lease and rehabilitation relinquishment, a mine operation needs 

to demonstrate the achievement of its PMLU goal. Rehabilitation objectives and activities should then be 

designed to support that PMLU goal (Fogarty et al., 2019). From an overall social welfare perspective, the 

value(s) that the land provides to the community, including the market and non-market values, should be 

accounted for when deciding upon the PMLU, but evidence that this is done in practice is lacking 

(Kazmierczak et al., 2017; Everingham et al., 2018).  

 

Mine rehabilitation delivers tangible and intangible environmental, cultural, and social values to society; 

however, these are rarely considered in mine rehabilitation decisions (Damigos & Kaliampakos, 2003). This 

is partly because social and environmental values are difficult to estimate, particularly when those values 

are not traded in markets (i.e. non-market values). Both mining companies and society as a whole receive 

the benefits from and bear the costs of mine rehabilitation. Examples of benefits created through mine 
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rehabilitation may include productive agricultural land, native wildlife habitats, or creation of a 

rehabilitation industry (see also Table 1.1). 

Table 1.1 - Benefits of mine rehabilitation 

Environment Economic Mining Company Community 

 reduced erosion and 
sediment release from 
mined land to water, 
air, land  

 minimised risk of 
spontaneous 
combustion results in 
reduce fire risk and 
better air quality 

 opportunities for 
increased 
conservation/habitat 
linkages in fragmented 
landscapes 

 increased functioning 
and healthy 
ecosystems 

 increased ecosystem 
services  

 reduction in unwanted 
flora and fauna 

 increased oxygen 
production 

 increased CO2 
absorption  

 creation of regional 
investment  

 improved 
employment 
opportunities in 
regional areas 

 further economic 
development through 
sequential land-use  

 reduced financial 
liability the State 
Government may 
incur from un-
rehabilitated land 

 growth in 
rehabilitation 
expertise and services 

 increased efficiency of 
rehabilitation 
(potentially resulting 
in reduced costs over 
time)  

 reduced financial 
assurance costs 

 capitalising on 
integrated mine 
planning to reduce 
rehabilitation costs 

 improved knowledge 
of best practice 
techniques 

 increased ability to 
trade on social capital 
eg. less appeals on 
applications etc.  

 improving the mining 
industry's social 
licence to operate 

 creating certainty of 
demand that enables 
a strong 
rehabilitation 
industry to grow 

 increased health and 
community well-
being 

 less focus on the 
Government's 
financial assurance 
system as being the 
last line of defence 

 improved visual 
surrounding 

 increased 
employment 
opportunities  

 land-use that is 
beneficial to 
community 

 reduced negative 
feelings though 
association to mining 

 return of wildlife 

 increased land values 
 

Source: (New Hope, 2013; Queensland Government, 2017; Alcoa, 2018; KCGM, 2021; Golding, 2002; Setiawan et al., 

2021; Fogarty et al., 2021) 

Communities are increasingly aware of the social and environmental consequences of mining (Sincovich et 

al., 2018; Unger et al., 2020). In response, the priorities of stakeholders have shifted in recent times to 

require the inclusion of social costs and benefits related to mine rehabilitation (Unger et al., 2020). While 

the role of community input in mine rehabilitation decisions is well recognised (NSW Government, 2017; 

Australian Government, 2016; Everingham et al., 2018), there appears to be little understanding of the 

community attitudes towards mine rehabilitation in New South Wales (NSW).  

In principle, the PMLU should be selected to maximise social welfare by accounting for stakeholder 

preferences, the benefits of mine rehabilitation, acceptability to the regulator, producer's cost, and 

landscape characteristics. This can be challenging as social and environmental impacts can be difficult to 

value to allow consideration of alternative rehabilitation outcomes. Little attention is also afforded to mine 

rehabilitation alternatives during the assessment process; instead, regulatory policies and assessments 
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typically focus on the impacts caused by mining (Menegaki & Damigos, 2020; Kung et al., 2020). Failure to 

account for informed mine rehabilitation and PMLU decisions may result in rehabilitation commitments 

that lead to sub-optimal societal outcomes. Assessment of the social and environmental impacts and 

benefits of mine rehabilitation outcomes is needed to inform evidence-based decision-making, which will 

add to the community and regulatory trust and transparency of mining companies.  

Mine rehabilitation is traditionally considered as the biophysical repair of the mining landscape (Doley & 

Audet, 2013), however others identify that mine rehabilitation is an expression of socially and politically 

defined values and goals (Edgar, 2007; Cohen, 2017). Rehabilitation of mine disturbed land has a dual 

purpose: first, remediating mining-related impacts, and second, creating a landscape from which current 

and future generations of land-users can derive value (Owen & Kemp, 2018). Mine rehabilitation provides 

an opportunity for land disturbed by mining to be rehabilitated for other sustainable PMLUs (QLD 

Government, 2014).  

1.1.1 Coal mining in Australia 

Australia has very large reserves of high quality thermal coal and coking coal. Most of Australia's black coal 

Economic Demonstrated Resources (EDR) and coal production is located in Queensland (61%) and New 

South Wales (36%) with 34% and 29% of recoverable EDR located in the Bowen (QLD) and Sydney (NSW) 

basins, respectively (Australian Government, 2010). Significant black coal resources are also found in the 

Surat, Clarence-Moreton, and Galilee basins in QLD, however these are still relatively undeveloped. In NSW, 

the main regions are the Southern, Central, Sydney, Western, Newcastle, and Gunnedah basins, with 

smaller mining basins at Oaklands and Gloucester (Mohr et al., 2013) (Figure 1.1). 
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Figure 1.1 – Coal mining areas in Queensland and New South (adapted from Mohr et al., 2011) 

 

1.1.2 Selection of Wilpinjong Coal Mine as a case study 

This research includes a case study analysis of the Wilpinjong Coal Mine in the western coalfields of NSW.  

The mine is relatively modern and has recently altered an approved PMLU, providing an opportunity to 

investigate community members' preferences for mine rehabilitation aspects.  

As mining is a temporary land-use, the land-use transitions from the pre-mining land-use, with a proposed 

land-use nominated through the mine's regulator approved rehabilitation objectives. The pre-mining land-

use for Wilpinjong Mine was grazing (Wilpinjong Coal Mine, 2016). During the initial mining approval 

granted in 2006, the proposed PMLU was grazing and biodiversity (Wilpinjong Coal Mine, 2021). In 2017, as 

a result of a change to the mining approval, the PMLU changed to woodland only (Wilpinjong Coal Mine, 

2021).  
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A change of a PMLU is uncommon; a mine will typically not alter from the initially approved PMLU. 

Consequently, an opportunity exists for Wilpinjong Coal Mine to be used as a case study site to investigate 

community members' environmental and social values for mine rehabilitation. Due to my previous 

employment at Wilpinjong Coal Mine, I possess intimate knowledge of this case study.  

1.2 Thesis aims and objectives 

The overall objective of this research is to determine community preferences and attitudes for mine 

rehabilitation and PMLU options of coalmines in NSW, with the aim to improve evidence-based decision-

making. The research intends to: 

o Provide an overview of the current mine rehabilitation policies in Queensland (QLD), New South 

Wales (NSW), and the Australian Commonwealth Government;  

o Provide an overview of the decision-making techniques currently used for mine site 

rehabilitation objectives and PMLUs;  

o Describe pre-and post-mining trends across the NSW and QLD coal industry; 

o Increase understanding of community attitudes and perceptions of mine rehabilitation and 

PMLUs of coal mines in NSW;  

o Determine community preferences for social and environmental non-market impacts of mine 

rehabilitation; and 

o Contribute to the policy discussion on non-market values in mine rehabilitation and PMLU 

decisions. 

The thesis addressed the following research questions:  

1. What are the pre-and post-mine land-use trends across the New South Wales and Queensland coal 

industry? (Chapter 4) 

2. What are the public attitudes towards mine rehabilitation of coal mines in New South Wales? 

(Chapters 6 and 7) 

3. What are the preferences and economic values provided by different approaches to mine 

rehabilitation and post-mining land-uses? (Chapters 8 and 9) 

1.3 Research contribution  

This thesis addresses an important knowledge gap in mine rehabilitation and PMLU management, 

specifically, methods to incorporate non-market community preferences into PMLU and mine rehabilitation 

decisions. The research makes a number of contributions to the current literature, including: 
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Contribution 1: The study presented in Chapter 4 is the first known published study (Fogarty et al., 2019) 

that presents the collective plans for proposed PMLUs and how they vary across state jurisdictions. 

Information presented in Chapter 4 will be helpful to identify future beneficial land-uses and 

support decisions and policymaking at a landscape level. 

Contribution 2: The results described in Chapters 6 and 7 are the first to capture public attitudes towards 

mine rehabilitation in NSW. The results were drawn from focus group discussions and a survey of 

1,000 NSW residents. The analysis also considered if people had different attitudes towards mine 

rehabilitation if they lived closer to coal mines. The findings will be helpful in decision- and policy-

making and may improve community engagement processes for mine rehabilitation and closure 

planning.  

Contribution 3: Unlike most previous studies that investigate the environmental and social impacts of 

mining, the choice experiment reported in Chapters 8 and 9 is only the second study in Australia to 

elicit non-market values for mine rehabilitation. The study also included a split sample design in 

determining if values change when presented with additional information about the PMLU (I found 

that the provision of additional information makes a difference). As there are limited international 

non-market valuation studies that consider mine rehabilitation, this contribution will also be of 

interest to an international audience. The study also demonstrates an evidence-based method for 

incorporating community preferences into decision-making about PMLU and desired mine 

rehabilitation outcomes.  

1.4 Organisation of the thesis 

This thesis is presented through a collection of ten chapters. Chapter 1, 2 and 3 are considered introductory 

chapters to this thesis. Chapter 2 provides an overview of the regulatory framework and policy for mine 

rehabilitation in QLD and NSW, and the role of the Australian Commonwealth Government. Chapter 3 

provides an overview of approaches used to guide mine rehabilitation and PMLU decisions.  

Chapter 4 describes pre- and post-mining trends for coal mines in NSW and QLD. A description of pre-

mining land-uses and how this classification changes post-mining is also presented. The terminology used 

by mining companies to describe their pre-and PMLU is also captured. Research question 1 will be 

addressed in this chapter.  

Chapter 5 introduces the study site for this thesis; Wilpinjong Coal Mine. Wilpinjong is representative of 

coal mines in Central NSW. Wilpinjong Mine is also a relatively modern mine that has recently altered its 

PMLU, allowing a chance to analyse how rehabilitation is considered within the NSW mine approval 
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process. Wilpinjong Mine is used in focus groups to elicit community preferences for mine site 

rehabilitation (Chapter 6), and in the choice experiment (Chapters 7 and 8).  

Chapter 6 and Chapter 7 discuss public attitudes towards mine rehabilitation in NSW. In chapter 6, 

emergent themes identified in the focus groups using Wilpinjong Coal Mine as a case study are presented. 

Chapter 7 provides the results for a sample of 1,000 residents in NSW that aimed to investigate what 

people think about mine rehabilitation. The survey included analysis to consider if people had a different 

attitude towards mine rehabilitation if they lived closer to mine sites. Research question 2 will be 

addressed in these two chapters.  

Chapter 8 provides the theoretical background to choice experiments, and details the main steps taken in 

survey design include selecting the attributes and levels, choosing the experimental design, and developing 

the survey. Chapter 9 reports the results of a CE survey designed to elicit community preferences for the 

social and environmental impacts of mine rehabilitation, and willingness to pay (WTP) for different PMLUs 

and other rehabilitation attributes. A split-sample design was used to assess whether the level of detail 

provided to respondents about the alternative PMLU influenced preferences. Research question 3 will be 

addressed in Chapter 9. 

Chapter 10 summarises the findings from Chapters 2 to Chapter 9 and the overall research findings. Future 

research opportunities are also discussed.  
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2 Mine rehabilitation policy and regulations 

This chapter is an introduction to the regulatory frameworks and policies for mine rehabilitation in 

Queensland (QLD) and New South Wales (NSW), and describes the role of the Australian Commonwealth 

Government. Knowledge about the regulatory frameworks and policies for mine rehabilitation informs 

most chapters in this thesis, especially the policy recommendations from this study (Chapter 10). 

2.1 Introduction  

Mining imposes externalities on society through adverse effects on the environment and human health and 

wellbeing (Menegaki & Damigos, 2020). Common mining impacts include dust, noise, the destruction of 

Aboriginal cultural heritage, land and water pollution, and loss of flora and fauna. Society expects mining 

companies to honour rehabilitation commitments (Chapter 6). Mine rehabilitation regulations aim to 

ensure timely compliance to limit mining impacts.  

The development of mine rehabilitation policy has been a complex area of public policy that has been 

subject to frequent amendments and reviews. Problems arise due to hidden information in that the mining 

company is better informed than the regulator about the costs and status of rehabilitation. The other form 

of hidden information relates to firms’ financial health and their incentives to declare strategic bankruptcy 

to avoid rehabilitation costs (White, 2015). Other known strategies used by mining companies include: 

placing a site into indefinite care and maintenance; providing incomplete or inaccurate rehabilitation costs 

as a way of reducing requirements for surety; designating disturbed areas as needed for ‘operational’ 

requirements; selling a mine near the end of its life to a company in a weaker financial state, often with less 

mine rehabilitation experience; or use ‘share sales agreements’1 to avoid regulatory scrutiny 

(Environmental Justice Australia, 2016; QLD Government, 2013a; Unger & Everingham, 2019; Cooper, 2019; 

ABC, 2016a). These strategies increase the risk of a mining company defaulting or failing to meet their mine 

rehabilitation obligations thereby increasing the risk that the public will be liable and the external costs of 

mining will be ‘socialized’.  

Over the past decades, mine rehabilitation and closure policy has evolved from receiving minimal attention 

to now requiring companies to undertake an integrated mine planning process, consider long-term 

environmental risks, and ensure that stakeholder preferences are incorporated into rehabilitation decisions 

(Unger et al., 2020). Current mine rehabilitation legislation in Australia focuses on requiring mining 

companies to complete progressive rehabilitation in a timely manner and establish a financial provision or 

                                                           
1
 As detailed in Cooper (2019) “As an example, Batchfire Resources Pty Ltd entered into a ‘share sale agreement’ with Anglo 

American Coal to receive ownership of the Callide mine in Queensland through the sale of shares. While the entity controlling the 
mine operation changed, the ABN (Australian Business Number) had not – which avoided the need for a new environmental 
authority or assessment by government of the suitability of the new controlling company (Robertson 2016).” 
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assurance program that protects the public in the case of default or non-compliance on their 

environmental obligations. Government policy also aims to deliver beneficial PMLUs that will deliver 

societal and environmental outcomes, and in some situations, contribute to the transition of mining-

dependent communities.  

The importance of policy design is critical. Stringent and inflexible command and control regulations impose 

unnecessary costs, may fail to meet objectives, and can diminish net community benefits (Australian 

Government, 2020). On the other hand, lax regulations are prone to allow firms to behave strategically as a 

way of reducing and socializing costs. In the long term, poorly designed regulations can be detrimental to 

the mining industry and weakens the industry’s social licence to operate (Australian Government, 2019). 

Effective rehabilitation policy also provides an opportunity to plan for an improved socio-economic 

transition after mining (APEC, 2018; Gorey et al., 2016; European Commission, 2020).  

2.2 Institutional framework 

Mine rehabilitation management and regulations in Australia are complex (Australian Government, 2020). 

State Governments are primarily responsible for mine rehabilitation governance with multiple agencies 

typically involved. The Australian Commonwealth Government provides high-level oversight with matters 

of responsibility provided through the Environmental Protection and Biodiversity Conservation Act 1999 

(EPBC Act). Numerous Australian and international mining industry guidelines also offer guidance on 

governance, transitioning and repurposing of mines, and industry best practice for mine rehabilitation and 

closure (Council of Australian Government, 2018; ANZMC, 2000; Australian Government, 2016; ICMM, 

2019; World Bank Group, 2018; World Bank Group, 2021; European Commission, 2020; APEC, 2018). Some 

mining companies also maintain internal environmental standards and guidelines to standardise and 

monitor mine rehabilitation practices across the company’s operations.  

2.2.1 Australian Commonwealth Government 

The Commonwealth interacts with States and Territories on resource regulations through the National 

Federation Reform Council (previously the Council of Australian Governments, and The Australian Minerals 

Industry and the Australian New Zealand Minerals Energy Council). In 2018, the ‘National Principles for 

Managing Rehabilitation Financial Risks’ was endorsed by the Council to ensure financial provisioning is 

robust and minimises Australian jurisdictions’ exposure to rehabilitation obligations for mine sites (Council 

of Australian Government, 2018). Each jurisdiction agreed to implement the Commonwealth principles in 

their own way. The Australian New Zealand Minerals Energy Council and the Australian Minerals Council of 

Australia published a guiding framework for mine closure for Australian jurisdictions to consider in policy 
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development (ANZMC, 2000). The Commonwealth also publishes Leading Practice Guidance Handbooks to 

promote sustainable mining practices, including mine rehabilitation (Australian Government, 2016c).  

The Commonwealth Government's role in environmental regulation of the resources sector is set out under 

Part 3 of the EPBC Act. This includes Matters of National Environmental Significance: threatened species 

and ecological communities, uranium mining, and water in relation to coal seam gas and large coal mining 

developments (Australian Government, 2013; Australian Government, 2017a). The Independent Expert 

Scientific Committee on Coal Seam Gas and Large Coal Mining Development was created in 2012 under 

the EPBC Act. This committee provides scientific advice to the Commonwealth Government Environment 

Minister on the effects of coal seam gas and large coal mining developments on water resources (Australian 

Government, 2016b). Consideration of a site’s mine rehabilitation practices and outcomes informs their 

advice (Australian Government, 2018). The Commonwealth has bilateral agreements with all States and 

Territories where approvals under the EPBC Act will be coordinated and assessed by the State. 

Imposed mine rehabilitation conditions and financial assurance mechanisms result from managing 

unavoidable impacts on threatened species, populations, and communities listed under the EPBC Act and 

do not address general mine rehabilitation activities (Australian Government, 2019). Although, if mining 

activity impacts an action of Matter of National Environment Significance or gaps exist between state-based 

assessment and recommendations relating to a project, the Commonwealth Government may impose 

rehabilitation conditions (Australian Government, 2019). Since the implementation of the EPBC Act in 2000, 

118 mining and resource projects have been approved with conditions relating to rehabilitation, and 41 

have been approved with conditions relating to financial assurance mechanisms (Australian Government, 

2017a). 

A recent Australian Government Senate inquiry by the Environment and Communications Reference 

Committee (2019) on the rehabilitation of mining and resources projects’ relationship to the 

Commonwealth could not agree on a set of recommendations with all political parties. However, the 

consensus was that the responsibilities surrounding mine rehabilitation and approvals should remain 

primarily a State government responsibility (Australian Government, 2019). The Australian Greens 

concluded that Commonwealth intervention is needed to meet community expectations on closing mines 

and recommended introducing national regulations, standards, and policy on mine rehabilitation, mine 

closure, and abandoned mines (Australian Government, 2019). The Australian Greens also suggested that 

the Commonwealth Government develop alternative industries related to mine rehabilitation and support 

communities transitioning away from a reliance on coal mining (Australian Government, 2019).  
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The Australian Productivity Commission (2020) also recently examined regulations affecting the resources 

sector, including mine rehabilitation. The Commission concluded there is room for significant improvement, 

including enhanced regulator accountability and transparency. Clearer requirements for mine rehabilitation 

would also deliver community and industry reputational benefits (Australian Government, 2020). Other 

findings relevant to mine rehabilitation within the study included: that surety arrangements for 

rehabilitation were improving but should go further; residual risks within surrendered mine rehabilitated 

landscapes are an emerging concern although acknowledge the residual payments process in QLD provides 

protection to Government while allowing companies relinquish their obligations; and Government policies 

need to evolve in response to changing economic conditions, especially commodity price volatility, 

technology development, and shifts in societal values and priorities (Australian Government, 2020).  

2.2.2 NSW Rehabilitation Regulatory Requirements  

In NSW, mining operations have mine rehabilitation accountabilities through a mining lease granted under 

the Mining Act 1992 and the development consent issued under the Environmental Planning and 

Assessment Act 1979 (EPA Act 1979). For approvals, the Department of Planning, Industry and Environment 

(DPIE) and the Independent Planning Commission (IPC) have responsibilities under the EPA Act 1979. Key 

objectives of the EPA Act 1979 include the facilitation of ecologically sustainable development and 

promoting the social and economic welfare of the community (NSW Government, 2021). DPIE is 

accountable for coordinating a whole of government approach to the evaluation of potential 

environmental, economic, and social impacts associated with mining proposals. The IPC is the consent 

authority for state significant developments (SSD), including coal mines. The IPC is independent of the DPIE 

and other government agencies, allowing an independent and transparent assessment (NSW Government, 

2020). Once approved, mine rehabilitation is made conditional through permitted development consent. 

Due to their establishment under earlier regulatory regimes, some mine development consents were issued 

through local councils, which continue to be the consent authority. Some older mines did not have explicit 

conditions requiring progressive rehabilitation (NSW Government, 2021a).  

The NSW Resources Regulator sets rehabilitation requirements and security deposits under the Mining Act 

1992 through the conditions of the mining lease. The security deposit must cover the government’s total 

costs in undertaking rehabilitation, including any obligations relating to rehabilitation, in the event of 

default by the title holder (NSW Government, 2021b). As of July 2021, the NSW Government held nearly 

$3.4 billion in security bonds (NSW Government, 2021c). In July 2021, amendments to the NSW regulation 

were passed, allowing new standard mine rehabilitation conditions to be added to all mining leases as part 

of the NSW Rehabilitation Reform Project. The new lease conditions aim to set “standard, clear, achievable, 

and enforceable requirements for rehabilitation” across mine sites in NSW (NSW Government, 2021a, 
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page 1). All rehabilitation activities must be completed in a manner consistent with the Environmental 

Impact Statement (EIS), the development consent, management plans (where they are a requirement of 

the development consent), and the mining lease.  

The NSW Biodiversity Offsets Policy for Major Projects (2014) allows mine rehabilitation to be used as a 

biodiversity offset under the Biodiversity Conservation Act 2016. These offsets are typically established 

through mine approvals before mining occurs. Under the policy, mining companies need to return a 

defined plant community to the site in order to generate biodiversity credits (NSW Government, 2014). 

Several coal mines use mine rehabilitation to meet their biodiversity offset obligations (Wilpinjong Coal 

Mine, 2021; BHP, 2019; Whitehaven Coal, 2020; Whitehaven Coal, 2017; Yancoal, 2018). Once 

rehabilitation is determined under the Mining Act 1992 to have met completion criteria, a biobanking 

agreement may be needed to ensure the ongoing protection and management (NSW Government, 2014a).  

2.2.2.1 NSW Mine rehabilitation and post-mining land-use approvals  

Approvals for mine development are undertaken through the NSW planning regime, of which the EPA Act 

1979 is the primary legislation. During the approval phase for a mine a number of environmental planning 

instruments are relevant to mine rehabilitation and PMLUs. The State Environmental Planning Policy 

(Mining, Petroleum Production and Extractive Industries) 2007 is an environmental planning instrument 

that provides a policy framework to govern the assessment and development of the State’s mineral and 

energy resources through the planning system (NSW Government, 2015e). Clause 17 of the Policy requires 

the consent authority to consider whether conditions that require rehabilitation of land affected by 

development should be included. In 2015, an amendment resulted in the removal of the provision that 

guides the economic valuation of the resource as the principal consideration when making a determination. 

By removing this clause, the policy provides a more balanced framework for decision-makers to assess the 

likely impacts of mining developments by accounting for social, environmental, and economic impacts 

(NSW Government, 2015a). 

The Integrated Mining Policy (2015) was promoted as a whole of government project aimed to: 

 improve regulation and assessment of mining projects;   

 balance the benefits of a mining project;  

 manage environmental and social impacts; and 

 provide transparency to the assessment process.  

This policy provides a number of guidance documents relevant to mine rehabilitation and PMLU, which are 

outlined in Table 2.1.  
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The Strategic Statement on Coal Exploration and Mining in NSW, released in 2020, aims to provide some 

certainty to stakeholders about the future of coal mining in NSW (NSW Government, 2020a). The policy 

identified areas for regulatory improvement. These include facilitating beneficial PMLUs and mine 

rehabilitation to deliver better environmental, social, and economic outcomes. The Strategic Statement on 

Coal Exploration and Mining (NSW Government, 2020a) also identified the need to support diversification 

of coal-reliant regional economies to assist with the phase-out of thermal coal mining. The NSW 

Government proposes to adopt a place-based approach to transition planning to areas including the Upper 

Hunter region. 

Table 2.1 – NSW policy documents relevant to mine rehabilitation 

Document Intent of document Summary of rehabilitation 

requirements 

Mine Application Guideline 
(NSW Government, 2015b) 

Provide assistance to proponents 
when preparing the project 
context. Commences the mine 
approval process.  

Provides guidance on the rationale for 
the projects mine rehabilitation and 
PMLU, including how the costs and 
benefits of alternative land-uses should 
be evaluated. Consultation 
requirements with stakeholders are 
also discussed.  

Indicative Secretary’s 
Environmental Assessment 
Requirements (NSW 
Government, 2015c) 

Identifies factors to be addressed 
in a proponents EIS that most 
mining applications in NSW, 
includes community engagement 
requirements. 

Outlines required plans for progressive 
rehabilitation outcomes and 
timeframes with regard to PMLU, 
methodology, landform design, 
monitoring and research, risks. 
Reasoning and assessment for 
proposed rehabilitation strategies 
should be included in the EIS.  

Guidelines for the Economic 
Assessment of Mining and Coal 
Seam Proposals (NSW 
Government, 2015d) 
supporting and Technical notes 
(NSW Government, 2018) 

Provide guidance to assess the 
public interest by estimating the 
net present value and likely 
impacts of the project. 

The documents cover environmental 
and social impacts, the cost of 
rehabilitation but no reference to 
PMLU.  

Water Regulation Overview 
(NSW Government, 2015g) 

Informs proponents of the NSW 
water regulatory and policy 
framework requirements. 

Outlines the requirement for sites to 
use the Rehabilitation Manual for 
Australian Streams (1999). 

Web-based Reporting 
Guideline (NSW Government, 
2015h) 

Mines in NSW are required to 
make information about mines 
available through a public 
website as a way of promoting 
transparency.  

Details the relevant mine rehabilitation 
information that a site needs to publish 
on a publicly available website.  

Annual Review Guideline (NSW 
Government, 2015) 

Annually a report is to be 
prepared that provides a 
summary of the performance of 
the mine. 

Specifies the reporting requirements 
for rehabilitation performance.  
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2.2.2.2 NSW Land-use policies 

Land-use planning sets strategic social, environmental, and economic objectives for an area (NSW 

Government, 2019). In NSW, several environmental planning instruments and a hierarchy of strategic plans 

attempt to balance land-uses to facilitate ecologically sustainable development and promote the social and 

economic welfare of the community and management of environmental resources (NSW Government, 

2019). In 1999, the ‘Synoptic Plan: Integrated Landscapes for Coal Mine Rehabilitation in the Hunter Valley’ 

of NSW was prepared by the NSW Government in collaboration with state agencies, local government, and 

academic contributors (Wills, 2017). Although not a statutory document, the plan aims to take an 

integrated landscape management approach that connects mine rehabilitation for 61,000 hectares of mine 

leases in the Hunter Valley (NSW Government, 1999). The Synoptic Plan included regional objectives 

including visual amenity, biodiversity and sustainable PMLUs, with broadly interrelated concepts of creating 

biodiversity corridors, creation of natural ecosystems through a patchwork network of mine sites (NSW 

Government, 1999). The Synoptic Plan shows the status of mine rehabilitation in the Hunter Valley in 1998 

and 2020. It was common for the inclusion of mine license condition of mine sites located within the area 

pertinent to the Synoptic Plan, to undertake mine rehabilitation in accordance with the principals of the 

Synoptic Plan. Some PMLU are highlighted in the plan as potential opportunities including grazing, 

agroforestry, industrial use, recreation, habitat creation and resource management (municipal waste). 

The Synoptic Plan is now outdated, with an action to review as part of the review of the The Hunter 

Regional Plan 2036 (Wills, 2017). The NSW Government has also examined future economic development 

opportunities in the Hunter Valley through the Upper Hunter Economic Diversification Project2 to identify 

opportunities and barriers to facilitate productive economic uses for mine buffer and rehabilitation land 

(NSW Government, 2017). As progress with the Upper Hunter Economic Diversification Project has been 

slow (Briggs & Mey, 2020), other initiatives such as the Hunter Energy Transition Alliance3 have 

commenced. This alliance is a partnership between AGL (owner of two coal power-fired stations in the 

Hunter Valley) and the NSW Energy and Resources Hub and aims to encourage new energy markets for the 

Hunter Valley (Hunter Energy Transition Alliance, 2016). There is no current strategic plan in NSW that 

specifically addresses mine rehabilitation and closure across the State.  

                                                           
2
 https://www.hunterjo.com.au/projects/upper-hunter-economic-diversification/ 

3
 https://www.energyinnovation.net.au/project/the-hunter-energy-transition-alliance 
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2.2.2.3 NSW Regulatory rehabilitation reform  

In 2017, the NSW Auditors-General’s report on the ’Performance Audit Mining Rehabilitation Security 

Deposits’ found that: 

 Rehabilitation cost estimates held by the Government were inadequate; 

 Rehabilitation and closure outcomes were vague;  

 Monitoring of industry rehabilitation performance was inadequate; 

 No mechanisms existed to stop a mine from being in care and maintenance indefinitely; and 

 There were no provisions for residual risk after lease relinquishment. 

In response, the NSW Government released the ‘Improving Mine Rehabilitation in NSW Discussion Paper’ 

(2017a), seeking comments on proposed improvements to the regulatory framework. A key issue identified 

in this discussion paper was that development applications for major mining projects often do not contain 

sufficient information on mine rehabilitation and lack rigorous justification on rehabilitation strategies and 

proposed PMLUs. The resulting NSW Rehabilitation Reform Project commenced regulatory change in July 

2021 under the Mining Act 1992. The main components of the reform include (NSW Government, 2021d):  

 All mining operators will be required to develop a Rehabilitation Management Plan (replaces the 

requirement for a Mining Operations Plan) and submit an Annual Rehabilitation Report; 

 A new online portal that will collect and display spatial data on PMLU and rehabilitation 

performance; 

 New mining lease conditions that set clear, achievable, and enforceable requirements; and 

 Several new guidelines and factsheets have been developed to support the new requirements. 

The NSW Government has also updated the Environmental Planning and Assessment Regulations 2000 

under the Rapid Assessment Framework. The reform aims to support State significant developments 

through informed decision-making, improved coordination, and more community engagement (NSW 

Government, 2021e). Commencing in July 2021, the reform includes:  

 Amendments to the Environmental Planning and Assessment Act 1979 and online services 

upgrades; 

 Industry-specific Secretary’s Environmental Assessment Requirements for State Significant 

Developments to inform environmental impact statements for projects, although not for mining 

projects;  

 The introduction of new guidelines to support State Significant Developments assessments (NSW 

Government, 2021e) including: State Significant Developments assessment, social impact 

assessment, undertaking engagement, and cumulative impact assessment guidelines; and  
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 The introduction of the registered environmental assessment practitioner scheme to provide 

quality assurance on EISs for State Significant Developments projects.  

2.2.2.4 Transitioning coal-reliant economies 

Australia’s signing of the 2016 Paris Agreement has increased the urgency to link energy and climate 

change policies. Despite this, neither the NSW Government nor the Commonwealth Government has a 

current plan for managing the regional impacts of an economic transition from coal to clean energy 

(McCarthy, 2021). In response, NSW Government is completing (at the time of writing this thesis) a 

Government inquiry into the ‘Sustainability of energy supply and resources in New South Wales’. The draft 

report released in August 2021 recognised that an over-reliance on coal mining has created a lack of 

economic diversity within coal mining regions and that planning for workforce transition is needed (NSW 

Government, 2021f). The population of the Hunter Valley is 272,000 (Australian Government, 2016a), with 

coal mining and power stations employing about 16,300 people (Grattan Institute, 2020). It is expected that 

those in coal mining communities will bear the burden of mine and power station closures (ABC News, 

2021; Sheldon et al., 2018; Briggs & Mey, 2020). The draft report recognised re-use opportunities of mine 

rehabilitation for other industries (e.g. creating industrial-scale fly ash reuse facility) or where the re-use of 

existing infrastructure on mines could attract new commercial and industrial activities to the region (NSW 

Government, 2021f).  

The importance of planning was repeated throughout the Sustainability of energy supply and resources in 

New South Wales’ inquiry (NSW Government, 2021f). The inquiry highlighted the need for strategic plans 

from each level of government that is locally focused, long term, and with early planning to provide the 

best support to communities.  

Transitional aspects for areas in NSW are typically addressed through regional planning schemes, including 

several broad-based economic development plans for the Hunter Region (McCarthy, 2021). The NSW 

Government also released its Strategic Statement on Coal Exploration and Mining in NSW policy (2020) to 

support diversification of coal-reliant regional economies to assist with the phase-out of thermal coal 

mining. Similar actions have been undertaken in other areas in Australia; for example, the Victorian 

Government has introduced the Latrobe Valley Regional Rehabilitation Strategy: Regional Land-use Study 

(Victorian Government, 2019) to identify suitable land-uses that integrate rehabilitated lands surrounding 

areas.  

A number of barriers may exist to mining areas' economic transition, including unnecessary planning 

regulations or excessively prescriptive arrangements that inhibit regional development planning, zoning, 

and development processes (Australian Government, 2017b). While regulations exist to protect the 
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environment, they can be complex, high cost, and discourage regional development (Australian 

Government, 2017b). Changes are also needed to mining regulations to enable the retention of 

infrastructure in rehabilitation and reuse on sites with less roadblocks (NSW Government, 2021f). Current 

mine rehabilitation regulation does not allow for the reuse of such infrastructure to occur easily with an 

expectation that all infrastructure is removed during the decommissioning phase of an operation. 

2.2.3 QLD Rehabilitation regulatory requirements 

Mining activity and rehabilitation requirements in QLD are primarily managed through mining tenure issued 

under the Mineral Resources Act 1989 (MR Act), an Environmental Authority (EA) issued under the 

Environmental Protection Act 1994 (EP Act), and the Mineral and Energy Resources (Financial Provisioning) 

Act 2018 (MERF Act) to manage financial assurance requirements for mining. The MR Act and the EP Act 

are underpinned by environmental principles only (Cooper, 2019). The EP Act requires all disturbed areas 

within a mining tenure to be rehabilitated to PMLUs, or managed as a non-use management area (QLD 

Government, 2021). Areas disturbed by mining should be rehabilitated or restored to a standard that is 

safe, non-polluting, stable, and able to sustain an appropriate PMLU (QLD Government, 2021a). 

The EA details operating conditions that are designed to manage the environmental impacts and 

rehabilitation requirements for a site. Historically, PMLU’s were not typically described in a site’s EA (see 

also Chapter 4). From 2019, mine sites are required to submit a Progressive Rehabilitation and Closure Plan 

(PRC plan) to describe progressive rehabilitation activities and expected conditions (QLD Government, 

2021). A PRC plan consists of a PRCP schedule (approved by administering authority) and the “rehabilitation 

planning part” to indicate the rehabilitation plan and schedule, which provides evidence and justification to 

support the PRCP schedule. PRC plans require evidence of an analysis and justification of PMLUs, 

community consultation, timeframes, and rehabilitation methodologies. The PRCP schedule operates 

separately from the EA. Non-use management areas (NUMAs) are permitted to be a component of the 

rehabilitation strategy for a site. A NUMA is an area of land that cannot be rehabilitated due to costs or 

other factors such as land contamination (QLD Government, 2021). A NUMA must be justified on public 

interest grounds and are subject to a public interest evaluation (QLD Government, 2020). Voids located 

within a flood plain cannot be nominated as a NUMA and are required to be rehabilitated to a safe and 

stable condition that sustains an approved PMLU (QLD Government, 2020a).  

The Minerals and Energy Resources (Financial Provisioning) Act 2008 (MERFP Act) replaces the financial 

assurance requirements for resource activities under the EP Act. The MERFP Act establishes the financial 

provisioning scheme and a scheme manager to assess rehabilitation risks if the holder of an EA is non-

compliant. The Department of Environment and Science makes a decision on the estimated rehabilitation 
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costs for a site, which the scheme manager uses to calculate the contribution or surety an EA holder is 

required to pay (QLD Government, 2021b). The scheme manager will use a risk category allocation to 

inform the calculation (QLD Government, 2019). QLD Treasury administers the financial provisioning 

scheme. The total estimated rehabilitation costs for QLD’s EAs was $9.5 billion in June 2020 (QLD 

Government, 2020b).  

2.2.3.1 QLD Mine rehabilitation and post-mining land-use approvals  

Assessment of mining projects of economic, environmental, and environmental significance in QLD is 

typically undertaken by the Coordinator-General under the State Development and Public Works 

Organisation Act 1971 (SDPWO Act) as a declared ‘coordinated project’. Where the project is declared a 

‘controlled action’ under the EPBC Act, the project may be eligible for assessment under the bilateral 

agreement with the Commonwealth (QLD Government, 2015). Mining companies need to address the 

project’s relevant environmental, social, and economic impacts in an EIS that has been informed by terms 

of reference issued by the QLD Government (QLD Government, 2020c). A number of guidelines have been 

developed by the QLD Government to assist applicants in addressing the approval process requirements on 

mine rehabilitation and PMLU details (Table 2.2). Generally, the guidelines do not acknowledge or require 

evidence of mine rehabilitation decisions or evaluation of alternative land-uses. The Coordinator-General is 

required to evaluate the EIS, prepare a report, and include any conditions in the EA. The Coordinator-

General's report on the EIS is not an approval in itself. The relevant administering authorities ultimately 

decide whether approvals are granted for different elements of the proposed project (QLD Government, 

2014). The intent of the SDPWO Act is to provide for State planning and development through a 

coordinated system of public works organisation, for environmental coordination, and for related purposes 

(Queensland Government, 1971), rather than targeting sustainable development specifically.  

2.2.3.2 QLD Land-use policies 

As rehabilitation conditions are established outside tenure or planning legislation, and are instead 

considered under environmental legislation, strategic land-use transitioning is a challenge (Cooper, 2019). 

While the Planning Act 2016 does not apply directly to mining activities during operations, regional plans 

and local planning schemes can provide insight about surrounding uses, values, opportunities, and future 

visions for the land (QLD Government, 2017). The Planning Act 2016 provides the framework for local 

government, regional and state-wide planning schemes and instruments, and development assessments. 

Mine rehabilitation and PMLUs are somewhat addressed in the regional plans, for example the Mackay, 

Isaac and Whitsunday Regional Plan (2012, page 101) details a policy “to identify and support new sectors 

that have the potential for future growth associated with the resource sector such as mine rehabilitation…”. 

The other regional plan that covers major coal mines in QLD, the Central Queensland Regional Plan (2013), 
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does not make specific statements about PMLUs. Nevertheless, rehabilitation outcomes that conflict with 

QLD’s planning strategies are unlikely to constitute an appropriate PMLU (QLD Government, 2017).  

Table 2.2 - QLD policy documents relevant to mine rehabilitation 

Document Intent of document Summary of rehabilitation 

requirements 

Application requirements for a 
‘coordinated project’ declaration 
(QLD Government, 2015)  

To assist the QLD Government 
inform the terms of reference, an 
initial advice statement is needed. 

Provide timeframes and intentions for 
mine rehabilitation. No reference to 
PMLU. 

Standardised outcome-focussed 
conditions for resource projects 
(QLD Government, 2014) 

Describes a set of outcome-focused 
conditions that the Coordinator-
General may state or impose for 
large-scale resource developments. 

Instructs a proponent to develop 
efficient procedures and acceptance 
criteria for progressive rehabilitation 
of disturbed areas.  

Preparing an environmental 
impact statement guideline (QLD 
Government, 2020c) 

Provides guidance on the format of 
the EIS, audience, public 
consultation, interaction with the 
terms of reference and public 
release requirements.  

Does not address rehabilitation or 
post-mining land-uses requirements.  

Social Impact Assessment 
Guideline (QLD Government, 2018) 

Describes the details to be included 
in the Social Impact Assessment for 
an EIS process under the SDPWO 
Act or EP Act.  

Does not address rehabilitation or 
post-mining land-uses requirements.  

Non-Indigenous cultural heritage—
EIS information guideline (QLD 
Government, 2020d)  

The guideline advises proponents 
on the information and assessment 
requirements for non-Indigenous 
cultural heritage when preparing 
an EIS.  

Details that impacts and mitigation 
strategies for non-indigenous cultural 
heritage should be considered for the 
rehabilitation and decommissioning 
phases of the project.  

Aboriginal and Torres Strait 
Islander cultural heritages— EIS 
information guideline (QLD 
Government, 2020e) 
 

The guideline advises proponents 
on the information and assessment 
requirements for Aboriginal and 
Torres Strait Islanders cultural 
heritage when preparing an EIS. 

Does not address rehabilitation or 
post-mining land-uses requirements. 

The Economic Impact Assessment 
guideline (QLD Government, 
2017a) 

It is intended to identify key 
economic impacts of the project 
and may also discuss the economic 
benefits and costs of a project. This 
includes the completion of a Cost-
Benefit Analysis (CBA) and Regional 
Impact Analysis (RIA) as 
assessment tools. 

As the guideline is intended to apply to 
co-ordinated projects across all 
industry sectors, it is not specific to 
mining. Discussion of the rehabilitation 
objectives and PMLU goal specifically 
are not a requirement of this 
guideline. 
 

Application requirements for 
activities with impacts to land 
(QLD Government, 2021c) 

Details the information 
requirements to be supplied as 
part of the environmental relevant 
activities application process. An 
environmental authority is 
required to conduct environmental 
relevant activities.  

Outlines the requirement to propose a 
description of the proposed PMLU 
based on the land capability and 
suitability and supply details on 
alternative land-use options.  
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2.2.3.3 QLD Mine rehabilitation regulatory reform 

Mine rehabilitation regulations in QLD have been subjected to significant reform processes since 2014. The 

reforms evolved from Government audits and public perceptions of inadequate regulations. A Government 

audit into the environmental regulation of the resources and waste industries (QLD Government, 2013a), 

found that mining is an important driver of investment and employment, and that its growth increased the 

risk of environmental harm. The audit concluded that the financial assurances held by the Government 

were insufficient to cover the estimated rehabilitation costs, that mine rehabilitation compliance was rarely 

enforced by the QLD Government and that, in some cases, care and maintenance was used as a means of 

avoiding rehabilitation (QLD Government, 2013a).  

During 2016, public awareness intensified through media attention highlighting actions by mining 

companies seen to be avoiding their rehabilitation obligations (ABC News, 2016; The Guardian, 2016; 

Sydney Morning Herald, 2016). Actions of mining companies included large multinational mining companies 

divesting assets to smaller mining companies for a nominal fee, often with no mining or rehabilitation 

experience like Blair Athol Coal Mine, previously owned by Rio Tinto (Unger et al., 2020), or undertaking 

‘share sales’ which allowed site ownership to change hands without government scrutiny (Cooper 2019). 

The situation was further exacerbated in 2016 when Yabulu Nickel Refinery closed without warning. The 

QLD Government held no financial assurances to cover the costs of rehabilitation predicted to be between 

$25 million and $300 million (ABC News, 2016b). The refinery is located near the Great Barrier Reef and 

contains a large tailings facility. At the time, financial assurance was not applied to businesses of this type, 

although Yabulu’s EA contained conditions to ensure mine rehabilitation was undertaken in accordance 

with Government guidelines (ABC News, 2016b). The Yabulu site has been listed as being in ‘care and 

maintenance’ since 2016 (QNI, 2021).  

In 2017, another audit was undertaken by the QLD Government as a review of QLD’s Financial Assurance 

Framework (Queensland Government, 2017b). This audit again established that progressive mine 

rehabilitation was lacking and may result in a reliance on the financial assurance system. The audit also 

found that the current financial assurance policy is expensive for industry and did not always promote good 

environmental outcomes (QLD Government, 2017b). In 2017, the QLD Government released two discussion 

papers titled ‘Financial Assurance Framework Reform’ (QLD Government, 2017c) and ‘The Better Mine 

Rehabilitation for Queensland Discussion’ paper (QLD Government, 2017) for public consultation and 

outlined a proposed policy and regulatory change for mine rehabilitation. The QLD Government identified 

that low rates of rehabilitation were hindering potential economic diversification of regions through mine 

rehabilitated land (QLD Government, 2017). The QLD Government proposed that rehabilitated land be 

returned to land-uses that benefit the community after mine closure. Following consultation, the QLD 
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Government published a new ‘Mined Land Rehabilitation Policy’ (2017a), which sets clear expectations for 

mining companies in QLD to progressively rehabilitate over the life of the mine and maximise the quality 

and quantity of rehabilitated land to a productive PMLU (Cooper,2019). Resulting legislation ensured a 

major policy shift that requires all large mines in QLD to develop a PRC plan that addresses the timing of 

rehabilitation, justification of PMLU’s and NUMA’s, rehabilitation methodologies and management 

milestones, and information about community consultation. A PRC plan will also be required when applying 

for an EA for a new mining activity. Additionally, the residual risks framework commenced in August 2020, 

providing details on risks remaining within mine rehabilitated areas upon surrender of the tenure and EA, 

as well as the process to relinquish the mine site (QLD Government, 2021d). 

Other reform elements include (QLD Government, 2021d): 

 Introduction of a new financial provisioning scheme based on risk categories, where operators pay 

a contribution to a fund that will be managed by a scheme manager on behalf of QLD; 

 A new rehabilitation cost calculator; 

 Establishment of a Rehabilitation Commissioner that will provide independent scientific advice to 

both government and industry. The Rehabilitation Commissioner is an advisory role and does not 

provide a regulatory function; 

 Commencement of a residual risk fund where residual risk payments made under the EP Act will be 

pooled and financially managed by the Scheme Manager;  

 Improved management of sites in care and maintenance with the introduction of new legislative 

requirements including Government notification and subsequent management plan approvals;  

 Noting residual risks on the relevant land title where a risk management plan exists; and 

 Development of new guidelines to support the new requirements. 

2.2.4 Mining industry guidelines and international policy on mine rehabilitation and 
closure 

Other Australian and international guidelines are available to provide guidance on governance and industry 

best practices for mine rehabilitation and closure. For example, the Integrated Mine Closure Guide, 

published by the International Council on Mining and Metals (ICMM, 2019), sets out an integrated mine 

closure approach that incorporates environmental, social, and economic aspects through the mine life. The 

Guide encourages mine rehabilitation to result in beneficial land-use that aids the social and economic 

transition of community after mine closure. In recognition of the challenges of transitioning coal mining 

communities post-mining, the European Commission (2020) produced a toolkit to guide mine rehabilitation 

and re-purposing coal-related infrastructure within coal regions. Other international publications provide 
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information to guide Governments on the development of a closure framework, including Asia Pacific 

Economic Cooperation’s ‘Mine Closure Tool Box for Governments’ (2018) and the ‘Mine Closure: A Toolbox 

for Governments’ (World Bank Group, 2021).  

Other Australian policies include the Minerals Council of Australia Land Stewardship Policy (2012), which 

recognises and states a preference for mined land to be used for subsequent economic activities, 

conservation, or community use (Minerals Council of Australia, 2017). The policy recognises the role of 

strategic and regional land-use planning, incorporation of traditional owners and other stakeholders’ 

knowledge, and transparency in evidence-based decision-making.  

Mining companies also have internal policies and environmental standards that guide mine rehabilitation 

performance and outcomes (Kragt & Manero, 2021). These policies and standards are often used to 

standardise the rehabilitation approach across sites and allow internal monitoring of mine rehabilitation 

performance across, often driven to improve a company’s social licence to operate. Nevertheless, defining 

and enforcing rehabilitation and closure policy is the role of the government (APEC, 2018; Gorey et al., 

2016).  

2.3 Conclusion 

This chapter provides the regulatory background to the work conducted in this thesis. Mine rehabilitation 

and financial assurance regulations are complex and are primarily administered by the State Governments. 

The Australian Commonwealth Government plays a role in Matters of National Environmental Significance 

and through advice provided by the Independent Expert Scientific Committee on Coal Seam Gas and Large 

Coal Mining Development. Multiple State government departments are involved in regulating mine 

rehabilitation. In both QLD and NSW, mining legislation regulates mine rehabilitation, though the NSW 

Government also considers mine rehabilitation through planning legislation, whereas in QLD environmental 

and public works legislation maintains a role. In contrast to NSW, QLD has a dedicated mine rehabilitation 

policy. In both states, mine rehabilitation is typically regulated in three parts: first, ensuring progressive 

rehabilitation occurs; second, that mine rehabilitation meets an agreed standard and PMLU; and third, a 

financial assurance provision in the case of default or failure.  

In the last nine years, there has been a considerable focus on mine rehabilitation from community 

members and the Government through regulatory audits and government inquires, resulting in significant 

regulatory reform. The primary aim of the reforms is to strengthen regulatory oversight so that companies 

complete progressive rehabilitation in a timely manner and protect society from potential liability. Shifting 

expectations of Government and community recognise that mine rehabilitation should include beneficial 

land-uses and that PMLU can play a role in transitioning regional economies post-mining. Understanding 
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how mine rehabilitation and PMLU decisions are made is discussed in the next chapter. Community 

preferences for different PMLUs in NSW are assessed in Chapters 6 and 7. 

2.4 References 

ABC News. (2016). Queensland mining companies avoid clean-up costs with Government consent, lawyers say, viewed 
08 September 2021 <https://www.abc.net.au/news/2016-04-15/mining-companies-avoiding-cleanup-costs-say-
lawyers/7329716> 

ABC News.(2016a). Taxpayers exposed to $3b clean-up bill of Queensland's coal mines, Government report warns, 
viewed 08 September 2021 <https://www.abc.net.au/news/2016-08-04/taxpayers-exposed-to-multi-billion-clean-
up-of-coal-mines-report/7685760> 

ABC News. (2016b). ‘Clive Palmer refinery: Taxpayers face multi-million-dollar bill to clean up Queensland Nickel site’, 
viewed 31 August 2021 <https://www.abc.net.au/news/2016-01-20/clive-palmer-queensland-nickel-refinery-
yabulu-clean-up-bill/7100932> 

ABC News.(2021). Coal-rich Hunter Valley ponders jobs future as Asian giants commit to net-zero carbon emissions, 
viewed 30 September 2021 <<https://www.abc.net.au/news/2021-02-02/coal-transition-climate-change-hunter-
region/13109642;?nw=0> 

Asia-Pacific Economic Cooperation (APEC). (2018). Mine Closure Checklist for Governments, Singapore 
ANZMC (Australian and New Zealand Minerals and Energy Council). (2000). Strategic Framework for Mine Closure 
Australian Government, Australian Bureau of Statistics,(2016a).Hunter Valley exc Newcastle 2016 Census QuickStats  
Australian Government, Department of Environment.(2013). Matters of National Environmental Significance, 

significant impact guidelines 1.1  
Australian Government, Department of Environment.(2016b).The IESC and the assessment process under the EPBC 

Act  
Australian Government, Department of Environment.(2017a).Senate Inquiry - Rehabilitation of mining and resources 

projects as it relates to Commonwealth responsibilities, submission 1  
Australian Government, Department of Environment.(2018). Information guidelines for proponents preparing coal 

seam gas and large coal mining development proposals  
Australian Government, Department of Industry.(2016c). Mine Closure Leading Practice Mine Rehabilitation 

Development for the Mining Industry, Australian Government, Canberra 
Australian Government, Productivity Commission.(2017b). Transitioning Regional Economies Productivity Commission 

Study Report  
Australian Government, Productivity Commission. (2020), Resources Sector Regulation Study Report, Canberra 
Australian Government.(2019). The Senate Environmental Communications References Committee, Rehabilitation of 

mining and resources projects and power station ash dams as it relates to Commonwealth responsibilities, Senate 
Printing Unit, Parliament House, Canberra. 

BHP.(2019). Mount Arthur Coal Biodiversity Management Plan  
Briggs, C. & Mey, F. (2020). Just Transition: Implications for the Corporate Sector and Financial Institutions in 

Australia’, viewed 01 October 2021  
Cooper, S. (2019).Maximising post-mining land-use: Queensland Government reforms', in AB Fourie & M Tibbett 

(eds), Mine Closure 2019: Proceedings of the 13th International Conference on Mine Closure, Australian Centre for 
Geomechanics, Perth, 969-982 

Council of Australian Governments. (2018). National Principles for Managing Rehabilitation Financial Risks’  
Environmental Justice Australia. (2016). Dodging clean up costs Six tricks coal mining companies play’, viewed 31 

August 2021 <https://www.envirojustice.org.au/projects/dodging-clean-up-costs-six-tricks-coal-mining-
companies-play/>  

European Commission.(2020). Toolkit Environmental rehabilitation and repurposing, Guidance on the governance of 
environmental rehabilitation and repurposing in coal regions in transition  

Gorey, P., McHenry, M., Morrison-Saunders, A., Mtegha, H., & Doepel, D. (2016). Critical elements in implementing 
fundamental change in public environmental policy: Western Australia’s mine closure and rehabilitation securities 
reform’, Australasian Journal of Environmental Management, 23(4), 370-381 

Grattan Institute.(2020). Start with steel A practical plan to support carbon works and cut emissions  
Hunter Energy Transition Alliance.(2016). Blueprint Report  
International Council on Mining & Metals. (2019). Integrated Mine Closure, Good Practice Guide, 2

nd
 Edition 



25 
 

Kragt, M.,& Manero, A. (2021). Identifying industry practice, barriers, and opportunities for mine rehabilitation 
completion criteria in Western Australia, Journal of Environmental Management, 287,1-7 

McCarthy, P.(2021). Transitioning communities dependent on coal mining in NSW Briefing Paper No 1/2021  
Menegaki, M. & Dimitris, D. (2020).A systematic review of the use of environmental economics in the mining industry, 

Journal of Sustainable Mining, 19(4),254-271  
Minerals Council of Australia.(2012). Land Stewardship Policy  
Minerals Council of Australia.(2017). Senate Inquiry - Rehabilitation of mining and resources projects as it relates to 

Commonwealth responsibilities’, submission 50  
New South Wales Government, Audit Office of New South Wales. (2017). New South Wales Auditor-General’s Report 

Performance Audit Mining Rehabilitation Security Deposits Department of Planning and Environment 
New South Wales Government, Department of Mineral Resources.(1999). Synoptic Plan for Integrated Landscapes for 

Coal Mine Rehabilitation in the Hunter Valley of NSW 
New South Wales Government, Department of Planning Industry and Energy.(2021). Cumulative Impact Assessment 

Guidelines for State Significant Projects  
New South Wales Government, Department of Planning Industry and Energy.(2021d).Changes to State significant 

development and State significant infrastructure, Circular PS 21-005’  
New South Wales Government, Department of Planning Industry and Energy.(2021e).Improving assessment guidance’, 

viewed 18 August 2021 <https://www.planning.nsw.gov.au/Policy-and-Legislation/Planning-reforms/Rapid-
Assessment-Framework/Improving-assessment-guidance> 

New South Wales Government, Department of Planning, Industry and Environment.(2015). Integrated Mining Policy in 
NSW, viewed 20 August 2021 <https://www.planning.nsw.gov.au/Policy-and-Legislation/Mining-and-
Resources/Integrated-Mining-Policy>  

New South Wales Government, Department of Planning and Environment.(2015a). Draft change to mining policy, 
Frequently Asked Questions  

New South Wales Government, Department of Planning and Environment.(2015b). Mine Application Guideline, 
viewed 20 August 2021  

New South Wales Government, Department of Planning and Environment.(2015c). Indicative Assessment 
Requirements (SEARs)  

New South Wales Government, Department of Planning and Environment.(2015d). Guidelines for the economic 
assessment of mining and coal seam gas proposals  

New South Wales Government, Department of Planning and Environment.(2015e). Review of the State Environmental 
Planning Policy (Mining, Petroleum Production and Extractive Industries) 2007  

New South Wales Government, Department of Planning and Environment.(2015f). Water Regulation Overview  
New South Wales Government, Department of Planning and Environment.(2015g). Web-based Reporting Guideline  
New South Wales Government, Department of Planning and Environment.(2015h). Annual Review Guideline  
New South Wales Government, Department of Planning and Environment. (2017a). Improving mine rehabilitation in 

NSW, discussion paper 
New South Wales Government, Department of Planning and Environment.(2018). Technical Notes supporting the 

Guidelines for the Economic Assessment of Mining and Coal Seam Gas Proposals  
New South Wales Government, Legislative Assembly of New South Wales.(2021f).Sustainability of energy supply and 

resources in New South Wales, Committee on Environment and Planning, Report no. 2/57  
New South Wales Government.(2020). Memorandum of Understanding between the Planning and Assessment Group, 

Department of Planning, Industry and Environment and the Independent Planning Commission  
New South Wales Government and Hunter Councils.(2017). Upper Hunter Economic Diversification Project Action 

Plan, viewed 23 August 2020  
New South Wales Government, Department of Resources and Geoscience.(2020a). Strategic Statement on Coal 

Exploration and Mining in NSW  
New South Wales Government, NSW Resources Regulator.(2021a). New Standard Rehabilitation Conditions on Mining 

Leases, Frequently Asked Questions  
New South Wales Government, NSW Resources Regulator.(2021b). Policy: Rehabilitation security deposits  
New South Wales Government, NSW Resources Regulator.(2021c). Environment and rehabilitation, Rehabilitation’, 

viewed 20 August 2021 <https://www.resourcesregulator.nsw.gov.au/environment/rehabilitation> 
New South Wales Government, NSW Resources Regulator.(2021d).New standard rehabilitation conditions on mining 

leases, viewed 20 July 2021 
<https://www.resourcesregulator.nsw.gov.au/environment/rehabilitation/rehabilitation-and-compliance-
reforms> 



26 
 

New South Wales Government, Office of Environment and Heritage.(2014). NSW Biodiversity Offsets Policy for Major 
Projects  

New South Wales Government, Office of Environment and Heritage.(2014a). Framework for Biodiversity Assessment  
New South Wales Government.(2019). NSW Parliamentary Research Service e-brief 06/2019  
Queensland Government.(2017). Better Mine Rehabilitation for Queensland Discussion Paper  
Queensland Government.(2017a). Mine Land Rehabilitation Policy  
Queensland Government.(2017c). Financial assurance framework reform, Discussion paper  
Queensland Government.(1971). State Development and Public Works Organisation Act 1971  
Queensland Government, Coordinator General.(2014). Standardised outcome-focused conditions for resource 

projects  
Queensland Government, Coordinator General.(2017a). Economic Impact Assessment Guideline  
Queensland Government, Coordinator General.(2018). Social Impact Assessment Guideline  
Queensland Government, Department of Environment and Science.(2020). Information Sheet Non-Use Management 

Areas  
Queensland Government, Department of Environment and Science.(2020a). Information Sheet Voids in flood plains  
Queensland Government, Department of Environment and Science.(2020d). Non-Indigenous cultural heritage—EIS 

information guideline  
Queensland Government, Department of Environment and Science.(2020e). Aboriginal and Torres Strait Islander 

cultural heritages— EIS information guideline  
Queensland Government, Department of Environment and Science.(2021). Guideline Progressive rehabilitation and 

closure plans (PRC plans)  
Queensland Government, Department of Environment and Science.(2021a). Guideline Application requirement for 

activities for activities with impacts to land  
Queensland Government, Department of Environment and Science.(2021b). Financial assurance and estimated 

rehabilitation cost (ERC)  
Queensland Government, Department of Environment and Science.(2021c). Application requirements for activities 

with impacts to land  
Queensland Government, Department of Environment and Science.(2021d). Mining rehabilitation reforms, viewed 17 

September 2021 <https://environment.des.qld.gov.au/management/policy-regulation/mining-rehab-reforms> 
Queensland Government, Department of Local Government and Planning.(2012).Mackay, Isaac and Whitsunday 

Regional Plan  
Queensland Government, Department State Development, Infrastructure and Planning.(2013). Central Queensland 

Regional Plan  
Queensland Government, Queensland Audit Office (2013a). Environmental regulation of the resources and waste 

industries  
Queensland Government, Department of State Development. (2015). Application requirements for a ‘coordinated 

project declaration  
Queensland Government, Queensland Treasury Corporation. (2017b). Review of Queensland’s Financial Assurance 

Framework, Financial Report: Version for Public Consultation  
Queensland Government, Queensland Treasury. (2019). Pre-commencement Information Sheet, Transitional 

Arrangement, Financial Provisioning Scheme  
Queensland Government, Queensland Treasury. (2020b). 2019-2020 Annual Report Financial Provisioning Scheme,  
Queensland Government, Coordinator-General. (2020c). Preparing an environmental impact statement  
Queensland Nickel. (2021). Our History. Viewed December 2021 < https://www.qni.com.au/about-qn/our-history/> 
Robertson, J. (2016), Start-up’s purchase of Queensland coalmine avoids environmental scrutiny, 

<https://www.theguardian.com/ environment/2016/feb/12/startups-purchase-of-queensland-coalmine-avoids-
environmental-scrutiny>  

Sheldon, P., Junankar, R., & De Rosa Pontello, A. (2018). The Ruhr or Appalachia? Deciding the future of Australia’s 
coal power workers and communities IRRC Report for CFMMEU Mining and Energy  

The Guardian. (2016). Full of holes: why Australia’s mining boom will leave permanent scars, viewed 08 September 
2021 <https://www.theguardian.com/environment/2016/jul/20/full-holes-australia-mining-boom-permanent-
scars> 

The Sydney Morning Herald. (2016). Half a dozen ways out of rehab for coal companies, viewed 08 September 2021 
<https://www.smh.com.au/business/companies/half-a-dozen-ways-out-of-rehab-for-coal-companies-20160412-
go4n8d.html> 



27 
 

Unger, C. & Everingham, J. (2019). Reliable mine rehabilitation and closure to minimise residual risk, paper presented 
at the 39th Annual Conference of the International Association for Impact Assessment 2019, Brisbane, 29 April – 
02 May 2019 

Unger,C., Everingham, J., & Bond, C. (2020). Transition or transformation: shifting priorities and stakeholders in 
Australian mined land rehabilitation and closure, Australasian Journal of Environmental Management, 27(1), 84-
113  

Victorian Government Department of Environment, Land, Water and Planning. (2019). Public Consultation Draft 
Preliminary Land-use Vision Latrobe Valley Regional Rehabilitation Strategy – What we’ve heard - Opportunities 
and options  

White, B. (2015). Do control rights determine the optimal extension of liability to investors? The case of 
environmental policy for mines, Journal of Regulatory Economics, 48, 26-52 

Whitehaven Coal. (2017). Maules Creek Coal Mine Biodiversity Management Plan  
Whitehaven Coal. (2020). Tarrawonga Coal Mine Biodiversity Management Plan  
Wills, S. (2017). Synoptic Plan Review Update, New South Wales Government, Department of Premier and Cabinet, 

PowerPoint presented at the Upper Hunter Mining Dialogue Annual Forum 22 November 2017, Singleton 
Wilpinjong Coal Mine. (2021). Wilpinjong Coal Biodiversity Management Plan  
World Bank. (2018). Managing Coal Mine Closure Achieving a Just Transition for All  
World Bank. (2021). Mine Closure: A Toolbox for Government  
Yancoal, Warkworth Mine. (2018). Warkworth Mine Biodiversity Management Plan  



28 
 

3 Mine rehabilitation and post-mining land-use decision-making 

This chapter is an introductory chapter that provides an overview of currently used decision-making 

techniques for mine site rehabilitation and PMLU decisions. Mining rehabilitation is complex, uncertain, 

long term and costly. Therefore, it is difficult for mining companies and the regulator to make decisions 

about the ‘best’ PMLU. To enable progressive mine rehabilitation, the PMLU should be largely determined 

when the mine is approved. Decisions about PMLU should account for society’s social, economic and 

environmental values. Therefore, these values should be measured using non-market valuation or some 

other form of stakeholder engagement. There is limited evidence that such values are currently accounted 

for in a systematic way. 

3.1 Introduction  

Successful mine rehabilitation involves the development of a suitable PMLU that accounts for 

environmental, social, and economic outcomes (Australian Government, 2016). Identifying the optimal 

PMLU in the presence of many alternatives is the key to successful rehabilitation (Mborah et al., 2016). 

Mine rehabilitation delivers tangible and intangible environmental, cultural, and social benefits to society; 

however, these benefits are often not accounted for in decision-making. In the mining approvals process, 

little attention is afforded to mine rehabilitation options, with project assessments typically focusing on the 

impacts caused during mining development (Menegaki & Damigos, 2020). Failure to account for the value 

impacts of mine rehabilitation and PMLU decisions may result in commitment to unrealistic goals, high 

costs, delays to relinquishment, risk exposure, and lead to inefficient outcomes for society. Assessment of 

mine rehabilitation outcomes is needed to inform evidence-based decision-making, which will add to the 

community and regulatory trust and transparency of mining companies.  

The initial PMLU decision is usually made at the initial mining feasibility stage and further developed during 

the approval phase. Once approved, changing a PMLU would require Government approval in Queensland 

(QLD) and New South Wales (NSW). The cost and operational difficultly of revising environmental contracts 

mean that PMLU are rarely changed (author’s observation). There are conflicting views in the literature on 

whether decisions about PMLU should be allowed to evolve. For example, since the PMLU drives a site’s 

rehabilitation strategy, identifying the PMLU before mining and ensuring integration into the whole-of-

mine-life planning can lead to significant cost and time savings (Fogarty et al., 2019). On the other hand, 

locking in a PMLU may limit alternative land-uses options to reflect changes in technologies, expectations 

of the regulator or the community, or a mining company’s aspirations (Owen & Kemp, 2018; Padur & Purre, 

2021). There have also been suggestions that it is unreasonable to predict future land-use and community 

preferences 20 to 40 years in the future (Harvey, 2018).  
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The selection of the PMLU is the most critical decision in the mine closure planning process (APEC, 2018). 

The PMLU should ideally be identified with consideration of community preferences, risk, internal business 

drivers, physical capabilities of the site, costs and benefits, planning schemes, location, and surrounding 

land-uses (Fogarty et al., 2019). Future landowners (Everingham et al., 2018; Owen & Kemp, 2018) and 

regulatory policies and legislation are also recognised as influencing the PMLU decision of a company 

(Maczkowiack et al., 2012). The literature has identified many factors that are considered to be important 

in PMLU decision-making (Table 3.1). As there is no ‘one way fits all approach’ when undertaking mine 

rehabilitation, the need to complete an assessment of factors is all that more important to ensure a 

purpose fit strategy is developed.  

Table 3.1 - Factors affecting post-mining land-use decisions  

Financial Social Technical 

 Maintenance and monitoring 
costs 

 Capital costs 

 Operational costs 

 Potential of investment 
absorption 

 Increase in governmental 
(State and Local) incomes 

 Income potential of PMLU  

 Land value of rehabilitated 
land 

 Tangible and intangible 
benefits of mine rehabilitation 

 Real estate values 

 Time to achieve PMLU 
outcomes 

 Land ownership 

 Opportunity costs 
 

 Migration and immigration of 
the local community 

 Need for specialist workforce 

 Livelihood and wellness 
quality 

 Employment opportunities 

 European and Aboriginal 
cultural heritage 
requirements  

 Servicing public health and 
education  

 Visual impacts  

 Ecological acceptability 

 Tourism attraction 

 Proximity of mine site to 
population centres  

 Population of the 
surrounding community 

 Consistency with community 
perceptions  

 Needs of the community 

 Safe to humans and animals 

 Regional and local planning 
plans  

 Sustainability 

 Government policy 

 Mining company policy 
 

 Shape and size of mined land 

 Availability of services and 
goods used in rehabilitation 
techniques 

 Water and electrical supply 

 Surrounding land-use  

 Pre-mining land-uses 

 Cumulative mines proposed 
PMLU  

 Distance from special services 

 Climate change and extreme 
events potential 

 Re-using potential of mine 
facilities and infrastructure 

 Landscape quality 

 Likelihood of residual risk  

 Connectivity to existing 
infrastructure (roads, rail, 
ports) 

 Accessibility or road condition 

 Climate 

 Topography 

 Ecology 

 Hours of sunshine 

 Hydrology 

 Structural geology 

 Type, intensity, and value of 
use 

 Mining techniques used 

 Environmental 
contaminations 

 Physical properties of soil  

 Water quality 

 Future mining potential  

Soure: (Soltanmohammadi et al., 2008; Mborah et al., 2016; Masoumi et al., 2014; Holcome & Keenan, 2020; Fogarty et al., 2019; 

McCullough et al., 2020; Young et al., 2019)  
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Mine rehabilitation generates environmental and social benefits for the community and mining companies 

themselves. Some benefits can be valued in monetary terms through market transactions such as reduced 

rehabilitation costs, employment, or ecotourism. Other benefits can be determined through avoided costs, 

for example, through a reduction in water pollution or improvement to the health of the community. 

However, benefits not traded in a market such as impacts on environmental, cultural, and social assets 

require non-market valuation (NMV). Estimating the monetary value of mine rehabilitation could help 

justify rehabilitation budgets and inform decision-making (Damigos & Kaliampakos, 2003). Potential 

reasons why not all mine rehabilitation benefits are considered in decisions are the high costs needed to 

estimate benefits (Allen et al., 2001); lack of understanding of NMV techniques (Baker & Ruting, 2014; 

Rogers et al., 2013); or the lack of a requirement in current mining and industry policies to consider the 

non-market benefits of rehabilitation in decision-making (Chapter 2).  

 

The evaluation of mine rehabilitation outcomes is typically focused on biophysical parameters (Aronson et 

al., 2010). Commonly in Australia, mine rehabilitated land outcomes include grazing or native vegetation 

(see Chapter 4). Mining companies often use soil or agricultural suitability assessments to justify mine 

rehabilitation and PMLU objectives. Such assessments, however, do not consider the social and economic 

impacts of alternative land-uses. As the industry has grown and evolved, so has the expectation for 

resource companies to make decisions based on science, community inputs, and responsible risk 

management (Queensland Government, 2017; Queensland Government, 2017a).  

 

Government policy indicates that mining companies should undertake an analysis of rehabilitation options 

(discussed in Chapter 2). However, little guidance is provided on what analysis or tools are suitable to 

provide the rationale of the proposed PMLU. A cost-benefit analysis (CBA) is required for environmental 

impact statements prepared for all mining projects in QLD and NSW and is used by the Government when 

making decisions about approving mining projects (Gillespie & Bennett, 2015). A CBA is a primary decision 

making tool which includes appraisal and evaluation that estimates the economic, social and environmental 

costs and benefits of a project or program in monetary terms (NSW Government, 2017). A judgement is 

made from a social investment point of view, where the total present value of benefits exceeds the total 

costs to results in gains to social welfare (Hanley & Barbier, 2009). Government guidelines (see Chapter 2) 

that inform the requirements of a CBA for mining projects however typically focus on the profit from 

mining. While the cost of mine rehabilitation is a consideration of the Government guidelines, the benefits 

of alternative PMLUs are rarely evaluated in CBAs for mining projects. Therefore, CBA’s for mining projects 

are focused on the commercial investment rather than maximising social welfare. 
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3.2 Literature review – techniques for evaluating mine rehabilitation and post-mining 

land-use options 

The following section reviews current techniques used to inform mine rehabilitation and PMLU decisions. 

Three approaches are identified and presented: 1) non-market valuation, 2) market valuations and 3) other 

decision-making techniques such as multi-criteria analysis. 

3.2.1 Non-market valuation (NMV) to inform mine rehabilitation and post-mining 
land-use decisions  

Increasingly, NMV studies are being used to value environmental resources and services for socio-economic 

project appraisals and environmental liability estimates (Menegaki & Damigos, 2020). In Australia, there 

have been a number of NMV studies that have investigated the environmental and community impacts of 

mining (Carlson et al., 1994; Gillespie & Kragt 2010; Gillespie & Bennett, 2012; Ivanova et al., 2007; Ivanova 

& Rolfe 2011; Windle & Rolfe, 2013; Rolfe & Windle, 2015; Neelawala, 2012). However, there are limited 

applications of NMV being used in mine rehabilitation decisions. To the best of the author’s knowledge, 

there is only one paper, Burton et al., (2012), that applies NMV to rehabilitation choices for an Australian 

mine, using a choice experiment. The study concluded that, when compared to the status quo, respondents 

from Western Australia placed a relatively high value on the re-creation of vertebrate habitat have a 

preference for higher plant species richness, shorter time frames for completing mine rehabilitation, and 

having access for recreation. The study did not directly consider PMLU options; instead, it focused on 

restored native vegetation on public land.  

 

An abandoned quarry site in Athens was subject to contingent valuation (CV), expert valuation of property 

prices4, and travel cost studies to demonstrate the use of NMV to the mining industry (Damigos & 

Kaliampakos, 2003, Damigos & Kaliampakos, 2003a). The CV study aimed to measure if willingness-to-pay 

(WTP) is affected by different levels of rehabilitation quality. In the CV, three rehabilitation outcomes were 

offered where each scenario required increasing rehabilitation efforts resulting in improved environmental 

and social features (vegetation, recreation, sporting facilities, footpaths, refreshment stands and 

observational areas). Given the studies were ex ante, the expert valuation and travel cost methods were 

used to estimate the monetary benefits of rehabilitating the abandoned quarry site. In the travel cost 

method, assuming values are similar, an existing neighbouring recreation and sports complex was used to 

represent the recreation value of the rehabilitated quarry. Using the Delphi method, an expert panel of 

twelve members (realtors, architects, land-use planners and economists) was used to inform property 

values as a consequence of rehabilitating the quarry. All three NMV studies produced different total 

economic valuations, with the two indirect approaches (expert valuation and travel costs studies) offering 

                                                           
4
 Reported as hedonic method however, it is felt that the method undertaken is better described as an expert valuation study.  
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significantly higher values than the contingent valuation approach. The study provided evidence that mine 

rehabilitation produces an economic value and that NMV studies are suitable for supporting rehabilitation 

decisions. 

 

Perez-Avarez et al., (2016) completed a travel cost study to obtain the economic value of a rehabilitated 

mine site: El Soplao Cave in Spain. The study recognised several values and services provided by the site, 

including cultural heritage values associated with the geological features of the mine, heritage values of the 

mining equipment, educational values, recreation and tourism values, and aesthetic values created through 

rehabilitating the site. Rehabilitation of the site also led to revitalization of the surrounding location due to 

the increase in visitors, resulting in additional benefits. The economic value of El Soplao Cave was estimated 

as €1.2 million per year.  

 

Two contingent valuation studies considered a former lignite mining area in East Germany. Both studies 

estimated the willingness to pay of rehabilitating former mining pits with water. Ahlheim et al., (2004) 

valued design aspects of the mine rehabilitation, including the creation of dunes, camping grounds, sports 

fields, forests, and a marina including recreation activities, conservation, and habitat for endangered 

species as well as leaving a recreation site for future generations. Lienhoop & Messner (2008) investigated 

the economic value of allocating water to the mine pit lakes for rehabilitation instead of using the water in 

the surrounding agricultural areas. Through their study, strong support was found for rehabilitation of the 

pit lake area, with an overall WTP-value between €8.2 – 16.2 million. The study concluded that by 

quantifying recreation values associated with the lake-district, demonstrated that the value of water 

allocation needed for mine rehabilitation is on par with other uses.  

3.2.2 Market valuations to inform mine rehabilitation and post-mining land-use 
decisions 

Cost-benefit analysis (CBA) have been used to assess mining and post-mining landscapes (Larondelle & 

Haase 2012; Gillespie & Bennett, 2012). Setiawan et al., (2021) published a CBA study to evaluate if 

rehabilitation was cost-effective to the mining company for a mine site in Indonesia. Costs included CO2 

emissions, water, and operational costs, with benefits measured in terms of benefits to the ecosystem from 

establishing reforested land, CO2 absorption, and oxygen production. Results showed that the total benefits 

of reclamation (USD $27,750/ha) were greater than the costs ($USD $9,417/ha). While acknowledging that 

the community receive economic benefit from reclaimed land, community preferences were not 

considered in that CBA.  
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Although not considering PMLU decision-making directly, Williams et al., (2019) and de Valck et al., (2021) 

evaluated grazing and nature conservation as two alternative land-use scenarios to coal mining in central 

QLD and could, therefore, be applied to PMLU decisions. De Valck et al., (2021) completed a hybrid cost-

benefit analysis involving primary data and semi-quantitative weightings constructed from a social impact 

risk matrix. The study demonstrated that, if the externalities of mining are internalised, nature conservation 

and grazing are better land-use options than mining. Both Williams et al., 2019 and de Valck et al., 2021 

concluded that further research is needed to quantify the social and environmental values of mining and 

the costs and benefits of mine rehabilitation.  

Golding (2002) completed a cost-effectiveness analysis for impacts on water, aesthetic, and land quality of 

mine rehabilitation in QLD. They focussed on cost-effectiveness rather than cost-benefit analysis because 

the environmental and social costs and benefits of rehabilitation were unknown. The study concluded there 

was no economic justification for directing rehabilitation expenditure toward any one environmental 

attribute, but instead that the focus should be on multiple environmental aspects of mine rehabilitation. 

Yuniantari & Harini (2021) completed an economic valuation of reclamation at a coal mining area in 

Indonesia, where the Kandi Reclamation Area is used for various tourism activities. The economic value of 

the use and non-tourism use of the reclamation area was calculated using the travel cost method, 

contingent valuation, and valuation of goods and services methods. The total economic value was 

estimated to be Rp 6.911.318.865 per year.  

3.2.3 Other decision-making techniques and tools used to analyse PMLU alternatives 

The majority of the techniques identified in the literature are focused on ranking or prioritizing alternative 

PMLU. These ranking techniques provide a systematic process, can integrate different views and opinions, 

aid evidence-based decision-making, and help find widely acceptable solutions (Marttunen et al., 2015; 

Padur & Purree, 2021). The most common approach is multi-criteria analysis (MCA), also referred to in the 

literature as multi-criteria decision-making (MCDM) or multi-attribute decision-making (MADM). MCA uses 

different inputs such as scientific studies, expert opinions, modelling, cost-benefit analysis, and stakeholder 

preferences to assign weights to different criteria and rank the alternatives available (Padur & Puree, 2021). 

Analytical hierarchy processes (AHP) are a common MCA which involves experts or stakeholders completing 

pair-wise comparisons between parameters to assign weightings (Saaty & Vargas 1991; Zimmerman, 2016; 

Bascetin, 2007). AHP is suitable for PMLU decisions as it can consider qualitative and quantitative criteria 

used in rehabilitation method selection problems (Bascetin, 2007). AHP was chosen by Bascetin (2007) to 

evaluate five rehabilitation alternatives of an open cut coal mine in Turkey. The study focused on 

determining an optimal PMLU for the mining company and did not consider any other stakeholder 
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preferences. Kubit et al., (2015) used AHP in addition to the Delphi method to prioritize twenty-five 

abandoned mine sites in the USA. The Delphi method is similar to the AHP in that a panel of experts 

provides a group opinion, weighting, or outcomes that are used in an opaque decision algorithm (Kubit et 

al., 2015). Amirshenava & Osanloo (2017) applied a combination of AHP with Superiority and Inferiority 

Ranking as an extension of the PROMETHEE5 technique by calculating the superiority and inferiority aspects 

for a range of alternatives. The study concluded that the optimal PMLU was revegetation with native and 

resistant species for the Choghart iron mine in Central Iran. Forestry was the PMLU identified using fuzzy 

MADM and fuzzy AHP in a study completed by Bangian et al., (2012) for the Sungun copper mine in Iran. 

Yavuz and Altay (2015) also undertook fuzzy AHP in conjunction with Yager’s method6 to account for the 

imprecision of unquantifiable and incomplete information needed when assessing post-mine alternatives in 

Turkey, while Yu et al., (2020) completed a fuzzy comprehensive evaluation (combination of AHP and fuzzy 

mathematics) of mine reclamation in China. The study identified substantial ecological, economic and social 

improvement through reclamation of mine-affected areas in the Shendong mining area. Soltanmohammadi 

et al., (2008), (2009), and (2010) developed a mined land suitability analysis (MLSA) framework, which 

includes fifty attributes relevant to PMLU decisions, including technical, social, economic, and mine site 

factors. The MLSA framework was used as the basis in determining a preference order for PMLUs in a 

hypothetical case study.  

Other MCA models include Van Rensburg et al., (2009), who developed an index to prioritise rehabilitation 

of polluted asbestos mines in Southern Africa. Demographics, geography, safety, aesthetics, and 

percentage of free asbestos fibres were considered in the index to determine the importance of 

rehabilitation of each abandoned asbestos mines. Padur et al., (2017) and Padur & Puree (2021) used a 

decision tree that allowed a comparison of hierarchically organized criteria for peatland areas of Estonia. 

Various stakeholders were engaged to determine comparison criteria and weights to reflect social, 

economic, and environmental considerations in the decision.  

Palogos et al., (2017) used a combination of Geographic Information Systems (GIS), evolutionary 

algorithms, and desirability functions to understand constraints during reclamation planning in Greece. The 

study focused on terrain slope, fertility of the soil, and proximity to lakes, archaeological sites, and villages 

as the factors integrated by the model and did not consider other social, environmental, economic aspects. 

Anis et al., (2017) also applied a GIS model that integrated a fuzzy logic analysis to show that the PMLU of a 

coal mine in Indonesia was determined using slope, rainfall, and the distance to the highway, nearest 

settlement, and the main river. Similarly, Guo et al., (2010) used GIS combined with the Delphi method and 

                                                           
5
 Preference Ranking Organisation Method for Enrichment Evaluations developed by Brans (1982) 

6
 Yager’s method is a model for solving multi-objective decision problems when the objectives are of varying degrees of importance 

(Yager, 1977) 
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a multilevel fuzzy comprehensive evaluation model to evaluate the suitability of agriculture, forestry, or a 

pond for areas associated with underground coal mining in China.  

Recognising an intrinsic link between society and ecosystems, Rosa et al., (2018) used the ecosystem 

services concept as a tool to demonstrate the selection of a PMLU for a mine in Brazil. The study showed 

that identifying ecosystem services through understanding how the community used the pre-mining land 

and how they would like to use the rehabilitated land in the future will lead to a more optimal PMLU. Rosa 

et al., (2020) examined recreation services of rehabilitated jarrah forest in Western Australia in an 

ecosystem services assessment to evaluate mine rehabilitation outcomes. The study aimed to understand 

recreation values held by bushwalkers and mountain bikers as a way to demonstrate the social values of 

mine rehabilitation. Results showed that bushwalkers avoid mined areas while mountain bikers do not and 

that the perception of rehabilitated areas is largely shaped by the absence of large and old trees and 

natural landforms. Larondelle & Hasse (2012) used a model-based analysis of ecosystem services and GIS 

models at a regional landscape scale in Germany rather than a particular mine site. An integrated and 

functional assessment of the landscape, land-use changes caused by mining, and three land-use scenarios 

were evaluated by quantifying ecosystem services and indicators. Everingham et al., (2018) proposed that 

PMLU decision-making should be based on the utility of the rehabilitated land where optimisation of the 

PMLU is obtained through the guidance and agreement of stakeholders. The study concluded that 

stakeholder panels are best suited to inform PMLU decisions.  

3.3 Discussion and conclusion 

There are options available to inform evidence-based mine rehabilitation and PMLU decisions, although 

there are limited examples of their use in Australia. The current literature includes studies completed to 

inform mine rehabilitation expenditure, identify an optimal PMLU, inform policy, value rehabilitation 

attributes, define preferences of mine rehabilitation, or show the total value of mine rehabilitation. There 

are three main approaches to evaluating mine rehabilitation impacts: non-market valuations, market 

valuations, and other decision-making techniques such as multi-criteria analysis or ecosystem services 

assessments.  

While some decision-making tools such as multi-criteria analyses include social, economic, and technical 

factors, they typically evaluate one PMLU. In Australia, it is common for mine sites to have multiple PMLU 

to reflect the different domains of a mine site (Chapter 4). Many studies only focused on the biophysical 

aspects of the mine or surrounding area and were not inclusive of social or economic factors. Studies that 

did focus on community or societal connections to mine rehabilitation, on the other hand, did not monetise 

these aspects to enable comparison in a CBA. NMV permits monetary estimation of the intangible 
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environmental and social impacts of mine rehabilitation that can be directly incorporated in a CBA. CBA is 

already recognised in the current regulatory framework in Australia to assist in decision-making (QLD 

Government, 2015; NSW Government, 2017a), meaning there is a benefit to using this method.  

In conclusion, the selection of the mine rehabilitation outcomes, including the PMLU, is a complicated 

multi-criteria decision problem with technical, social, cultural, economic, and environmental parameters 

that should be considered (Maoumi et al., 2014). When making mine rehabilitation decisions, weighing up 

trade-offs between different alternatives is needed to evaluate what outcomes may be optimal. This 

process is difficult in part because social and environmental benefits and impacts are difficult to value due 

to their non-marketed nature. In this thesis, I will use a choice experiment as an effective tool to account 

for the future, hypothetical, non-market impacts of mine rehabilitation and alternative PMLUs. The 

completion of a choice experiment to evaluate mine rehabilitation preferences as presented in this thesis 

will add to the limited research and contribute to addressing community and regulatory expectations of the 

mining industry. The next chapter presents current pre-and post-mining trends of coal mines in NSW and 

QLD. 
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4 Pre- and post-mine land-use trends across the New South Wales and 

Queensland coal industry 

This chapter describes pre- and post-mining trends for coal mines in New South Wales (NSW) and 

Queensland (QLD). A description of pre-mining land-uses and how this classification changes post-mining is 

also presented. The terminology used by mining companies to describe their pre-and post-mine land-use 

(PMLU) is also captured and used in an example to demonstrate the utility of mine rehabilitated land. 

Information presented in this chapter will be helpful to identify future beneficial land-uses and support 

decision and policymaking at a landscape level.  

4.1 Introduction 

Mining is a temporary land-use and regulatory obligations dictate the need to transition to an acceptable 

land-use after mine closure. Consideration includes a requirement to create stable, non-polluting 

landforms, carry out progressive rehabilitation, and identify PMLUs that benefit local and regional 

communities (Commonwealth Government, 2016). In Australia, it is typical to reinstate grazing or native 

ecosystems present prior to disturbance (Doley & Audet, 2013; Lechner et al., 2016; Maczkowiack et al., 

2012). However, no published information exists on either the collective plans for proposed PMLUs or how 

they vary across state jurisdictions. 

Mining is a major industry in many regions but currently only accounts for 0.05 per cent of land-use 

(Australian Government, 2016a). In QLD, there are approximately 220,000 ha of disturbed land, with an 

estimated rehabilitation cost of AUD 8.7 billion (Queensland Government, 2017). Mining, by its nature, leaves 

land in a different state from when it started (Bowie & Fulcher, 2017) and can leave persistent non-natural 

landscape features (e.g. open pits, waste heaps, tailings storage facilities) (Doley & Audet, 2015). These land-

use areas commonly referred to as domains (NSW Government, 2013), present different constraints and 

opportunities and require distinctive rehabilitation strategies. The nomination of a number of PMLUs often 

reflects the different domains present on a mine site. The selection of a PMLU is discussed in Chapter 3.  

The PMLU for a site should account for the social utility value provided after the mining (Kazmierczak et al., 

2017; Everingham et al., 2018; Steward, 2006). The utility value is based on how land will be used and the 

profit from land-use (Everingham et al., 2018; Rodrigue, 1994). For example, stating that a site will be 

rehabilitated to ‘agriculture’ fails to identify the function of the area descriptively. A land-use classification 

of ‘agriculture’ has a very broad interpretation. It could mean any type of livestock, cropping, or other 

agricultural products, that could utilise the area. These different land-use functions also require different 

levels of rehabilitation planning, methodology and techniques, landform design, execution, costs, and time 
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requirement for achievement. A PMLU with utility in mind is also needed to meet community goals. As 

such, it is necessary to define the utility of the PMLU to ensure rehabilitation planning, execution, timely 

relinquishment, and meet community expectations.  

It is generally understood that mine rehabilitation is completed when the landform is demonstrated to be 

safe, stable, not causing environmental harm, and can sustain the approved PMLU (Queensland 

Government, 2017a). PMLU is defined by the specific uses or management-related activities rather than the 

vegetation or cover of the land (USA Code of Federal Regulations, 2011). The most common PMLUs include 

agriculture (grazing and cropping), forestry, lakes (for multiple purposes), recreational areas, areas for 

nature and habitat conservation, sites for industrial or construction activities, and sites for backfilling other 

waste materials (Soltanmohammadi et al., 2010).  

Commonly, rehabilitation involves restoring land to its pre-mining land-use. In many instances, the pre-

mining environment consists of native vegetation with varying levels of agricultural disturbance. Bastida 

(2002) identifies that land should ideally be returned to its optimal economic use, however, Australia's 

current mine closure regulation, planning, and implementation activities frequently focus on environmental 

remediation (Harvey, 2016). In recent years, it has been recognised that the aim to restore lands to pre-

mining ecosystem functions is not necessarily optimal (Doley & Audet, 2013).  

Options for PMLU are many and varied. Some examples include aquaculture in the USA (Miller, 2008); 

arable land-use and the recently completed large-scale underground resort in China (Miao & Marrs, 2000; 

ABC, 2018); and mining heritage, recreation, aesthetic values, regulating services, educational, cultural 

heritage and tourism in Spain (Perez-Alvares et al., 2016). Canada provides instances of wildlife habitats, 

forestry, and pasture (Errington, 2001), and Germany established recreation, tourism, and environmental 

conservation land-uses through the rehabilitation of mine pit lakes (Ahlheim et al., 2004). Kiven (2017) 

found that cultural and recreation activities like diving, greyhound racing, golf course, museums, shooting 

ranges, and cultural heritage sites of national significance, were identified in one third of 51 metal mines in 

Finland. The Eden Project in England is well recognised as an example of repurposing a disused mine where 

environmental education, recreation, and scientific purposes are accepted as PMLUs (Pearman, 2009). 

A land classification system provides an ordering of land-use in a systematic, logical, and consistent way 

(Australian Government, 2021). There is no PMLU land-use classification system in Australia, and therefore 

each operation provides a different PMLU description to detail expected mine closure outcomes. In the 

USA, the Surface Mining Control and Reclamation Act 1977 is the primary federal law regulating coal mining 

and provides a PMLU classification system (Table 4.1). Other PMLU classification systems, such as those 

described by Soltanmohammadi et al., (2008), Narrei & Osanloo (2011), and Bangian et al., (2012), have 
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been summarized in Kazmierczak et al., (2017). Kazmierczak et al., (2017) noted that previous PMLU 

classification systems contain land-uses that overlap, lack appropriate descriptions or functions of the 

PMLU, or have confusing terminology. To overcome these shortcomings, Kazmierczak et al., (2017) 

proposed a new PMLU classification system based on six general land-uses (agriculture, forest, aquatic, 

natural, economic, cultural), and 23 specific land-uses (referred to as ‘specific ways of rehabilitation’). 

Table 4.1 – Post-mining land-use definitions (USA Code of Federal Regulations, 2011) 

Post-mining land-use Description 

Cropland Land-used for the production of adapted crops for harvest, alone or in rotation 
with grasses and legumes, that includes row crops, small grain crops, hay crops, 
nursery crops, orchard crops, and other similar crops. 

Pastureland or land occasionally 
cut for hay 

Land-used primarily for the long-term production of adapted, domesticated 
forage plants to be grazed by livestock or occasionally cut and cured for livestock 
feed. 

Grazing land Land-used for grasslands and forest lands where the indigenous vegetation is 
actively managed for grazing, browsing, or occasional hay production. 

Forestry Land-used or managed for the long-term production of wood, wood fibre, or 
wood-derived products. 

Residential Land-used for single-and multiple-family housing, mobile home parks, or other 
residential lodgings. 

Industrial/Commercial Land-used for: 
1) Extraction or transformation of materials for fabrication of products, 
wholesaling of products, or long-term storage of products. This includes all heavy 
and light manufacturing facilities. 
2) Retail or trade of goods or services, including hotels, motels, stores, 
restaurants, and other commercial establishments. 

Recreation Land-used for public or private leisure-time activities, including developed 
recreation facilities such as parks, camps, and amusement areas, as well as areas 
for less intensive uses such as hiking, canoeing, and other undeveloped 
recreational uses. 

Fish and Wildlife habitat  Land dedicated wholly or partially to the production, protection, or management 
of species of fish or wildlife. 

Developed water resources Land-used for storing water for beneficial uses, such as stockponds, irrigation, fire 
protection, flood control, and water supply. 

Undeveloped land or no current 
use or land management 

Land that is undeveloped or, if previously developed, land that has been allowed 
to return naturally to an undeveloped state or has been allowed to return to 
forest through natural succession. 

4.2 Methods 

Datasets were created for QLD and NSW with the mine name, location, operation type, operational status, 

pre- and PMLUs, and data sources. In some instances, multiple mines have been consolidated under one 

approval and are presented as a single record. Both open- cut and underground coal mines, inclusive of 

those recognised as ‘care and maintenance’, are included in the analysis. Abandoned or historic sites and 

other commodities are not included, nor are projects or other related areas that hold separate 

environmental licences (e.g. coal handling preparation plants). 
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Terminology used by mine operators to describe their pre-and PMLUs, and rehabilitation objectives (where 

no clear PMLU is explicitly stated) were recorded. For example, where a site has stated that rehabilitation 

aims to achieve “the reinstatement of native vegetation”, has been recorded in the biodiversity category. 

Terminology was categorised into conservation, biodiversity, agriculture, residential, recreation, water 

management, industrial, infrastructure, forestry, mining or other (4.2). The classification categories were 

based on broad land-use considerations and terminology used by coal mining companies in both states. 

Frequency (count) data were recorded for each category, and sites can have multiple land-uses. Where a 

site’s defined pre- or PMLU (including consideration of rehabilitation objectives) was not identified, this has 

also been captured.  

Table 4.2 - Land-use classification categories to collate pre-and PMLU data for QLD and NSW coal mines 

Category Land-use description  

Conservation Land-used for conservation and heritage purposes. Includes state forests or national 
parks. 

Biodiversity Land-used for revegetation (native or not), provision of habitat and corridors for 
wildlife. Also includes where vegetation is identified but does not discuss the specific 
use of these vegetation types. 

Agriculture Land-used for primary production. Includes cultivation of crops and animal 
husbandry. 

Residential Land-used for residential dwellings for people to live in. Includes private residential 
options (excludes industrial and commercial opportunities). 

Recreation Land-used by people for enjoyment. Can include both public and private leisure 
activities.  

Water management An area used for the control and movement of water resources (either natural or 
artificial).  

Industrial Land-used for commercial enterprise options for industrial purposes (retail goods and 
services, business and professional offices, manufacturing and support services to 
business or industry). 

Infrastructure Land-used for physical and organisation structures and facilities (e.g. power lines, rail 
lines, telephone lines and roads).  

Forestry Land-used for commercial enterprise options from managed plantations (either native 
or introduced species). 

Mining  Land-used for mining and extractive industries. Can include mineral or gas 
exploration.  

Other Other land-uses that cannot be categorised based on the descriptions above (e.g. 
crown land, Department of Defence land). 

In NSW, there is no publicly accessible register of mining operations. A database was created using 

information from the Australian Mines Atlas (Australian Government, 2018) and further populated using 

environmental protection licence searches in the public register under the Protection of the Environment 

Operations Act 1997 (NSW Government, 2018). Each mine’s pre-and PMLU was sourced from the 

respective mine site’s mining operations plan, development consent, assessment documents, or other 

environmental management plans. All information was accessed from publicly available material either on 

the mine operator’s website or by reviewing the Department of Planning and Environment Major Project 

Assessment portal (New South Wales Government, 2018a). 
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In QLD, there is also no publicly accessible register of mining operations. There is a public register of all 

environmental authorities issued under the Environmental Protection Act 1994 (QLD Government, 2018b). 

Appropriate mines were identified using this register and cross-referenced with the QLD coal mines and 

advanced projects publication (QLD Government, 2017b) to ensure all coal mines were captured. Where a 

mine’s pre- or post-mine land-use was not identified in the environmental authorities, searches were 

undertaken of operational mine company websites, government department environmental approval 

websites (Australian Government, 2018a; QLD Government, 2018c; QLD Government, 2018d) and the 

Department of Environment and Science and Department of Natural Resources, Mines and Energy (QLD 

Government, 2018e) online libraries. 

Using pre-and PMLU data captured for QLD and NSW coal mines, ten new land-use categories were created 

using dummy variables of land-use combinations to allow examination of land-use change from pre-mining 

to PMLU for coal mines in QLD and NSW. The land-use categories were created to be mutually exclusive, 

with descriptions provided in Table 4.3. A Markovian transition probability matrix was completed to 

investigate land-use transition for QLD and NSW. Converting one state to another is known as state 

transition. The probability of converting one state to another state, can be expressed as (Kumar et al., 

2014): 

𝑃 = [

𝑃11 ⋯ 𝑃1𝑛

⋯ ⋯ ⋯
𝑃𝑛1

⋯ 𝑃𝑛𝑛

]                [4.1] 

where P stands for probability from state i to state j (Jianping et al., 2005; Dongjie et al., 2008; Kumar et al., 

2014). Equation 4.1 must satisfy the following the following: 

∑ 𝑃𝑖𝑗
𝑛
𝑗=1 = 1, 𝑖, 𝑗 = 1,2, … 𝑛 

 

 0 ≤ 𝑃𝑖𝑗 ≤ 1.        [4.3] 

  

 

[4.2] 
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Table 4.3 - Land-use classification of dummy variables (used in Table 4.7 and 4.8) 

Land-use category Description 

1 Either Agriculture or Forestry 

2 Either Conservation or Biodiversity 

3 Either Water Management or Infrastructure 

4 Mining 

5 Either Recreation or Residential or Industrial or Others 

6 Not defined 

7 Either Agriculture or Forestry AND either Conservation or Biodiversity  

8 
Either Agriculture or Forestry AND either Water Management or Infrastructure or Mining 
or Residential or Industrial or Recreation  
 (not Biodiversity or Conservation) 

9 
Either Conservation or Biodiversity AND either Water Management or Infrastructure or 
Mining or Residential or Industrial or Recreation  
(not Agriculture or Forestry) 

10 
Either Agriculture or Forestry AND Conservation or Biodiversity AND either Water 
Management or Infrastructure or Mining or Residential or Industrial or Recreation 

 

4.3 Results 

Sixty-one coal mines in QLD and 65 in NSW were identified (Table 4.4). Of these, not all pre-and PMLUs 

could be identified. In QLD, there are nine mine sites where the pre-mine land-use and two where the 

PMLU could not be determined. In NSW, five mine sites’ pre-mine land-use could not be identified, but all 

mine PMLUs were. A chi-square test was performed to examine the relationship between pre-mining land-

uses and PMLU. The relationship between these variables were found to be statistically significant in QLD 

(chi- square=34.38, p=0.032) and in NSW (chi-square=42.42, p=0.003).  

Table 4.4 - Breakdown of mining operation sites and type in QLD and NSW (as of July 2018) 

Operation type QLD NSW 

Open cut 45 32 
Underground 8 23 
Open cut/underground 8 10 

Total 61 65 

Results showing the identification of pre-and post-mine land-use(s) for mines in NSW and QLD are shown in 

Figures 4.1 and 4.2. The pre-mining land-use is dominated by agriculture, with 82% (50 sites) in QLD and 

71% (46 sites) in NSW identifying this land-use. The most frequently nominated PMLU are biodiversity (48 

(79%) sites in QLD and 63 (97%) in NSW) and agriculture (74% of sites in QLD and 60% in NSW). All sites in 
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Table 4.6 - Comparison of pre-mining land-use to PMLU (n=86 7 8) 

Scenario QLD NSW 

Site reinstating the same pre-mining land-use (like for like) 11 (24%) 5 (13%) 
Site reinstating the same pre-mining land-use with additional land-uses 
(original + additional) 

24 (52%) 18 (45%) 

Site reinstating new land-use (not the observed pre-mining land-use) 11 (24%) 17 (43%) 

Total 46 40 

Ten land-use categories were created using dummy variables that consisted of land-use combinations to 

investigate land-use changes between pre- and PMLU across QLD and NSW (Table 4.3). As shown in Figure 

4.4, QLD pre-mining land-use is dominated by either agriculture or forestry (41%), while land-use category 

ten was the preferred PMLU. Having a land-use that is either agriculture or forestry in addition to either 

conservation or biodiversity was most common for pre-mining and PMLU in NSW. Each State's transition 

probability matrices were undertaken with results presented in Table 4.7 (QLD) and Table 4.8 (NSW). In 

QLD, there is a 44% probability of sites that identified agriculture or forestry as a pre-mining land-use will 

transition to land-use category 10, indicating that the site will transition to multiple PMLUs, but still contain 

agriculture or forestry. Sites in QLD with a minimum of three different pre-mining land-use (Category 10) 

are likely to transition to either conservation or biodiversity (75% probability). There is a 100% probability 

that sites in QLD will remain at post-closure as either conservation or biodiversity as their land-use, but 

there is 0% chance in NSW. In NSW, sites that identified either conservation or biodiversity as their pre-

mining land-use have a 67% chance of reinstating these land-uses in combination with others. Results show 

sites that have agriculture or forestry as a pre-mining land-use have a 16% (in QLD) and 8% (in NSW) 

probability of keeping this land-use post-mining, indicating that transition is likely to occur to other land-

uses. 

  

                                                           
7
 11 sites in QLD, 5 sites in NSW excluded as the sites pre- or PMLU was not identified 

 
8
 4 sites in QLD and 20 sites in NSW excluded as mining identified as pre-mining land-use 
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Table 4.9 - Terminology used to describe pre-mining land-use categories 

Category Terminology – QLD Terminology – NSW 

Conservation Conservation  Heritage items; conservation; state forest; special area; nature conservation 

Biodiversity 
Natural vegetation; bushland; native vegetation; open forest; remnant 
vegetation; regenerated vegetation; fauna habitat; remnant woodland 
communities; regrowth vegetation  

Natural vegetation; remnant native vegetation; bushland; biodiversity values; 
regrowth vegetation; open forest; regrowth woodland; woodland; koala habitat; 
native bushland; native woodland  

Agriculture 

Grazing; commercial grazing; dairy farming; agricultural grazing; improved 
pasture and cropping with irrigated crops; low-intensity cattle grazing on 
unimproved pasture; sowing of improved pastures for grazing; grazing and 
cultivation; low-density cattle grazing; agriculture; stock routes; dryland 
cropping; beef cattle; native and improved pasture; pastoral activities; 
tilled cropping land; cropping and opportunistic livestock grazing 

Farmland – agricultural (orchards, alpaca stud, cattle, goat and sheep grazing); irrigatio  
systems; agricultural land for grazing; stock agistment; crown land under grazing licence   
beef and beef cattle grazing; cropping (lucerne hay, wheat, maize, sorghum, wine grape   
flowers, turf and forage crop hay); horse industry and merino wool production; vineyar  
olive plantings; mushroom composting facility; intensive grazing; vegetation communit  
natural forest; dryland grazing, cropping; agriculture – low; agriculture – high; low-inten  
grazing; improved pastures; grazing pasture; fodder crop production, beekeeping; agric  
production; cattle grazing on natural pastures; livestock 

Residential Rural residential; house and shedding; light grazing; occupied residences  

Farm sheds and buildings, poultry sheds; private property items (residents, waste 
water systems, water tanks, swimming pools, tennis courts, etc.); village; residential 
development; mine-owned and privately owned residences; small rural and rural–
residential holdings; housing  

Recreation – Recreation area; recreation (4WD); spelling and training of harness horses 
Water 
management 

Farm dam; back creek system; alluvial flood plains; river and tributaries; 
ephemeral watercourse  

Farm dams; water catchment; lake; bay; river and brook; water management and 
borefield 

Industrial 
Light industrial trucking workshop; cattery/kennel boarding; industrial; 
electrical substation and power easement 

Industrial; commercial and business establishments; light industrial; mine gas power 
generation; power generation; rail and road transport  

Infrastructure 
Haul roads; rail; access tracks; Peak Downs Highway; water pipeline; gas 
pipeline; railway; road; telecommunications, cleared easements; farming 
infrastructure (tracks, stockyards and sheds) 

Public utilities: roads, tracks, water pipelines, gas lines, electricity, 
telecommunications; public infrastructure, ethane pipelines; water supply canal; 
railway; mining infrastructure; airstrip; radio broadcasting towers; transmission line; 
public road; maintenance tracks  

Forestry Timber extraction; rosewood for fence posts Forestry; forestry and firewood harvesting 

Mining Coal mining; coal exploration; mineral extraction; CSG production 
Approved mining; mining; extractive industries; open cut mining; mining-related 
purposes; quarrying  

Other – 
Public amenities (schools, worship, cemeteries); Department of Defence land; crown 
land 
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Table 4.10 - Terminology used to describe PMLU categories 

Category  Terminology – QLD  Terminology – NSW 

Conservation  
Nature conservation; conservation area; corridor conservation; 
native conservation 

Conservation outcomes; conservation; native vegetation conservation; biodiversity 
conservation; bushland (voluntary conservation area); environmental conservation; 
environmental protection; long-term protection; compensatory habit; nature reserve 

Biodiversity  

Self-sustaining natural vegetation or habitat; native ecosystem; self-
sustaining native vegetation; vegetation cover that provides 
habitat; vegetation cover similar to surrounding areas/reference 
sites; riparian zones; self-sustaining vegetation communities; 
specific vegetation communities; wildlife corridors; wooded 
grassland; grassland with intermittent trees; native habitat (regional 
ecosystems); fauna habitat; endemic vegetation community; native 
bushland; grass community; wetland 

Native bushland; woodland/open forest; pasture and scattered trees; ecosystem function; 
biodiversity offsets; self-sustaining ecosystem; native forests; biodiversity values; riparian 
forest; grassy woodland; native vegetation; pre-mining native vegetation communities; 
habitat value and ecosystem connectivity; movement corridors; native woodland; enhance 
ecological linkages; biodiversity outcomes; woodland vegetation communities; 
rehabilitated bushland; provide habitat; bushland; endemic woodland habitat; native 
corridor network to promote regional fauna movement; riparian creek vegetation; woody 
vegetation; specific vegetation communities as outlined; wildlife corridor; ecological 
function; self-sustaining vegetation; native bushland and mixed native grasses; ecosystem 
function; ecological sustainable land management practices; biodiversity native habitat; 
trees for general habitat; emulate the pre-mining environment; enhance biodiversity 

Agriculture  

Cattle grazing; grazing on native and improved pastures; suitable for 
grazing; cattle and sheep grazing; grazing land; grazing pasture; light 
grazing; sustainable grazing; agriculture; economically viable 
agriculture; low-intensity grazing; good quality agricultural land; 
bush grazing 

Pasture suitable for cattle, horses, agricultural lands, grazing, pastoral; agricultural 
outcomes; grazing pastoral; sustainable agriculture; grazing land; occasional cropping; 
pasture 

Residential  –  Existing residential; dwellings 
Recreation  Recreation  Recreation; recreation (state conservation area); passive recreation 

Water 
management 

Water storage; diversion/levee; creek and floodplain; filled to 
support surrounding land-use; void water supply; water body; 
sediment dams; 
intermittent cattle watering holes; watercourse beds and banks; 
wetland; diversion 

Stock water dam/supply; voids filled with water; provide habitat for animals; pit lake; 
wetlands; aquatic habitat, water supply value, ecological function; water catchment; creek 
diversion; 
water supply 

Industrial  Industrial land  
Retained industrial/light industrial infrastructure and roads; light industrial; transport; 
future exploration/mining purposes; power generation; transport 

Infrastructure  
Retained infrastructure; infrastructure; roads/tracks as access upon 
agreement with landholder; landholder retained infrastructure 

Infrastructure required by landholder; Retained Industrial/light industrial infrastructure 
and roads; electricity transmission line easements 

Forestry  Hardwood plantation  Forestry; commercial forestry; agroforestry 
Mining  –  – 

Other  Wind breaks; useful to Aboriginal people  
Buffer lands; environmental educational purposes; visual amenity; crown land; visually 
consistent with surrounding area 
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Table 4.11 - Potential PMLU using general rehabilitation description  

 General rehabilitation description Possible PMLU  PMLU description  

1 Revegetation 
Grassland 
(non-
descriptive) 

Grassland developed 
without defined ecological 
community goal, consists of 
introduced or native species, 
is not maintained through 
regular cultivation. May 
consist of occasional trees. 

Ecosystem services  Land-used for/provision of - water cycling and freshwater provision, air quality, 
erosion control, natural hazard regulation, pollination, provision of habitat, forage 
site, aesthetics, cultural  

Open greenspace Area covered with vegetation and added to town plan where recreation may be 
possible (more relevant to urban areas) 

Grazing Land suitable for light grazing  
Biodiversity  Land-used for/provision of - species and diversity 
Recreation  Public or private leisure activities, include developed recreation facilities such as 

parks, camping, pedestrian and cycle tracks, 4WD, mountain biking, motorbike tracks, 
fitness trails, parklands, birdwatching, riding trails 

Buffer land  Buffer land (from mining impacts) for future or existing projects, bushfire control 
2 Revegetation 

Pasture 
(Regular 
cultivation or 
not) 

Pasture (domesticated 
forage plants) developed 
and maintained through 
occasional cultivation. 
Typically consists of 
introduced species and may 
consist of occasional trees.  

Ecosystem services  Land-used for/provision of - water cycling and freshwater provision, air quality, 
erosion control, natural hazard regulation, pollination, provision of habitat, forage 
site, aesthetics 

Grazing Land-use suitable for more intensive grazing, fattening, breeding, diary 
Biodiversity  Land-used for/provision of species and diversity 
Buffer land  Land-used as buffer land for future or existing projects, or used in bushfire control 
Recreation  Land-used for public or private leisure activities includes developed recreation 

facilities such as parks, camping, pedestrian and cycle tracks, 4WD, mountain biking, 
motorbike tracks, birdwatching, riding trails 

3 Revegetation 
– Cropping, 
orchard, 
forestry  

Land capable of being 
regularly cultivated 
 
 
 
 
 
 

Forestry Land-used for timber production (either native or not) for commercial purposes, 
firewood, wood-derived products.  

Ecosystem services  Land-used for/provision of water cycling and freshwater provision, air quality, erosion 
control, natural hazard regulation, pollination, provision of habitat, forage site, 
aesthetics, cultural  

Primary production – food 
production 

Arable land suitable for to produce food eg. cropping, orchards, or wine development  

Primary production - biofuel Arable land that is cropped to produce biofuel 
Buffer land  Land-used as buffer land for future or existing projects, or used in bushfire control 

4 Revegetation 
– Woodland 
(non-
descriptive) 

Woodland developed 
without defined ecological 
community goal, consists of 
introduced or native species.  

Conservation Land maybe suitable for future BioBanking site If vegetation community is deemed 
suitable or may contain specific fauna habitat. Protected from future development 

Buffer land  Land-used as buffer land for future or existing projects, or used in bushfire control 
Biodiversity Land-used for/provision of species and diversity  
Ecosystem services  Land-used for/provision of water cycling and freshwater provision, air quality, erosion 

control, natural hazard regulation, pollination, provision of habitat, forage site, 
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aesthetics, cultural  
Forestry Land-used for timber production (either native or not) for commercial purposes, 

firewood, wood-derived products 
Open greenspace More relevant to urban areas. Area covered with vegetation and added to the town 

plan 
Recreation Land-used for public or private leisure activities includes developed recreation 

facilities such as parks, camping, pedestrian and cycle tracks, 4WD, mountain biking, 
motorbike tracks, birdwatching, riding trails 

5 Revegetation 
– (defined 
ecological 
ecosystem) 

Ecological community 
developed with specific 
ecological ecosystem goal 

Scientific  Land-used for scientific and research purposes 
Ecosystem services  Land-used for/provision of water cycling and freshwater provision, air quality, erosion 

control, natural hazard regulation, pollination, provision of habitat, forage site, 
aesthetics, cultural 

Conservation  Land-used as a BioBanking site, Nature reserve, National Park, or Voluntary 
Conservation Area for specific fauna, plant species or communities. Protected from 
future development 

Biodiversity Land-used for/provision of species and diversity 
Cultural Land contains aboriginal features, natural features (protected)  
Buffer land  Land-used for buffer land for future or existing projects, or used in bushfire control 
Open greenspace More relevant to residential areas. Area covered with vegetation and added to the 

town plan 
Recreation Land-used for public or private leisure activities includes developed recreation 

facilities such as parks, camping, pedestrian and cycle tracks, mountain biking, 
birdwatching, riding trials 

6 
 
 

Water 
Management 
Structure 

Consists of final voids, 
diversions, dams  

Economic development  Land suitable for commercial activity such as aquaculture, water supply, support 
livestock enterprises, hydro and solar electricity, irrigation 

Biodiversity  Land-used for/provision of species and diversity, 
Recreation Land-used for public or private leisure activities includes developed recreation 

facilities such as water sports, swimming  
Ecosystem services Land-used for/provision of water cycling and freshwater provision, erosion control, 

groundwater sink, flood control, sediment control, cultural 

7 Industrial  Support commercial 
enterprise 

Economic development  Land-used for commercial activity such as tannery, radio telescope, nursery, 
transport hub, emergency services facilities, manufacturing, meat industry (abattoir, 
poultry processing), storage facility, industry park, equestrian centre, golf club, 
airport, manufacturing facility 

Support retail enterprise Economic development Land-used for commercial activity such as retail stores, museum, restaurants, hotels, 
camping establishments 

8 Residential  Housing development Economic development  Land suitable for the provision of housing, either high or low density, or rural holdings 
9 Energy Commercial enterprise for Economic development Land suitable for commercial activity such as solar, hydro-electricity, methane gas 
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generation energy generation utilisation 
 

10 Tourism and 
Cultural 

Preserving and promoting 
artistic and historic objects  

Preservation Areas of land where indigenous and european history is preserved and protected 
from future development 

Scientific Land-used for museum, storage of archives, heritage parks  
Economic development Land-used for commercial activity such as museum, artistic exhibitions, theatre, 

stages, tourism facilities and supporting retail facilities  
11 Education Provision of education 

services 
Economic development Land-used for education services ie University, Tafe, trades training facility, scientific 

services, mining safety training, wildlife 
Scientific Land suitable for scientific purposes and research potential 

12 Waste 
facilities 

Backfilling of voids Economic development Land-used for landfill (municipal waste), waste from other developments (mineral 
waste)  
 

13 Undisturbed Land that has not been 
disturbed for mining 
activities 

  

 



 
 

4.4 Discussion and conclusion 

The most frequently nominated PMLU in both states are biodiversity and agriculture, with over 98% of sites 

in QLD and 100% in NSW choosing one (or both) of these land-uses. In QLD, the influence of policy may 

provide some insight into this land-use dominance. Historic regulatory policies and legislation are 

recognized to influence a company's PMLU decision (Maczkowiack et al., 2012). For example, in QLD, 

approximately half of all rehabilitation in central QLD with PMLU references to grazing or improved pasture 

can be linked historically to lease conditions and Agreement Acts (Grigg et al., 2002). More recent QLD 

policy requirements have included a hierarchal preference for rehabilitation to be reinstated to a ‘natural’ 

ecosystem similar to the original ecosystem (Fogarty et al., 2019). However, the hierarchal approach did 

not necessarily allow the development of an alternative outcome with a higher economic value than the 

previous land-use (Doley et al., 2012). The requirement for mining companies to investigate beneficial land-

uses for post-mining land is a consideration of the regulatory reform in QLD and NSW (Chapter 2). As such, 

changes to the dominance of common PMLU may be observed in the future. 

There is limited evidence that mine operators are likely to remain consistent with the pre-mining land-use, 

with about half of the sites in each State reinstating their original land-uses (even with additional uses) 

(Table 4.6).  This was also observed through the use of Markov transitional probability matrixes, with the 

exception of sites in QLD that have a land-use of conservation or biodiversity, who have a 100% probability 

of reinstating the same land-use. In both States, agriculture is the most common pre-mining land-use. 

However, it was common for a site to transition to other land-uses with only 16% in QLD and 8% in NSW 

probability of keeping agriculture or forestry post-mining. Some sites have steered away altogether from 

re-establishing a land-use that was present before mining and have instead opted to introduce new land-

uses as shown in Table 4.6, with 43% of sites in NSW and 24% in QLD have chosen not to reinstate a pre-

mining land-use. It is not uncommon for community members to expect a mining company to simply put 

the mine area back to what was once there (Chapter 6). It is suggested that if the pre-mining land-use was 

grazing, and the neighbouring land-use is still dominantly grazing, the local community expectation is that 

the PMLU should be grazing (Bowie and Fulcher, 2017). 

Sites tend to increase the number of land-uses identified when nominating their PMLU compared to the 

number identified during pre-mining. Sites are made up of land disturbance domains that contain different 

landscape features. These domains require different rehabilitation strategies and will result in various land-

uses for each site. At the very least, most sites will maintain at closure a final void, rehabilitated spoil 

heaps, and mineral waste facility (e.g. tailings dam). As such, it is not surprising to see sites commonly 

choosing two or more PMLUs. Sites that have proposed a singular PMLU suggests that an analyses which 
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considered the constraints and opportunities of the different domains within the mine, was not undertaken 

during PMLU decision-making.  

It was difficult to find information about the number of mine operations and the identification of pre-and 

post-mine land-uses, as there is no public register of mine operations in either state. A similar observation 

was also made in the recent Australian Government Senate inquiry by the Environment and 

Communications Reference Committee (2019). In QLD, the task was made more difficult because most 

mining companies provide very limited public information on environmental management, as there is no 

legislative requirement to do so (as there is in NSW). In both States, approval documents do not always 

identify the sites’ PMLU, which required the information to be sourced from other documents (Section 4.2). 

Consultation and building trust between mining companies and the community may be made harder 

without access to such information. Public information on proposed PMLUs can assist in identifying future 

alternative land-uses and support decision-making and policymaking.  

In some instances, sites’ rehabilitation descriptions were used to infer the PMLU. Without a defined PMLU 

may lead to the development of unsuitable rehabilitation criteria, uncertainty amongst regulators and 

community members, negative financial implications, risks and delays to mine closure, and potential 

liabilities to the public. The description of the PMLU should be an explicit statement and be aligned with 

the social value of the rehabilitation (Kazmierczak et al., 2017; Everingham et al., 2018; Fogarty et al., 

2019). Results indicate it is common for mining companies to either use non-descriptive language that fails 

to account for the potential use of the rehabilitation or mine site as a whole. For example, having a PMLU 

of ‘bushland’ fails to identify a potential use. Table 4.11 is provided as an example of possible PMLU and 

utility values of mine rehabilitation based on common terminology used by mining companies when 

describing rehabilitation outcomes.  

Results show (Table 4.9 and 4.10) there is not a consistent approach used by mining companies to describe 

the existing land-use present prior to mining or when nominating a PMLU. Australia does not have a PMLU 

classification system, although they are observed in use in the USA and are discussed in the academic 

literature (example Kazmierczak et al., 2017) as a way to apply land-use definitions consistently. In 

Australia, the Australian Land-use and Management (ALUM) Classification is administered across State 

jurisdictions to provide a consistent method to collect and present land-use information (Australian 

Government, 2021). While some State Government departments with mine rehabilitation responsibilities 

are reluctant to prescribe PMLUs classifications like QLD (QLD Government, 2021), others such as Western 

Australia, suggest there are benefits by using a land-use classification such as ALUM (Young et al., 2019). 

The use of a PMLU classification system could provide a consistent description of land-use and land-use 
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change which may be beneficial to meet community preferences for transparency, provide guidance to 

assist in setting rehabilitation objectives for the mine site, allow regulators to apply a consistent way to 

measure rehabilitation performance of mining companies, as well as inform future land-use decision-

making.  

In conclusion, this chapter aimed to provide a collective plan for the coal mining industry’s proposed 

PMLU(s) and how this definition changed from the pre-mining land-use description. The most common 

PMLU in the coal mining industry of NSW and QLD are agriculture and biodiversity compared to agriculture 

being the dominant pre-mining land-use. Results found limited evidence to show that operations are likely 

to remain consistent with the land-use present at pre-disturbance, with the exceptions in QLD, where 

conservation or biodiversity will always be reinstated. It was also typical for sites to nominate a 

combination of PMLUs. It was observed that mine sites tend to focus on the rehabilitation descriptions or 

fail to consider the utility value of the rehabilitation when detailing the PMLU(s). An example is provided to 

demonstrate the potential utility values of mine rehabilitation. It is also suggested that there are benefits to 

referencing a PMLU classification system available in Australia to bring consistency and transparency to 

Government and community while assisting rehabilitation planning for mining companies. Information 

presented in this chapter is useful for policy direction and support decision and policymaking at a landscape 

level. The next chapter provides an introduction to the case study site; Wilpinjong Coal Mine that is further 

referenced in this thesis.  
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5 Case Study - Wilpinjong Coal Mine 

This chapter introduces the study site for this thesis; Wilpinjong Coal Mine (henceforth ‘Wilpinjong). 

Wilpinjong is representative of coal mines in Central NSW. It is also a relatively modern mine that has 

recently altered its PMLU, allowing a chance to reflect how rehabilitation is considered within the NSW 

mine approval process. There is evidence that social, economic and cultural values may be considered 

selectively in decision-making and NSW policy requirements (Chapter 2). In later chapters, the Wilpinjong 

case study is used in focus groups to elicit community preferences for mine site rehabilitation (Chapter 6), 

and in the choice experiment (Chapters 7 and 8).   

5.1 Wilpinjong Coal Mine description 

Wilpinjong is an open cut thermal coal mine situated approximately 40 kilometres northeast of Mudgee 

(Figure 5.1). Initial mining approval was received in February 2006 and the mine is currently expected to 

operate until 2033 (Wilpinjong Coal Mine, 2020). Wilpinjong is in the in central New South Wales (NSW). 

The village of Wollar with a population of approximately 65 people is about 1.5 km from the mine site. The 

major population centres in the region are Gulgong, with approximately 2,500 people, and Mudgee, with 

about 10,000 people (Australian Government, 2016). 

Wilpinjong transports coal by rail to domestic customers for electricity generation and to the Newcastle 

port for export. The mine operates 24 hours per day, seven days per week (Wilpinjong Coal Mine, 2017), 

and produces up to 16 million tonnes per annum (Mtpa) of run-of-mine coal. Approximately 475 people are 

employed at the mine. Wilpinjong is part of an established coal mining area with three operational coal 

mines producing around 20% of the total of NSW’s coal production (New South Wales Government, 2016). 
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Figure 5.1 Location of Wilpinjong Coal Mine 

 

 

5.2 Biophysical and landscape aspects relevant to mine rehabilitation 

5.2.1 Water 

Wilpinjong is situated in the Upper Hunter sub-region of the Hunter Central Rivers Catchment Management 

Authority. The site drains to the Goulburn River via its tributaries, including Wilpinjong Creek, Cumbo 

Creek, and Wollar Creek. Cumbo Creek is approved to be relocated as part of PA 05-0021. At a local level, 

the mine lies in the Wilpinjong Creek catchment and is drained by several local tributary watercourses of 

Wilpinjong Creek, including Cumbo Creek and Planters Creek.  

Prior to mining activities, Spring Creek, Narrow Creek, and Bens Creek were natural drainage lines that 

range from small ephemeral and semi-perennial spring-fed streams in the upper reaches near the 

Munghorn Gap Nature Reserve to wide ill-defined ephemeral creeks in the lower reaches near Wilpinjong 

Creek (Wilpinjong Coal Mine, 2014). The majority of the flowlines of Narrow Creek and Bens Creek have 

been substantially modified, with the upslope flows diverted around the infrastructure and mining areas 

(Wilpinjong Coal Mine, 2014).   

5.2.2 Vegetation and biodiversity  

Wilpinjong is situated on the valley floors between elevated National Parks, Nature Reserves, and Crown 

Reserves consisting of steep timbered ridges. The Goulburn River National Park lies directly to the north of 
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the mining lease, and the Munghorn Gap Nature Reserve shares a common boundary to the south (Figure 

5.6 and Figure 5.7).  

Early European settlers cleared the flat valley floor to graze stock and cultivate pastures (Wilpinjong Coal 

Mine, 2020). The land clearing resulted in a loss of vegetation linkage between the escarpment areas, 

which have become isolated for the most part (Wilpinjong Coal Mine, 2021).  

The condition of native vegetation within the Wilpinjong area and surrounds varies, with most disturbances 

occurring along watercourses and on flat and undulating areas that have been cleared for agriculture. Most 

natural vegetation is restricted to the steep hills and slopes outside the Wilpinjong disturbance area 

(Wilpinjong Coal Mine, 2021). The area can be generally described as dry sclerophyll eucalypt 

forest/woodlands and open grassland communities. Several threatened ecological communities under the 

Threatened Species Conservation Act 1995 (TSC Act) or the Environmental Protection and Biodiversity 

Conservation Act 1999 (EPBC Act) are present within Wilpinjong and surrounding areas.  

The Wilpinjong Biodiversity Offset Strategy (SSD-6764) addresses unavoidable impacts on threatened 

species, populations, and communities listed under the TSC Act or EPBC Act. The Biodiversity Offset 

Strategy comprises of mine rehabilitation, Biodiversity Offset Areas set aside for conservation and managed 

in perpetuity, and Wilpinjong’s rehabilitation Strategy. In addition, the Biodiversity Offset Strategy includes 

a number of Environmental Conservation Areas and residual Regeneration Areas associated with Approval 

PA 05-0021 that aim to create linkages between the woodland rehabilitation areas and the Goulburn River 

National Park and Munghorn Gap Nature Reserve (see Figure 5.7). The Biodiversity Offset Strategy will also 

assist in the faunal re-colonisation of the Wilpinjong’s Rehabilitation Areas and residual Regeneration Areas 

(Wilpinjong Coal Mine, 2021). 

5.2.3 Geology, soils and geochemistry 

Wilpinjong is located within the Western Coalfield near the margin of the Sydney-Gunnedah Basin. The 

main geological unit is Permian ‘Illawarra’ Coal Measures, consisting of shale, sandstone, conglomerate, 

and coal. It is overlaid by Triassic sandstone and mudstone parent material that lies beneath the nearby 

rocky ridgelines. Other geological features include Rylstone volcanics, Shoalhaven Group, Narrabeen 

Groups, Tertiary Basalts, and Quaternary Alluvium. Soil conditions at the mine are generally sup-optimal for 

plant growth (McKenzie, 2013).  

The bulk of the waste rock is expected to be non-acid-forming and non-saline. There is a low potential for 

material occurring in floor rock to be acid generating (Geo-Environmental Management, 2015). Tailings and 

coarse reject produced from the coal handling processing plant have some potential to be acid-forming. 
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Therefore, the Wilpinjong rehabilitation strategy involves an appropriate capping strategy of the tailings 

storage facilities, and the coarse reject is dumped in pit and covered with waste rock material.  

Wilpinjong has had spontaneous combustion events that have historically been associated with the ‘run of 

mine’ coal stockpiles and carbonaceous material located in waste rock dumps (Wilpinjong Coal Mine, 

2021a). Spontaneous combustion occurs where carbonaceous material ignites as a result of rapid oxidation 

without heat or ignition from an external source. Preventative strategies employed by the mine include 

propensity characteristics of the geology and sealing non-active coal seams. Results from the testing 

program guide material placement in the rehabilitation landforms to ensure encapsulation of problematic 

material.  

5.2.4 Climate 

The Wilpinjong area experiences a temperate climate with an average rainfall of 650 millimetres (mm). 

Rainfall is fairly consistent across the year, with slightly higher rainfall occurring in the summer months 

(Australian Government, 2020). Average daily temperatures peak in January (31.1oC), whilst the average 

daily minimum temperatures are lowest in July (1.1oC) (Australian Government, 2020a).  

5.3 Mine rehabilitation and final landform 

Wilpinjong follows standard industry processes for progressive mine rehabilitation, including creating 

landforms from mine waste, applying topsoil, and ameliorating before seeding with an appropriate species 

to meet the agreed PMLU. Wilpinjong’s steady-state mining consists of a combination of trucks and 

excavators with the assistance of dozers bulk pushing blasted overburden into the previous strip void, 

followed by coal removal. Waste material that is not bulk pushed with dozers is hauled into the previous 

strip void using haul trucks. The final landform is influenced by this mining method as it allows selective 

handling of waste rock, including more suitable material is available to encapsulate problematic materials. 

This mining method is also a cost-effective approach to mine rehabilitation as re-handling waste is generally 

not required as the waste rock is placed to optimise reshaping the final landform. Figure 5.2 demonstrates 

the mining process at Wilpinjong including mine rehabilitation. Figures 5.3 and 5.4 show mine rehabilitation 

completed at Wilpinjong.  

The final topography for Wilpinjong aims to approximate the pre-mining topography that will be free 

draining allowing surface flow to be reinstated into Wilpinjong Creek to the north of the site. At closure, 

two final voids will remain, with one that will abut the Moolarben Coal Mine boundary (see Figure 5.7). Due 

to the low strip ratio of the mine, the proposed voids are relatively modest (both in depth and extent) 

compared to the final voids approved for most other open cut coal mines in NSW (Wilpinjong Coal Mine, 
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2016; Energy & Resource Insights, 2016). The depth of the coal and mining method employed at Wilpinjong 

makes progressive rehabilitation relatively easy to achieve in a timely manner.  

Figure 5.2 The mining process at Wilpinjong (own photo)

 

Figure 5.3 and Figure 5.4 Photos of mine rehabilitation at Wilpinjong (own photos) 

 

5.4 Aboriginal cultural heritage 

Aboriginal cultural heritage is well documented for Wilpinjong. Occupation of Wilpinjong by Aboriginal 

people primarily occurred within the past 5,000 years but may have extended as far back as 30,000–40,000 

years (Wilpinjong Coal Mine, 2019). Members of the north-eastern clan of the Wiradjuri predominantly 

occupied the area (Wilpinjong Coal Mine, 2019).  

Several Aboriginal cultural heritage surveys, assessments, and salvage programs have been undertaken 

within the vicinity of the open cut areas and the surrounds of Wilpinjong. A total of 702 Aboriginal sites 

within and adjacent to Wilpinjong have been identified and include: artefact scatters isolated artefacts, 

bora/ceremonial site, waterhole/well, lithic quarry, grinding grooves, rock shelters with artefacts/potential 

artefact deposit and/or rock art, and scarred trees (Wilpinjong Coal Mine, 2019). Any Aboriginal artefacts 

Coal removal 
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collected are stored in a keeping place. In consultation with the NSW Government and the Aboriginal 

communities, these objects may eventually be replaced within the rehabilitated landscape. 

There is no evidence in the publically available documents or mine approval process to support cultural 

heritage ideologies (e.g. the re-creation of songlines) in landform design and PMLU decision-making. 

Additionally, there is no evidence of Indigenous cultural perspectives in the selection of flora species used 

in mine rehabilitation.  

Native title is the recognition in Australian law that Indigenous people have rights and interests to their 

land that come from their traditional laws and customs (Wilpinjong Coal Mine, 2019). A Native Title 

Agreement is in place between Wilpinjong and the North Eastern Wiradjuri Native Title claimants. This 

agreement is confidential, but covers employment, training, compensation and protection of cultural 

heritage at the mine (ABC News, 2005).  

5.5 Land-use 

5.5.1 Pre-mining and local current land-use 

Land-use in the vicinity of Wilpinjong is characterised by a combination of coal mining operations, 

conservation areas, agricultural land-uses, and the village of Wollar. Before mining operations commenced, 

the Wollar area was typical of early European settlement where lands deemed arable were cleared of most 

vegetation and primarily used for dryland cropping and improved grassland for sheep and cattle 

(Wilpinjong Coal Mine, 2020). Non-Aboriginal history commenced in this landscape during the 1830s when 

small pastoral holdings were established along the flats of the major rivers (New South Wales Government, 

2003). The pre-mining land-use within the mining lease area was traditionally sheep and cattle grazing. Coal 

mining has been developed to the west of the mine since the late 1980s (Wilpinjong Coal Mine, 2010).  

Rural residential development is evident through the existence of local villages of Wollar, Ulan, and the 

localities of Cumbo, Slate Gully, and Araluen. However, some land within the mining lease was divided into 

smaller “lifestyle” blocks (Wilpinjong Coal Mine, 2010).  

A rural land capability assessment (New South Wales Government, 2012) determined that the land 

capability is suitable for a limited set of land-uses, including grazing, forestry, nature conservation, and 

some horticulture (McKenzie Soil Management Pty Ltd, 2015), and not more intensive agriculture. WCM 

does not contain any Biophysical Strategic Agricultural Land or Critical Industry Clusters. 

Peabody Energy has also acquired large rural holdings to the east and southeast of the mine, which are 

leased to landholders primarily for agriculture purposes. Key infrastructure in the region includes the Sandy 
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Hollow Railway (major railway to transport coal to port) and regional road network. Several local and 

regional electricity transmission lines are situated in the area, including a 330 kV transmission line owned 

by Transgrid from Wollar to Wellington. Moolarben Coal Mine shares the western boundary of Wilpinjong, 

and the Ulan Coal Mine complex is located approximately 16 km to the northwest.  

5.5.2 Current regional land-use 

The central west region of NSW has traditionally relied on agriculture and horticulture as the main 

economic activity. However, coal mining, viticulture, and tourism are increasingly providing employment 

and income in the region. The other significant land-use in the region in the region is the conservation of 

remnant native vegetation. This includes Goulburn River National Park the Munghorn Gap Nature Reserve, 

Curryall State Conservation Area, and the Durridgere State Forest. About 4,000 hectares of land have been 

conserved in perpetuity as biodiversity offsets mining companies (New South Wales Government, 2014).  

5.5.3 Government planning directions  

Various relevant government planning requirements affect Wilpinjong and include (Elliott Whiteining Social 

Planning Solutions, 2015): 

 Mid-Western Regional Local Environmental Plan 2012 (New South Wales Government, 2012b) 

 Central West and Orana Regional Plan 2036 (New South Wales Government, 2017b) 

 Strategic Regional Land-use Plan – Upper Hunter, 2012 (New South Wales Government, 2012a) 

 Towards 2030: Mid-Western Region Community Plan (MWRC, 2013) 

These plans aim to guide land-uses and strategies that promote environmental, economic, and social well-

being. Most plans aim to reduce possible conflict between adjoining land-uses and ensure there is 

adequate land to meet future needs. None of these plans include a regional planning framework for mine 

closure in the Mid-Western regional area. The Strategic Regional Land-use Plan – Upper Hunter, 2012 (New 

South Wales Government, 2012a) references the Synoptic Plan Integrated Landscapes for Coal Wilpinjong 

Rehabilitation in the Hunter Valley of NSW (New South Wales Government, 1999), which provides the 

principles for an integrated approach to landscape management and post-mining rehabilitation for the 

Hunter coalfield but does not include the Mudgee mining area. The Synoptic Plan is not a statutory 

document and is currently under review.  
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5.6 Mine rehabilitation and post-mining land-use approvals 

Mining is recognised as a temporary land-use and is part of sequential land-use for the Wilpinjong area. The 

pre-mining land-use for the Wilpinjong area was predominately grazing (Excel Coal, 2006). Wilpinjong 

initially operated under Project Approval (PA 05-0021) granted by the Minister for Planning under Part 3A 

of the NSW Environmental Planning and Assessment Act 1979 (EPA Act) on 1 February 2006. The PMLU 

granted under PA 05-0021 was grazing activities of varying intensity and woodland habitat (Wilpinjong Coal 

Mine, 2017). Figure 5.6 shows that native woodland vegetation forms part of the Wilpinjong Biodiversity 

Strategy by establishing links between rehabilitation areas, regeneration areas, and existing remnant 

vegetation in the Munghorn Gap Nature Reserve, Goulbourn River National Park, and Environmental 

Conservation Areas (Wilpinjong Coal Mine, 2016).  

In 2014, Wilpinjong applied to extend the area mined as part of the Wilpinjong Extension Project by 

approximately 800 hectares (ha) of open cut extensions. During the Wilpinjong Extension Project approval 

process, the mine proposed to continue the mine rehabilitation strategy of creating a PMLU of grazing and 

woodland, by establishing connective woodland corridors through the mine (Figure 5.6). A review was 

completed of all public objections received during the initial public exhibition, showed no objections were 

received on Wilpinjong’s proposal to continue with these PMLUs. Wilpinjong later reached an agreement 

with the NSW DPE to change the mine rehabilitation to only woodland. This change was made by the 

behest of the NSW DPE (Flood, 2016). The rationale to remove grazing as a PMLU was that the additional 

woodland area would allow the company to meet its offset requirements within the mine footprint.  

In 2017, Wilpinjong was granted Development Consent (SSD-6764) for the Wilpinjong Extension Project 

which replaced Project Approval (PA 05-0021). Development Consent (SSD-6764) removes any reference to 

grazing and sees the site return to woodland. The total mine disturbance footprint of 2906 ha, including 

approximately 200 ha of existing rehabilitation, will be returned to ecological communities used as a credit9 

under the NSW Biobanking Scheme to primarily provide habitat for the Critically Endangered Regent 

Honeyeater (Anthochaera Phrygia). Figure 5.7 shows the currently approved final PMLU at Wilpinjong 

(Wilpinjong Coal Mine, 2021). The Development Consent (SSD-6764) and EPBC 2015/7431 approval contain 

compliance obligations for mine rehabilitation. Wilpinjong is conditioned to meet mine rehabilitation 

performance criteria within five years (EPBC2015/7431) and ten years (SSD-6764) after establishing the 

rehabilitation landform. Wilpinjong may be required to seek alternative credits under the NSW Biobanking 

Scheme if found not to meet its obligations.  

                                                           
9
 Requirements of EPBCA 2015/7431 managed under bilateral agreement with NSW OEH 
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As indicated in the Wilpinjong Extension Project’s Environmental Impact Statement, the proposed PMLU of 

grazing with woodland corridors is in general accordance with the Mid-Western Regional Local 

Environment Plan 2012 (Wilpinjong Coal Mine, 2016). No further reference was to confirm whether the 

change of PMLU (to only woodland habitat) remains consistent with the Mid-Western Regional Local 

Environment Plan (2012). 

A change of a PMLU is uncommon as a mine site will typically not alter from the initially approved PMLU. 

Exceptions may include older mines with legacy approvals and don't contain a permissible PMLU, or a site 

nearing closure might investigate alternative PMLU's to the granted initially. However, examples of such a 

change are still limited. Consequently, an opportunity exists for the Wilpinjong to be used as a case study 

site to investigate community members' environmental and social values for mine rehabilitation.  

Figure 5.5 Regent Honeyeater (Anthochaera Phrygia) (ABC News, 2020) 

 

During the consultation process as part of the NSW Independent Planning Commission’s responsibilities for 

the Wilpinjong Extension Project, concerns were raised by the community on the capability of using mine 

rehabilitation as a credit under the NSW Biobanking Scheme (Pavich, 2017; Hunter Environment Lobby Inc, 

2017; Central West Environment Council, 2017). Points of concerns included that the use of mine 

rehabilitation as offset credits is untested, mine rehabilitation cannot replicate the mature ecosystems that 

the credits aim to replace, and remaining voids will not be of suitable water quality to support this land-

use. The NSW Office of Environment and Heritage (referral agency) also voiced doubt on the use of mine 

rehabilitation as an offset, highlighting that the benefits from mine rehabilitation for the Regent 

Honeyeater will not be generated for at least 20 years after rehabilitation areas are planted (NSW 

Government, 2016). 
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Figure 5.6 Approval PA05-021 Final Post-Mining Land-use (Source: Wilpinjong Coal Mine, 2016) 

 

Figure 5.7 Approval SSD-6764 Final Post-Mining Land-use (Source: Wilpinjong Coal Mine, 2021) 
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A Cost-Benefit Analysis (Deloitte Access Economics, 2015) of the Wilpinjong Extension Project was 

completed in accordance with NSW Government policies outlined in Chapter 2. While the CBA does include 

a cost allocation for mine rehabilitation, it does not explain the methods used to calculate the costs (CIE, 

2016). The value attributed for mine rehabilitation for the Wilpinjong Extension Project was approximately 

$13 Million (proposed NPV) (Deloitte Access Economics, 2015). However, the CBA was not reassessed to 

reflect the change of PMLU from grazing and woodland to woodland habitat only. In 2017, Wilpinjong's 

rehabilitation security deposit was $48,685,000 (New South Wales Government, 2017a), and it is unknown 

how the change in PMLU has affected the deposit as this information is not publically available 

 A peer review of the Social Impact Assessment for the Wilpinjong Extension Project (Elton Consulting, 

2016) inferred that the PMLU of Wilpinjong lacks consideration of social values in the mine rehabilitation 

decision-making. 

5.7 Discussion and conclusion 

Consideration of social and cultural perspectives as part of mine rehabilitation and PMLU decisions is 

needed to inform rehabilitation outcomes (Smith, 2008; Smith, 2011; Barnes et al., 2020; Owen & Kemp, 

2018). A review of the Social Impact Assessment for the Wilpinjong Extension Project (Elton Consulting, 

2016) concluded that social aspects of the PMLU were not considered as part of the project. This suggests 

that Wilpinjong did not give adequate consideration to social values in its rehabilitation decision. Similarly, 

there is no evidence of Indigenous cultural perspectives when carrying out mine rehabilitation aspects in 

the WEP EIS or other site documents. This is not a current requirement of NSW policy specifically although 

as a stakeholder; the registered Aboriginal parties’ interests should be considered. Aboriginal individuals 

retain strong symbolic and material connections to the species, landscape features, spiritual entities, songs, 

stories, and memories that comprise ‘Country’ and sustain its inhabitants (Cohen, 2017). Some researchers 

(Smith, 2008; Butler et al., 2012; Garibaldi, 2009) considered plants and animal species relevant to 

Indigenous perspectives into mine rehabilitation design. Cohen (2017) discusses the need to incorporate 

lived experience and future aspirations of Aboriginal Traditional Owners in mine rehabilitation. As such, the 

Wilpinjong, or NSW Government, by omitting the requirement to do so, may not realise social and cultural 

values in mine rehabilitation decision-making. The lack of social and cultural considerations is not 

uncommon as regulatory guidelines for mine rehabilitation in Australia are narrowly focused on addressing 

the biophysical properties of mining, resulting in social and cultural aspects being insufficiently addressed, 

and even less so, for Indigenous engagement (Bond & Kelly, 2020). 

Little information is available to understand the reasoning for NSW DPE’s request for Wilpinjong to alter 

the PMLU to only woodland. There appears to be no NSW policy or planning requirements to warrant such 
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a change. The community and the mine owners did not object to the existing PMLU of grazing and 

woodland and concerns raised by the NSW Office of Environment and Heritage (New South Wales 

Government, undated) on using mine rehabilitation as a biodiversity offset appear to have been ignored. 

This suggests that NSW DPE has acted upon its own interests and may not have taken stakeholder interests 

into account in their decision. The lack of reasoning for the NSW DPE decision to change the PMLU detracts 

from the transparency of the approval process leading to government distrust that may negatively affect 

the communities’ acceptance of Wilpinjong’s PMLU. Further discussion on why transparency and trust are 

needed in mine rehabilitation decisions is presented in Chapter 6.  

A CBA was conducted as a requirement for the environmental impact assessment process in NSW (refer to 

Chapter 2). A CBA for the Wilpinjong Extension Project was completed in accordance with NSW guidelines 

and included rehabilitation costs. The NSW DPE conducted an independent review of the CBA (CIE, 2016) 

and found no evidence on methodologies on how mine rehabilitation costs were justified. When Wilpinjong 

changed the PMLU to be entirely woodland, no new CBA was conducted to investigate the implications of 

the decision. This highlights a shortfall in the current NSW Government policy. For example, the costs of 

establishing native ecosystems are much higher compared to creating land suitable for grazing, and it takes 

more time to achieve the rehabilitation objectives of conservation and biodiversity. Furthermore, there are 

costs and time aspects relevant to rework already completed rehabilitation efforts at WCM to meet the 

new requirements. Additional risks exist to the completion criteria success around the more stringent 

ecological vegetation types prescribed in new WCM compliance obligations. Furthermore, post 

relinquishment of the mining lease, there are limitations for future land-uses and owners as mine 

rehabilitation being is used to satisfy NSW Biobanking requirements. Likely land ownership options 

available to WCM are: gift the land to the NSW National Park to increase their estate (usually with a 

significant payment to NSW National Parks for management costs), WCM can hold as an asset and pay on-

going maintenance costs, or sell at a low value with a caveat of no future development. Consequently, land 

valuation for the rehabilitated land may be rendered valueless compared to other land-uses in the area like 

grazing. Changes to social, economic, and environmental benefits generated by the change in PMLU were 

also not addressed in the CBA process. To maintain transparency any changes should have been reflected in 

a new CBA assessment.  

Proposed PMLUs are considered as part of the NSW Government mining approval process (Chapter 2) as a 

goal of mine rehabilitation. However, it is suggested not much attention is given to how the PMLU fits with 

the planning instruments. Instead, it is common for an operation to only reflect on the validity of a PMLU in 

reference to planning schemes in more depth when approaching mine closure. By that stage, earlier 

decisions and actions of operators will influence the available PMLU options (Evans, 2011). Contemplation 
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of regional land-use is needed to ensure rehabilitated land blends into landscapes and meets human 

development needs (Hattingh et al., 2019). All planning instruments relevant to the Wilpinjong are absent 

of a regional planning framework that addresses mine rehabilitation and closure. This is a common 

observation throughout Australia (CPPA, undated). The need for a regional planning framework in NSW 

that addresses mine closure is more important than ever. As a result of countries’ transition away from 

thermal coal to meet their climate change obligations under the 2016 Paris Agreement, coal mining 

communities in NSW expect to be heavily impacted. In response, the NSW Government is now looking for 

prospects to transition coal mining communities to alternative industries (McCarthy, 2021), providing an 

opportunity for productive PMLUs that can assist in reducing socio-economic impacts when mines close.  

This chapter presented an overview of the thesis’ case study site. Wilpinjong is considered a rare example 

of a mine changing an approved PMLU, providing an opportunity to use as a case study to assess different 

land-use options. The change in PMLU resulted from a recent regulatory approval for the WEP, allowing a 

review of how mine rehabilitation is considered part of the NSW mine approval process. Although the 

Wilpinjong Extension Project met all the NSW mining approval process obligations, examination suggests 

possible shortcomings. A re-evaluation of the CBA did not occur to fully appreciate the consequences of the 

variation in PMLU, including: additional time and costs, increased risk to meeting rehabilitation success 

criteria, limitations to future landowners, uses, and land valuations, landform requirements, and associated 

social and economic values. Public information is lacking as to why NSW DPE requested changes in PMLU to 

be woodland, which detracts from the regulatory transparency. Finally, there is a need for a regional 

planning framework that considers mine rehabilitation and PMLU, especially as coal mining areas are 

expected to be impacted through countries' decarbonising to meet climate change targets. The Wilpinjong 

coal mine is used in this thesis to investigate community members' environmental and social values for 

mine rehabilitation in Chapters 6, 7, and 8 
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6 Community attitudes on mine rehabilitation of open-cut coal mines in 

regional New South Wales 

The need for community's input in mine rehabilitation decisions is well recognised (NSW Government, 

2017; Australian Government, 2016; Everingham et al., 2018); however, there appears to be little research 

on community attitudes towards mine rehabilitation in New South Wales (NSW). This chapter presents 

emergent themes identified in focus groups using Wilpinjong Coal Mine (Chapter 5) as a case study. Results 

presented in this chapter will be helpful in decision and policymaking and may improve community 

engagement processes around mine rehabilitation and closure planning. Outcomes of focus groups were 

used to refine the attributes used in the choice experiment surveys (CE survey) discussed in Chapters 8 and 

9 that aim to elicit social and environmental values of mine rehabilitation. 

6.1 Introduction  

Mining makes a significant contribution to the Australian economy and social wellbeing (Laurence, 2021). 

At the same time, surrounding communities are confronted with social, economic, and environmental 

impacts. Mine rehabilitation is carried out to minimise mining impacts, as a compliance obligation, and is 

often seen as a way to demonstrate a mining company's 'social licence to operate' (Bice, 2014; QRC, 2021; 

QLD Government, 2017; Lawrence, 2021; Australian Government, 2016). There are often choices involved 

to determine the final form of mine rehabilitation, and ideally, the community should be involved in the 

decision process. It is widely agreed that community engagement on mine rehabilitation outcomes is 

needed to ensure acceptance and successful transition to post-mining land-uses (PMLUs) (Everingham et 

al., 2018a; Owen & Kemp, 2018). Nevertheless, there is little information about community preferences for 

mine rehabilitation in NSW. This chapter aims to add to the limited research on community preferences 

towards mine rehabilitation in regional NSW.  

In Australia, there is a perception that mining negatively affects the environment and local communities 

(Moffat et al., 2017). Consequently, mine rehabilitation is required to be ever more effective and have 

outcomes in keeping with the preference of the community (Waggitt & Zapantis, 2002). Currently, the 

Australian public expects that mine sites will be rehabilitated (Lamb et al., 2015), that mine rehabilitation is 

seen by the Australian public as something that is important to do so (Moffat et al., 2017), and research 

shows that in situ mine site rehabilitation is preferred over compensatory biodiversity offset programs 

(Burton et al., 2012). 

The definition of what constitutes a community needs to be established before we can elicit their 

preferences. For example, the community may be thought of as the local population immediately 

surrounding an operation or a network of geographically dispersed people linked by a shared set of 
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interests or experiences (Australian Government, 2016a). The ‘community’ in this research is defined as the 

population of NSW.  

In NSW, negotiations between mining companies and the NSW Government typically determine the final 

conditions for mine closure and rehabilitation (Chapter 2). Ideally, consultation with communities affected 

by mining should begin early in the mine's life and then be ongoing (Ivanova et al., 2007; Bainton & 

Holcombe, 2018; ICMM, 2019). However, recently community members in NSW have questioned the 

effectiveness and value of community input during this process, having lost faith in the NSW planning 

process with some feeling their concerns remain unresolved, while others believe there is a lack of 

transparency in the decision-making process (Mudgee Guardian, 2021; Singleton Argus, 2021). Community 

members recognise that they should have input in developing mine rehabilitation outcomes but feel their 

opinions do not carry much weight in Government decision-making. Notably, there are few examples in 

NSW where mine rehabilitation outcomes proposed by a mining company have been altered due to 

community input during a mining approval process. The author is only aware of one known example in 

NSW, the Bylong Valley Coal Mine (NSW Government, 2019); where a mine application was refused in part 

due to community concerns about mine rehabilitation. Therefore, supporting the concerns held by 

community members of an imbalanced planning system within NSW, might be valid. 

Government policy in NSW (see Chapter 2) recognises that people should have a say in decisions that affect 

their lives and that participation in decision-making results in better outcomes (NSW Government, 2017a) 

Community involvement will also improve the quality, ownership, and acceptance of the decision being 

made through option forming, awareness raising, and economic efficiency (ANZMC, 2000; Collier & Scott, 

2008; Padur & Purre, 2021). Meaningful community engagement can also increase transparency and trust 

between mining companies and communities, leading to higher acceptance rates and confidence in 

proposed rehabilitation outcomes. A failure to engage stakeholders in a transparent process is recognised 

as a primary failure of the mine closure process (McCullough, 2016).  

There are currently very few examples of mine sites within Australia that have successfully achieved 

rehabilitation objectives (Lamb et al., 2015; Australian Government, 2019), raising important questions 

about current mine rehabilitation and closure processes. While public perceptions towards the impacts of 

mining developments have been explored (Viveros 2014; Walsh et al., 2017; Martin et al., 2014; Ivanova et 

al., 2007; Windle & Rolfe, 2013; van der Plan et al., 2016; Ivanova & Rolfe, 2011; Moffat et al., 2017), there 

appears to be little attention specifically on attitudes towards mine rehabilitation in Australia. No studies 

were identified that consider New South Wales community members' preferences. Studies in the Australian 

literature (Burton et al., 2012; Rosa et al., 2020; Everingham et al., 2018; Golding 2002) identified and 
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valued mine rehabilitation attributes held by subset groups of community including graziers, recreation 

users, mining groups, regulators, and local community members. Further details on the studies cited above 

can be found in Chapter 3. In this chapter, emergent themes identified in focus groups using Wilpinjong 

Coal Mine (Chapter 5) as a case study are presented 

6.2  Methods 

Focus groups sit within a qualitative research tradition (Hennink, 2013). A focus group comprises a small 

number (6-12) of people who are recruited to discuss a subject on the basis of their shared experience. 

Focus groups are typically structured as an open planned discussion guided by a facilitator. The benefit of 

using focus groups is that a group can generate a wide range of data very quickly, is cost-effective, and 

allows dynamic interactions between participants to articulate ideas (Collier & Scott, 2010).  

Focus groups were held with NSW public and mining stakeholders of directly affected communities in 

Mudgee and a regional urban centre (Dubbo) to explore public perceptions of mine rehabilitation and 

subsequent PMLUs. The focus groups provided insight into the importance of different mine site 

rehabilitation attributes held by the focus group participants, which were subsequently used in the CE 

survey (Chapters 8 and 9). The focus group discussions followed a semi-structured workshop and focus 

group guide (Appendix 1). Human ethics approval was provided by the UWA Human Research Ethics Office 

RA/4/20/5171.  

Three focus groups were held over three days during July 2019 in Mudgee and Dubbo. All focus group 

participants were over 18 years of age. Two different focus groups formats were used. Two focus groups 

(Dubbo FG and Mudgee FG) were attended by 15 local community members who did not necessarily have 

specific knowledge about coal mining or rehabilitation. Participants of these focus groups were identified 

via local service clubs, discussions ran for approximately 1.5 hours, and participants were paid $20. for their 

attendance. The third focus group involved community members who were more familiar with Wilpinjong 

Coal Mine. This focus group, which is referred to as the Technical Expert Workshop (TEW), was attended by 

14 representatives from an environmental advocacy group, local business, mine employees, Aboriginal 

groups, the Mid-Western Regional Council, local landholders, and members of the Wilpinjong Coal Mine 

Community Consultative Committee. This session ran for approximately 3 hours. The TEW included a 

breakout session that explored potential PMLU's and associated community benefits for Wilpinjong Coal 

Mine. Photos captured at the TEW are shown in Figure 3.1.  

To avoid any perceived conflict of interest or bias in the data generation process, the focus groups held in 

Mudgee were led by Assoc Prof Marit Kragt, who does not have a prior relationship with participants in the 

region. The sessions were audio recorded with permission from each participant. Detailed notes were also 
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taken, and on some occasions, a whiteboard was used to capture comments from participants allowing 

visualisation of ideas. Data analysis began by transcribing verbatim all discussions. 

Thematic analysis was then undertaken of the data in a systematic way to break it down into emergent 

themes. Thematic analysis is a method for identifying, analysing, and reporting patterns (themes) within 

the data (Braun & Clarke 2006). It is recognised as a foundational method for qualitative analysis (Braun & 

Clarke 2006). A theme is a pattern that captures something significant or interesting about the data 

(Maguuire & Delahunt, 2017). 

Figure 6.1 Photos from the Technical Expert Workshop 

  

6.3 Results  

The three focus groups were attended by 29 participants in total. Emergent themes were identified using 

four headings: 1) mine rehabilitation (general), 2) mine rehabilitation (success and benefits of achieving), 3) 

information for community decision-making, and 4) PMLU (Table 6.1). There was no consensus across the 

three focus groups on all mine rehabilitation aspects, indicating differing perspectives of participants.  
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Table 6.1 – Emergent themes on mine rehabilitation from the three focus groups (Dubbo FG, Mudgee FG, 

and TEW)

Headings Emergent themes 
Times 

mentioned 

Mine 
rehabilitation 

(general) 

Process - approach & time taken to achieve rehabilitation, the role of regulators, 
landscape effects 

24 

Quality - quality of rehabilitation, scepticism to achieve rehabilitation goals, 
aesthetics, current performance 

19 

Communication – needed on rehabilitation and PMLU goals, transparency needed 15 

Definition - includes physical, stakeholder involvement, usefulness 7 

Risks - residual risk, who pays for failure 5 

Defining 
rehabilitation 

success & 
benefits 

Use of mine rehabilitated land – beneficial land-use, needs to be sustainable, 
reinstate to previous land-use 

25 

Attributes - water, flora/fauna, soil, infrastructure, safety, ecosystem services, 
indigenous perspectives included 

20 

Aesthetics - rehabilitation needs to look good, help stop looking like a moonscape, 
help to forget about mining, different perception as to what looks good 

12 

Role of Government - approval/sign-off, in early stages of rehabilitation testing 
techniques 

7 

Other - holistic approach, needs to be resilient, restore community health and 
wellbeing 

5 

Information for 
community 

decision-
making 

 

Other informational aspects - land, flora/fauna, infrastructure considerations, time 
taken to achieve, distance from the population, community population, aesthetic, 
water quality, regulatory requirements, risks, Aboriginal heritage  

21 

Land-use and ownership – surrounding land-use, previous land-use, land-use, land 
ownership  

20 

Stakeholders – understanding community dynamics (population, distance from 
community etc.), stakeholders include (native title members, Government agencies, 
community members, people from the area, Chamber of Commerce), the community 
should have the strongest say, Community Advisory Group created, stakeholder 
fatigue 

20 

Decision process – mine rehabilitation decision involves an analysis, PMLU is not a 
static decision  

16 

Economics – costs, jobs created, the land value, beneficial for the community 14 

Sustainability – has to be achievable, balanced & common sense approach is needed, 
needs to be sustainable for future generations 

9 

Post-mining 
land-use 

Biodiversity – habitat for wildlife, local trees, flora, ecosystem services, biodiversity, 
bushland  

14 

Alternative energy (solar, wind, pumped hydro) 13 

Recreation – tourism, camping grounds, 4WD or bike/motorbike park, water park on 
voids, tourist park, botanical gardens, rock climbing, liveable region approach with 
healthy living (rock climbing and abseiling) 

11 

Agriculture- cattle, farming, and grazing, pastoral, fatten lambs and cattle, 
aquaculture, market garden 

11 

Reinstate previous land-use 6 
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Forestry – commercial, bio-forestry 6 

Water management – reinstate natural flow lines, excess to surface water, 
groundwater recharge, water treatment facility like Bobadeen (Ulan Mine) 

5 

Education facility – cultural centre (Indigenous and European heritage), education  4 

Infrastructure – use existing infrastructure  3 

Residential – housing and residential options 3 

Industrial 2 

Firewood/cut rail sleepers 2 

Other (Emergency management - fire management, airstrip) 2 

 

6.3.1 Mine rehabilitation (general)  

6.3.1.1 The process of mine rehabilitation 

The process of completing rehabilitation was the second most discussed theme amongst participants (after 

‘use of rehabilitated land’ Section 6.3.2). It was generally agreed that rehabilitation would take a long time; 

however, as long as rehabilitation commences as soon as possible, long rehabilitation time frames are 

largely acceptable. While all focus group participants generally agreed that mine rehabilitation is important 

to complete, one focus group believed this is solely because regulators "force rehabilitation to happen" 

(Dubbo FG) and not because mining companies want to meet their mine rehabilitation obligations. In two 

groups, it was perceived that mine regulation is now more stringent than in previous years, meaning that 

community believe mining companies will progressively rehabilitate disturbed areas and the Government 

act in the interest of community, and scrutinise the mining companies rehabilitation efforts.  

6.3.1.2 Quality of mine rehabilitation  

The quality of mine rehabilitation achieved by the mining industry was actively discussed across all three 

focus groups. Broadly speaking, focus groups participants believe the mining industry has recently 

improved rehabilitation performance. Potential reasons given for the recent change are external factors 

such as environmental and community group advocacy and internal drivers such as social performance. 

Recent changes to mining regulations were also mentioned as a driver of rehabilitation quality. However, 

discussions concentrated in two focus groups on the Hunter Valley mining area, where participants 

expressed a more negative attitude where it was remarked that the area "looks like a moonscape" (Mudgee 

FG) and suggested the mines in this area need to be shut down as it "looks like a bomb has gone off” (TEW). 

Participants across all groups discussed scepticism about a mining company's ability to achieve 

rehabilitation goals. However, when pressed, this was predominately grounded around trying to reinstate 

native ecosystems and not when discussing alternative land-uses.  
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6.3.1.3 Mine rehabilitation definition  

Across focus group participants, there was no consistent response on the definition of mine rehabilitation. 

However, the focus group discussions indicated that participants would prefer a more inclusive definition 

that includes various social, environmental, and economic aspects. Some participants emphasised the 

physical and ecological aspects, while others suggested this should be expanded to include the usefulness 

of rehabilitated mines to future generations and the local community. Others recognised that 

“rehabilitation is not just the [physical] area” (TEW) but is also about the engagement process by the 

mining company when defining rehabilitation outcomes, for example, “to me rehabilitation is an engaged 

stakeholder, with [stakeholder] input and [mutually] agreed output, from the very start" (TEW).   

6.3.1.4 Mine rehabilitation risks 

Concerns around rehabilitation risk were also raised, including that current efforts towards rehabilitation 

and subsequent monitoring may not be sufficient. One participant pointed out that "we [society] … are in 

the very early stages of rehabilitation from the point of view of testing the [rehabilitation] techniques used 

by mines…" (TEW). Participants also spoke about the risk associated with mine rehabilitation performance 

over time. For example, climate change impacts and what might happen if failures occur in 50-100 years, 

with participants wanting to know who will be responsible for fixing it. The unknown risk of mine 

rehabilitation, or in other words, a future risk not currently known to the community, Government, or 

mining companies, was also raised as a concern by the Dubbo focus group. Contributors discussed that as 

risk management is based on current knowledge, they recognised that mine rehabilitation may still lead to 

negative impacts to the community in the future.  

6.3.2 Defining rehabilitation success and benefits 

6.3.2.1 Use of mine rehabilitated land 

The ultimate goal identified across all focus groups is to see mine rehabilitated land result in ‘beneficial’ 

land-use. Various aspects of beneficial land-use were identified: whether the rehabilitated land can be 

passed onto the next landholder, return of wildlife, employment opportunities, be used (passive or 

intensive), and whether income is generated for post-closure land management. One group concluded that 

the most favourable outcome was to ensure there is no economic burden to the community at mine 

closure. Aspects of sustainability of the PMLU were also seen as a success indicator to focus group 

participants. Facets included mine rehabilitated land that can be passed on to future generations to 

generate an income or that rehabilitated land is somehow ‘useful’ to them, for example, through recreation 

or the provision of endangered ecosystems. Some TEW members saw an opportunity to limit further 

human impacts elsewhere by using rehabilitated land instead of disturbing other areas for societal needs. 
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Other participants suggested that having a PMLU centred on alternative energy such as solar or wind farms 

could also be sustainable for society. 

6.3.2.2 Attributes of successful rehabilitation 

The biophysical characteristics of successful rehabilitation were raised in two focus groups. The top three 

aspects to emerge were water (groundwater and surface), flora and fauna, and soil. The reuse of 

infrastructure, creation of ecosystem services, restoring the health of the community, and incorporation of 

cultural perspectives were raised to a lesser extent. Not losing access to groundwater and groundwater 

quality was especially topical in the Dubbo focus group, where self-identified farmers attended. Only one 

group identified that having no mining voids left at closure is a characteristic of successful rehabilitation, 

suggesting that communities may accept voids as a necessary consequence of open-cut mining. While 

having greater levels of biodiversity is evidence of successful rehabilitation, equally important is what is 

planted. The use of local species is preferred, and that wattles (Acacia s.) do not dominate the landscape. 

Making the rehabilitated land safe for access for the public or wildlife was identified in two groups as 

demonstrating success. 

6.3.2.3 Aesthetics   

Aesthetics of mine rehabilitation was identified as both a benefit to the community and a success indicator 

of mine rehabilitation. Successful rehabilitation was understood to ‘help you forget there was a mine there’ 

(Dubbo FG). However, when exploring this further, the Mudgee and Dubbo focus groups noted that this is 

not easy to quantify and suggested that rehabilitation ‘success’ will differ for different people. Participants 

believed benefits generated from mine rehabilitation are created from aesthetic landscapes by reducing 

the visual impact of mining on the community. The requirements for visual ‘success’ will depend partly on 

the location of the mine. For example, mines located close to a town may have a different need for visual 

appeal to those found remotely without a connection to a community, resulting in minimal visual relief 

requirements. 

6.3.3 Community attitudes on decision-making  

As the communities’ role is recognised as an important consideration in mine rehabilitation decisions, it is 

important to understand from their perspective of their informational needs to ensure informed decisions 

can be made (McCrea et al., 2018). Information requirements discussed across the focus groups were 

broad and varied. The most frequent aspects discussed were stakeholder preferences, biophysical 

attributes of the mined land, land-use, and ownership. Other considerations include regulatory 

requirements, risks, Aboriginal heritage, sustainability, economics, and ultimately what is most beneficial 
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for the community. It was common for participants to view mine rehabilitation decisions to involve a trade-

offs between the different informational aspects as what is more important than another. 

6.3.3.1 Information needed on land-use and ownership 

Across all focus groups, participants identified land-use and future land ownership as important aspects of 

PMLU decisions. In particular, identifying both the pre-mining land-use and surrounding land-uses was 

relevant. It was said the process should incorporate a common-sense approach with an understanding that 

if the pre-mining land had been degraded, then alternative land-uses should be considered. Other 

participants suggested that the surrounding land-uses to the mine are equally important as these features 

could be incorporated into rehabilitation. For example, the natural characteristics of a National Park could 

be enhanced by the chosen PMLU. When located near other mines, understanding what the collective 

mines are doing is crucial, and there was an expectation by participants that a mine's PMLU should not be 

looked at in isolation. In fact, collaborative PMLU planning could create enhanced opportunities compared 

to a singular mine. It was acknowledged that in areas like the Hunter Valley, regional planning is important 

to guide land-use transition over large mining areas with a regional land-use strategy (see Chapters 2 and 

5). The distance of a mine from the community was an essential consideration to deciding future land-uses. 

It was suggested that mines close to large populations are more feasible to support various land-uses, 

whereas remote mines are more likely to be returned to farming or biodiversity. 

There were contrasting views on who should be responsible for the rehabilitation once completed, with 

some participants suggesting it will be the mine's responsibility to manage the land in perpetuity, while 

others proposed that new owners be responsible. It was acknowledged by most groups that mine 

rehabilitated land will be "worth something to someone" (Mudgee FG), with some participants stating that 

mine rehabilitation might even improve the landscape aesthetics compared to what was present pre-

mining. 

6.3.3.2 Information needed on economic consequences 

When considering the financial implications of the PMLU decision, it was agreed by focus group members 

that potential costs to create a PMLU are crucial to analyse. One group suggested that the proposed land-

use has to be cost-effective as there is "no use spending a large amount of dollars if no one will come and 

use it" (Dubbo FG). Equally, you don't want rehabilitation that potentially has high maintenance costs, as 

this could introduce residual risks and further impact the community. Other aspects included the land value 

after mining and how many jobs a PMLU would provide to the local community were also discussed in two 

groups (TEW and Dubbo FG).  
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6.3.3.3 Decision-making process 

Concerns were raised amongst focus group participants that mine rehabilitation decisions are not 

sufficiently transparent. There was an expectation that mining companies undertake an analysis when 

considering different PMLUs. It was suggested that tools such as SWOT analysis (Helms et al., 2010) or risk 

assessment could be used. It was believed that such analyses are more likely to result in what is 

scientifically achievable for the site and optimal for the local community.  

Also raised was that more focus is needed on mine rehabilitation and PMLU decision at the start of the 

approval process, with one participant stating, "current approval process has a large focus on 

environmental impacts and not a lot on how the site will be managed post-mining and what you end up" 

(TEW). There were contradictory discussions between participants when talking about PMLU changes, with 

some believing that the proposed land-use needs to be flexible, allowing the PMLU to be revisited during 

operations. In contrast, others advised that the PMLU needs to remain as initially decided because that is 

what the community expects to see after mining.  

6.3.3.4 Stakeholders in mine rehabilitation decisions 

The significance of appropriate stakeholder and community engagement was identified across all focus 

groups as one of the most important aspects of mine rehabilitation decisions. It was said the local 

community should have the strongest say in what happens after a mine closes, as they are the ones who 

will be left with it. The Dubbo focus group suggested that an advisory group be created with the local 

representatives such as the Mayor (from the local Government), Member of Parliaments (Federal and 

State), State Government agencies, and Chamber of Commerce members, who ultimately decides on behalf 

of the community. Conversely, in another focus group, it was suggested that the Government is "kicked 

out" (TEW) of the PMLU decision and is left up to the community only. 

Important stakeholders include local Government, Aboriginal Native Title representatives, general 

community members and those who may have an interest as potential owners like solar companies. 

However, some participants felt community engagement from mining companies is lacking, with the 

community having to inherit the PMLU rather than be part of the process—suggesting an existing 

ineffectual process. Focus group participants also highlighted disappointment in the decision-making 

process as they felt their stakeholder views were not being listened to by either the Government or the 

mining companies. A participant stated, "…being involved in the process, we've just got to the point where it 

is just a total waste of our time", for example as "…. they [the government] take no notice [of our opinion] in 

the approval process, so it has got to the point where we are really disillusioned with any government 

processes" (TEW). Another aspect identified in one focus group was stakeholder fatigue, as Mudgee 
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contains three mines that ask the community to provide comments on management plans or 

environmental approvals. It was also generally agreed that not all community members would support the 

outcomes of mine rehabilitation decisions, and in turn, do not need to be accepted by all.  

6.3.4 Possible post-mining land-uses 

Possible post mining land-uses for mine rehabilitation were the ultimate discussion point of the focus 

groups. Participants acknowledged that there could not be a ‘one-size-fits-all’ approach where every mine 

is returned to a similar PMLU. Many potential different land-uses were identified for the Wilpinjong mine. 

In the second focus group in Mudgee (the Technical Expert Workshop), participants nominated detailed 

land-uses for the Wilpinjong coal mine study site based on their knowledge of the local mines, surrounding 

area, and expertise. Multiple land-uses were preferred rather than just one across the landscape. Land-uses 

identified include: 

 Alternative energy sources (solar, wind, hydro) 

 Forestry 

 Agriculture (including aquaculture) 

 Market gardening 

 Biodiversity buffer zones (on escarpment areas) 

 Biodiversity (vegetation cover and habitat for wildlife)  

 Biofuel cropping 

 Recreation (adventure park, camping, rock climbing, water sports on mine void) 

 Commercial (ecotourism, Aboriginal cultural heritage centre) 

 Cultural heritage practices  

 Emergency management (fire management) staging area 

 Housing and residential 

 Reinstatement of flow lines, water management 

 Education and training facility 

 Airstrip 
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6.4  Discussion and conclusion 

Results from the focus group discussions show that the quality of mine rehabilitation is important to the 

community. While the mining industry is seen to have improved mine rehabilitation efforts of late, 

according to focus group participants, this is a result of community and environmental advocacy pressures 

and the regulators forcing mining companies to do it, and not because the mining companies want to do 

the right thing. This sentiment is in contrast to Australia's minerals industry advocate who views that 

“successfully rehabilitated mined areas is fundamental to the industry's social licence to operate and a 

foundation for demonstrating the industry's commitment to operating responsibly." (Minerals Council of 

Australia's, 2016)  

Mine rehabilitation is inherently risky and challenging to achieve, especially at open-cut mines where 

landscapes have been excavated, soil profiles are churned around and replaced into a re-created landform. 

While there are some recent examples in QLD and NSW where mine rehabilitation has been completed to a 

condition acceptable to regulators (Glencore, 2020; NSW Government, 2020; NSW Government, 2020a; 

Queensland Government, 2021), focus group participants expressed concerns about the potential impact to 

the community of residual risks of mine rehabilitation. For example, some participants conveyed concern 

about the how mine rehabilitation is completed by mining companies, and how it is tested (through 

monitoring) to prove the success of the mine rehabilitation. This concern is also observed in Kragt and 

Manero (2021), wherein Western Australia, rehabilitation techniques are still in their infancy and 

acknowledged as a roadblock to successful mine rehabilitation. Given residual risk is not a consideration in 

mine rehabilitation policy in NSW (Chapter 2) may provide some validation to the community’s concern 

that they may be left to inherit unforeseen rehabilitation failures.  

The process of mine rehabilitation is deemed successful when approval is provided by the State 

Government agency when a site meets their rehabilitation success criteria. Opinions on what makes mine 

rehabilitation successful and associated benefits were explored in focus groups. Most important to the 

community is what the rehabilitated land could be used for and what it would look like. Given that 

rehabilitation success criteria typically lends itself to biophysical aspects (Harvey, 2016), consideration of 

such social and economic aspects like potential uses including economic development and visual appeal 

allows for recognition that mine rehabilitation is not solely a physical application. Surprisingly, having no 

mine voids left in rehabilitated landscapes as a success indicator was not mentioned in all focus groups. 

This is despite evidence that mine voids remain contentious to communities (The Guardian, 2016; Singleton 

Argus, 2021a; Energy and Resources Insights, 2016), such as those in the Latrobe Valley (ABC News, 2016; 

Mackay et al., 2019; Wiseman et al., 2020), and the fact that mine voids were one of the two most flagged 

issues in a recent Commonwealth Rehabilitation Senate inquiry (Australian Government, 2019).  
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Mining companies need to be honest and transparent to maintain 'social licence to operate' (Lawrence, 

2021) and companies should initiate community acceptance of rehabilitation and mine closure objectives 

(Everingham et al., 2018a). Transparency is centred on sharing information by mining companies and is 

important where stakeholders' acceptance of mining operations is needed (Svobodova et al., 2019; Owen & 

Kemp, 2018; Moffat & Zhang, 2014; Prno, 2013). Focus group participants advised that the community is 

not always adequately consulted, and some have been negatively affected by past experiences. Attendees 

advised that mining companies do not sufficiently share information on proposed PMLU's, progress 

towards mine rehabilitation targets, and decisions, indicating that mining companies need to do more to 

consult with communities on such matters. Authentic and genuine community consultation and 

engagement is important to build trust and confidence (NSW Government, 2016) and will increase 

community acceptance on mine rehabilitation matters. For example, a focus group participant stated, "if 

you were told the mine is going to do this [rehabilitation] and their timeframe is this amount time, and this 

is their budget, and this is what they are going to achieve, then people are okay" (Mudgee FG). When 

mining companies engage in a meaningful way with stakeholders, the interaction provides an exploration 

of the complexity of mine rehabilitation and the identification of opportunities and threats that leads to an 

acceptable standard of mine rehabilitation (Unger & Everingham, 2019). Information about mine 

rehabilitation and PMLU for mines in NSW and QLD is publicly lacking (Fogarty et al., 2019; Australian 

Government, 2019). Available company information on mine rehabilitation is typically buried in compliance 

reports, large Environmental Impact Statements, or a mine site’s approval documents. Therefore, mine 

rehabilitation and PMLU information is not easy to find or sometimes contain conflicting statements. It is 

noted that NSW and QLD regulatory reforms (Chapter 2) aim to rectify some of these concerns, and that 

the NSW Government intends to create a publicly available central repository (the first in Australia) for 

company information on mine rehabilitation and PMLU (NSW Government, 2021).  

In NSW, initial mine rehabilitation decisions and subsequent major changes are approved through the NSW 

approval process. Current NSW policy requires mining companies to engage with relevant stakeholders; 

however, community believe that they inherit a PMLU decision rather than inform the agreed outcome. 

Furthermore, there is little evidence where community perceptions have altered a proposed PMLU when 

presented by a mining company during the mine approval process. This suggests the current NSW 

Government policy is ineffectual or a 'tick the box' approach for company engagement programs is 

common. A similar observation was found in QLD (Everingham et al., 2018a). When collaborative 

stakeholder engagement on mine rehabilitation does occur, attendees in one focus group expressed their 

disappointment and frustration in their role in the NSW Government approval process. Participants 

appeared to be disillusioned with the engagement process and felt their opinion didn't matter as it made 

no difference to the decisions made by the mining company or NSW Government. Focus group attendees 
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strongly felt that the community should have the greatest say in mine rehabilitation decisions. One focus 

group suggested an advisory group be created with the people representing the community's interests and 

ultimately decide on mine rehabilitation outcomes. The use of a citizen jury (NSW Government, 2016) or 

stakeholder panel (Everingham et al., 2018) has been raised previously as an alternative to the current 

process. Another aspect discussed in one focus group was that some members experienced stakeholder 

fatigue due to the need to comment on local mines' continual change to their approvals, especially in 

Mudgee with three mines present. Adding to the fatigue, are the large and overly descriptive approval and 

site management documents that the community is asked to comment on without any financial 

compensation for their time. When dealing with stakeholder fatigue, genuine community engagement can 

be made more difficult, especially in smaller communities (NSW Government, 2016). 

Focus group attendees expect that mining companies undertake and analyse options when making mine 

rehabilitation decisions. While the NSW policy (NSW Government, 2015; NSW Government, 2015a) asks for 

an assessment of PMLU options, little evidence is available in NSW where assessment information has been 

provided publically. The guidance provided in NSW policy on the level of detail needed for the analysis or 

appropriate analysis tools is lacking (Chapter 3). Notably, a review of coal mines in QLD and NSW (Chapter 

4) identified only one mine, Glencore West Wallsend Mining Complex that publically reported a PMLU 

analysis that incorporated aspects other than soil or land capability. This seems to indicate that public 

perceptions that mining companies assess PMLU options, are in fact not align with mining industry 

practices. Better transparency of decisions will give the community confidence that the full range of 

potential impacts (positive and negative) (NSW Government, 2016) have been considered. Additionally, it 

was concluded within the focus groups that every mine needs to be analysed on its merits as the mine 

rehabilitation process can't be a one-size-fits-all approach giving more reason to complete evidence-based 

analyses.  

The definition of mine rehabilitation is important, as this will be the minimum standard required for mining 

companies, sets enforceable requirements for regulators, and establishes expectations for stakeholders. 

While the inclusion of social dimensions in mine rehabilitation (Unger et al., 2020) is seen as a more recent 

priority for stakeholders, NSW legislation maintains a biophysical approach that includes making the site 

safe and stable, non-polluting, and supporting a PMLU. Such a biophysically focussed definition drives mine 

rehabilitation decisions that may not fully incorporate true community aspirations and social values. As 

addressed in Chapter 5, the lack of social and cultural considerations in mine rehabilitation regulatory 

policy in Australia is not uncommon, and often regulations lag behind community expectations (Australian 

Government, 2006). This research suggests the participants may recognise that the definition of mine 

rehabilitation as more inclusive, with social, environmental, and economic aspects all important. In the 
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following chapters, this thesis will explore the trade-offs between social, environmental, and economic 

aspects that are important to the NSW community.  

This chapter presents community attitudes towards mine rehabilitation in New South Wales identified 

through focus groups discussions. Findings suggest diverging expectations on mine rehabilitation between 

the community, mine operators, and NSW policy, including the definition of mine rehabilitation and how 

mine rehabilitation is deemed successful. This research illustrates communities' preferences for 

socioeconomic, cultural, environmental, and utility values may not currently be aligned with mine 

rehabilitation outcomes. Multiple PMLU options were identified as preferred options by the community, 

including those who are seen to be a sustainable like alternative energy sources or where mine 

rehabilitated land is used instead impacting other existing land-uses in the area. Results presented in this 

chapter were further tested within the NSW public and were used to refine the attribute selection used in 

the CE survey discussed in Chapters 8 and 9. 
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7 Community attitudes towards mine rehabilitation in New South Wales 

This chapter reports on a DCE survey completed by residents of New South Wales (NSW) to understand 

what people think about mine rehabilitation and post-mining land-use (PMLU). A sample of the NSW public 

was analysed to investigate whether preferences differ between those who live close to mining compared 

to those who don't. The findings of this survey can be used as a baseline of future studies to gauge changes 

to the attitudes of the NSW public towards mine rehabilitation.   

7.1 Introduction 

Impacts caused by mining developments continue to receive the attention of the Government and 

community; however, with recent rehabilitation reform (Chapter 2), mine rehabilitation has also become a 

focus. Mine rehabilitation is a compliance obligation for mining companies and presents an opportunity to 

make societal improvements through the development of beneficial PMLUs. An online survey was used to 

evaluate NSW residents' opinions about rehabilitation. Results will allow a better understanding of societal 

expectations and can inform mine site rehabilitation strategies and regulatory policy. 

Previous research recognises that the impacts of mining are amplified for communities situated in mining 

intensive regions (Petkova et al., 2009; Zang & Moffat, 2015). However, there may still be substantial 

community concern in communities other than those where physical activities occur (Rolfe & Windle, 

2015). Little is known if attitudes towards mine rehabilitation vary between those near mine sites and 

those that do not.  

7.2 Methods 

Social, environmental, and economic aspects identified through focus group discussions (Chapter 6) 

informed the choice experiment (CE) survey to elicit community preferences on mine site rehabilitation and 

PMLU options. The CE survey also included several questions to draw out respondents' attitudes towards 

mine rehabilitation. Semi-open and closed questions (n=3010) were presented to the general public of NSW. 

Participants were asked questions about PMLU preferences, rehabilitation aspects, the mining industry's 

performance, and whether respondents would pay to improve mine site rehabilitation in NSW. 

Respondents were also queried about their confidence in the NSW Government and mining companies 

meeting their mine rehabilitation obligations. Knowledge about mine rehabilitation and Wilpinjong Coal 

Mine were also posed as questions. Further details on the survey methodology can be found in Section 8.2, 

and a copy of the survey is provided in Appendix 2. Socio-economic data for each respondent was also 

captured. The survey drew from the NSW general public with an investigation undertaken to see whether 
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 Does not include choice scenarios in CE 
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preferences differ between those who live close to mining (local) compared to those who don't (NSW). 

Those identified as 'local' are members of the public who reside in areas known to contain clusters of coal 

mines and be within approximately 100km from the Mid-Western Regional Council area (Figure 7.1). The 

'local' sub-sample includes known mining areas, including Mudgee, Hunter Valley, and Lithgow.  

The data was collected using an online survey through an external marketing company in December 2020 

and January 2021.  

Figure 7.1 Local sample area (adapted from d-maps, 2021)  

 

7.3 Results and discussion 

The survey reached 1,000 respondents, including members of the NSW general public ('NSW sample' 

n=815) and respondents from NSW regions containing clusters of coal mines ('local sample' n=185). The 

socio-demographics of the sample are presented in Table 7.1 Comparing the local and the NSW samples 

showed that women (z-test -0.51, p=<0.01), average age (t-test 5.57, p=<0.01), and average income (t-test 

35.54, p=<0.01) were all found to be significantly different from each other. In the NSW sample, there were 

slightly more women (54%) than in the local sample (50%). Respondents were marginally younger (48 

years) in the NSW sample than those locally (55 years). In the NSW sample, income was higher ($89,076) 

and more respondents had a university qualification (44%) compared to the local sample (mean annual 
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income of $84,188, and 35% university education). Only 2% of respondents from the local sample and only 

1% of the NSW sample work in mining.  

The socio-economic characteristics of the overall sample were also compared to the NSW population 

(Australian Government, 2021) and were found to be representative of the NSW population, with results 

provided in Chapter 9 (Table 9.1). Respondents' previous knowledge on mine rehabilitation and Wilpinjong 

Coal Mine is presented in Table 7.1. Not surprisingly, 70% of the local sample had previously heard of mine 

rehabilitation, compared to 37% of the NSW sample.  

Respondents were asked if 'there is anything about mining in general that concerns you? (Figure 7.2). 

Survey results found that 47% of the NSW and 56% of the local sample advised they had concerns. A z-test 

showed that answers were significantly different for respondents from the local sample compared to the 

NSW sample (z-value -2.13, p=0.03). The survey respondents who answered that they had concerns or were 

not sure (NSW sample n=660 and local sample n=163) were then asked about their concerns. Figure 7.3 

summarises the primary concerns held by respondents. Results of a chi-test showed that there are no 

significant differences between respondents’ location and primary concerns (chi-square 21.46, p=0.12). 

Concerns around the effect that mining has on climate change were identified as the top concern in both 

samples. Fauna and flora impacts were the second-highest concern identified in the NSW sample. Impacts 

on water sources were ranked second highest as a concern for the local sample. This is not surprising since, 

at the time of the survey release, large areas of NSW were experiencing an extreme drought. Of less 

concern are noise and vibration impacts, tailings dams, and social and community impacts. Notably, mine 

voids were found to be of low importance, which is a similar finding to focus groups (see Section 6.4).  
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7.3.1 Important rehabilitation aspects 

To understand what rehabilitation aspects are important to the community, survey participants were 

asked, 'What are the three most important aspects of mine rehabilitation to you? (Figure 7.4). Results show 

consistency between the two samples. In both samples, the top three aspects were: preventing water 

pollution (12% NSW, 14% local), providing habitat and linkages for wildlife (12% NSW, 14% local), and 

making the site safe and stable (14% NSW, 10% local). Z-tests for these three rehabilitation aspects found 

no significant difference between the NSW and local samples (z-value -1.10, p=0.26; z-value -1.46, p=0.14; 

z-value 1.83, p=0.06, respectively) meaning the location of the respondents did not influence preferences. 

Making the site safe and stable and preventing water pollution is consistent with NSW mine rehabilitation 

policy (described in Chapter 2). However, the responses to this question suggest that the community place 

value on other environmental and social aspects of mine rehabilitation, such as supporting wildlife or the 

aesthetics of rehabilitation that may not be captured in the current policy of mine rehabilitation. This 

finding is similar to focus group discussions (Chapter 6), where the current definition of mine rehabilitation 

in NSW takes a biophysical focus and lacks a more inclusive definition of environmental, social, and 

economic aspects (Section 6.4).  

The least important aspects are that mine rehabilitated land includes existing infrastructure such as roads 

or buildings and provides recreation opportunities. This result differs from a recent report on the NSW 

Government inquiry titled 'Sustainability of energy supply and resources in New South Wales', where the 

reuse of existing infrastructure on mines was recognised as an opportunity for mine rehabilitation to attract 

new commercial and industrial activities (NSW Government, 2021). Such a result shows a difference in 

preferences between the NSW Government and the NSW public.  

Surprisingly, mine rehabilitated land that provides employment was not a top priority to survey 

respondents (Figure 7.4), whereas it was found to be an important focal point during focus group 

discussions (Chapter 6). Nevertheless, the provision of jobs from mine rehabilitated land is an important 

policy aspect of the NSW Government (NSW Government, 2020) that aims to encourage an economic 

transition of mining areas to other industries due to the phase-out of thermal coal.  
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7.3.2 Mining industry's performance  

Participants were asked for their opinion on the mining industry's performance towards mine rehabilitation 

in general, with results presented in Figure 7.5. When asked to consider if 'mining companies take 

community interests into account when making rehabilitation decisions,' most NSW participants believe 

that mining companies incorporate community interests in mine rehabilitation decisions, with 40% of 

respondents (completely) agreeing with this question and 22% disagreed. Compared to the local sample 

where only 32% of the local sample agreed and 31% disagreed with the statement. A z-test showed that 

answers were significantly different between local and NSW respondents when agreeing with this question 

(z-value 1.99, p=0.04). Such results shows that those not residing in a mining community may expect mining 

companies to take community views into mine rehabilitation decisions; however, those who live close to 

mines indicate this doesn't happen.  

Significantly more of the NSW respondents than the local respondents (46% of NSW, 34% of the local 

sample) agreed that 'mining companies take responsibility for mine rehabilitation (z-value 5.76, p<0.01). 

Such a difference in response could suggest that local respondents feel that mining companies could be 

doing more as you would expect a higher reaction if they were happy with the industry's current effort. A 

similar reaction was seen in focus groups discussions (Chapter 6), where it was felt a level of skepticism 

exists that the local community will be left to foot the bill when a mining company fails to meet its 

rehabilitation obligations.   

Between 39% and 48% of respondents from both areas indicated that they neither agreed nor disagreed 

with "the mining industry is performing well on mine rehabilitation," "the mining company publically report 

progress towards rehabilitation targets," and "mining companies do a good job sharing information about 

what their PMLU will be." These responses suggest that the mining industry can better communicate the 

mine rehabilitation processes, including their PMLU, and progress towards meeting this outcome. Similar 

sentiments were also expressed in the focus group discussions (Chapter 6), where communication about 

mine rehabilitation by mining companies was found to be lacking (non-transparent) and contributed to a 

perception of the untrustworthiness of mining companies.  

Just over half of the respondents agreed that "Mining companies only do the bare minimum to meet 

compliance obligations" (55% in NSW and 56% in local). Results of a z-test showed that answers were not 

significantly different for respondents from the local sample compared to the NSW (z-value -0.27, p=0.77).  

The quality of mine rehabilitation was also an important aspect identified in the focus groups, where 

participants felt that the quality of rehabilitation was only because of regulatory standards and not because 

the mining companies wanted to do the right thing. This result could reflect a shift of expectations where 
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rehabilitation. Results show that important aspects of rehabilitation are preventing water pollution, 

providing habitat and linkages for wildlife, and making the site safe and stable. Responses on the current 

performance of the mining industry suggest that the mining industry can better communicate the mine 

rehabilitation processes, including their PMLU, and progress towards meeting this outcome. There is also a 

difference in opinion between the locations of respondents if mining companies take community views into 

mine rehabilitation decisions with those living close to mines suggesting that this doesn't happen. The 

community appears concerned that the NSW Government doesn't do enough to ensure that mine sites 

achieve their rehabilitation outcomes. This result is worrying as survey respondents expressed low 

confidence that mining companies will achieve rehabilitated land outcomes. It is suggested that the mining 

companies could alleviate community worries if improvements are made by communicating what the 

PMLU will be and how a site is progressing towards this target. There was some willingness to pay towards 

mine rehabilitation, but not from those living near mines who want the mining companies to pay. Results of 

the survey show that the top two PMLU preferences are biodiversity and conservation. The findings 

presented form a baseline to gauge changes to the attitudes of the NSW public towards mine 

rehabilitation. In the next chapter, we aim to elicit the social and environmental values of mine 

rehabilitation using a choice experiment.  
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8 Choice experiment theory and application 

This study will add to the limited research that estimates values for social and environmental attributes of 

mine rehabilitation using Wilpinjong Coal Mine as the case study site. The values were determined using a 

choice experiment survey as a non-market valuation technique to elicit values from members of the 

general population of NSW. Public preferences for mine rehabilitation discussed in Chapter 6 provide a 

foundation for aspects considered in the choice experiment. This chapter is organised firstly to describe 

choice experiment theory before moving into the methods undertaken in our study. The main steps taken 

in survey design include selecting the attributes and levels, choosing the experimental design, and 

developing the survey. The final survey was a product of inputs from a literature review, focus groups, and 

revisions of the survey, including pre-testing. This chapter describes the methodology by which data was 

collected, which is further analysed in Chapter 9. 

8.1. Introduction 

Choice experiments (CE) are an established application in non-market valuation. CE is a stated preference 

method that employs surveys with questions about preferences for hypothetical changes. In contrast, 

revealed preference methods rely on observed data. CEs are useful when evaluating changes in 

environmental conditions that are not yet observed. In a CE, respondents reveal their values by making 

choices between two or more alternatives in a choice question. Alternatives are composites of attributes 

that describe the good or service under valuation (Bennett, 2011; Hanley et al., 2001). It is assumed the 

decision-maker (respondent) will always select the alternative that provides them with the greatest utility. 

Therefore, through the choices made, respondents demonstrate their willingness to trade-off attribute 

levels against each other. Defining one of those outcomes as a monetary value, respondents’ willingness to 

pay (WTP) or willingness to accept (WTA) for variations in different attribute levels can be estimated.  

The application of CE has become increasingly popular in valuing intangible environmental, cultural and 

social aspects of policy change or consumer preferences (OECD, 2018; Woods, 2020; Throsby et al., 2021; 

Owuor et al., 2019). Australian studies using non-market valuation methods in a mining context are limited 

(NSW Government, 2017). Discussion on non-market valuation techniques used in the mining industry was 

provided in Chapter 3.  

The main benefit of CE is the ability to generate estimates of the values across many attributes 

simultaneously (Burton et al., 2012; Hanley et al., 2001; Hensher et al., 2005; Bennett, 1999), and WTP can 

be indirectly inferred (Hanley et al., 2001). Careful survey design is needed to avoid bias and reduce the 

cognitive difficulty of multiple choice scenarios (Windle & Rolfe, 2013; Bennett, 1999). Additionally, 
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attention when defining the choice setting to ensure all possible behavioural responses can be considered 

when a change in the decision environment occurs is needed (Hensher et al., 2005).   

A choice experiment allows valuation of individual rehabilitation attributes compared to contingent 

valuation, travel cost, or hedonic models. Demonstration of community engagement through the use of 

focus groups is also another benefit of using the choice experiments technique where these community 

values can be monetised and used in a CBA.  

The development of CE theory began at least ninety years ago (Hensher et al., 2015). CE has a theoretical 

foundation in random utility maximization (RUM), Lancaster’s characteristics theory of value, and 

experimental design (Hanley et al., 1998). RUM (McFadden, 1974) assumes that choices are driven by 

utility, with participants aiming to maximise their utility when making a decision. According to Lancaster’s 

theory (1966), the utility of an alternative is related to the attributes or characteristics of that alternative 

allowing a change of a decision maker’s preference to be predicted when characteristics are modified.  

Utility (U) is unobserved and consists of made up of observed utility Vij that individual i derives from 

alternative j and a random error component 𝜀𝑖𝑗𝑡: 

𝑈𝑛𝑠𝑗 =  𝑉𝑛𝑠𝑗 + 𝜀𝑛𝑠𝑗          [8.1] 

A respondent indirectly reveals the utility they derive from the alternatives presented in a choice set t by 

the choices they make. Conventionally, a linear additive form is used for the utility function such that the 

utility that individual n gains from alternative j in choice situation s is given (Hensher & Greene, 2003):  

 𝑈𝑛𝑠𝑗 =  𝜷′𝑿𝑛𝑠𝑗 + 𝜀𝑛𝑠𝑗      [8.2] 

Where Xitj is a vector of explanatory variables (attributes of the alternatives, individuals i socio-

demographic and behavioral characteristics) describing alternative j, β are the vector of preference weights 

that apply to them, and ɛnsj a random component unobservable (error term) to the analyst. By presenting 

participants with choice sets with j alternatives, and asking them to identify the best from each set s, it is 

possible to estimate the utility weights, and hence the relative values held for the attributes. Standard 

references for choice experiments include Hensher et al., (2015), Train (1987), Train (2009) and McFadden 

(1974).  

8.2. Choice experiment models  

In terms of statistical analysis of choice responses, the most widely used specification consistent with RUM 

has been the conditional logit model (CL). The CL model estimates the choice probability of an alternative 
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as a function of the deterministic portion of the utility of all the alternatives. The CL model assumes that 

each choice is independent of the others. The critical part of this assumption is that the error term to be 

independently (no correlations) and identically distributed (same variances) (IID) with an extreme value 

Type 1 (Gumbel) distribution (Train, 2009). Preferences and error variances are thus assumed to be 

homogeneous across the individuals in a population meaning all decision makers share the same marginal 

utility as one another (Hensher et al., 2015). The IID assumption gives rise to the independence of 

irrelevant alternatives (IIA) property, which states that the relative probabilities of two options being 

selected are unaffected by the introduction or removal of other alternatives (Luce, 1959). The IIA property 

implies equal substitution across the alternatives (homogeneity in preferences). While the IIA property 

assumption may be acceptable in some choice situations, it is implausible for alternative sets containing 

choices that are close substitutes (McFadden 1974, Hoffman & Duncan, 1998).  

The utility function of the CL can be written as (Hensher et al., 2015):  

𝑈𝑛𝑠𝑗 =  ∑ 𝛽𝑘𝑥𝑛𝑠𝑗𝑘
𝐾=1
𝑘 + 𝜀𝑛𝑠𝑗  𝜀𝑛𝑠𝑗 ~ 𝐼𝐼𝐷 𝐸𝑉1     [8.3] 

Where n is the respondent, s is the choice task, j is the alternative and k is the attribute. The CL model is 

expressed below where 𝑃𝑛𝑠𝑗 is the probability that alternative j maximizes utility for individual n in choice 

set s (Hensher et at. 2015): 

    𝑃𝑛𝑠𝑗 =  
exp 𝜷𝑛

′ 𝑿𝑛𝑠𝑗

 ∑ exp (𝜷𝑛 
′ 𝑿𝑛𝑠𝑗)

𝐽
𝐽=1

 [8.4] 

The mixed logit model (ML) overcomes the restrictive assumptions of the CL model and is one of the most 

flexible CE models available. The ML model is based on the assumption that the unobserved portion of 

utility consists of a part that follows a distribution specified by the researcher plus a part that is IID extreme 

value (Train, 2009). The ML model allows the inclusion of both random parameters (to account for 

preference heterogeneity) and variation in the variance condition associated with the random component 

(known as scale heterogeneity) (Hensher et al., 2015). In this thesis, we will account for preference 

heterogeneity. The mixed logit model (Hensher et al., 2015) is summarized in Equation 8.5.  

𝑃(𝑐ℎ𝑜𝑖𝑐𝑒 = 𝑗|𝑋𝑛𝑠𝑗,𝑍𝑛,𝑉𝑛) =
exp (𝑈𝑛𝑠𝑗)

∑ exp (𝑈𝑛𝑠𝑗)
𝐽𝑛𝑠
𝑗=1

                                     [8.5] 
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Where: 

 𝑈𝑛𝑠𝑗  = 𝜷𝑛 
′ 𝑿𝑛𝑠𝑗  

𝛽𝑛 = 𝛽 +  ∆ 𝑍𝑛 +  𝛤˅𝑛 

 𝑋𝑛𝑠𝑗 = the k attributes of alternative j in choice set t faced by individual n; 

𝑍𝑛= a set of m characteristics of individual n that influence the mean of the taste parameters; and 

˅𝑛 = a vector of k random variables with zero means known variances and zero covariances. 

Using attributes that vary from a status quo and including a monetary attribute allows calculation of 

respondents’ WTP for attribute changes. Once the coefficients have been estimated, calculation of a 

respondent’s marginal willingness to pay (MWTP) can be derived for each attribute using:  

𝑀𝑊𝑇𝑃 =
𝛽𝑥

𝛽𝑐
         [8.6] 

where 𝛽𝑥 is the coefficient of the non-monetary attribute and 𝛽𝑐 is the coefficient of the monetary 

attribute. These ratios are also referred to as implicit prices (OECD, 2018; Bennett, 1999).  

8.3. Methodology  

A CE survey was designed and implemented to elicit values for mine site rehabilitation from members of 

the general population of NSW. The estimates were then used to estimate WTP for each attribute to enable 

consideration in a cost-benefit analysis. A stated preference approach was used in this thesis instead of the 

revealed preference method as the specific attributes of mine rehabilitation are hypothetical in nature and 

therefore cannot rely on observed data.  

A CE involves a number of steps: identifying the policy change that requires investigation; survey 

development through testing and optimisation, survey implementation, and finally, analysis and reporting. 

In this section, I describe the steps taken in developing and implementing the CE for this study. Table 8.1 

provides a summary of each stage of our CE development, implementation, and analysis using 

methodologies described in Hanley, 2001; Klojgaard et al., 2012; Hensher et al., 2005; Bennett, 1999.  
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Table 8.1 – Summary of stages taken in the CE to elicit values for mine site rehabilitation in NSW 

Stage Description 

Define the issue Typically, mine rehabilitation decision-making does not consider intangible environmental and 
social values. The aim of the CE is to elicit values held for the environmental and social impacts of 
mine rehabilitation from members of the general population of NSW to improve evidence based 
mine site rehabilitation and post-mine land-use decisions.  
Definition of the policy change occurred through focus groups and input drawn from my own 
industry experience. The CE uses Wilpinjong Coal Mine in NSW (see Chapter 5) as the case study 
site.   

Define the 
attributes  

Identification of relevant attributes is essential in framing a CE with consideration to the 
perspective of the participants (sample population) and the researchers in this case. A literature 
review of existing studies was undertaken as a starting point to identify previous findings and 
attributes used (Table 8.2). Further definition of attributes occurred through focus groups, expert 
consultation, and pre-testing of the survey. To allow estimation of the WTP, a monetary cost 
attribute and status quo was included. The attributes were designed to be clear and concise so 
that respondents could easily understand the content.  

Define the attribute 
levels  

The attribute levels were designed to be feasible, realistic, and consider the range of respondents’ 
expectations. The resultant attribute levels allowed trade-offs between attribute levels by the 
participant. Definition of attribute levels occurred through focus groups, expert consultation, and 
pre-testing of the survey.  

Select an 
experimental 
design  

Attribute levels need to be systematically shown to respondents rather than simply a random 
approach, and therefore a statistical design is required. Experimental design allows the full range 
of possible combinations of attribute levels (Hensher et al., 2015). The standard approach is to 
use orthogonal designs for linear models. Determination of the alternatives and the number of 
choice tasks to allow the statistical design is required. Complete factorial designs that allow full 
effect estimation of the attributes lead to an infeasible size of the design. Therefore, experimental 
designs were created in Ngene (Choice metrics) using efficient designs. Testing and assessing the 
experimental design before release was completed to ensure the design met the issue under 
study, avoid potential bias, and ensure all behavioural responses were presented.  

Design the 
questionnaire 

The survey consists of six parts: the respondents’ eligibility and current behaviour; mine 
rehabilitation; case study site details; choice tasks and protests questions; and socio-economic 
and personal attitudes. Attention to framing of questions was needed to alleviate potential bias. 
Determination of a plausible payment vehicle to reduce potential bias and avoid protests was 
considered. The final payment vehicle is described in 8.3.3. A decision to use unlabelled choice 
sets was made. Feedback on the survey prior to release was undertaken via a pilot study and 
further pre-testing the CE survey. The CE survey was programmed using Qualtrics. A split sample 
design was chosen to assess whether the level of detail (percentage of mine rehabilitation to be 
returned to a specific land-use) provided to a respondent mattered. To test whether values differ 
between those who live close to mining compared to those who don’t, two samples of the NSW 
general public were targeted. A copy of the survey is found in Appendix 2.  

Implement the 
survey  

The CE survey included responses from two samples of the NSW public, including; respondents 
who reside in areas known to contain clusters of coal mines and be within approximately 100km 
from the Mid-Western Regional Council area, with the remaining respondents from the rest of 
NSW. The CE survey was administered online via an external marketing company (Dynata) by 
distributing the survey link to all their panel members. Survey quotas were set to achieve a 
representative sample of the NSW population in terms of age, gender, and income. All 
respondents were aged 18 years and over.  

Data analysis  Once data was collected, it was cleaned to remove unqualified data and recoded (where needed) 
to make data usable. This resulted in 1,000 usable surveys for analysis (n=815 NSW sample and 
n=185 local sample). While 145 respondents were found to always select the status quo, 111 
respondents were identified as protestors and were removed from analysis (refer to Table 9.3).  
The remaining 801 respondents were used to allow model estimation, determine parameter 
estimates and subsequent WTP estimates for each attribute. Data analysis of the CE is presented 
in Chapter 9.   

Conclusions and 
findings  

Writing and discussing findings of the survey as well as the steps taken to achieve the results is 
also needed in any CE. Chapter 9 provide the results of this CE survey.  
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8.3.1. Literature review 

A literature review was undertaken of CE applications in the mining industry to develop appropriate 

attributes, attribute levels, and vehicle payment. As limited examples were available, extensions into 

environmental restoration projects and land-use change were sought. It was noted that not all studies 

reviewed described the attributes in detail, including a justification for attribute levels. In only some 

examples payment vehicle descriptions were provided and are presented in Table 8.2. Existing non-market 

literature in the mining industry is further discussed in Chapter 3. 

Table 8.2 - Attributes considered for CE survey  

Attributes Unit(s) of measurement Reference(s) 

Socio-economic attributes   
Housing availability - Rental prices Ivanova & Rolfe, 2011; Rolfe & 

Windle, 2015 
Population in work camps - Total population Ivanova & Rolfe, 2011; 
Population  - Total population; % change in 

population 
Spyce et al., 2012; Ivanova et al., 
2007 

Standard of medical facilities - % of improvement Ivanova et al., 2007 
Shopping services - % of improvement Ivanova et al., 2007 
Number of Aboriginal sites 
affected 

- Number of Aboriginal sites affected Gillespie & Kragt, 2010; Gillespie & 
Bennett, 2012 

Environmental health - % increase independent monitoring 
and inspections 

Rolfe & Windle, 2015 

Recreation  - Levels of recreation values (low to 
high) 

- Access and recreation intensity 
- Levels of recreation facilities 

(routes, resting places, information 
boards) (less than, more than) 

Burton et al., 2012; Holmquist 
Westerberg et al., 2010; Tolvanen 
& Svento, 2013 

Jobs - % of residents with jobs; 
- Levels of available of jobs for 

partners/children; 
- % reside outside of Blackwater; 

number years (jobs provided); 
-  Extra local jobs 

Spyce et al., 2012; Ivanova et al., 
2007; Gillespie & Kragt, 2010; 
Gillespie & Bennett, 2012; Rolfe & 
Windle, 2015 

People working in agriculture - Number of people  Mazur & Bennett, 2009 
Entertainment - Levels of available social events  Ivanova et al., 2007 
Impact on rural families in the 
small rural community 

- Number of displaced rural families Gillespie & Bennett, 2012 

Environmental attributes   
Buffer for mine impacts - Level of impacts Ivanova & Rolfe, 2011 
Area of vegetation (impacted, 
protected, or planted)  
 
 

- Hectares  
- Square/kilometre 
- % of vegetation cover 

Mallawaarachchi et al., 2006; Kragt 
& Bennett, 2009; Mazur & Bennett, 
2009; Wang et al., 2007; Gillespie & 
Kragt, 2010; Gillespie & Bennett, 
2012; Morrison et al., 1997 

Length of river (healthy native 
vegetation or affected by 
development) 

- Kilometre  Kragt & Bennett 2009; Mazur & 
Bennett 2009; Gillespie & Kragt, 
2010 

Number of animal or vegetation 
species  

- Number of species  Kragt & Bennett, 2009; Morrison et 
al., 1997; Burton et al., 2012 

Plant species richness - % species  Burton et al., 2012 
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Habitat re-creation - Levels (yes or no) Burton et al., 2012 
Water quality - % sedimentation levels 

- Levels of water quality 
Wang et al., 2007; Morrison et al., 
1997 

Offset area established - Levels of magnitude (none to x3) Burton et al., 2012 
Time attribute   

Completion of rehabilitation - Number of years Burton et al., 2012 
Land-use attributes   

Moorlands - Levels of wood coverage Dacharey-Bernard & Rambonilaza, 
2012 

Hedgerows - Levels of hedgerows coverage Dacharey-Bernard & Rambonilaza, 
2012 

Farm buildings - Integration into landscape Dacharey-Bernard & Rambonilaza, 
2012 

Timber production area - Hectare Tolvanen & Svento, 2013 
Peat production area - Hectare Tolvanen & Svento, 2013 
Restoration area - Hectare/year Tolvanen & Svento, 2013 

Payment vehicle   
Additional costs to household - $/year Ivanova & Rolfe, 2011 
Change in land rates - $ increase in land rate Mallawaarachchi et al., 2006  
Reduction in disposable income - $/year Ivanova et al., 2007 
Annual payment to farmers - $/year Wang et al., 2007 
Annual payment to State 
Government 

- $/year Gillespie & Kragt, 2010 

Environmental levy - $ one off payment Gillespie & Bennett, 2012 
Levy on water rates - $ one off payment Morrison et al., 1997 
Council tax - € /household/year Dacharey-Bernard & Rambonilaza 

2012 
Additional royalties paid to the 
state government 

- $ total payment Burton et al., 2012 

 

8.3.2. Focus groups 

Three focus groups were held over three separate days in July 2019 in regional NSW (Figure 5.1). Local 

community members attended focus groups in Dubbo and Mudgee. A third focus group, referred to as the 

Technical Expert Workshop, was held in Mudgee. Thematic analysis of the focus group discussions 

identified emergent themes on community attitudes towards mine rehabilitation and PMLU options. The 

emergent themes were used to refine the attributes used in the CE survey used in this study. Further 

details on the focus group methodology and emergent themes can be found in Chapter 6.  

8.3.3. Selection of attributes and levels  

The attributes and levels for our CE were refined using the outcomes of the focus groups’ emergent 

themes, feedback and pre-testing of the draft survey, and input drawn from my own mining industry 

experience. Five attributes of mine rehabilitation for Wilpinjong Coal Mine were identified: post-mine land-

use (PMLU), access for recreation, jobs created, time taken to achieve the PMLU, and cost (Table 8.3). The 

PMLU levels were based on the evolution of land-use at Wilpinjong Coal Mine. For example, the pre-mining 

land-use was grazing, non-specific native vegetation and grazing was the PMLU endorsed in the first mine 
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approval, and during subsequent mine approvals, the PMLU changed to conservation. The PMLU of solar 

was highly regarded as a preferred PMLU in the focus groups.  

Table 8.3 – Attributes and levels used in the mine rehabilitation choice experiment   

Attribute 
Variable 

name 
Attribute levels

a 

Access for recreation  Access No, Yes 
Time taken to achieve post-mining land-use 
(number of years) 

Time 5, 15, 30  

Jobs created (number of people employed 
every year) 

Job 2, 5, 15 

Costs of rehabilitation to your household 
(one-off State levy) 

Cost 0, 20,50,70,100,150,250 

Post-mining land-use(s)
b
 PMLU 

Cattle grazing, Conservation, Non-
specific native vegetation, Solar 

Cattle grazing Graz 0%, 50%, 60%, 80%, 100% 
Conservation Cons 0%, 50%, 60%, 80%, 100% 
Non-specific native vegetation Nveg 0%, 50%, 60%, 80%, 100% 
Solar Solar 0%, 20%, 40% 

Note: 
a
 Status quo levels in bold; 

b
 PMLU was defined as categories only in split sample A and as percentage of land-use in split 

sample B. 

Given that mine rehabilitation PMLU proportions need to add up to 100%, ideally a full factorial array of 

PMLU percentages would be useful to inform PMLU preferences. However, as I am interested to know 

more than just PMLU preferences, and a survey containing a full factorial array would become 

unmanageable, a compromised selection of PMLU and proportions were nominated.  

I tested whether respondents care about the time needed to achieve the PMLU. The time attribute was 

presented as 5, 15 or 30 years and were based on my industry experience. It is expected that certain land-

uses will be attained faster than others, for example solar could be completed in 5 years compared to 

specific ecosystems will take at least 30 years or more to establish.  

The provision of recreation and jobs through a PMLU featured in focus group discussions, and where thus 

included as choice attributes. The number of jobs created through different PMLU were 2, 5 and 15 people 

employed each year. Access for recreation activities was expressed as either yes or no. CE survey 

participants were provided a description of each attribute and their levels (see Appendix 2).   

A status quo option was included based on the total rehabilitation area being returned to grazing (as the 

pre-mine land-use at Wilpinjong Coal Mine). In the status-quo, no recreation access is provided. The 

estimated timeframes to meet the mine rehabilitation success criteria is 15 years, and we expect five 

people to be employed annually to maintain this PMLU.  
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Similar to Ivanova et al., (2007), it was difficult to identify a specific payment vehicle that would be 

acceptable to all respondents. Therefore, a general payment method was adopted based on a conceivable 

scenario to increase respondents’ acceptance of the payment vehicle. The one-off payment vehicle was 

developed through a review of existing literature (Table 8.2) and feedback received during focus group 

discussions that indicated that it was not the public but the role of mining companies to pay for mine 

rehabilitation. Thus, a one-off payment was proposed to reduce the number of potential protesters rather 

than on-going costs (as a tax) to the public. The presented payment vehicle detailed that the NSW State 

Government had established a new mine rehabilitation trust fund that would be used to rehabilitate mine 

sites beyond that of current compliance requirements. Payment would be in the form of a one-off State 

levy paid by all NSW households ranging from $0 to $250 (seven levels were shown). All levies collected 

would only be used for mine rehabilitation in NSW, including Wilpinjong Mine, and not contribute to any 

other environmental improvements.  

A split sample design was used to explore whether having more detail on the percentage of land-use in the 

total rehabilitation area—split sample B makes a difference to respondents’ choices. As such, half the 

respondents were presented with choice sets that included a PMLU description only (split sample A), while 

the other half were presented with PMLU described as a percentage of the total mine rehabilitation (as 

shown in Figure 8.1). An unlabelled survey approach (Louviere et al., 2000) consisting of Option ‘A’, ‘B’, and 

‘C’ was adopted, with Option C as the no-cost status quo alternative.  

To test whether values differ between those who live close to the case study mine compared to those who 

don’t, we identified as 'local' those members of the public who reside within approximately 100km from 

the Mid-Western Regional Council area (Figure 7.1). This area is known to contain clusters of coal mines, 

including known mining areas such as Mudgee, Hunter Valley, and Lithgow. The sample strategy aimed for 

200 respondents from the local sample and 800 from the NSW general public.  

  



115 
 

Figure 8.1 - Example of a choice set used in the CE survey 

 

8.3.4. Defining the experimental design  

A crucial step in the development of a CE is the experimental design of the choice sets. A systematic 

statistical design is needed to avoid potential bias in the presentation of alternatives and attributes, while 

also limiting the cognitive load for respondents (i.e. the number of choice sets to answer).  

NGENE software was used to create two experimental designs: one for nine pre-defined land-use 

combinations (split sample A: land-use categories), and where land-use is defined as a proportion of total 

(split sample B: land-use percentages). A Bayesian efficient experimental design was generated (Scarpa and 

Rose, 2008), with coefficient priors estimated on the pre-test data. Because the proportional land-use 

attributes was not tested in the pre-test, a prior of zero was used for each land-use. The designs were 

generated with 250 Halton draws and 500 replications. The full design of 24 rows was divided into three 

blocks (i.e. eight choice questions per block), with each choice set showing two alternatives and one status 

quo (zero cost) option. 

To ensure that each attribute occurs with equal frequency, a balance review was undertaken of the design 

by NGENE. In some instances, small changes were made to a choice set. While this may reduce D-efficiency, 

the attribute balance was considered preferable. A design of 24 choice scenarios grouped into three blocks 
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with eight choice sets per blocks. Each participant answered one block only. Each choice set contained a 

status quo and two alternatives.  

8.3.5. Survey administration  

The survey was programmed using Qualtrics and contains six main sections (32 questions) that include: 

1. Qualifying information of participants (e.g. age and NSW residents only)  

2. Warm up questions to mining and mine rehabilitation in general, and previous involvement in the 

mining industry 

3. Introduction and background information on the case study site 

4. Post-mine land-use scenarios and attribute descriptions 

5. Choice scenarios (eight questions) and follow-up questions  

6. Socio-economic questions and further information on our research 

A pre-test of the survey was undertaken to test the functionality of the survey before general release. Due 

to COVID-19, the survey testing was undertaken electronically with 24 participants drawn from the NSW 

population. This survey included a number of feedback questions allowing for improvements. The 

administration of the pre-test was undertaken by Karin Fogarty through invited community groups. 

Participants were paid for their completion of the survey. The final CE survey was administered online using 

an external marketing company (Dynata) during December 2020 and January 2021. The survey was 

completed by respondents aged 18 years and over.  A copy of the final survey can be found in Appendix 2.  

8.4. Conclusion  

This chapter described choice experiment theory and the development of the CE survey used to estimate 

social and environmental values of mine rehabilitation from members of the general population of NSW. 

The use of a literature review, focus groups, and personal mine industry experience guided the 

development of attributes and levels found in the CE survey. Due to the impacts of COVID, the final CE 

survey was refined by pre-testing of the survey. Five attributes and levels were chosen, including PMLU, 

access for recreation, time taken to achieve the PMLU, jobs created, and a cost attribute. The analysis of 

our choice experiment and WTP calculations for social and environment impacts of mine rehabilitation are 

described in Chapter 9.  
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9 A choice experiment on public preferences for mine rehabilitation in New 

South Wales  

This chapter reports the results of a choice experiment (CE) survey designed to elicit preferences for mine 

rehabilitation and willingness to pay (WTP) values of members of the general population of New South 

Wales (NSW). A split sample design was used to assess whether the level of detail about alternative post-

mining land-uses (PMLU) mattered when choosing between preferences. Community attitudes towards 

mine rehabilitation discussed in Chapter 6 helped refine the attributes used in the CE. The responses of 

1,000 NSW residents were analysed using conditional logit and mixed logit models. 

9.1 Introduction 

Mine rehabilitation is a requirement of the mining process. In Australia, mine rehabilitation needs to be 

undertaken with an approved PMLU describing the overall goal of mine rehabilitation. The regulatory policy 

however allows mining companies flexibility to identify a proposed PMLU. The defined PMLU will affect the 

outcomes of mine rehabilitation. From a social welfare perspective, mine rehabilitation outcomes should 

be selected as to maximise overall social welfare by accounting for stakeholder preferences and mine 

operators’ costs while constrained by the acceptability to the regulator and landscape characteristics. Mine 

rehabilitation delivers many tangible and intangible environmental, cultural, and social benefits to society; 

however, these are rarely all considered in decision-making (Chapter 3). In this chapter, I estimate the 

economic value of some of the intangible benefits that mine rehabilitation provides to society, using a 

choice experiment (CE) approach. CEs are a stated preference non-market valuation technique, meaning 

the can be used to elicit social and environmental preferences that are not revealed in market transactions. 

CEs are therefore a suitable tool to identify and value community preferences for mine rehabilitation.  

A CE involves respondents revealing their values by making choices between alternative descriptions of a 

good or service (Bennett, 2011; Hanley et al., 2001). The good or service being valued are described by 

several characteristics (called ‘attributes’), and if a cost or payment attribute is included trade-offs for key 

outcomes can be expressed in monetary terms. The results of a CE can help inform mine rehabilitation 

decisions and be used to support evidence-based decision-making that meets regulatory requirements and 

community expectations.  

Results of the focus groups (Chapter 6) found that informational aspects are important to community 

members when asked to provide feedback on proposed PMLU. Therefore, in this CE survey, a split sample 

design was chosen to assess whether the level of detail about the PMLUs provided to a respondent 
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mattered when choosing between preferences. Further description of choice experiment theory and the 

methodology used in this CE can be found in Chapter 8. 

Within Australia, there has only been one paper that specifically analysed preferences for different 

attributes for mine site rehabilitation using a CE (Burton et al., 2012). This paper and other examples from 

the international literature are reviewed in Chapter 3. The result of the CE presented in this chapter will 

allow a determination of mine rehabilitation preferences and values held by the public of NSW. Results will 

contribute to the literature using non-market valuation in mine rehabilitation decisions.  

9.2 Data analysis and results 

Analysis was undertaken on responses from a sample of the NSW general public (n=1,000). Socio-

demographics for the sample assessed in this chapter are provided in Table 9.1. The total sample is 

representative of the NSW population for gender (chi-square 0.18, p=0.99) and age (chi-square 9.34, 

p=0.22). There is a significant difference for education (chi-square 15.39, p=<.05) with more university and 

less high school graduates found in the sample than the NSW population. Income was also significantly 

different (chi-square 20.06, p=<.05) with a higher proportion of the respondents in the sample having a 

higher income than the average NSW population.  

The analysis was based on a split sample design16. Split Sample A (403 respondents) were provided with a 

PMLU description only. Split Sample B (597 respondents) were provided with PMLU descriptions that 

included the percentage of the rehabilitated area for each PMLU. The 403 respondents in Split Sample A 

were from the general NSW population. The 597 respondents in Split Sample B included 199 respondents 

who reside in areas known to contain clusters of coal mines and lived within approximately 100km of the 

Mid-Western Regional Council (MWRC) plus 398 respondents from the rest of NSW. All analyses were 

completed using Stata (Stata Corp 15.1). Further details on the CE survey methodology are supplied in 

Section 8.2. 
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 See Section 8.3.3 for further details 
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Table 9.1 - Socio-demographic characteristics of respondents (n=1,000) 

Characteristic Total sample 
NSW 

population 

Women (% of respondents) 53 50 

Average age (years) 50 37.5 

Average income (in 2020 AU$/year) 88,088 67,200 

Highest level of education completed (% of respondents)  
 

 

High school 23 52
c
 

TAFE 35 38
c
 

University 42 24
c
 

Employment (% of respondents) 
 

 

Working 58 59
b
 

Unemployed 7 6
b
 

Currently work/volunteer in mining 1 1
d
 

Currently work/volunteer in agriculture 2 2
d
 

   

Have concerns with mining (% yes) 49
e
  

Previously heard of ‘mine rehabilitation’ (% yes) 27  

Previously heard of ‘Wilpinjong Coal Mine’ (% yes) 18  

Previously visited Mid-Western Regional Council area (% yes) 52  
a includes 15-18 years old, b Percentage of population aged over 15 years and over in 2016, c persons aged 15 years and over in 2016 
d Year ending 30 June 2018, Australian Bureau of Statistics (2021), e includes ‘yes’ and ‘not sure’ 

Conditional logit (CL) and mixed logit (ML) models were estimated to examine mine rehabilitation 

preferences of the 1,000 survey respondents. Conditional logit models theory and applications can be 

found in McFadden (1974). Train (2009) and Hensher, Rose and Green (2015) describe mixed logit 

modelling theory (see Section 8.2). CL models were estimated to analyse if the level of detail provided to a 

respondent about the PMLU attribute (description only or % of PMLU) mattered when choosing between 

alternatives. Table 9.2 details the PMLU attributes used in the CE survey.  

The status quo was specified as returning mine rehabilitated land to 100% grazing, no public access for 

recreational activities, taking 15 years to achieve the PMLU, providing employment for five people every 

year, at no cost to NSW households. The model specification includes an alternative specific constant (ASC) 

that is one for the status quo alternative, representing the utility of choosing the status quo that cannot be 

explained by other variables included in the model. 
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 Table 9.2 PMLU descriptions used in CE survey and CL and ML models  

Split Sample A 

PMLU description only (n=403) 

Split Sample B 

PMLU description included as percentage of area
17

 (n=597)  

Grazing (status quo) 100% Grazing (status quo) 

Conservation only  100% Conservation  

Native vegetation only 100% Native vegetation 
Solar only  
Grazing with Conservation 50% Grazing with 50% Conservation 
Grazing with Native vegetation  50% Grazing with 50% Native vegetation  

Grazing with Solar 
60% Grazing with 40% Solar OR  
80% Grazing 20% with Solar  

Conservation with Solar 
60% Conservation with 40% Solar OR  
80% Conservation with 20% Solar  

Native vegetation with Solar 
60% Native vegetation with 40% Solar OR  
80% Native vegetation 20% with Solar  

 50% Conservation with 50% Native vegetation  

Where survey respondents chose the status quo most of the time18, a further set of questions were 

presented to understand the reason for doing so with results presented in Table 9.3. A total of 145 

respondents mostly chose the status quo. Of these, 111 participants (11% of the total sample) protested 

against having to pay into a mine rehabilitation trust and were removed from further analysis since their 

stated zero WTP is unlikely to be a reflection of their true WTP (Rolfe & Windle, 2015). Thus, analysis was 

undertaken on a total of 354 completed surveys for Split Sample A, and a total of 535 completed surveys 

for Split Sample B (n=889 in total).  

Table 9.3 - Main reason a respondent mostly chose status quo (in at least seven of the eight choice 
questions) (n=1000) 

Reason for choosing the ‘no-cost’ option 
Split Sample A (PMLU 

description) Model (n=403) 

Split Sample B (PMLU 

proportions) (n=597) 

I do not care about rehabilitation 4 (7%) 3 (4%) 
I care about mine rehabilitation but object to 
paying more taxes and charges* 

16 (27%) 19 (22%) 

I care about mine rehabilitation but it is not my 
responsibility to pay for it* 

27 (45%) 39 (46%) 

I preferred to the original PMLU (Option C) 7 (12%) 19 (22%) 
I preferred the different post-mine land-uses 
(Option A or B), but cannot afford to pay for them 

0  0 

It was too difficult to choose, so I stayed with 
original PMLU (Option C)* 

6 (10%) 4 (5%) 

Some other reason 0 1 (1%) 

Total 60 85 
*Defined as a protest response and removed from further analysis 
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 Dummy coded variables created to match Split Sample A PMLU descriptions. Example Native Vegetation with Solar=1 if 60% 
Native vegetation with 40% Solar OR 80% Native vegetation 20% with Solar 
18

 ‘Most’ is defined as choosing the status quo option in at least 7 out of the 8 choice sets 
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9.2.1 Rehabilitation preferences (Split Sample A – only PMLU description)  

The analysis starts by looking at preferences for mine rehabilitation. The data analysed here includes 

residents of NSW (n=354) who were presented with PMLU descriptions only. Numerous CL models were 

estimated using different combinations of explanatory variables that were interacted with the ASC to 

capture potential differences in preferences driven by individuals’ socio-demographic characteristics. 

Variables tested included employment status, field of employment, education, age, previous mining 

experience, having concerns with mining, previous visitations, gender, knowledge of mine rehabilitation, 

income, and knowledge of Wilpinjong Coal Mine. The ‘best-fit’ model was chosen based on McFaddens R2 

test, lowest relative log-likelihood, AIC and BIC.  

Results of the ‘best-fit’ model presented in Table 9.419. This model (model A1) includes eleven socio-

demographic variables. Excluding some of the non-significant socio-demographic variables led to a worse 

model fit (see Appendix 3) thus all eleven were retained for transparency. The coefficient on the ASC is 

negative and significant, indicating a preference for the alternatives other than the status quo. Results 

show that, when compared to grazing only, respondents prefer a PMLU that consist of land-use 

combinations that contain solar, conservation, or grazing, but not as much when it contains native 

vegetation. The top four PMLU preferences include (in order of magnitude), grazing with solar, 

conservation with solar, grazing with conservation, and native vegetation with solar. Wald tests found there 

were no significant differences between these top four PMLUs. Preferences for grazing with native 

vegetation, solar only, and native vegetation were not significantly different from 100% grazing only.  

A positive sign on the ‘access’ and ‘job’ attributes indicates respondents prefer when mine rehabilitation 

generates more jobs and when the rehabilitated site is accessible for recreational purposes. The negative 

sign on the ‘time’ and ‘cost’ attributes indicate that respondents prefer lower costs and shorter time taken 

to achieve a PMLU. 

Interaction of socio-demographic variables and the ASC are also included in the model. In model A1, only 

covariates such as employment, age of respondent, previously heard of Wilpinjong Coal Mine, and having a 

concern with mining were found to be significant. Results show that respondents who are employed full-

time and are older are more likely to choose the status quo option (denoted by the positive and significant 

coefficients on full-time employed and age). In contrast, those who have previously heard of Wilpinjong 

Coal Mine and those who have concerns with mining, are more likely to choose alternatives other than the 

status quo (as indicated by their negative coefficients).  

                                                           
19

 Results of alternative CL models are presented in Appendix 3 
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Table 9.4 - Conditional logit model with socio-demographic variables (compared to 100% grazing) with 
standard error in parentheses   

                                                           
17

 Dummy coded variables created to match Split Sample A PMLU descriptions. Example Native Vegetation with Solar=1 if 60% 
Native vegetation with 40% Solar OR 80% Native vegetation 20% with Solar 

Variables 

Model A1 
Split Sample A (PMLU 

descriptions only) 
(n=354) 

 

Model B1 
Split Sample B  

(PMLU proportions) 
(n=535) 

 
Coef. P-value Coef. P-value 

ASC
a
 -0.734 

(0.250) 
0.003 -0.450 

(0.297) 
0.130 

Choice attributes     

Post-mining land-use:     

50% Conservation with 50% Native 
vegetation

b 17
 

  1.012 
(0.202) 

0.000 

Conservation with Solar/
c 

60% Conservation with 40% Solar or 
80% Conservation with 20% Solar 

17
 

0.648 
(0.151) 

0.000 0.942 
(0.198) 

0.000 

Native vegetation with Solar/ 
60% Native vegetation with 40% Solar or  
80% Native vegetation with 20% Solar

17
 

0.456 
(0.137) 

0.001 0.931 
(0.212) 

0.000 

Grazing with Conservation/ 
50% Grazing with 50% Conservation 

17
 

0.611 
(0.125) 

0.000 0.769 
(0.217) 

0.000 

Conservation only/ 
100% Conservation 

17
 

0.426 
(0.142) 

0.003 0.623  
(0.233) 

0.008 

Grazing with Native vegetation/ 
50% Grazing with 50% Native vegetation 

17
 

0.201 
(0.145) 

0.164 0.350  
(0.240) 

0.144 

Grazing with Solar/ 
60% Grazing with 40% Solar or  
80% Grazing with 20% Solar 

17
 

0.648 
(0.140) 

0.000 0.317 
(0.209) 

0.129 

Native vegetation only/ 
100% Native vegetation

17
 

0.127 
(0.151) 

0.399 0.293 
(0.237) 

0.217 

Solar only
d
  0.166 

(0.142) 
0.245   

Access for recreation (yes/no) 0.141 
(0.069) 

0.043 0.175 
(0.063) 

0.005 

Jobs (people employed/year) 0.025 
(0.007) 

0.000 0.030 
(0.006) 

0.000 

Time (number of years) -0.019 
(0.0030 

0.000 -0.025 
(0.003) 

0.000 

Cost (one-off payment in AU$) -0.006 
(0.001) 

0.000 -0.004 
(0.000) 

0.000 

Socio-demographic variables (interacted with the ASC):    

Employed full-time 0.272 
(0.116) 

0.019 0.384 
(0.096) 

0.000 

Age  0.017 
(0.003) 

0.000 0.018 
(0.003) 

0.000 

Previously visited Mid-Western Regional 
Council area 

-0.054 
(0.107) 

0.615 -0.245  
(0.087) 

0.005 

Heard of Wilpinjong Mine -0.467 
(0.178) 

0.009 -0.277 
 (0.111) 

0.013 

Female 0.038 0.698 -0.352 0.000 
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Notes: 
a 

Alternative Specific Constant = 1 for the status quo option,
 b

 Not offered in Split Sample A, 
c
 PMLU descriptions in Split 

Sample A / PMLU descriptions in Split Sample B, 
d
 Not offered in Split Sample B; 

e
 No local respondents were sampled in Split 

Sample A 
 
 

9.2.2 Rehabilitation preferences (Split Sample B – PMLU proportions)  

Investigations continued to consider if providing more details to respondents about the proportion of each 

PMLU made a difference to preferences. The attribute description in this split sample included the 

percentage of the mine rehabilitated area that the PMLU would cover. Because the proportion of PMLU 

always adds up to 100%, the PMLU categories cannot be analysed as fully orthogonal continuous variables. 

Instead, new variables were created from the PMLU descriptions shown in the survey that are comparable 

to the PMLU categories of Split Sample A. The results of the CL model (Model B2) are presented in Table 

9.421. The coefficient on the ASC is not significant in this model which shows that respondents’ preferences 

are sufficiently explained by the other variables included in the model.  Respondents again prefer access for 

recreation, more jobs, shorter rehabilitation time frames, and lower costs. However, results reveal some 

differences in PMLU preferences when compared to Split Sample A. The top four PMLU preferences in Split 

Sample B in order of magnitude are: conservation with native vegetation22, conservation with solar, native 

vegetation with solar, and grazing with conservation. Wald tests verified that there was no statistical 

difference in preferences between these top four PMLUs. Further analysis using CL models confirmed that, 

when compared to a PMLU of 100% grazing, combinations of PMLU that include conservation, solar, or 

native vegetation but not grazing (except when in combination with conservation) are preferred. 
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 Results of alternative CL models are presented in Appendix 3 
22

 Not offered in Split Sample A 

(0.097) (0.076) 
Concerns with mining -0.573 

(0.095) 
0.000 -0.385 

(0.042) 
0.000 

Worked in mining industry -0.052 
(0.145) 

0.718 0.047 
(0.120) 

0.694 

Income -0.020 
(0.046) 

0.661 -0.037 
(0.036) 

0.296 

University -0.037 
(0.124) 

0.765 -0.001 
(0.106) 

0.996 

TAFE 0.031 
(0.125) 

0.803 -0.003 
(0.100) 

0.972 

Previously heard of mine rehabilitation 0.086 
(0.108) 

0.425 -0.072 
(0.147) 

0.621 

Local
e
   0.000 

(0.127) 
0.998 

     
# of choice observations 7,776  11,784  
Log likelihood -2642  -4123  
AIC 5333  8297  
BIC 5500  8481  
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Preferences for grazing with native vegetation, grazing with solar and native vegetation only were not 

significantly different from a 100% grazing PMLU.  

Similar to Split Sample A, socio-demographic variables were included as interactions with the ASC. In Model 

B1, only covariates such as employment, age of respondent, previously visited the Mid-Western Regional 

Council area, previously heard of Wilpinjong Coal Mine, gender, and having a concern with mining was 

found to be significant. Respondents who are employed full-time, and older are more likely to choose the 

status quo alternative (indicated by the positive and significant coefficients on full-time employed and age). 

In comparison, those have previously visited the Mid-Western Regional Council area, previously heard of 

Wilpinjong Coal Mine, being female, and those who have concerns with mining are less likely to choose the 

status quo alternatives (as shown by their negative coefficients).  

To capture whether local respondents have a significantly different preference towards the choice 

attributes, five dummy coded variables were created as an interaction between those from the ‘local’ area 

(defined as respondents within 100km of the MWRC boundary) and the ASC23 or choice attributes (access, 

time, jobs). The results (Appendix 3) showed that none of these interactions (local x ASC, local x access, 

local x jobs, local x time, and local x cost) were significant.  

As the PMLUs used in Table 9.4 consist of dummy coded attributes to enable a comparison of PMLU 

preferences between the two split samples, specific preferences towards the proportion of PMLU area are 

lost. Table 9.5 presents a comparison between the PMLU attributes codes as they were presented in the 

survey and the PMLU attributes coded as dummy variables. The results show minor changes in the ranking 

of PMLU preferences between the two models estimated on Split Sample B. In the new model (B2), the first 

preference is now for 60% conservation with 40% solar, compared to the dummy coded model (B1) where 

50% conservation with 50% native vegetation was most preferred. In model B2, 80% conservation with 20% 

solar is less preferred, and 80% grazing with 20% solar is now significant24 where in the previous model (B1) 

it was not (in combination with 60% grazing with 20% solar). No changes to other choice or covariates were 

observed between the two CL models.  

In Model B2, Wald tests showed no significant difference between the top four PMLU preferences (60% 

conservation with 40% solar, 60% native vegetation with 40% solar, 50% conservation with 50% native 

vegetation, and 80% native vegetation with 20% solar), indicating indifference between these PMLUs. The 

new results (model B2) show that 80% grazing with 20% solar is significant but 60% grazing with 40% solar 

is not. This suggests that, in model B1, the insignificant preference for the grazing-solar PMLU was 

                                                           
23

 Also shown in Table 9.4 for transparency 
24

 At 90% confidence level 
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influenced by respondents having no preference for 60% grazing with 40% solar over 100% grazing (but 

they do prefer 80% grazing and 20% solar). At first glance, one may think that respondents like solar at 

20%, but not too much solar (not 40%). However, preferences for 40% solar in combination with 

conservation or native vegetation are positive and significant, indicating that 40% solar is indeed preferred, 

but not when in combination with grazing as a PMLU.  

Table 9.5 - Ranking of PMLU preferences – actual PMLU combinations (compared to 100% grazing) with 

standard error in parentheses (n=535) 

 

Model B2 

PMLU categories as 

presented in the CE Survey 

Model B1 

PMLU proportions 

Variables Coef. P-value Coef. P-value 

ASC
a
 -0.472 

(0.295) 
0.110 -0.450 

(0.297) 
0.130 

Choice attributes     

Post-mining land-use:     

50% Conservation with 50% Native  
vegetation 

b c
 

0.921 
(0.204) 

0.000 1.012 
(0.202) 

0.000 

60% Conservation with 40% Solar or 
80% Conservation with 20% Solar 

17 
 

  0.942 
(0.198) 

0.000 

60% Conservation with 40% Solar 
c
 1.027 

(0.203) 
0.000   

80% Conservation with 20% Solar 
c
 0.822 

(0.212) 
0.000   

60% Native vegetation with 40% Solar or  
80% Native vegetation with 20% Solar 

17
 

  0.931 
(0.212) 

0.000 

60% Native vegetation with 40% Solar 
c
 0.959 

(0.221) 
0.000   

80% Native vegetation with 20% Solar 
c
 0.834 

(0.220) 
0.000   

50% Grazing with 50% Conservation  
17 c

 0.782 
(0.220) 

0.000 0.769 
(0.217) 

0.000 

100% Conservation 
c
 0.568 

(0.234) 
0.015 0.623 

(0.233) 
0.008 

50% Grazing with 50% Native vegetation 
17 c

 0.312 
(0.241) 

0.195 0.350 
(0.240) 

0.144 

60% Grazing with 40% Solar or  
80% Grazing with 20% Solar 

17
 

  0.317 
(0.209) 

0.129 

60% Grazing with 40% Solar 
c
 0.093 

(0.229) 
0.684   

80% Grazing with 20% Solar 
c
 0.378 

(0.219) 
0.085   

100% Native vegetation 
c
 0.231 

(0.238) 
0.332 0.293 

(0.237) 
0.217 

Access for recreation (yes/no) 0.166 
(0.065) 

0.010 0.175 
(0.063) 

0.005 
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 Dummy coded variables created to match Split Sample A PMLU descriptions. Example Native Vegetation with Solar=1 if 60% 
Native vegetation with 40% Solar OR 80% Native vegetation 20% with Solar
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Jobs (people employed/year) 0.028 
(0.006) 

0.000 0.030 
(0.006) 

0.000 

Time (number of years) -0.026 
(0.003) 

0.000 -0.025 
(0.003) 

0.000 

Cost (one-off payment AU$) -0.004 
(0.000) 

0.000 -0.004 
(0.000) 

0.000 

Socio-demographic variables (interacted with the ASC):    

Employed full-time  0.381 
(0.095) 

0.000 0.384 
(0.096) 

0.000 

Worked in mining industry  0.046 
(0.120) 

0.701 0.047 
(0.120) 

0.694 

Age  0.018 
(0.003) 

0.000 0.018 
(0.003) 

0.000 

Female  -0.354 
(0.076) 

0.000 -0.352 
(0.076) 

0.000 

Income  -0.038 
(0.036) 

0.289 -0.037 
(0.036) 

0.296 

University 0.002 
(0.106) 

0.988 -0.001 
(0.106) 

0.996 

TAFE  0.001 
(0.100) 

0.994 -0.003 
(0.100) 

0.972 

Previously heard of mine rehabilitation  -0.072 
(0.098) 

0.463 -0.072 
(0.147) 

0.621 

Previously visited Mid-Western Regional 
Council area  

-0.246 
(0.085) 

0.004 -0.245 
(0.087) 

0.005 

Heard of Wilpinjong Mine  -0.276 
(0.111) 

0.013 -0.277 
(0.111) 

0.013 

Concerns with mining  -0.384 
(0.042) 

0.000 -0.385 
(0.042) 

0.000 

     
# of choice observations 11,784  11,784  
Log likelihood -4119  -4123  
AIC 8292  8297  
BIC 8492  8481  

Notes: 
a 

Alternative Specific Constant = 1 for the status quo option, 
b
 not offered in Split Sample A, 

c 
Each PMLU as presented in 

survey was dummy coded 1. For example PMLU 80% Conservation with 20% Solar=1 if Conservation=80% and Solar=20.   

In conclusion, models estimated on Split Samples A and B (Table 9.4) reveal similarities including a 

preference for a PMLU that includes solar and conservation and a dislike for grazing and native vegetation 

either as the only land-use or in combinations. Overall, observations indicate that providing more detailed 

PMLU descriptions makes a difference to decision makers when considering PMLU options. 

9.2.3 Diminishing preferences for PMLU   

Results for Split Sample B were further analysed to understand if preferences show diminishing returns to 

PMLU proportions. In other words, is there an optimal minimum or maximum area of each PMLU? For this 

analysis, dummy coded variables were created for each level of each PMLU category. Due to the correlation 
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between PMLUs, variables representing 20% and 40% solar26 were excluded to avoid collinearity between 

variables. Results are presented in Table 9.6 and Figure 9.127.  

Table 9.6 - Conditional logit model with post-mining land-use attributes and levels (compared to 100% 

grazing) (Split Sample B, n=535) 

 
Model B3 

PMLU proportions 

Variable Coef. Std. Err. P-value 

ASC
a
 -0.472 0.295 0.110 

Choice attributes    

Proportion of post-mining land-use:    

60% Conservation 1.027 0.203 0.000 

60% Native vegetation 0.959 0.221 0.000 

80% Native vegetation 0.834 0.220 0.000 

80% Conservation 0.822 0.212 0.000 

50% Conservation 0.695 0.121 0.000 

100% Conservation 0.568 0.234 0.015 

80% Grazing 0.378 0.219 0.085 

100% Native vegetation 0.231 0.238 0.332 

50% Native vegetation 0.225 0.141 0.111 

60% Grazing 0.093 0.229 0.684 

50% Grazing 0.087 0.151 0.567 

Access for recreation (yes/no) 0.166 0.065 0.010 

Jobs (people employed/year) 0.028 0.006 0.000 

Time (number of years) -0.026 0.003 0.000 

Cost (one-off payment AU$) -0.004 0.000 0.000 

Socio-demographic variables (interacted with the ASC):    

Employed full-time  0.381 0.095 0.000 

TAFE  0.001 0.100 0.994 

Previously heard of mine rehabilitation  -0.072 0.098 0.463 

Previously visited Mid-Western Regional Council area  -0.246 0.085 0.004 

Income  -0.038 0.036 0.289 

Female  -0.354 0.076 0.000 

University  0.002 0.106 0.988 

Worked in mining industry  0.046 0.120 0.701 

Age  0.018 0.003 0.000 

Heard of Wilpinjong Mine  -0.276 0.111 0.013 

Concerns with mining  -0.384 0.042 0.000 
 
 
 
 
 

   

                                                           
26

 20% solar presented in CE survey with either 80% conservation, native vegetation, or grazing; 40% solar presented in CE survey 
with either 60% conservation, native vegetation, or grazing.   
27

 An attribute only conditional logit model results area presented in Appendix 3 
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# of choice observations 11,784   
Log likelihood -4,119   
AIC 8,292   
BIC 8,492   

Notes: 
a 

Alternative Specific Constant = 1 for the status quo option 

The results indicate that respondents are indifferent between 100% grazing and 50% native vegetation, 

100% Native vegetation, 60% grazing, and 50% grazing, as shown by their insignificant coefficient 

estimates. A common preference is observed for conservation (all variables representing the four attribute 

levels are significant) when compared to 100% grazing. Results show (Figure 9.1) a linear preference for 

conservation between 50% and 60% (60% more preferred over 50%), however preferences are non-linear 

beyond that, with 60% significantly preferred over 80%, and 80% significantly preferred over 100% 

indicating an optimal allocation of land to conservation is likely to be between 50% and 60% 28.   

The results found that the variables representing 50% and 100% proportions of mine rehabilitated area for 

native vegetation were not significantly different from 100% grazing. However, the coefficients on 60% and 

80% native vegetation were statistically significant, hence preferred by respondents over 100% grazing or 

100% native vegetation. As observed in Table 9.6 and Figure 9.1, the coefficient of 60% native vegetation 

being higher than 80% native vegetation indicates that around 60% native vegetation is preferred.   

The coefficients for 50% and 60% grazing were not significant (Table 9.6), but the coefficient for 80% 

grazing was, indicating a preference for 80% over 100% grazing. As solar was offered in combination with 

other land-uses (grazing, conservation, or native vegetation), preferences for 60% or 80% of grazing, 

conservation, or native vegetation were confounded with preferences for the solar attribute. The overall 

results of the PMLUs indicate a preference for between 20-40% as the optimal area of rehabilitated land to 

be dedicated to solar.  

 

 

 

  

                                                           
28

 Between 60% Conservation and 80% Conservation is significant at 90% confidence levels 
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PMLUs indicating that, on average, respondents are indiffert between these PMLUs. Having a site be 

returned to conservation only is also significantly preferred to solely grazing. The results also show that 

preferences for solar on its own, grazing with native vegetation, and 100% native vegetation are not 

significantly different from 100% grazing as a PMLU. 

Rehabilitated land that provides access for recreation purposes was found to be not significant to 

respondents. PMLUs that create more jobs are preferred (positive coefficients) with a preference for five 

jobs over two jobs, however respondents were indifferent towards an increase from five to 15 jobs as 

shown by the insignificant coefficient estimate.  

A preference is observed for mine rehabilitation to take less time with responses indicating a preference for 

15 years over 30 years, and five years over 15 years as reflected in a positive coefficient for both variables. 

The coefficients for the parameters for rehabilitation time indicate an approximately linear marginal utility 

for a reduction in time (since the ratio 0.481/0.307 is nearly the same as the ratio of 15yrs/10yrs).  

A number of socio-demographic variables, interacted with the ASC, were included in the model with only 

age and having a concern with mining found to be significant. This showed that older respondents are more 

likely to choose the status quo as indicated by the positive coefficient. Respondents who are have concerns 

with mining are more likely to pay for alternatives to the status quo (negative coefficent).  

The model also shows significant standard deviations for all choice attributes (except for solar only), 

hightlighting the heterogeneity in preferences for these attributes. 
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Table 9.7 - Mixed logit model - PMLU description only, showing all choice attributes as random (PMLU 
compared to 100% grazing) 

Attribute Coef. Std. Err. P-value 

ASC
a
 -0.937 0.423 0.027 

Choice attributes    

Post-mining land-use:    

Conservation with Solar 1.004 0.213 0.000 

Grazing with Conservation   0.957 0.202 0.000 

Native vegetation with Solar  0.870 0.199 0.000 

Grazing with Solar  0.816 0.253 0.001 

Conservation only  0.566 0.213 0.008 

Solar only
b
 0.301 0.217 0.167 

Grazing with Native vegetation   0.204 0.244 0.403 

Native vegetation only  -0.061 0.284 0.829 

Access for recreation (yes/no) 0.163 0.134 0.226 

Jobs - from 2 to 5 (people employed/year) 0.365 0.139 0.009 

Jobs - from 5 to 15 (people employed/year) 0.172 0.140 0.218 

Time - from 30 to 15 Years (number of years) 0.482 0.157 0.002 

Time - from 15 to 5 Years (number of years) 0.305 0.123 0.013 

Cost (one-off payment in AU$) -0.008 0.001 0.000 

Socio-demographic variables (interacted with the ASC):    

Employed full-time  0.257 0.198 0.194 

Worked in mining industry -0.112 0.237 0.635 

Age  0.020 0.006 0.000 

Female  0.059 0.169 0.728 

Income  0.022 0.078 0.782 

University -0.013 0.215 0.953 

TAFE  0.113 0.219 0.607 

Previously heard of mine rehabilitation  0.088 0.186 0.634 

Previously visited Mid-Western Regional Council area  -0.041 0.183 0.823 

Heard of Wilpinjong Mine  -0.473 0.288 0.101 

Concerns with mining  -0.880 0.167 0.000 

    

Standard Deviation 
   Conservation with Solar 0.930 0.359 0.010 

Grazing with Conservation  0.895 0.292 0.002 

Native vegetation with Solar  0.754 0.358 0.035 

Grazing with Solar  1.952 0.390 0.000 

Conservation only  0.884 0.359 0.014 

Solar only  0.659 0.430 0.126 

Grazing with Native vegetation  1.360 0.299 0.000 

Native vegetation only  2.009 0.308 0.000 

Access for recreation (yes/no) 1.421 0.130 0.000 

Jobs - from 2 to 5 (people employed/year) 1.044 0.162 0.000 

Jobs - from 5 to 15 (people employed/year) 0.854 0.187 0.000 

Time - from 30 to 15 Years (number of years) 1.213 0.175 0.000 
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Time - from 15 to 5 Years (number of years) 1.046 0.159 0.000 

    
# of choice observations 7,776   
Log likelihood -2472   
AIC 5023   
BIC 5294   

Notes: 
a
 Alternative specific constant = 1 for the status quo option, 

b 
Solar only presented in Split Sample A. 

9.3.2 Mixed logit – split sample B (PMLU proportions)   

Table 9.8 presents a ML31 for respondents to Split Sample B (who were shown the percentage of PMLU 

proposed in the mine rehabilitation area). The ASC in this model is significant and negative32, revealing that, 

on average, respondents prefer the choice alternatives to the status quo. The results of the ML model show 

the top five PMLU preferences (when compared to 100% grazing) are PMLU combinations consisting of 60% 

conservation with 40% solar, 60% native vegetation with 40% solar, and 50% conservation with 50% native 

vegetation, 80% native vegetation with 20% solar, and 80% conservation with 20% solar. Further testing 

(Wald test) shows that there is no significant difference between these five PMLU indicating indifference 

between them. The utility values are higher for PMLU combinations that do not contain grazing as shown 

by the high attribute coefficents values.  

The least preferred PMLU are 100% native vegetation or any combination that contains grazing (except 

50% grazing and 50% conservation), which were all not significantly different from 100% grazing. Results 

indicate a preference for combinations of PMLU that include conservation, solar, or native vegetation but 

not grazing (except when in 50% combination with conservation) when compared to 100% grazing.  

In this model, access to rehabilitated land that provides access for recreation purposes was preferred by 

respondents. There is also a clear preference for creating more jobs, with 5 jobs preferred over 2 jobs33, 

and 15 jobs preferred over 5 jobs (positive and significant coefficients). Results show some non-linearity in 

preferences for the number of jobs created: The first 3 additional jobs (from 2 to 5 jobs) have a coefficient 

value of 0.137 (approximately 0.0457 per job), while the next additional 10 jobs (from 5 to 15 jobs) is 

associated with a coefficient value of 0.324 (approximately 0.0324 per job), hence utility gained from the 

increase of 5 to 15 jobs is lower (per job created) then the utility gained from increasing from 2 to 5 jobs. 

A significant preference is observed for mine rehabilitation to take less time, with responses showing a 

preference for 15 years over 30 years, and for 5 years over 15 years (as reflected by the positive 

coefficients on time3015 and time155). The utility change per year is similar for the reduction from 30 years to 

                                                           
31

 An attribute only ML model is provided in Appendix 3  
32

 Significant at 90% confidence level 
33

 Significant at 90% confidence level 
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15 years (0.351/15=0.023/yr) to the reduction from 15 years to 5 years (0.222/10=0.022/yr). Thus, time 

preferences appear to be linear over the time horizon presented in this survey.  

To test whether local respondents have different preferences, interactions with three choice attributes 

(local x time, local x access, local x job) and the ASC (local x ASC) were again used although only ‘local x 

time’ was found to be significant and is included in the ML model. The negative coefficient on ‘local x time’ 

indicates there are some differences in preferences between local and non-local respondents, with locals 

having a stronger preference for less time to completion than non-locals.  

The same socio-demographic variables used in the previous ML model (Section 9.3.1) were included as 

interactions with the ASC here. Seven variables were found to be significant. Respondents who are 

employed full-time and older respondents are more likely to choose the status quo, as denoted by the 

positive coefficeints. Conversly, respondents who have previously heard of mine rehabilitation34, people 

who have previously visited the Mid-Western regional council area, have previously heard of Wilpinjong 

Coal Mine, have concerns with mining, and where females, were more likely to choose one of the choice 

alternatives over the status quo (as shown by their negative coefficients).  

The significant standard deviations highlights the heterogeneity in prefences for nearly all choice attributes, 

including access, jobs, time, and five of the PMLUs. Conversly, six PMLUs (60% conservation with 40% solar, 

50% conservation with 50% native vegetation, 80% native vegetation with 20% solar, 80% conservation 

with 20% solar, 100% conservation, 100% native vegetation) did not have signficant standard deviations 

indicating that people are homogenous in their preferences for a PMLU which consists of conservation—

except when in combination with grazing.   

  

                                                           
34

 Previously heard of mine rehabilitation x ASC significant at 90% confidence level 
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Table 9.8 - Mixed logit model – PMLU description (PMLU proportions) showing all choice attributes as 
random (nreps=500) (compared to 100% grazing) 

Attribute Coef. Std. Err. P-value 

ASC
a
 -0.592 0.350 0.090 

Choice attributes    

Post-mining land-use:    

60% Conservation with 40% Solar 1.107 0.226 0.000 

60% Native vegetation with 40% Solar 1.059 0.249 0.000 

50% Conservation with 50% Native vegetation
b
 1.026 0.228 0.000 

80% Native vegetation with 20% Solar  0.936 0.245 0.000 

80% Conservation with 20% Solar 0.898 0.232 0.000 

100% Conservation  0.679 0.264 0.010 

50% Grazing with 50% Conservation  0.580 0.286 0.043 

80% Grazing with 20% Solar 0.308 0.249 0.215 

100% Native vegetation  0.291 0.263 0.268 

60% Grazing with 40% Solar 0.089 0.272 0.743 

50% Grazing with 50% Native vegetation  0.084 0.303 0.782 

Access for recreation (yes/no) 0.173 0.094 0.068 

Jobs - from 2 to 5 (people employed/year) 0.137 0.081 0.091 

Jobs - from 5 to 15 (people employed/year) 0.324 0.119 0.006 

Time - from 30 to 15 Years (number of years) 0.351 0.097 0.000 

Time - from 15 to 5 Years (number of years) 0.222 0.100 0.026 

Local x time  -0.013 0.006 0.034 

Cost (one-off payment in AU$) -0.004 0.000 0.000 
Socio-demographic variables (interacted with the ASC):    

Employed full-time  0.451 0.120 0.000 

Worked in mining industry  0.067 0.149 0.652 
TAFE  0.049 0.127 0.701 
Age  0.021 0.004 0.000 
Income  -0.036 0.045 0.426 
University  -0.092 0.135 0.494 
Previously heard of mine rehabilitation  -0.204 0.121 0.092 
Previously visited Mid-Western Regional Council 
area  

-0.212 0.109 0.050 

Heard of Wilpinjong Mine  -0.308 0.138 0.025 

Concerns with mining  -0.424 0.053 0.000 

Female  -0.463 0.097 0.000 

    

Standard Deviation 
   

60% Conservation with 40% Solar 0.276 0.333 0.408 

60% Native vegetation with 40% Solar 0.884 0.219 0.000 

50% Conservation with 50% Native vegetation 0.348 0.360 0.333 

80% Native vegetation with 20% Solar 0.092 0.324 0.776 

80% Conservation with 20% Solar 0.069 0.307 0.822 

100% Conservation 0.007 0.278 0.981 

50% Grazing with 50% Conservation 1.548 0.328 0.000 

80% Grazing with 20% Solar 0.655 0.226 0.004 

100% Native vegetation 0.167 0.478 0.726 
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60% Grazing with 40% Solar 0.791 0.289 0.006 

50% Grazing with 50% Native vegetation 1.315 0.291 0.000 

Access for recreation (yes/no) 0.932 0.091 0.000 

Jobs - from 2 to 5 (people employed/year) 0.378 0.152 0.013 

Jobs - from 5 to 15 (people employed/year) 0.718 0.108 0.000 

Time - from 30 to 15 Years (number of years) 0.354 0.168 0.035 

Time - from 15 to 5 Years (number of years) 0.835 0.100 0.000 

    

# of choice observation 11,784   

Log likelihood -3817   

AIC 7726   

BIC 8065   

Notes: 
a 

Alternative specific constant = 1 for the status quo option, 
b
 Conservation and Native vegetation not provided in Split 

Sample A. 

9.4 WTP estimates 

We estimate respondents’ marginal willingness to pay (WTP – also called ‘implicit price’) for each of the 

choice attributes. Marginal WTP reflect the value that the average respondent holds for a one-unit change 

in the attribute (Section 8.1.1).  

The parameter estimates from the ML models presented in Tables 9.7 and 9.8 were used in Microsoft Excel 

to estimate implicit prices (in AUD $) for each choice attribute (Tables 9.9 and 9.10) through simulated 

distributions of the coefficient estimates with 10,00 Halton draws. Results are presented for two different 

approaches to calculating WTP: using the standard errors of the mean coefficient estimates, and using the 

standard deviations of the random coefficients. While mean WTP estimates do not vary significantly 

between these two approaches, using the standard deviations of the random coefficients will account for 

the heterogeneity of respondents’ preferences and thus, the 95% confidence intervals around WTP 

estimates will be larger. 

The results in Table 9.9 show that respondents in Split Sample A (PMLU description only) are, on average, 

willing to pay more for PMLUs that consist of land-use combinations (when compared to 100% grazing), 

except if it contains native vegetation with grazing35. Results show that respondents are willing to pay $127 

as a one-off payment for mine rehabilitation to achieve a PMLU combination of conservation with solar, 

$121 for grazing with conservation, $110 for native vegetation with solar, $102 for grazing with solar and 

$71 for conservation only.   

Results also show that respondents are WTP, on average, a one-off payment of about $46 that ensures an 

increase of jobs from 2 to 5 jobs every year. In the case for the time taken to establish a PMLU, respondents 

                                                           
35

 Reflected as being non-significant in Table 9.7 
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are willing to pay on average a one-off cost of $60 to decrease the time taken to achieve a PMLU from 30 

years to 15 years, and $38 for a change from 15 years to 5 years.  

Table 9.9 One-off marginal willingness to pay per household in 2021-22 financial year using the standard 

error of the mean coefficients and standard deviations of random variables (A$/household/one-off 

payment) – Sample A (PMLU descriptions, n=324) 

Attribute Estimates based on 

standard error of the mean 

Estimates based on 

standard deviation of 

random variables 

 (95% confidence intervals) (95% confidence intervals) 

Conservation with Solar 
$127.13 

(73 – 193) 
$127.76 

(-110 – 365) 

Grazing with Conservation  
$121.29 

(70 – 184) 
$121.92 

(-107 – 350) 

Native vegetation with Solar  
$110.08 

(60 – 171) 
$110.23 

(-76 – 310) 

Grazing with Solar  
$102.90 

(39 – 172) 
$101.20 

(-393 – 606) 

Conservation only  
$71.37 

(18 – 132) 
$72.11 

(-152 – 292) 

Solar only
a*

 
$38.17 

(-17 – 95) 
$37.28 

(-130 – 208) 

Grazing with Native vegetation * 
$25.87 

 (-35 – 90) 
$25.39 

(-319 – 368) 

Native vegetation only * 
$-7.94  

(-80 – 62) 
$-8.54 

(-517 – 490) 

Access for recreation (yes/no)* 
$20.53 

(-13 – 56) 
$18.78 

(-341 – 374) 

Jobs - from 2 to 5 (people employed/year) 
$46.01 

(12 – 85) 
$45.37  

(-217 – 303) 

Jobs - from 5 to 15 (people employed/year)* 
$21.66 

(-13 – 59) 
$21.35 

(-195 – 237) 

Time - from 30 to 15 Years (number of years) 
$60.82 

(21 – 104) 
$59.73 

(-248 – 372) 

Time - from 15 to 5 Years (number of years) 
$38.43 
(8 – 73) 

$37.91 
(-225 – 296) 

Notes
 a

 not offered in Split Sample B; * indicates attribute was not significant in the ML model and thus WTP estimates are not 

significant (see Table 9.7) 

WTP results are higher for participants who were supplied extra details on the PMLU as a percentage of 

area (Split Sample B) with results presented in Table 9.10. Respondents are, on average, willing to pay 

around $254 as a one-off payment for mine rehabilitation to achieve 60% conservation with 40% solar, 

$242 for 60% Native vegetation with 40% solar, $235 for 50% conservation and 50% Native vegetation, 

$214 for 80% conservation and 20% solar, $206 for 80% conservation and 20% solar, and about $155 for 

100% conservation. These results are also largely significant when estimated with standard deviations for 

the random coefficients. Least preferred are PMLU combinations that contain grazing in the land-use mix. 

WTP estimates for the other choice attributes were all significant at least the 90% confidence level. 

Respondents were willing to pay on average, a one-off payment of about $39 to allow recreation access of 
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rehabilitated land, $31 for an increase of jobs from 2 to 5 jobs every year, and $74 to increase from 5 to 15 

jobs. When considering the time taken to establish a PMLU, respondents are on average, WTP a one-off 

$80 to reduce the time from 30 years to 15 years, and about and $50 to reduce from 15 years to 5 years.  

Table 9.9 - One-off marginal willingness to pay per household in 2021-22 financial year using the standard 
error of the mean coefficients and standard deviations of random variables (A$/household/one-off 
payment) – Sample B (PMLU proportions, n=491) 

Attribute 

Estimates based on 

standard error of the 

mean 

Estimates based on 

standard deviation of 

random variables 

 
(95% confidence intervals) (95% confidence intervals) 

60% Conservation with 40% Solar 
$254.47 

(149 – 381) 
$253.90 

(127 – 405) 

60% Native vegetation with 40% Solar 
$242.03 

(127 – 374) 
$242.40 

(-163 – 661) 

50% Conservation with 50% Native vegetation
a
 

$235.53 
 (131 – 361) 

$235.05 
(77 – 412) 

80% Native vegetation with 20% Solar 
$214.45 

(102 – 347) 
$214.89 

(162 – 285) 

80% Conservation with 20% Solar* 
$206.20 

(100 – 331) 
$206.36 

(161 – 269) 

100% Conservation 
$155.02 

(36 – 291)  
$155.71 

(129 – 196) 

50% Grazing with 50% Conservation 
$132.81 
(1 – 267) 

$130.34 
(-581 – 848) 

80% Grazing with 20% Solar* 
$70.59 

(-44 – 189) 
$69.29 

(-232 – 377) 

100% Native vegetation* 
$66.86 

(-51 – 193) 
$66.76 

(-8 – 148) 

60% Grazing with 40% Solar* 
$20.12 

(-103 – 146) 
$20.10 

(-343 – 378) 

50% Grazing with 50% Native vegetation* 
$18.88 

(-119 – 154) 
$17.91 

(-581 – 606) 

Access for recreation (yes/no)** 
$39.50 

(-4 – 84) 
$37.26 

(-389 – 461) 

Jobs - from 2 to 5 (people employed/year)** 
$31.47 

(-5 – 70) 
$30.79 

(-142 – 200) 

Jobs - from 5 to 15 (people employed/year) 
$74.32 

(20 – 134) 
$73.18 

(-251 – 408) 

Time - from 30 to 15 Years (number of years) 
$80.07 

(36 – 129) 
$80.07 

(-82 – 248) 

Time - from 15 to 5 Years (number of years) 
$50.91 

(6 – 100) 
$50.17 

(-331 – 423) 
Notes

 a
 not offered in Split Sample A; * indicates attribute was not significant in the ML model and thus WTP estimates are not 

significant (see Table 9.8), ** significant at 90% confidence level (see Table 9.8) 
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9.5 Discussion and conclusion 

The CE described in this chapter aims to quantify preferences for mine rehabilitation using a discrete choice 

experiment survey of 1,000 NSW residents. The CE was designed to also assess whether the level of detail 

provided to a respondent about the alternative PMLUs mattered when choosing between alternatives. The 

attributes that were included in the CE were: different PMLU categories, having access for recreational 

activities, time taken achieve mine rehabilitation outcomes, jobs created, and costs to NSW households 

(defined as a one-off payment). 

Of the 1,000 completed responses, 145 respondents mostly chose the status quo in each choice set. Of 

these, 111 participants were identified as protesters (Section 9.2) and these were removed from the 

analysis. The proportion of protesters was considered relatively high (over 10% of all respondents) 

compared to other CE studies (see for example, Subroy et al. 2018; Windle & Rolfe, 2013; Rolfe & Windle, 

2015; Gillespie & Kragt, 2010). The greatest self-reported reason for choosing the status quo was “it is not 

my responsibility for paying for mine rehabilitation” (45% of the respondents who always chose the status 

quo). This reflects Mariel et al., (2021), who found that it is common for protestors to believe that others, 

such as governments or companies, are responsible and that they should bear the costs. In our context, 

such a result makes intuitive sense, because environmental degradation from mining activities can clearly 

be attributed to a private entity (the mining company). There is a strong belief amongst respondents that 

the mining companies are responsible for undertaking mine rehabilitation (see also Chapter 7). 

Nevertheless, when asked if participants were willing to pay to improve mine rehabilitation standards, 

about 54% were open to paying (Section 7.3.4) – mostly respondents who do not live near a mining region. 

Using a split sample design initially created difficulties to accurately compare between the preferences held 

by resondents when shown the PMLU attribute in different ways. Creating dummy coded attributes for 

Split Sample B enabled a direct comparison between the two split samples (Table 9.4), but these dummy 

coded variables lost the specificity of Split Sample B (the varying proportions of each land-use). When 

comparing Model B1 and B2, the top five PMLU remained significant, however minor changes to the 

ranking of the PMLU was observed. Additionally, Model B2 established that respondents have a preference 

for 80% grazing with 20% solar36 but did not prefer 60% grazing with 40% solar (over 100% grazing). Such 

intricacies in preferences can only be determined when using the proportions of PMLU (as described in 

Split Sample B). Such an observation is important for mine rehabilitation decisions as well as choice 

modelling analysts: communities do not only have preferences for particular PMLUs but these preferences 

vary with the proportion of each PMLU provided, while analysists will need to ensure that land-use 

attributes not only describe land-use categories but also the amount of each land-use. Further research 

                                                           
36

 90% confidence level 
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could focus on how the location of different land-uses would impact community preferences (e.g. through 

an integrated GIS-CE exercise—Englund, 2005).  

As may be expected37, ML models are a better fit than the CL models and therefore ML models were used 

to inform the WTP values. A number of socio-demographic variables influenced choices: those who are 

older with respondents more often choosing the status quo whereas those who have concerns with mining 

are significantly more likely to choose the choice alternatives. Given that some of the respondents to Split 

Sample B survey were drawn from those who live close to known coal mines, it was not surprising that a 

number of socio-demographic variables were significant in Split Sample B that were not identified in Split 

Sample A, such as participants living within 100km of the Mid-Western Regional Council boundary being 

more likely to choose alternatives to the status quo. Other socio-demographic characteristics including 

knowing about mine rehabilitation, lived or living in the Mid-Western Regional Council area, having 

previously heard about Wilpinjong Coal Mine, and being a female, were all found to increase the likelihood 

of choosing one of the two choice alternatives over the status quo.  

The outcomes of CL and ML models showed that, when compared to 100% grazing, in Split Sample A 

respondents preferred combinations of PMLUs, except for the combination of native vegetation with 

grazing. Results also reveal respondents have no significant preferences for solar, grazing with native 

vegetation, or native vegetation only over the 100% grazing status quo. In Split Sample B, when compared 

to 100% grazing, respondents preferred combinations of PMLUs that did not contain grazing and were 

indifferent to 100% native vegetation. Diminishing PMLU preferences were found within Split Sample B, 

with most prefered land-use combinations being: 60% for native vegetation, between 50 and 60% for 

conservation, around 80% grazing, and between 20-40% solar.  

Despite the inclusion of additional PMLU information (in the form of percentage of PMLU area) preferences 

were similar between the two split samples for: a PMLU that contains conservation and solar, a preference 

for PMLU combinations (as opposed to a single land-use), and no appetite for 100% native vegetation. Also 

consistent across split samples were respondent’s preferences for the creation of more jobs and for lower 

costs. Having access to mine rehabilitation for recreation was observed as not significant in Split Sample A 

although was significant in Split Sample B. A preference for mine rehabilitation to take less time was also 

observed. Given the findings for preferences being linear over the time horizon, future work could explore 

longer time horizons to see whether time preferences reduce for periods longer into the future (which is 

expected under discounting).  
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We find that 60% grazing and 40% solar was not preferred in Split Sample B38, while 40% solar in 

combination with other land-uses was preferred. This suggests that additional research is needed to further 

disentangle preferences for different combinations of PMLU. For example, a future CE study could include a 

full factorial array of PMLU options designed with the addition of more attribute levels. The result would 

allow richer combinations of PMLU to be evaluated by respondents and allow an opportunity to better 

disentangle PMLU preferences to more accurate estimate the marginal utility that people receive from 

different PMLUs.  

Results show the NSW community members hold positive values for a range of non-market mine 

rehabilitation attributes. Interestingly, WTP estimates were generally higher in Split Sample B. For example, 

WTP for a PMLU of conservation with solar was found to be approximately double in Split Sample B ($254) 

compared to that of Split Sample A ($127). The exception was the PMLU of grazing with solar, where a 

higher value was recorded for Split Sample A ($102) whereas the estimate for grazing with solar was not 

significant in Split Sample B. Values for other choice attributes such as time and jobs were also slightly 

higher in Split Sample B.  

In conclusion, this study investigated preferences and values held by the NSW public for social and 

environmental attributes of mine rehabilitation. Results show that the NSW community holds positive 

values for the mine rehabilitation attributes and that these values were different with varying levels of 

information provided in the survey. Common preferences were found for mine rehabilitation to consist of 

PMLU combinations consisting of solar with conservation. Evidence was found that community hold 

diminishing preferences for the amount of mine rehabilitated land area that is used for a particular PMLU. 

Respondents further preferred having access to rehabilitated land for recreation (Split Sample B only), 

more local jobs being created, and less time needed to establish a PMLU. The results presented in this 

chapter contribute to the literature using non-market valuation in mine rehabilitation decisions. This study 

demonstrates an evidence-based method for eliciting community preferences that should be incorporated 

into decision-making about PMLU and desired mine rehabilitation outcomes. 
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10 Discussion and conclusions 

10.1 Introduction  

Post-mining land-uses (PMLUs) should be selected to maximise social welfare by accounting for stakeholder 

preferences and mine operators’ costs while constrained by the acceptability to the regulator and 

landscape characteristics. However, the benefits of mine rehabilitation and stakeholder preferences are 

rarely considered in mine rehabilitation decisions as social and environmental attributes are difficult to 

value, particularly non-market values (NMV). While NMV techniques to quantify such aspects are well-

developed, they are rarely used to inform mine rehabilitation decision-making. Failure to account for non-

market costs and benefits in PMLU's decisions may result in a commitment that leads to non-optimal 

outcomes for society.  

This thesis examines the perceptions and values held by the community towards mine rehabilitation 

outcomes. Investigations into current pre-and post-mining trends of coal mines in NSW and Queensland 

(QLD) were undertaken to identify current land-uses decisions and policy making. Subsequently, a choice 

experiment (CE) was implemented to estimate the non-market values held for mine rehabilitation 

outcomes at a study site of a coal mine in the Central Tablelands of New South Wales (NSW). The CE results 

demonstrate the usefulness of NMV in mine rehabilitation decision-making. This final chapter summarizes 

the main conclusions of the research, provides suggestions for further research, and discusses policy 

implications.  

The overall objective of this research is to determine community preferences and attitudes for mine 

rehabilitation and PMLU options of coal mines in NSW and improve evidence-based decision-making. Three 

research questions were proposed to meet this overall objective and are addressed in the following 

sections.  

10.2 Discussion of findings 

10.2.1 Research Question 1 - What are the pre-and post-mine land-use trends across 
the New South Wales and Queensland coal industry? 

Chapter 4 addressed this research question. As no published information exists in Queensland (QLD) or 

New South Wales (NSW) on the collective plans for proposed PMLUs for coal mines or how they vary across 

state jurisdictions, this research aimed to fill this knowledge gap. Data sets were created using publically 

available information. The analysis consisted of two techniques. The first relied on the terminology used by 

mining companies to identify the sites’ pre- and PMLU use with results analysed using frequency tables. 

The second used a Markovian transition probability matrix (Table 4.7 and Table 4.8) that allowed an 

examination of land-use change from pre-mining to PMLU.   
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The most common pre-mining land-use in either State is agriculture, and the most frequently nominated 

PMLU was agriculture and biodiversity. To an extent, this result may indicate the reinstatement of the pre-

mining land-use, however, little evidence was found to demonstrate that this is what occurs. For example, 

using the Markov transition probability matrix established there is a low likelihood of maintaining 

agriculture (or forestry) as a PMLU. The only exception was in QLD, where biodiversity or conservation is 

likely to be reinstated. Focus group discussions (Chapter 6) and the results of the CE survey (Chapter 7) also 

indicate that the community has a higher preference for other PMLU than the pre-mining land-use, 

including biodiversity, conservation, and agriculture, and in some cases, renewable energy.   

Results found that it is not common for sites to solely nominate the land-use present before mining but 

rather propose a combination of PMLUs that includes the pre-mining land-use. This observation is not 

surprising as mine rehabilitation consists of areas within the landscape that require different rehabilitation 

strategies. At the very least, most sites will maintain at closure a final void, rehabilitated spoil heaps, and 

mineral waste facility (e.g. tailings dam). Sites that have nominated one PMLU may reflect historic policy 

where one PMLU was acceptable or perhaps suggests a PMLU decision that failed to consider the 

opportunities and constraints of the mine site.  

Government policy is recognised to influence PMLU outcomes and may offer insight into the findings of 

Chapter 4. In QLD for example, historic regulatory policy has included a hierarchal preference for 

rehabilitation to be reinstated to a 'natural' ecosystem similar to the original ecosystem (Fogarty et al., 

2019). However, such a hierarchal approach does not necessarily allow the development of an alternative 

outcome with a higher economic value than the previous land-use (Doley et al., 2012). The requirement for 

mining companies to investigate beneficial land-uses for rehabilitated land is considered in ongoing 

regulatory reform processes in QLD and NSW (Chapter 2). As such, changes to the dominance of common 

PMLUs such as biodiversity and agriculture may be observed in the future. Given the rural setting of open-

cut coal mines in NSW and QLD, more novel PMLUs such as tourism, commercial or industrial ventures may 

be adopted in higher populated areas that are able to support these land-uses.  

Notably, there is no public register of mine operations in either State, making the task of identifying mine 

sites pre-and post-mine land-uses difficult. The task was made more challenging in QLD as there is no 

legislative requirement for mining companies to provide public information on environmental management 

(as there is in NSW). It was common for PMLU information to be found in site management documents 

rather than be contained within site approval documents. It is noted the NSW Government is the first State 

jurisdiction in Australia to collate and make publically available spatial data related to mine rehabilitation 

and closure (NSW Government, 2021), although at the time of writing, this service appears not to be in 

available to the public. Findings in Chapter 6 and Chapter 7 found that the community expects mining 



146 
 

companies to be more forthcoming with information about mine rehabilitation practices, expected PMLU 

outcomes, and how sites are progressing to meet this outcome. More transparent public information on 

proposed PMLUs can assist in identifying future beneficial land-uses, support decision-making, and 

policymaking.  

Recorded pre- and PMLU descriptions also showed no consistent approach across the mining industry as to 

how land-uses are described. When describing a PMLU, it was also common for mining companies to use 

non-descriptive language that failed to account for the potential use of the rehabilitation or mine site as a 

whole. For example, having a PMLU of 'bushland' does not describe potential use. We propose that the 

description of a PMLU should be an explicit statement that is aligned with the utility of the rehabilitation 

(Fogarty et al., 2019, Kazmierczak et al., 2017; Everingham et al., 2018). While rehabilitation policy in NSW 

and QLD requires companies to nominate a PMLU, no instruction is given for the PMLU to consider the 

social and environmental utility provided. Details on how the rehabilitated land will be used were of 

particular importance to community members (Chapter 6). In particular, the focus group participants 

wanted to understand if the PMLU would offer jobs for the community, allow access for recreation, or if the 

rehabilitated land would include endangered species and ecosystems.    

There is no current policy or plan in QLD or NSW that provides oversight for PMLU and closure objectives at 

a regional scale, including how mine rehabilitated land interacts with future land-use needs, surrounding 

land-uses, or the cumulative landscape of mine rehabilitated land39. With increasing rates of mine closure 

in the coming years, the need for a regional planning framework in NSW that addresses mine closure is 

more important than ever. The recent ‘Sustainability of energy supply and resources in New South Wales’ 

inquiry highlighted the need for strategic plans from each level of government that is locally focused, long 

term, and with early planning to provide the best support to communities (NSW Government, 2021a). A 

policy could contribute to re-use opportunities of mine rehabilitation for other industries or where the re-

use of existing infrastructure on mines could attract new commercial and industrial activities to the region 

(NSW Government, 2021a). 

The need for Government policy and oversight is further amplified in areas like the Hunter Valley as a result 

of Australia's compliance with the Paris Climate Agreement and the more ambitious targets agreed as part 

of COP 26 in 2021 (Australian Government, 2021b) are likely to accelerate the transition of regions out of 

coal mining and bring forward mine closures. The NSW Government is looking for opportunities to 

transition coal mining communities such as the Hunter Valley to alternative industries to aid in reducing 

socio-economic impacts due to mine closure (McCarthy, 2021).   
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10.2.2 Research Question 2 - What are the public attitudes towards mine rehabilitation 
of coal mines in New South Wales? 

This question is addressed directly through Chapters 6 and 7. Although it is accepted that mine 

rehabilitation is an important part of the mining process, little attention by mining companies, regulators, 

and academics is given to the community's attitudes towards mine rehabilitation. Focus groups and a CE 

survey were used to address this knowledge gap. Results of this research indicate that current industry 

practices and regulatory approaches aren't always aligned with current community preferences.  

The creation of beneficial land-use was identified as the ultimate goal of mine rehabilitation, where 

beneficial was articulated as someone being able to use mine rehabilitated land, creates employment or, at 

the very least, generate an income to pay for ongoing land management. Attributes of successful 

rehabilitation include the provision of habitat and linkages for wildlife and making the site safe, stable and 

non-polluting (Chapter 7). Successful mine rehabilitation was often defined in terms of aesthetics, although 

it was acknowledged this is difficult to quantify (Chapter 6). Sustainability of the PMLU was deemed a 

success indicator of mine rehabilitation especially if it can be used for future generations, alleviates 

disturbance of other areas for land demands, or has a PMLU centred on alternative energy such as solar or 

wind farms. Surprisingly, having no mine voids left in rehabilitated landscapes was not identified as a 

success indicator by focus group participants, despite being one of the two most flagged issues in a recent 

Commonwealth Rehabilitation Senate inquiry (Australian Government, 2019). 

Broadly speaking, focus group participants believed that the industry is performing well, agree that 

rehabilitation is important, but conclude that rehabilitation quality is compliance-driven rather than driven 

by community preferences. Scepticism was expressed by the community on the ability to achieve mine 

rehabilitation goals, especially around the reinstatement of the previous native ecosystems. It is suggested 

that the mining companies can improve community confidence if improvements are made by 

communicating what the PMLU will be and how a site is progressing towards this target. When questioned 

in the CE survey, there was some willingness to pay to improve the quality of mine rehabilitation, but not 

from those living near mines who want the mining companies to pay (Chapter 7).  

The community also expressed concerns that the NSW Government does not do enough to ensure that 

mine sites achieve their rehabilitation outcomes. Such feelings may be driven by the lack of examples of a 

mine achieving sign-off of mine rehabilitation. Inaction by regulators also added to mounting uncertainly by 

the community that they will be the ones left with the mining impacts and exposes significant financial risk 

to taxpayers (Chapter 6). This fear is not unwarranted given the number of mines that do not meet their 

rehabilitation obligations. 
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Managing risks is an important consideration in mine rehabilitation and closure processes and was 

identified as a concern to the community. The perceived rehabilitation risks identified by the community 

include climate change impacts, responsibility to manage long-term risks, and possible future risks that are 

unknown to the community. Residual risk of rehabilitated land is not currently addressed in NSW mining 

policy although has recently been addressed during the reform process in QLD policy. QLD’s residual risk 

policy aims to ensure sufficient money is available for the Government to manage risks left on a site 

following surrender of mine rehabilitation, ensuring no on-going impacts to communities and the 

environment (QLD Government, 2019). 

NSW residents recognised the economic contribution of coal mining to the region however community 

members expressed concerns that mine rehabilitation decisions by the mining companies and the NSW 

Government are not sufficiently transparent. Transparency is centred on sharing information by mining 

companies and is important to help build trust and confidence and increase community acceptance on 

mine rehabilitation processes (Svobodova et al., 2019; Owen & Kemp, 2018; Moffat & Zhang, 2014; Prno, 

2013; NSW Government, 2016). Mine rehabilitation and PMLU information are publically available in NSW; 

however, it is typically buried in compliance reports or large environmental impact statements documents, 

often with conflicting statements making it difficult to comprehend.  

The significance of appropriate stakeholder and community engagement was identified across all focus 

groups as one of the most important aspects of mine rehabilitation decisions. Community members felt 

that they inherited the PMLU rather than being part of the decision-making process. One focus group 

expressed that mine rehabilitation decisions should be made by the community, participants in another 

focus group suggested that a local area advisory group should ultimately decide on behalf of the 

community. Some participants also expressed that not enough weighting is given to community 

preferences in mine approval decisions. This suggests that the current NSW Government policy is 

ineffectual or a 'tick the box' approach for company engagement programs is common. Alternatively, such 

sentiment could also be a reflection of an interaction with previous NSW policy where the financial 

valuation of a proposed resource (mining project) was the principal consideration in the approval of a 

mining project by the Government. In 2015, policy changes occurred to provide a more balanced 

framework for decision-makers to assess the likely impacts of mining developments by giving equal weight 

to social, environmental, and economic impacts (NSW Government, 2015a). 

The definition of mine rehabilitation is important, as this will be the minimum standard required for mining 

companies, set enforceable requirements for regulators, and establish expectations for stakeholders. NSW 

legislation maintains a biophysical approach that includes making the site safe and stable, non-polluting, 

and supporting a PMLU. Results in both Chapter 6 and Chapter 7 show that while the community agreed 
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with the current definition of mine rehabilitation, results indicate a preference for a more inclusive 

definition that recognises social, environmental, and economic aspects. The currently biophysically 

focussed definition drives mine rehabilitation decisions that do not maximize social welfare as they do not 

account for the social and environmental benefits.   

10.2.3 Research Question 3 - What are the preferences and economic values provided 
by different approaches to mine rehabilitation and post-mining land-uses?  

The third research question is predominately answered in Chapter 9. Mine rehabilitation policy in NSW and 

QLD now requires sites to achieve a PMLU that accounts for environmental, social, and economic outcomes 

(QLD Government, 2017b; QLD Government, 2017c, NSW Government, 2015; NSW Government, 2015a). In 

principle, the PMLU should be selected to maximise social welfare by accounting for stakeholder 

preferences and mine operators’ costs while constrained by the acceptability to the regulator and 

landscape characteristics. However, there is limited evidence that current PMLU assessments are welfare-

maximizing. In particular, non-market stakeholder preferences are often not taken into account.   

Mine rehabilitation delivers tangible and intangible environmental, cultural, and social benefits to society; 

however, these benefits are often not accounted for in decision-making. Additionally, the community wants 

more say in mine rehabilitation decisions (Chapter 6), and therefore community preferences need to be 

quantified. A CE is an effective tool that can be used to account for the benefits of mine rehabilitation as 

well as incorporate stakeholder preferences in an evidence-based decision-making process (Mendes, 2013), 

although there is little evidence of their use. Damigos & Kaliampakos (2003, p. 362) describe it best: "While 

the use of environmental economics framework within the mining sector remains, so far, limited, the mining 

industry can no longer ignore the importance of environmental valuation in modern decision-making".  

As the industry has grown and evolved, so has the expectation for resource companies to make decisions 

based on science, community inputs, and responsible risk management (Queensland Government, 2017, 

Queensland Government, 2017a). The community expects that mining companies analyse options of 

alternative PMLUs when making mine rehabilitation decisions and is a requirement of NSW policy (NSW 

Government, 2015; NSW Government, 2015a). However, little evidence could be found of publically 

available PMLU analyses (Chapter 6). Better transparency of decisions will give the community confidence 

that the full range of potential impacts (positive and negative) have been considered (NSW Government, 

2016). 

A CE was designed to elicit public willingness to pay (WTP) for alternative PMLUs and other mine 

rehabilitation characteristics for respondents from NSW. Conditional logit models (CL) and mixed logit 

models (ML) were used to examine preferences and determine WTP values. A split-sample design was used 
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to assess whether the level of detail provided to a respondent of alternative PMLU mattered when 

choosing between preferences. Split Sample A respondents were provided a PMLU description only, while 

Split Sample B were provided with the proportion of a site allocated to different PMLUs.  

A relatively high (over 10% of all respondents) number of protestors were observed for this study 

compared to other CE studies. In the context of this study, this result may be since it is common for 

protestors to believe that Government or companies should be responsible for paying costs (Mariel et al., 

2017). Such sentiment was also observed by respondents in the focus groups (Chapter 6) and the survey 

(Chapter 7) who expressed a strong belief that the mining company is responsible for paying for mine 

rehabilitation. On the other hand, when asked if participants were willing to pay to improve mine 

rehabilitation standards, about 54% of survey respondents were open to paying (mostly respondents who 

do not live near a mining region).  

The outcomes of the CE showed that, when compared to 100% grazing, respondents from Split Sample A 

preferred combinations of PMLUs, except for the combination of native vegetation with grazing. Result 

showed that respondents have no significant preferences for solar, grazing with native vegetation, or native 

vegetation only over the 100% grazing status quo. In Split Sample B, respondents preferred combinations of 

PMLUs that did not contain grazing and were indifferent to 100% native vegetation. Diminishing PMLU 

preferences were found within Split Sample B, with the most prefered land-use combinations being: 60% 

for native vegetation, between 50 and 60% for conservation, around 80% grazing, and between 20-40% 

solar.    

Despite the inclusion of additional PMLU information in Split Sample B preferences were similar between 

the two split samples in a number of ways including a first preference for PMLU that contains conservation 

and solar, a preference for PMLU combinations (as opposed to a single land-use), and no appetite for 100% 

native vegetation. Also consistent across split samples were respondent’s preferences for the creation of 

more jobs, mine rehabilitation that takes less time, and for lower costs. A significant preference for having 

access to mine rehabilitation for recreational purposes was observed in Split Sample B only.   

Results show the NSW community members hold a range values of non-market mine rehabilitation 

attributes. Interestingly, WTP estimates were generally higher in Split Sample B. For example, WTP for a 

PMLU of conservation with solar was found to be approximately double in Split Sample B ($254) compared 

to that of Split Sample A ($127). Values for other choice attributes such as time and jobs were also slightly 

higher in Split Sample B.  
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To enable a comparison of PMLU preferences between the two split samples, dummy variables were 

created for Split Sample B to capture land use categories even though in the survey proportion of PMLU 

was presented to respondents. However, we found different results for land use preferences when 

comparing the dummy-coded model B1 and the full model for Split Sample B (Model B2). This shows that, 

by creating dummy variables, some PMLU preferences were lost. This observation is important for mine 

rehabilitation decisions as well as choice modelling analysts as results indicate that communities not only 

have preferences for particular PMLUs but also that these preferences vary with the proportion of each 

PMLU provided. Thus, CE analysists will need to ensure that land-use attributes reflect a description of the 

land-use categories as well as the amount of each land-use.  

Results found that providing further details to respondents, in this case, the proportion of the area a PMLU 

allocated within the rehabilitated area (Split Sample B) does make a difference to the preferences and the 

WTP values of respondents. 

10.3 Future research  

The work contained in this thesis will add to the limited research on community preferences and values 

towards mine rehabilitation outcomes and contribute to addressing community and regulatory 

expectations of the mining industry. Several areas of future research are identified.  

The most obvious finding is a lack of NMV studies applied in the mining industry. While I acknowledge the 

research conducted to date (Burton et al., 2013; Damigos & Kaliampakos, 2003; Perez-Avarez et al,. 2016; 

Ahlheim et al., 2004; Lienhoop & Messner, 2008), the impacts of mining continue to receive the focus of 

research. Therefore, an apparent gap is to conduct further studies to value the social, environmental, and 

economic benefits of mine rehabilitation. Further studies could be applied in other regions of Australia or 

consider other commodities to allow comparisons and cross learnings.  

The survey conducted in this thesis improves the understanding of environmental and social values held by 

the NSW public for mine rehabilitation however, I did not quantify the net economic value of mine 

rehabilitation. Further research could be undertaken to consider the market values of alternative land-uses 

and the cost of their establishment in a full benefit-cost analysis of mine rehabilitation decisions. It appears 

that historical assessments of mining proposals did not take the true costs of mine rehabilitation into 

account, resulting in a lack of rehabilitation bonds held by governments and thus a public liability at mine 

closure. For example, example Energy Resources of Australia (ERA) forecasted the total cost of mine 

rehabilitation for Ranger Mine from an estimated $526 in 2017, $973 million in 2019, to now be estimated 

up to $2.2 billion in 2022 (Australian Mining, 2019; The Guardian, 2022). It would be of interest to 

understand if some mining projects would still be deemed economical when the cost of mine rehabilitation 
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and the values provided by different post-mining land uses are incorporated in the decision making. 

Quantifying the net economic value of mine rehabilitation would better aid in decision-making of 

alternative PMLUs and further contribute to discussions on the benefits created by mine rehabilitation.  

Given the lack of current studies investigating community attitudes towards mine rehabilitation in 

Australia, another obvious research opportunity is to undertake more studies in other regions of Australia 

where environmental and social conditions differ. The results of the survey used in this thesis (Chapter 7 

and Chapter 9) could be used as a base case for selection of attributes. It is also suggested to reassess 

community attitudes in NSW at a later date to gauge if attitudes towards mine rehabilitation have changed. 

Further research would be helpful in decision and policymaking as well as improve community engagement 

processes around mine rehabilitation and closure planning.  

10.4 Industry and policy implications 

The results from this study have implications for the mining industry and regulatory policy development 

with several suggestions presented to make a positive change to the mine rehabilitation discussion.  

This thesis contributes to the literature using non-market valuation to support mine rehabilitation 

decisions. The use of a CE to aid in PMLU decision-making is of particular importance to the mining industry 

and Government agencies that are tasked with assessing mining approvals. The CE used in this thesis allows 

estimation of intangible environmental and social values of mine rehabilitation but also provides evidence 

of incorporating community participation leading to a more inclusive approach to PMLU decision-making. 

The use of a CE also addresses the community expectation that mining companies use evidence based 

decision-making to determine an optimal PMLU for site. While other decision-making tools are available (as 

described in Chapter 3), the benefit of a CE is the estimation of WTP values that can be considered in a 

cost-benefit analysis of mining proposals. Furthermore, quantifying social environmental and social values 

of mine rehabilitation contributes to refocus the conversation of mine rehabilitation as a compliance 

obligation to instead the societal contribution generated from mine rehabilitation.  

Given the role that community plays in mine rehabilitation and closure aspects, it is important to recognise 

that community expectations continue to evolve. As such, it is important to Government and the mining 

industry to maintain an understanding of these changes and for them to be reflected in the actions of the 

mining company and Government policy to ensure successful mine rehabilitation and closure. Our research 

found diverging expectations on mine rehabilitation between the community, mine operators, and NSW 

policy. One such example is the definition commonly used in legislation in Australia which typically focuses 

on the biophysical approach to mine rehabilitation. Such a definition drives mine rehabilitation decisions 

that may not fully incorporate true community aspirations and social values. Intrinsically linked to the 
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definition of mine rehabilitation is how mine rehabilitation is then defined as being successful. Given the 

biophysical focus of the definition of mine rehabilitation means that rehabilitation success indicators tend 

to focus on these elements too. However, such a narrow focus may be impacting community acceptance of 

mine rehabilitation and may lead to delays in the relinquishment process. Understanding the community 

preferences for what makes rehabilitation successful was explored extensively in this thesis. A focus of how 

the PMLU will be used, what mine rehabilitation will look like, and that the rehabilitated land is able to 

generate an income were shown as important to respondents. Our research suggests that the community 

would prefer broadening the definition of mine rehabilitation to be more inclusive, with social, 

environmental, and economic aspects. 

Other preferences for mine rehabilitation identified in this thesis include that multiple PMLU are preferred 

for a site. The combinations of the land-uses were also important although influenced by the way the PMLU 

information was supplied to respondents. Results found that knowing the proportions of a PMLU is 

provided and where this sits in the landscape is equally as important as knowing what the PMLU will be. 

Due to regulatory reform in QLD and NSW, it is common for mining companies to conceptually map PMLU, 

however, it is unclear if mining companies will be held responsible to the proportion of the PMLU and if it 

will be an enforceable undertaking by responsible Government agencies. As detailed in Chapter 6 and 9, 

the level of detail provided to community members on a site’s PMLU is important, and thus it is 

recommended that the PMLU be made available visually as well ensure that the PMLU reflect a description 

of the land-use categories but also the amount of each land-use.  

Information important to community members included what are the proposed PMLU, how mine 

rehabilitation is tracking, and what are the timeframes to achieve the PMLU. However, information on 

these aspects is lacking from mining companies and Government. Currently no public register or mapping 

system in QLD or NSW40 is available which depicts the PMLU for each site and how they sit in the 

surrounding land-use. This finding is not unique and has been reflected in most Government inquiries and 

audits in Australia to date (Commonwealth Government, 2019; Commonwealth Government, 2020; QLD 

Government, 2013; NSW Government, 2017). Relevant information is also missing from mining companies 

websites (especially in QLD) or is buried in various management plans or Environmental Impact 

Assessments, thus making PMLU decisions less transparent. It is suggested both Government and mining 

companies need to be responsible for making this information available. Having information readily 

available will not only contribute to better decision-making (eg. regional land-use planning), but sharing 

information will also allow transparency and aid in building trust and confidence with community.  

                                                           
40

 In NSW a new online portal that will collect and display spatial data on PMLU and rehabilitation performance 
however at the time of writing is not yet available to the public (NSW Government, 2021).  
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This thesis found that it was common for mines operators to use non-descriptive language when describing 

PMLU (Chapter 4), which obscures elements that were identified as being important to the community 

(such as use of the land post-mining or land ownership). Given communities’ strong desire to understand 

how the mine rehabilitation will be used after mining it is suggested that Governments consider policy 

improvement such as a PMLU classification system that provides a consistent description of land-use and 

land-use change. A common PMLU classification could meet community preferences for transparency, 

provide guidance to assist in setting rehabilitation objectives for the mine site, allow regulators to apply a 

consistent way to measure rehabilitation performance of mining companies, and so inform future land-use 

decision-making.  

Understanding that policy often lags behind community expectations, and making changes to policy is 

difficult, timely, and costly, I come back to my original thoughts of this thesis. Failure to account for 

informed mine rehabilitation and PMLU decisions may result in a commitment that leads to sub-optimal 

societal outcomes. Assessment of mine rehabilitation outcomes is also needed to inform evidence-based 

decision-making, which will add to the community and regulatory trust and transparency of mining 

companies. Therefore, I believe that the mining industry and the State Governments cannot ignore the 

potential of NMVs to aid in decision-making, and the work in this thesis is considered helpful to the mine 

rehabilitation conversation.   
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Appendix 1- Indicative workshop guide for Technical Expert Group 

Workshop 

Overall objectives for Technical Expert Group Workshop  

Explain workshop structure (semi-structured discussion) 

This workshop will explore and discuss: 

1. Hypothetical rehabilitation options and potential post-mine land-use (PMLU) for Wilpinjong Coal Mine; 

2. What are the benefits / values provided by different types of rehabilitation and PMLUs; 

3. What information is important to assess alternative post-mine land-uses for Wilpinjong Coal Mine 

(confirm attributes that influence decision-making); 

4. Discuss potential attribute levels, in particular the payment vehicle (who should pay and how?). 

 

1. Introduction and administrative (20 min) 

 The researchers will introduce themselves and provide an overview of the project  

a. Distribute the Participant Information Sheet and Participant Consent Form to be signed  

b. Marit will thank the participants for agreeing to participate in the discussion group.  

c. Introductions of Marit and Karin  

d. The aim of our research is to identify the benefits of mine site rehabilitation associated with 

different post-mine land-uses. The discussion today will be about mine rehabilitation and post-

mining land-uses in the mining industry. In particular, we would like better understand what 

rehabilitation and the post-mine land-uses are possible after a mine closes, and what 

information is important to you when making decisions about suitable post-mine land-uses.  

This information will be used to support decision and policy making.   

e. We are interested in your views and there are no right or wrong opinions 

f. Marit will explain that she will not be contributing the discussion and is here to moderate the 

session by keeping track of time and making sure that all the issues which we are interested in 

are discussed. Marit will ask for permission to record and to take notes. Participants who do not 

consent to this discussion will leave at this stage. Karin will be introduced as performing this 

task.  

 Marit will ask if anyone has any questions.  

 

Other house keeping 

 Ask that mobiles are turned off or put on silent 

 Refreshments are available 

 Ground rules – no talking over each other, there is no right or wrong answers, no aggression  

 Toilets (Emergency evacuation if needed) 

 Introduce participants and their experience with mine rehabilitation 
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2. Mine site rehabilitation in Australia / NSW (30 min) 

The topic we are particularly interested in today is the rehabilitation of mine sites and what mines can offer 

society after they close. We have had two focus groups with members of the public, now expert 

stakeholders 

 What do you understand mine rehabilitation to be, how would you describe mine rehabilitation?  

 What is the current status of rehabilitation in Australia / NSW? 

 What defines successful mine rehabilitation and mine closure? 

 What are impediments to ‘successful’ mine rehabilitation and mine closure? 

 What do you feel are the benefits that rehabilitation provides? To the local community, and to the 

wider NSW population? 

 Who should the benefits be for? To the local community, and to the wider NSW population? 

Now a bit more about post-mine land-use (15 min) 

 Do you know what post-mine land-uses are typically proposed at present (in NSW, Australia, do 

vary for different commodities etc)? 

 Do you believe these land-uses are appropriate or can you suggest other post-mine land-uses that 

you think would be useful / valuable to communities?  

 Do you care about what post-mine land-use is proposed at mine sites in Australia? 

 What is the relationship between rehabilitation and post-mine land-use? 

 Show some images of alternative PMLUs……. KARIN to show as what other mines have done. 

 

3. Mine rehabilitation and PMLU at Wilpinjong Coal Mine  

Our research focuses on the rehabilitation options at Wilpinjong Coal Mine. These can include a variety of 

social, economics, and environmental values. We are looking to identify these values and understand what 

information should be considered to support the decision about what the post-mine land-use at Wilpinjong 

should be.  

Information about Wilpinjong Coal Mine = brief description of current operations, a map, and proposed 

rehabilitation outcomes & anticipated PMLU. 

 These are the currently proposed PMLU options at Wilpinjong Coal Mine (KARIN 10min) 

(Don’t ask)….Do the proposed PMLUs cover, in your opinion, the possible land-uses or are there other PMLU options 

at Wilpinjong Coal Mine? 

 

Break up in small groups (write questions on white board) (20 min) 

1. Imagine that the PMLU and rehabilitation decisions still need to be made: What post-mine land-

use(s) would you like to see for Wilpinjong Coal Mine? What is your priority PMLU and why? 

2. What benefits are provided by the proposed mine rehabilitation and PMLU at Wilpinjong Coal 

Mine? 

3. What benefits or values are missing? 
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INFORMAL LUNCH – GRAB A SANDWICH WHILE YOU TALK WITH YOUR GROUP AND HAVE A LOOK AT WHAT 

OTHER GROUPS HAVE DONE. 

4. Back to the group as a whole (30 min) 

 Each group reporting back on their PMLU and benefits 

 Were there any other PMLUs that you discussed but did not include? Why did you discount those? 

 

 What information is important for you to help you to make that decision? What things do you need 

to know about when making decisions about post-mining land-use? What are the important 

attributes that you would like more information about? 

Prompts: 

- Utility or use 

- Location wrt communities 

- Regional landscape / development plans 

- What was there before 

- Existing infrastructure 

- Environmental aspects (biodiversity, species habitat, providing green, ecosystem services – 

water quality, erosion control, pollination, habitat provision, soil) 

- Social aspects (community impacts, recreational opportunities, Aboriginal heritage, cultural 

experiences)  

- Economic aspects (future jobs, agriculture, forestry, tourism income, solar or wind) 

- Regulatory or policy compliance  

- Risk 

- Costs & benefits 

- Technical (physical site) constraints  

- Personal values and circumstances 

- Virtual demonstration of outcomes 

- Offsets provided 

- Surrounding land-use 

- Land forms on site and surrounding the site 

- Return to company shareholders 

 

 Are there any features of the mine that you want to keep on site for future benefits after closure? 

 

5. Closing (5 mins) 

Invite participants to express any issues or concerns that have not yet been raised 

 

End session by thanking the participations for their time. Confirm whether the participations need 

additional information on the project.   

 

Ensure to offer participants the option to receive a digital copy of the Research Report upon completion.  
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Appendix 2 - Choice experiment survey 

NSW Mine Rehabilitation Survey 

Part 1: About you  

First some general questions about you.  

Q1 Please indicate your gender 

o Female   

o Male   

o Prefer to self-describe ________________________________________________ 

o Prefer not to say   

 

Q2 Please state your year of birth _______________________________________________ 

Q3 What is your Australian residential postcode?____________________________________ 

 

Part 2: General mining, rehabilitation and PMLU 

This survey is about mining and land rehabilitation. We will first like to ask about your general awareness of mining.  

 

Q4 Is there anything about mining in general that concerns you?  

o Yes   

o No   

o Not sure   

 

Q5 Which impacts of mining concern you most? Tick ONE primary concern, and any additional concern(s). 

 Primary concern  Additional concern(s)  

Impacts on water resources    

Impacts on flora and fauna    

Social and community impacts    

Noise and vibration impacts    

Visual impacts on the landscape    

Rehabilitation of previously mined land    

Impacts on cultural heritage    

Economic impacts    
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Impacts on air quality    

Land contamination    

Tailings dams    

Land subsidence from underground mining    

Loss of agricultural land    

Climate change impacts    

Voids remaining in the landscape after mining    

Other impacts, namely    

 

Q6 Have you ever heard of the concept of 'mine rehabilitation'? 

o Yes   

o No   

o Not sure  

 

Mine rehabilitation is the treatment or management of land that has been disturbed through mining. The minimum 

legal standards require the mining company to create a safe, stable, non-polluting landform that supports a land-use 

after mining (the 'post-mine land-use'). 

 

Mine rehabilitation typically includes removing unwanted infrastructure, reshaping waste rock dumps, applying 

topsoil, and seeding or planting with species to support the selected post-mine land-use. All mining companies in 

Australia are legally required to undertake mine rehabilitation.  

  

 Below are some examples of rehabilitated lands 
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Q8 How much confidence do you have that New South Wales Government agencies appropriately regulate mine 

rehabilitation outcomes? Please select your level of confidence.  

  

Not at all confident 

 

Only slightly 

confident 

 

Somewhat confident 

 

Moderately 

confident 

 

Very confident 

  

 

Q9 How much confidence do you have that mining companies will achieve their approved mine rehabilitation 

outcomes? Please select your level of confidence. 

Not at all confident 

 

Only slightly 

confident 

 

Somewhat confident 

 

Moderately 

confident 

 

Very confident 

 

 

 We will now talk a bit more about the outcomes of mine rehabilitation. 

Q10 What are the three most important aspects of mine rehabilitation to you?  

Please RANK the top three aspects of mine rehabilitation. Please label 1 to 3 (1=most important, 2=second important, 

3=third most important) 

______ Improving health and wellbeing of community 

______ Incorporating existing infrastructure (roads, train lines, buildings etc)  

______ Fits in with the natural landscape  

______ Providing jobs  

______ Providing habitat and linkages for wildlife  

______ Providing vegetation cover  

______ Providing recreation opportunities  

______ Returning to the pre-mining land-use  

______ Preventing water pollution  
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______ Maintaining water availability  

______ Improving soil quality  

______ Making the site safe and stable  

______ Transparency in mine rehabilitation decisions  

______ Timely completion of mine rehabilitation  

______ Other  

______ Don't have a preference  

 

Q11 Below are some statements about the mining industry's performance on mine rehabilitation. 

 Please indicate to what extent you agree or disagree with each statement. 

 
Strongly 

agree 
Agree 

Neither agree 
nor disagree 

Disagree 
Strongly 
disagree 

The mining industry is performing 
well on mine rehabilitation  

     

Mining companies take 
responsibility for rehabilitation  

     

Mining companies publicly report 
progress towards rehabilitation 

targets  
     

Mining companies only do the 
bare minimum to meet 
compliance obligations 

     

Mining companies do a good job 
sharing information about what 
their post-mine land-use will be  

     

Mining companies take community 
interests into account when 

making rehabilitation decisions  
     

The mining industry makes a 
contribution to the well-being of 

local communities  
     

 

We would like to know your thoughts on what mined lands could be used for after mining is finished.  
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Q12 Mine rehabilitation aims to provide an agreed post-mining land-use. Thinking about what you understand about 

mine rehabilitation, what would be your one or two most preferred post-mining land-use(s)? (select a maximum of 

two) 

o Agriculture   

o Biodiversity (providing vegetation cover and habitat for wildlife)   

o Buffer land (for bushfire protection, future or current projects)   

o Conservation (protection of endangered species and ecosystems)   

o Education and training facilities   

o Recreation and cultural activities  

o Renewable energy developments  

o Residential developments   

o Tourism (commercial services)  

o Whatever land-use existed before mining commenced   

o Another land-use, namely ________________________________________________ 

o I don't have a preference  

 

Q13 Are you currently, or have you previously been, involved in the coal mining industry? Please select one.  

o Yes, I have been involved in the coal mining industry   

o No, but I have worked in other mining commodities (e.g iron ore, mineral sands, gold etc)  

o No, I have never worked in the mining industry   

o No, but one of my close family members is directly involved in coal mining   

 

Q14 Which one of the below options best describe your involvement in the mining industry? Please select one. 

o Consulting Services   

o Health, Safety, Environment and Community  

o Human Resources, Commercial   

o Maintenance   

o Mine Closure  

o Mineral processing   

o Production   

o Technical Services (Mine Planning, Geology etc)   

o Research   

o Other, namely ________________________________________________ 

o Not sure   
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Part 3: Case study – Wilpinjong Coal Mine 

The next sections will focus on Wilpinjong Coal Mine in New South Wales (see map below). Wilpinjong Coal Mine is a 

shallow open-cut thermal coal mining operation 58 km north-east of Mudgee, in the Central West area. The Mine is 

owned by Peabody Australia Pty Ltd*. The Mine employs about 500 people and is expected to operate until at least 

2033. In 2017, the Mine paid $49.2 million in royalties to the New South Wales Government. 

  

The Mine consists of eight pits and uses cast blasting, trucks, and shovels. The Mine is approved to produce 16 million 

tonnes of coal per year. 

 

The Mine is a major landholder of adjacent rural properties. Land to the west of the Mine is owned by other mining 

companies, with National Parks and reserves to the North and South of the Mine. Private properties are located 

approximately 1.5 km to the North and the East (at Wollar). 

  

Wilpinjong Coal Mine 

   

  

   

  
 * Please note that this is an independent research project and none of the researchers are affiliated or funded by Wilpinjong or Peabody Energy. 

We acknowledge Peabody Energy for permission to use images and Wilpinjong Mine as a case study. 
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Q15 Had you ever heard of Wilpinjong Coal Mine before today? 

o Yes  

o No  

 

Wilpinjong Coal Mine is located within the Mid-Western Regional Council area of NSW. There are around 24,000 

people living in this area. Land-uses in the area include agriculture, tourism, mining, viticulture, and conservation 

areas (National Parks and State Forests).     

                             

 

 

 

Q16 Have you ever visited the Mid-Western Regional Council area in the Central West, NSW? 

o Yes, I have visited the region   

o Yes, I live/I used to live in the region   

o No  

o Not sure   

 

Q17 Thinking back to your last visit to the region, what was the primary purpose for your visit? 

o Business or work   

o Recreation (eg. camping, boating)   

o Visiting friends and relatives   

o Attend a specific event (sporting, wedding, agricultural field day, races etc)   
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o Travelling through to another destination   

o Visit and experience wineries   

o Visit National Parks   

o Other, please specify ________________________________________________ 

o I do not remember why  

 

Mine Rehabilitation at Wilpinjong Coal Mine  

 

Most of the disturbed areas at Wilpinjong Coal Mine will be returned to grazing land (see map below). Rehabilitation 

will occur over about 2,900 ha, and two voids will remain at closure.  

   

 Click here to enlarge the post-mine land-use at Wilpinjong Coal Mine  

 

 

Part 4 - Attribute descriptions 

What do you think?  

   

Mine rehabilitation and post-mining land-use decisions can change (with government approval). In this survey, we are 

seeking your input into future mine rehabilitation decision-making.   

   

In the questions that follow, we will describe different potential outcomes of mine rehabilitation for Wilpinjong Coal 

Mine. We are interested in YOUR preferences for these outcomes.   

   

The different outcomes for mine rehabilitation will be described in terms of:  

Post-mine land-use,   

 Access for recreation activities,   

 Time taken to achieve post-mining land-use,   
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 Number of local jobs created, and   

 Costs of rehabilitation to your household.  

 

We will explain each of these attributes in more detail in the next screens.  

 

1. Post-mine land-use at Wilpinjong Mine could consist of:    

 Conservation  

 Non-specific native vegetation   

 Cattle grazing   

 Solar energy generation   

 

The differences between these four land-uses are described in the table below. Please take some time to read the 

descriptions of each land-use:   

 
Click here to enlarge the post-mine land-use description  

  

2. Access for recreation                                                  

Potential recreational activities on the rehabilitated site may include 4WD adventuring, picnic 

facilities, camping, bushwalking, nature appreciation etc.  

   

You will be shown two possible outcomes:   

 YES, the rehabilitated area will include public access for recreation activities, or   

 NO, the rehabilitated area will not include public access for recreation activities   
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3. Time taken to achieve post-mining land-use                  

Depending on the rehabilitation activities undertaken, creating a post-mine land-use 

can take various lengths of time. The length of time needed to achieve a land-use could 

be:    

 5 years 

 15 years 

 30 years  

 

4. Local jobs created                        

Some post-mine land-uses may involve economic activities that create jobs for local 

communities. Depending on the land-use, the number of people employed every year (once the 

post-mine land-use is created) could vary:  

 2 people employed every year 

 5 people employed every year   

 15 people employed every year  

 

5. Costs of rehabilitation to your household                  

Imagine that the New South Wales (NSW) State Government was to set up a new mine 

rehabilitation trust fund that will be used to rehabilitate mine sites beyond what is currently 

required of mining companies.   

The money for this trust fund would need to come from a one-off State levy paid by all NSW households. All levies 

collected would only be used for rehabilitation of mines in NSW, including Wilpinjong Mine, and would not contribute 

to any other environmental improvements. 

  

The levy that your household pays would be between $0 and $250. This one-off levy would be paid by all NSW 

households in the 2021-22 financial year.    

 

Part 5. Choice scenarios and protest questions  

Scenarios about mine rehabilitation outcomes 

  

We will now show you different hypothetical scenarios of mine rehabilitation at Wilpinjong Coal Mine. The scenarios 

are designed to help us understand how you value different rehabilitation options for the Mine.   

 

You will see eight questions (one on each page).   
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Please choose your MOST preferred option from the three scenarios presented in each question. When making your 

choices please consider:  

Answering each choice question independently from other questions 

The limits of your income and other expenses   

Other things you may wish to use your money for   

Please look at each option carefully because choices will change from screen to screen.  

Here is an EXAMPLE to get you started. 

  

Assuming these are only three options available to you, please choose your preferred rehabilitation option for 

Wilpinjong Coal Mine.    

Please click here if you'd like to see the description of post-mining land-use and rehabilitation outcome again. 

  

 Which ONE option would you choose?  

 

 Option A  Option B  Option C  

Which option would you 
choose? (please select)     
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CHOICE QUESTION 1 (of 8)
41

 

  

Please consider the three different rehabilitation options as shown. Imagine that these three are the only 

rehabilitation options available at Wilpinjong Coal Mine.  

   

Carefully consider the characteristics of each alternative (click here to see the post-mining land-use and rehabilitation 

outcome descriptions). 

  

 Which ONE option would you choose?  

 

 

 Option A  Option B  Option C  

Which option would 
you choose? (please 

select)  
   

 

  

                                                           
41

 Only 1 choice set is displayed and is for Sample A. An example for Sample B is Figure 8.1 
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Q18 You chose Option C in the majority of the above choice questions.  

 

Which of the following statements most closely describes the main reason(s) why you always chose Option C (tick all 

that apply). 

o I do not care about mine rehabilitation   

o I care about mine rehabilitation but object to paying more taxes and charges   

o I care about mine rehabilitation but is not my responsibility to pay for it   

o I preferred the original post-mine land-use (Option C)   

o I preferred the different post-mine land-uses (Options A or B), but cannot afford to pay for them   

o It was too difficult to choose, so I stayed with the original post-mine land-use (Option C)  

o Some other reason, please specify_________________________________________ 

 

Q19 Ignoring the choice questions that were just presented to you: if you were asked to pay a small amount to 

improve the quality of mine site rehabilitation in New South Wales, would you be prepared to pay? 

Yes, I would be prepared to contribute a small amount to help improve mine rehabilitation  

Maybe, but only if (please state your reason) _________________________________ 

Definitely not, because (please state your reason)_______________________________ 

 

Q20 How likely you think the results of this study will influence future policy decisions about rehabilitation? 

 
Very unlikely  

 

 
Unlikely 

 

Neither likely nor 
unlikely  

  

 
Likely  

 

 
Very likely 

  
 

Q21 Are you familiar with the current rehabilitation plan for Wilpinjong Coal Mine? 

o Yes  

o No  

o I don't care about mine rehabilitation at Wilpinjong Coal Mine   

 

Part 6. Socio-economic questions 

Thank you very much for your time and effort thus far. The last part of this survey is for statistical purposes only to 

ensure that we have a representative sample of the New South Wales population. 

 

We realise that some of these questions may be sensitive to you but please be assured that the information is 

confidential and no results will be linked to individual respondents.  
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Q22 What is your highest level of education completed thus far? 

o Year 10 or below  

o Year 11 or 12   

o Certificate III or IV  

o TAFE qualifications/Trade/Technical Certificate   

o Advanced Diploma  

o University Undergraduate Degree (Bachelor/Honours)  

o University Postgraduate degree (Cert./Dipl./Master/PhD)  

o Other, namely  ________________________________________________ 

 

Q23 What is your current employment status? 

o Unemployed   

o Part-time or casual employed  

o Full-time employed (≥35hrs per week)   

o Self-employed   

o Retired  

o Student  

o A primary carer (of children or others)   

o Homemaker   

o Other, please specify  ________________________________________________ 

 

Q24 Do you currently work or volunteer in any of the following fields? 

o Environmental planning and policy   

o Environmental conservation   

o Renewable energy   

o Small business   

o Mining   

o Agriculture   

o None of the above   

 

Q25 What was your approximate weekly gross (before tax) household income (from all sources, for all members of 

your family household) in the 2019/2020 financial year? If you live in a share house, only answer for your personal 

income. Amounts in brackets are annual equivalents. 

o No income   

o $1 - 499        ($52 - $25,999)   

o $500 - 699     ($26,000 - $36,499)   

o $700 - 999     ($36,500 - $51,999)   
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o $1,000-1,299   ($52,000 - $67,499)   

o $1,300-1,699   ($67,500 - $87,999)   

o $1,700-1,999   ($88,000 - $103,999)  

o $2,000-2,599   ($104,000 - $134,999)  

o $2,600-2,999   ($135,000 - $155,999)   

o $3,000-4,999   ($156,000 - $259,999)   

o $5,000 or more ($260,000 or more)   

o Prefer not to say  

Thank you very much for taking the time to complete this survey!  

Should you have any comments about this survey or research topic, please feel free to let us know in the box below.   

   

If you wish to stay informed of the results of this survey, please contact PhD researcher Karin Fogarty at 

karin.fogarty@research.uwa.edu.au  
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Appendix 3 – Supplementary material for Chapter 9 – Choice Experiment 

 

Appendix 3– 1 Split Sample A (PMLU descriptions)  

Appendix3-1.1  Attribute only conditional logit model for Split Sample A (PMLU descriptions) with 

estimated coefficients and corresponding standard errors    

Variable Coef. Std. Err. P-value 

ASC 0.097 0.125 0.437 

Choice attributes    

Post-mining land-use:  
   Conservation with solar 0.688 0.143 0.000 

Grazing with solar 0.626 0.133 0.000 

Grazing with conservation 0.589 0.119 0.000 

Conservation only 0.489 0.135 0.000 

Native vegetation with solar 0.48 0.13 0.000 

Solar only 0.191 0.135 0.157 

Grazing with Native vegetation 0.188 0.137 0.169 

Native vegetation only 0.146 0.143 0.305 

Access for recreation (yes/no) 0.137 0.066 0.037 

Jobs (people employed/year) 0.026 0.006 0.000 

Time (number of years) 0.020 0.003 0.000 

Cost (one-off payment in AU$) -0.005 0.001 0.000 

    

# of observations  = 8,496   

Log likelihood -2958   
AIC 5943   
BIC 6034   
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Appendix3-1.2  Parsimonious conditional logit model for Split Sample A (PMLU descriptions) with estimated 

coefficients and corresponding standard errors    

Variable Coef. Std. Err. P-value 

ASC -0.467 0.199 0.019 

Choice attributes    

Post-mining land-use:    

Conservation with solar 0.699 0.144 0.000 

Grazing with solar 0.630 0.134 0.000 

Grazing with Conservation  0.597 0.120 0.000 

Conservation 0.492 0.136 0.000 

Native vegetation with solar 0.482 0.131 0.000 

Grazing with native vegetation  0.197 0.138 0.153 

Solar only 0.195 0.136 0.152 

Native vegetation only 0.147 0.144 0.308 

Access for recreation (yes/no) 0.143 0.066 0.031 

Jobs (people employed/year) 0.027 0.006 0.000 

Time (number of years) -0.021 0.003 0.000 

Cost (one-off payment in AU$) -0.005 0.001 0.000 

Socio-demographic variables (interacted with the ASC) 

Employed full-time  0.232 0.092 0.011 

Age 0.013 0.003 0.000 

Heard of Wilpinjong Mine -0.387 0.143 0.007 

Concerns with mining -0.644 0.088 0.000 

    

# of observation =  8,496   

Log likelihood =  -2903   

AIC 5840   

BIC 5960   
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Appendix3-1.3 Attribute only mixed logit model for Split Sample A (PMLU description) showing all choice 

attributes as random (nreps=500) with estimated coefficients and corresponding standard errors    

Variable Coef. Std.Err. P-value 

ASC -0.213 0.206 0.301 

Choice attributes    

Post-mining land-use:    

Conservation with Solar 1.141 0.195 0.000 

Native vegetation with Solar 0.936 0.193 0.000 

Grazing with Conservation  0.863 0.204 0.000 

Grazing with Solar 0.772 0.255 0.002 

Conservation only 0.651 0.212 0.002 

Solar only 0.381 0.212 0.073 

Grazing with Native vegetation 0.163 0.231 0.480 

Native vegetation only 0.025 0.265 0.924 

Access for recreation (yes/no) 0.186 0.131 0.156 

Jobs - from 2 to 5 (people employed/year) 0.444 0.132 0.001 

Jobs - from 5 to 15 (people employed/year) 0.194 0.138 0.160 

Time - from 30 to 15 Years (number of years) 0.566 0.159 0.000 

Time - from 15 to 5 Years (number of years) 0.310 0.118 0.009 

Cost (one-off payment in AU$) -0.007 0.001 0.000 

    Standard Error 
   Conservation with Solar -0.065 0.575 0.910 

Native vegetation with Solar -0.856 0.322 0.008 

Grazing with Conservation 1.291 0.259 0.000 

Grazing with Solar 2.115 0.376 0.000 

Conservation only -1.101 0.384 0.004 

Solar only -0.840 0.414 0.042 

Grazing with Native vegetation 1.283 0.299 0.000 

Native vegetation only 1.971 0.316 0.000 

Access for recreation (yes/no) 1.455 0.127 0.000 

Jobs - from 2 to 5 (people employed/year) 1.098 0.175 0.000 

Jobs - from 5 to 15 (people employed/year) 1.009 0.183 0.000 

Time - from 30 to 15 Years (number of years) 1.358 0.157 0.000 

Time - from 15 to 5 Years (number of years) 0.966 0.159 0.000 

    

# of observations= 8,496  
 Log likelihood =  -2750.50  
 AIC 5557.00   

BIC 5754.33   
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Appendix3-1.4  Parsimonious mixed logit model for Split Sample A (PMLU descriptions) showing  choice 

attributes that are heterogeneity as random (nreps=500) with estimated coefficients and corresponding 

standard errors     

Variables Coef. Std.Err. P-value 

ASC -0.523 0.299 0.080 

Choice attributes 
   Post-mining land-use: 
   Conservation with Solar 1.070 0.191 0.000 

Native vegetation with Solar  0.880 0.189 0.000 

Conservation with Grazing  0.878 0.200 0.000 

Grazing with Solar  0.766 0.251 0.002 

Conservation only  0.584 0.208 0.005 

Solar only 0.393 0.196 0.045 

Native vegetation with Grazing  0.178 0.232 0.444 

Native vegetation only  -0.021 0.253 0.934 

Access for recreation (yes/no) 0.171 0.125 0.174 

Jobs - from 2 to 5 (people employed/year) 0.426 0.130 0.001 

Jobs - from 5 to 15 (people employed/year) 0.181 0.134 0.177 

Time - from 30 to 15 Years (number of years) 0.552 0.154 0.000 

Time - from 15 to 5 Years (number of years) 0.303 0.117 0.010 
Cost (one-off payment in AU$) 
 

-0.007 0.001 0.000 

Socio-demographic variables (interacted with the ASC) 
 Age 0.016 0.004 0.000 

Concerns with mining  -0.984 0.147 0.000 

Standard Error 
   Native vegetation with Solar  -0.709 0.349 0.042 

Conservation with Grazing  1.163 0.264 0.000 

Grazing with Solar  1.993 0.376 0.000 

Conservation only  1.205 0.301 0.000 

Native vegetation with Grazing  1.397 0.284 0.000 

Native vegetation only  1.814 0.294 0.000 

Access for recreation (yes/no) 1.357 0.118 0.000 

Jobs - from 2 to 5 (people employed/year) 1.072 0.155 0.000 

Jobs - from 5 to 15 (people employed/year) 0.920 0.157 0.000 

Time - from 30 to 15 Years (number of years) 1.265 0.151 0.000 

Time - from 15 to 5 Years (number of years) 1.029 0.146 0.000 

    

# of observations= 8,496   

Log likelihood =  -2716   

AIC 5489   

BIC 5686   
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Appendix 3 – 2 Split Sample B (PMLU proportions)  

Appendix 3-2.1  Attribute only conditional logit model for Split Sample B (PMLU proportions) with 

estimated coefficients and corresponding standard errors    

Variable Coef. Std.Err. P-value 

ASC 0.320 0.215 0.136 

Choice attributes    

Post-mining land-use: 
   50% Conservation and 50% Native vegetation  1.109 0.196 0.000 

60% Conservation and 40% Solar or 
80% Conservation and 20% Solar  

1.033 0.191 0.000 

40% Solar and 60% Native vegetation or  
20% Solar and 80% Native vegetation  

1.021 0.204 0.000 

100% Conservation  0.771 0.223 0.001 

50% Conservation and 50% Grazing   0.764 0.210 0.000 

50% Native vegetation and 50% Grazing 0.483 0.229 0.035 

40% Solar and 60% Grazing or  
20% Solar and 80% Grazing  

0.472 0.201 0.019 

100% Native vegetation 0.433 0.227 0.057 

Access for recreation (yes/no) 0.218 0.059 0.000 

Jobs (people employed/year) 0.034 0.006 0.000 

Time (number of years) -0.024 0.003 0.000 

Cost (one-off payment in AU$) -0.004 0.000 0.000 

    

# of observation =  12, 840   

Log likelihood =  4632.87   

AIC 9291.75   

BIC 9388.74   
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Appendix3-2.2 Parsimonious only conditional logit model for Split Sample B (PMLU proportions) with 

estimated coefficients and corresponding standard errors    

Variable Coef. Std.Err. P-value 

ASC -0.180 0.271 0.507 

Choice attributes    

Post-mining land-use:    

50% Conservation with 50% Native vegetation 1.046 0.197 0.000 

60% Conservation with 40% Solar or 
80% Conservation with 20% Solar 

0.972 0.192 0.000 

60% Native vegetation with 40% Solar or 
80% Native vegetation with 20% Solar 

0.949 0.206 0.000 

50% Grazing with 50% Conservation 0.740 0.211 0.000 

Conservation only 0.667 0.226 0.003 

50% Grazing with 50% Native vegetation 0.401 0.232 0.083 

60% Grazing with 40% Solar or 
80% Grazing with 20% Solar 

0.378 0.203 0.062 

Native vegetation only 0.338 0.229 0.141 

Access for recreation (yes/no) 0.201 0.060 0.001 

Jobs (people employed/year) 0.032 0.006 0.000 

Time (number of years) -0.025 0.003 0.000 

Cost (one-off payment AU$) -0.004 0.000 0.000 

Local (0/1) -0.100 0.080 0.214 

Socio-demographic variables (interacted with the ASC)  

Employed full-time  0.227 0.083 0.006 

Previously visited Mid-Western Regional Council area  -0.224 0.081 0.006 

Female -0.385 0.073 0.000 

Age 0.015 0.003 0.000 

Previously heard of mine rehabilitation  -0.334 0.101 0.001 

Concerns with mining  -0.346 0.040 0.000 

    

# of observation =  12,720   

Log likelihood =  -4486   

AIC 9012   

BIC 9161   
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Appendix3-2.3 Conditional logit model for Split Sample B (PMLU proportions) showing interaction with 

‘local’ interactions, with estimated coefficients and corresponding standard errors    

Variable Coef. Std. Err. P-value 

ASC -0.463 0.297 0.119 

Choice attributes    

Post-mining land-use:    

50% Conservation with 50% Native vegetation 1.011 0.202 0.000 

60% Conservation with 40% Solar or 
80% Conservation with 20% Solar 

0.941 0.198 0.000 

60% Native vegetation with 40% Solar or 
80% Native vegetation with 20% Solar 

0.931 0.212 0.000 

50% Grazing with 50% Conservation 0.769 0.217 0.000 

Conservation only 0.623 0.233 0.008 

50% Grazing with 50% Native vegetation 0.349 0.240 0.146 

60% Grazing with 40% Solar or 
80% Grazing with 20% Solar 

0.316 0.209 0.131 

Native vegetation only 0.292 0.237 0.218 

Access for recreation (yes/no) 0.154 0.070 0.028 

Jobs (people employed/year) 0.029 0.007 0.000 

Time (number of years) -0.023 0.003 0.000 

Cost (one-off payment AU$) -0.004 0.000 0.000 

Local interactions     

Local x ASC 0.042 0.135 0.756 

Local x Access 0.066 0.096 0.492 

Local x Job 0.002 0.009 0.809 

Local x time -0.005 0.005 0.292 

Socio-demographic variables (interacted with the ASC)   

Employed full-time  0.382 0.096 0.000 

TAFE  -0.004 0.100 0.966 

Previously heard of mine rehabilitation  -0.072 0.147 0.622 

Previously visited Mid-Western Regional Council area  -0.244 0.087 0.005 

Income  -0.037 0.036 0.301 

Female  -0.352 0.076 0.000 

University  -0.002 0.106 0.986 

Worked in mining industry  0.047 0.120 0.696 

Age  0.018 0.003 0.000 

Heard of Wilpinjong Mine  -0.278 0.111 0.012 

Concerns with mining  -0.385 0.042 0.000 

    

# of observation =  11,784   

Log likelihood =  -4123   

AIC 8302   

BIC 8508   
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Appendix3-2.4  Attribute only conditional logit model for Split Sample B (PMLU proportions) (Model as 

described in CE survey) with estimated coefficients and corresponding standard errors    

Variable Coef. Std. Err. P>z 

ASC 0.278 0.215 0.196 

Choice attributes    

Post-mining land-use:    

60% Conservation with 40% Solar 1.115 0.196 0.000 

50% Conservation with 50% Native vegetation  1.018 0.198 0.000 

60% Native vegetation with 40% Solar 1.018 0.213 0.000 

80% Native vegetation with 20% Solar 0.944 0.211 0.000 

80% Conservation with 20% Solar 0.912 0.204 0.000 

50% Grazing with 50% Conservation 0.763 0.212 0.000 

100% Conservation 0.712 0.225 0.002 

80% Grazing with 20% Solar 0.521 0.210 0.013 

50% Grazing with 50% Native vegetation  0.440 0.230 0.056 

100% Native vegetation  0.368 0.228 0.106 

60% Grazing with 40% Solar 0.245 0.220 0.266 

Access for recreation (yes/no) 0.204 0.061 0.001 

Jobs (people employed/year) 0.032 0.006 0.000 

Time (number of years) -0.025 0.003 0.000 

Cost (one-off payment in AU$) -0.004 0.000 0.000 

    

# of observation =  12,840   

Log likelihood =  -4628.75   

AIC 9289.51   

BIC 9408.87   
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Appendix3-2.5  Parsimonious only conditional logit model for Split Sample B (PMLU proportions) (as 

described in CE survey) with estimated coefficients and corresponding standard errors    

Variable Coef. Std. Err. P>z 

ASC -0.212 0.271 0.433 

Choice attributes    

Post-mining land-use:    

60% Conservation with 40% Solar 1.054 0.197 0.000 

50% Grazing with 50% Native vegetation  0.957 0.199 0.000 

60% Native vegetation with 40% Solar  0.950 0.214 0.000 

80% Native vegetation with 20% Solar 0.873 0.213 0.000 

80% Conservation with 20% Solar 0.854 0.206 0.000 

50% Grazing with 50% Conservation  0.742 0.213 0.000 

100% Conservation  0.610 0.227 0.007 

80% Grazing with 20% Solar  0.423 0.212 0.046 

50% Conservation with 50% Native vegetation 0.361 0.233 0.121 

100% Native vegetation 0.277 0.231 0.229 

60% Grazing with 40% Solar  0.165 0.222 0.458 

Access for recreation (yes/no) 0.189 0.062 0.002 

Jobs (people employed/year) 0.030 0.006 0.000 

Time (number of years) -0.026 0.003 0.000 

Cost (one-off payment AU$) -0.004 0.000 0.000 

Socio-demographic variables (interacted with the ASC)    

Employed full-time  0.236 0.082 0.004 

Previously visited Mid-Western Regional Council area  -0.254 0.078 0.001 

Female  -0.387 0.073 0.000 

Age  0.015 0.003 0.000 

Heard of Wilpinjong Mine  -0.348 0.101 0.001 

Concerns with mining  -0.344 0.040 0.000 

    

# of observation =  12,720   

Log likelihood =  -4483   

AIC 9010   

BIC 9174   
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Appendix3-2.6  Attribute only mixed logit model for Split Sample B (PMLU proportions) showing all choice 

attributes as random (nreps=500) with estimated coefficients and corresponding standard errors     

Variable Coef. Std. Err. P-value 

ASC 0.224 0.241 0.352 

Choice attributes    

Post-mining land-use:    

60% Conservation with 40% Solar 1.144 0.215 0.000 

50% Conservation with 50% Native vegetation 1.110 0.217 0.000 

60% Native vegetation with 40% Solar 1.105 0.240 0.000 

80% Native vegetation with 20% Solar 0.987 0.232 0.000 

80% Conservation with 20% Solar 0.957 0.222 0.000 

100% Conservation 0.758 0.251 0.003 

50% Grazing with 50% Conservation  0.572 0.267 0.032 

80% Grazing with 20% Solar 0.456 0.234 0.051 

100% Native vegetation 0.397 0.249 0.111 

50% Grazing with 50% Native vegetation  0.277 0.278 0.320 

60% Grazing with 40% Solar 0.186 0.264 0.481 

Access for recreation (yes/no) 0.180 0.089 0.043 

Jobs - from 2 to 5 (people employed/year) 0.149 0.076 0.050 

Jobs - from 5 to 15 (people employed/year) 0.359 0.111 0.001 

Time - from 30 to 15 Years (number of years) 0.388 0.086 0.000 

Time - from 15 to 5 Years (number of years) 0.271 0.092 0.003 

Cost (one-off payment in AU$) -0.004 0.001 0.000 

Standard Error 
   60% Conservation with 40% Solar -0.296 0.416 0.476 

50% Conservation with 50% Native vegetation 0.132 0.389 0.734 

60% Native vegetation with 40% Solar 0.941 0.191 0.000 

80% Native vegetation with 20% Solar 0.023 0.376 0.951 

80% Conservation with 20% Solar -0.113 0.348 0.746 

100% Conservation 0.140 0.289 0.628 

50% Grazing with 50% Conservation  1.286 0.318 0.000 

80% Grazing with 20% Solar 0.501 0.223 0.024 

100% Native vegetation 0.232 0.289 0.422 

50% Grazing with 50% Native vegetation  1.054 0.264 0.000 

60% Grazing with 40% Solar 0.920 0.250 0.000 

Access for recreation (yes/no) 0.926 0.088 0.000 

Jobs - from 2 to 5 (people employed/year) 0.338 0.130 0.009 

Jobs - from 5 to 15 (people employed/year) 0.722 0.105 0.000 

Time - from 30 to 15 Years (number of years) 0.351 0.161 0.029 

Time - from 15 to 5 Years (number of years) 0.813 0.093 0.000 

    # of observations= 12,840 
  Log likelihood =  -4267.13 
  AIC 8602.27   

BIC 8855.92   
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Appendix3-2.7  Parsimonious mixed logit model for Split Sample B (PMLU proportions) showing  choice 

attributes that are heterogeneity as random (nreps=500) with estimated coefficients and corresponding 

standard errors     

Variable Coef. Std. Err. P-value 

ASC -0.318 0.314 0.311 

Choice attributes 
   Post-mining land-use:    

60% Conservation with 40% Solar 1.093 0.216 0.000 

50% Conservation with 50% Native vegetation 1.045 0.217 0.000 

60% Native vegetation with 40% Solar 1.027 0.240 0.000 

80% Native vegetation with 20% Solar  0.914 0.234 0.000 

80% Conservation with 20% Solar 0.912 0.223 0.000 

100% Conservation  0.653 0.253 0.010 

50% Grazing with 50% Conservation  0.530 0.271 0.051 

80% Grazing with 20% Solar 0.357 0.236 0.130 

100% Native vegetation  0.314 0.250 0.208 

50% Grazing with 50% Native vegetation 0.195 0.282 0.490 

60% Grazing with 40% Solar 0.121 0.265 0.647 

Access for recreation (yes/no) 0.178 0.089 0.045 

Jobs - from 2 to 5 (people employed/year) 0.156 0.078 0.046 

Jobs - from 5 to 15 (people employed/year) 0.336 0.113 0.003 

Time - from 30 to 15 Years (number of years) 0.336 0.093 0.000 

Time - from 15 to 5 Years (number of years) 0.253 0.096 0.008 

Local x time -0.014 0.006 0.019 

Cost (one-off payment in AU$) -0.004 0.000 0.000 

Socio-demographic variables (interacted with the ASC):    

Previously heard of mine rehabilitation -0.264 0.113 0.019 

Employed full-time 0.261 0.103 0.011 

Previously visited Mid-Western Regional Council area -0.248 0.101 0.013 

Female -0.467 0.091 0.000 

Age 0.018 0.003 0.000 

Heard of Wilpinjong Mine -0.382 0.126 0.002 

Concerns with mining -0.372 0.049 0.000 

Standard Deviation 
   50% Conservation with 50% Native vegetation 0.943 0.297 0.001 

60% Native vegetation with 40% Solar 0.915 0.197 0.000 

50% Grazing with 50% Conservation 1.432 0.311 0.000 

80% Grazing with 20% Solar 0.550 0.222 0.013 

60% Grazing with 40% Solar 0.818 0.265 0.002 

Access for recreation (yes/no) 0.856 0.084 0.000 

Jobs - from 2 to 5 (people employed/year) 0.395 0.127 0.002 

Jobs - from 5 to 15 (people employed/year) 0.724 0.102 0.000 

Time - from 30 to 15 Years (number of years) 0.387 0.142 0.006 

Time - from 15 to 5 Years (number of years) 0.843 0.093 0.000 
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# of observations= 12,720 
  Log likelihood =  -4143   

AIC 8358   

BIC 8626   

 




