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Abstract 

This thesis investigates the impacts of mining projects in Papua New Guinea (PNG) on 

livelihoods and poverty in the indigenous mining communities. The impact of mining on 

poverty of PNG’s indigenous people has been an issue of concern for several decades. In 

fact, mining has been a controversial industry in PNG. Its newsworthiness has stemmed 

from the dramatic environmental and social consequences that have dogged mining 

development there (Chapter 3). Without downplaying the importance of these issues in any 

way, the focus of this thesis is on the relationship between mining and poverty in two of the 

country’s largest mining regions – Ok Tedi and Porgera. The relationship between mining 

and poverty is a complex phenomenon. The conventional wisdom is that mineral resources 

can add value to the economy of a mineral-rich country because mineral resources are 

considered an asset which can be used to enhance economic growth (Chapter 2). However, 

there is recent evidence to the contrary in many developing countries.  The intention of this 

thesis is to review four questions: (1) What is the link between the mine, the communities 

and the economic opportunities that mining has created through participation in people’s 

livelihood? (2) To what extent have the mines contributed to reducing poverty levels 

through empowerment, enhanced capabilities, and security and provided opportunities for 

indigenous people to pursue their livelihoods? (3) How has the contribution of mining 

reduced the vulnerability and insecurity of livelihoods of the mining communities? (4) Has 

opening of the mining operations into the local community and in PNG provided the locals 

with greater opportunity or has it negatively impacted on the people?  

This thesis, using a quantitative methodology, focuses on livelihood measures. It begins 

with data collection on the livelihood resources and welfare status of mining households 

and non-mining households. Two mining projects were selected, each representing different 

companies, different locations and different mining approaches. The household survey 
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interviewed 609 participants in both mining and non-mining communities of Ok Tedi and 

Porgera mining (Chapter 5). A logistic regression model was used to determine the main 

factors like human capital, rich-poor ladder, food eaten in the last 30 days, income 

satisfaction and other variables affecting being a mining household. With these 

determinants, a Propensity Score Matching model was used to quantitatively evaluate the 

impacts of mining on welfare, life satisfaction and poverty of the indigenous people.   

The research results indicate that the introduction of mining projects has improved the 

livelihoods of the indigenous people and has reduced poverty. The relationship between the 

Sustainable Livelihood Framework and Mining Poverty Reduction Linkages was established 

(Chapter 4). Mining agreements that improve and allow indigenous people’s participation in 

having access to livelihood resources do improve their welfare and life satisfaction and 

reduce poverty. The analysis focused on four important metrics: the rich-poor ladder to assess 

the communities’ views of their own affluence, level of education, food eaten in the last 30 

days, and income satisfaction (or satisfaction deprived from a given level of income) 

(Chapter 6). The results overall suggest that mining does reduce poverty and improve 

welfare, but some of the differences between mining and non-mining villages, such as 

average level of education, are small (Chapter 6).  

These results have implications for governmental policy on mining projects regarding 

livelihood resources, livelihood diversification and poverty alleviation. An understanding of 

these concepts in mining agreements may play a role in assisting indigenous mining 

communities to be resilient at a local level and better equipped to withstand exogenous 

shocks that the introduction of mining projects may have on their livelihoods and poverty 

(Chapter 7).   

Keywords: mining, poverty, livelihoods, Propensity Score Matching, Papua New Guinea
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  Chapter One  

 

1. Introduction  

 

1.1. Background of the research  

 

A vibrant mining sector should improve the livelihoods of the people by providing 

significant opportunities for a country’s growth (Weber-Fahr, 2002). There are 56 mining 

countries which cater for 3.5 billion people (Weber-Fahr, 2002). Without their mining 

industry, many would not have progressed thus far in achieving their development goals.  In 

many developing countries today, mining has become the main source of fiscal revenue for 

the government and its people (Aryee, 2001; Auty, 2006; Ghura, 1998). Governments are 

challenged to be responsible in their management of the revenues given the size of the 

revenue that the mining sector generates (Arellano-Yanguas, 2011; Azapagic, 2004; 

Bebbington, Hinojosa, Bebbington, Burneo, & Warnaars, 2008; Kolstad & Søreide, 2009; 

Kolstad & Wiig, 2009). Therefore, mining seems to be an essential part of short-term and 

long-term development goals in bringing much needed benefits to the people of these 

countries.  

 

Mines are mostly located in rural areas, so mining tends to be a main source of benefits to 

the rural communities (Garvin, McGee, Smoyer-Tomic, & Aubynn, 2009; Maconachie & 

Binns, 2007). It brings in economic opportunities and benefits in terms of improved 

livelihoods, though employment, spin-off benefits, educational training and other related 

benefits (Aragón & Rud, 2013; Humphreys, 2000; Pegg, 2006). According to traditional 

views, countries that possess rich mineral deposits are fortunate because development of 

these minerals can add value to the economy. These mineral deposits are the natural capital 
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of a country. The more mineral deposits a country has, the more capital. Mineral wealth is 

considered as an asset that can be used to enhance economic growth potential of mining 

countries (Auty, 2007; Bebbington et al., 2008; Weber-Fahr, 2002).  

However, concerns have been raised about whether mining may benefit or hinder a 

developing country in its quest for economic growth and prosperity. These concerns have 

given rise to growing body of research. “Some analysts favour the use of a country’s 

mining sector to promote economic growth (the “mining is good” hypothesis). Others 

advocate the cessation of mining (“the mining is bad” hypothesis)” (Weber-Fahr, 2002, p. 

2). In the recent past, many developing countries have witnessed the emergence of a 

different view of mining’s contribution to economic development. There are critics who 

have serious doubts about the benefits of mining (Davis & Tilton, 2002). This view was 

supported by Magai and Márquez-Velázquez (2011) in Tanzania, where the mining sector 

failed to generate much-needed government revenue, which eventually undermined the 

development opportunities of the country. The government of Tanzania failed to reap the 

benefits due to providing generous tax incentives in mining investments (Muganyizi, 2012). 

 

Mining practices around the world are facing many challenges in terms of human 

interaction with physical and social environments. “By its very nature, the mining industry, 

just like the oil and gas industries, leaves behind a “footprint” – an environmental, social, 

and economic impact” (Weber-Fahr, 2002, p. 2). So that even when only local or regional 

in nature, badly managed impacts on the environment or the social fabric of society can 

reflect negatively on economic parameters countrywide (Opoku-Ware, 2014; Weber-Fahr, 

2002). Therefore “it is thus important to weigh the benefits against the risks and costs 

surrounding the industry’s operations, and to mitigate any negative impacts” (Weber-Fahr, 

2002, p. 2). Mining investments can have both positive and negative impacts. Mining 
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investments can create employment opportunities for the indigenous people and also 

provide educational services and affordable health care. Such positive relationships can lead 

to improvement in the livelihoods of people and communities. However other researchers 

have found negative socioeconomic consequences such as loss of livelihoods, 

environmental damage, and health issues depending on the extent of the mining and the 

mines’ commitment to the people. The experiences of people and communities depend on 

the strength of governance and institutions that provide equity in different countries at 

different levels. Therefore, there is a need to better understand both the positive and 

negative impacts of mining investments and, more importantly, the types of policy 

mechanisms government and the multinational companies have introduced to mitigate such 

problems into the future.  

 

The continued mining operations in PNG have been the subject of various studies (Ballard 

& Banks, 2003; Banks, 2008; Columbia University, 2019; Human Rights Watch, 2010; 

Imbun, 2008; Jacka, 2015; Jell-Bahlsen & Jell, 2012; Johnson, 2012; Roche, 2016; Togolo, 

2006). This study investigates various factors that contribute to livelihoods and poverty of 

the mining communities by exploring the characteristics of mining households and benefits 

they receive. Unlike most other studies mentioned, this study uses quantitative approaches 

and explores the impacts of mining on the mining communities from an economic 

perspective.  In doing so, we aim to identify the characteristics that improve the livelihoods 

of mining communities by improving their welfare and life satisfaction, and reduce their 

poverty. These findings will contribute to the debate over whether the introduction of 

mining is good or bad for the indigenous mining communities in developing countries.  
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1.2. Research Objectives and Questions  

 

Papua New Guinea is a country whose government is highly dependent on mining for its 

revenue. Therefore, assessing the impact of mining on the mining communities is important 

if mining operations are to be continued, particularly in regards to their livelihoods and how 

they are coping with the change now that mining has been introduced. PNG’s mining 

communities are impacted widely in terms of its environment, gender-based violence, 

human rights issues and also the cultures of the communities have been affected (Hilson, 

2002; Keenan, Kemp, & Ramsay, 2016; Kemp, Bond, Franks, & Cote, 2010; Lahiri-Dutt, 

2011; Menzies & Harley, 2012; Tierney et al., 2016).  
 

The aim of this study is to explore the impact of mining investment, related economic 

development and the experiences of the indigenous communities in two mining areas in 

PNG. The study contributes to the pool of knowledge on mining investment and its 

relationship to poverty reduction through the livelihoods of mining communities.  

The four primary underlying issues that have been formulated to guide this research are:  

I. What is the link between the mine, the communities and the economic opportunities 

that mining has created through participation in people’s livelihoods?  This question 

attempts to establish the general relationship between the communities and mining 

companies and how it has changed their livelihoods. This section explores the 

mining sector in PNG and how governments help communities in drafting policies 

that can help improve indigenous livelihoods. Relevant policies, guidelines and 

literature are explored.   

II. To what extent have the mines contributed to reducing poverty levels through 

empowerment, enhanced capabilities, and security, and provided economic 
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opportunities to pursue their livelihoods? The second question intends to identify 

the mines’ contributions and the challenges faced in providing empowerment, 

enhanced capabilities, security and opportunities.  

III. How has the contribution of mining reduced the vulnerability and insecurity of 

livelihoods of the mining communities? The third question assesses the performance 

of mining in terms of Corporate Social Responsibility (CSR). This can be measured 

through proxy indicators linked to the community capitals of the Sustainable 

Livelihood Framework (SLF)—human, natural, financial, physical and social 

capital.  

IV. Has opening of the mining operations into the local community and in PNG 

provided the locals with greater opportunity or has it negatively impacted on the 

people? Has it eradicated poverty or increased poverty of the local (indigenous) 

people? The fourth question focuses on the overall development of the local 

communities.  Has allowing mining operations in the first-place improved outcomes 

in terms of economic development/growth or has it increased poverty and 

inequality? This analysis shows the extent of the impact and the relationship 

between poverty and mining. It further establishes a link between mining and non-

mining communities. It provides useful information for future mining investment 

and for government policy. 

 

1.3. Methodology  

 

To achieve the aforementioned research objectives, a survey was conducted of 609 mining 

and non-mining households, from within the mining communities and from outside of the 

mining communities in two of the largest mining projects in PNG: Ok Tedi and Porgera. 
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The survey collected information on various livelihood options and other socioeconomic 

characteristics. The survey questions were based on the Sustainable Livelihood Framework 

(SLF) proposed by Scoones (1998).   

  

The data from the household survey were used to estimate a logistic model to explain what 

factors might impact and affect the likelihood of a particular household in the survey being 

a mining household. Various livelihood and socioeconomic characteristics such welfare, 

income satisfaction, food quality and food security, and livelihoods assets were included in 

the model.  Estimates of the logistic model were able to identify the key factors 

characterising a mining household compared to a non-mining household. 

 

To estimate the impact and/or benefit of introducing a mining project, the Propensity Score 

Matching (PSM) technique (Ravallion, 2003), a method borrowed from impact evaluation, 

was employed. This method had mining communities as the treated groups and non-mining 

communities as the control groups, as is the case in most evaluation studies. This approach 

enabled estimates to be made of the impact of mining on the indigenous mining 

communities on three indicators of life satisfaction, welfare and poverty.  

 

1.4. Expected Contribution  

 

The expected contribution to this thesis is three-fold. Firstly, the findings add to the 

literature on the impacts of mining on the livelihoods and poverty of the indigenous mining 

communities. Our findings show that mining households have significantly increased their 

position on the rich-poor ladder so there seems to be less poverty within the mining 

communities.  It reflects that as a result of the introduction of mining, there was generally 
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an increase in capital assets owned by the people, their welfare improved and income 

increased. The mining people also had access to higher quality food consumption and their 

food security was maintained. While these positive effects are statistically significant, they 

are overall not large in size. Secondly, this thesis contributes to the literature on the study of 

impacts of mining on livelihoods and poverty on the indigenous mining communities 

through the application of more quantitative and statistical analysis which has largely been 

absent in other studies. Lastly, the findings of this thesis may also have policy implications 

related to the impacts of mining on communities. Policy makers in the PNG government 

and other stakeholders and the wider mining community will benefit from the findings.  

Whilst the results generally point towards a positive relationship between mining and 

improved livelihoods, they also suggest that there is considerable room for policy 

improvement. In consultation with government and other stakeholders, policies and laws 

should be drafted that can assess the performance of mining’s contributions in terms of 

CSR and the government’s role in supporting the communities that further enhances and 

improves the mining communities’ livelihoods. 

 

1.5. Outline of the Thesis 

 

The thesis is structured as follows.  

 

Chapter 1: Introduction  

This chapter outlines the scope and structure of the research.  The chapter discusses the 

background and motivation for this research, details the research questions and objectives, 

outlines the research process, and highlights the expected contributions of the thesis.  
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Chapter 2: Literature Review 

This chapter examines the literature on the impacts of mining on the livelihoods of mining 

communities. In addition, this chapter also examines what the literature indicates about how 

mining has impacted on growth, poverty and inequality, and how it has affected the 

indigenous mining communities’ livelihoods. It discusses both the positive and negative 

impact mining has had on the people. The chapter further discusses the environmental and 

the consequential social impacts of mining and the variables and characteristics that 

influence it.   

 

Chapter 3: Mining in Papua New Guinea  

This chapter provides an analyses on the mining industry in PNG and how the mining 

industry has impacted its people. It considers how the mining industry has contributed to 

PNG’s economy and how has it impacted on the developmental agendas of PNG. The 

chapter then discusses the governance and management issues surrounding the resources 

sector in the country.  Furthermore, it reviews the environmental and social impact of the 

mining industry in PNG. Finally, it discusses how mining has impacted on gender-based 

violence and human rights issues within the mining communities.  

 

Chapter 4: Conceptual Framework  

This chapter discusses the conceptual framework used in this research. The chapter explains 

the relevance of the Sustainable Livelihood Framework (SLF) and its importance in 

development studies and explains the methodological issues in undertaking studies that 

examine how to sustain rural livelihoods. It also emphasises the debate about rural 

development, poverty, education and environmental management issues. It then explains 

the relationship and relevance of adopting the SLF and the Mining Poverty Linkages 
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Framework (MPLF) in this study. The chapter also explains the importance of the MPLF 

and what the World Bank considers to be important and relevant to studies such as this on 

the impacts of mining. The final part of the chapter explains the components of the MPLF: 

economics opportunities, improved capabilities, security and empowerment, and how these 

characteristics and variables relate to each other within this framework.   

 

Chapter 5: Methods  

This chapter provides a description of the methods employed in this study. It presents 

details of the sampling design and the data collection methods.  It also provides a 

geographical descriptions of the study area in PNG where the two mining projects are 

located.  It also explores the characteristics of the mining communities (households) and 

their economic status. The chapter also details the design of the questionnaires, and how 

data were translated.   

 

 Chapter 6: Descriptive Statistics   

This chapter discusses the results of the descriptive statistics. In the discussions of the 

descriptive statistics, it identifies the main factors that forms an association with poverty, 

livelihoods and mining within the data set. It then explains and discusses these associations 

and provides a better understanding of what the data is about and what it says and means in 

each of the mining regions: Ok Tedi and Porgera. The meaning is focused on understanding 

what variables would be used to explain the impact of mining on the livelihoods of mining 

communities’ welfare, life satisfaction and poverty.    
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Chapter 7: Results  

This chapter discusses results of the logistic regression and PSM.  In the discussions of the 

logistic regression, it identifies the main factors that characterises a mining household.  It 

then explains and discusses the PSM method and how it is used to quantitatively analyse 

the impact of mining on the livelihoods of mining communities’ welfare, life satisfaction 

and poverty by matching and comparing mining and non-mining households. The chapter 

also examines the criteria used to assess the impacts that mining has on poverty, welfare 

and life satisfaction in mining communities.  

 

Chapter 8: Conclusion  

This chapter summarises the research findings and contributions to the literature, and 

discusses implication for mining impacts on the mining communities in PNG.  The chapter 

provides recommendations for future research that will help to improve the impacts for the 

indigenous mining communities.   
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Chapter Two 

 

2. Literature Review 

 

2.1. Introduction  

 

According to traditional views, countries that possess rich mineral deposits are fortunate 

because development of these minerals can add value to the economy (Weber-Fahr, 2002; 

Weber-Fahr, Strongman, Kunanayagam, McMahon, & Sheldon, 2002; Wright & Czelusta, 

2003). These mineral deposits are the natural capital of a country. The more mineral 

deposits a country has, the more capital. Mineral wealth is considered an asset that can be 

used to enhance economic growth potential of mining countries (Weber-Fahr, 2002). A 

study in Spanish regions showed that resource abundance has a positive effect on 

industrialisation, does not reduce real wage growth and does not slow the accumulation of 

human capital (Domenech, 2008). Natural resources increase wealth and purchasing power 

over imports, so that resource abundance might be expected to raise an economy's 

investment and growth rates as well (Sachs & Warner, 1995). Many strong economies of 

the world have mining as an important sector in terms of job creation and contribution 

towards the overall GDP of the country (Pegg, 2006). For instance, heavy investment in the 

mineral industry in Australia has contributed much to the growth of its economy (McLean, 

2004). The mineral wealth is then re-invested into improving schools, hospitals, ports and 

other forms of capital investment that contribute to economic development. Fisher (1997) 

argued that by targeting public investments to local economies, the regional economy is 

boosted, and it will become less dependent on mining. According to Harorimana (2012), the 

mining industry has benefitted many economies of the world by contributing to 
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infrastructure developments, tax revenue for the government and employment. The mining 

boom in Australia that commenced in 2003 has substantially increased Australian living 

standards. “By 2013, we estimate that it had raised real per capita household disposable 

income by 13 per cent, raised real wages by 6 per cent and lowered the unemployment rate 

by about 1¼ percentage points” (Downes, Hanslow, & Tulip, 2014, p. 1). In these 

circumstances, it increases the per capita income, thus contributing to poverty alleviation 

and the improvement of the standard of living of people.  

 

However, in the recent past, many developing countries have witnessed the emergence of a 

different view of mining’s contribution to economic development.  There are critics who 

have serious doubts about the benefits of mining (Davis & Tilton, 2002). According to Auty 

(2001, p.3) as cited by Wright and Czelusta (2003), “in the recent decades the resources-

abundant developing countries have underperformed when compared with the resources-

deficient developing countries….Moreover, the mineral-driven resources-abundant 

countries have been among the weakest performers”. This view was supported by Magai 

and Márquez-Velázquez (2011) in Tanzania, where the mining sector failed to generate 

much-needed government revenue, which eventually undermined the development 

opportunities of the country. The government of Tanzania failed to reap the benefits due to 

giving generous tax incentives (Muganyizi, 2012). Ross (2003) argued that the growth of 

the minerals sector produces stagnation in the agriculture sector, an aspect of the resource 

curse. This was further supported by Sachs and Warner (1995) who concluded that 

resource-abundant countries have stagnated in economic growth since the early 1970s, 

inspiring the term ‘curse of natural resources.’ Downes et al. (2014) discovered that, though 

there are benefits, there have also been costs. The mining boom in Australia has led to a 
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large appreciation of the Australian dollar that has weighted on other industries exposed to 

trade, such as manufacturing and agriculture (Downes et al., 2014). The appreciation of the 

dollar weakens the competitiveness of exports and import-competing industries like 

manufacturing and agriculture. It is also argued that mining investments may cause a high 

inflation rate, which is harmful for the poor. This can be exacerbated by economic 

migration from other regions of the country due to employment opportunities that the 

resources sector provides (Aristide & Moundigbaye, 2017; Escobal & Ticci, 2013). In 

Indonesia, coal mining was reported to have produced little value added per unit of output 

compared to other economic activities, in spite of the growth of the industry (Fatah, 2008).   

 

Other studies also report on widespread negative impacts of mining on the environment and 

the socioeconomic livelihoods of the people. In this literature review, an attempt is made to 

identify both the positive and negative associations of mining investments and how such 

investments have impacted on individual livelihoods. In discussing how the literature 

addresses the widespread impacts of mining on the environment and the socioeconomic 

livelihoods of the people, this review is organised as follows. The first section describes the 

relationship between mining and growth and how it has impacted on poverty and inequality. 

The second section discusses the impacts of mining on people’s socioeconomic livelihoods 

and the links between mining and people’s welfare. Evidence from various countries on 

how mining has affected them and its impacts on their people’s livelihoods are discussed. 

Following this section, the environment and related social impacts of mining are considered 

as background issues. Specific attention is given to the environmental damage and mining’s 

social impacts. Finally, some conclusions are drawn.  
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2.2. Growth, Poverty and Inequality 

 

Growth, poverty and income inequality are all factors that reciprocally influence each other 

(Kakwani, 1993). Growth in the mining sector will have a direct impact on a country’s 

economy. It will tend to increase the country’s national income and this should improve the 

per capita GDP of mining countries (Downes et al., 2014). According to Grigoryan (2013) 

mining in Armenia is growth enhancing. However, the study also showed that the mining 

sector is likely to increase inequality and deepen poverty in the regions of Armenia where it 

operates. A study in Indonesia used time-series and cross-sectional data to measure the 

effect of mining on poverty and income inequality between 2002 and 2011. It found that the 

“mining sector had a negative impact on economic growth and economic growth was not 

significant statistically for poverty reduction” (Sudarlan, Indiastuti, & Yusuf, 2015, p. 195). 

Furthermore, Aristide and Moundigbay (2017), observed in Logone Oriental, an oil 

producing region in Chad, that the poverty gap increased by 9.6 percent and inequalities by 

5.6 percent between poor and non-poor households. The study discovered that monetary 

poverty increased in the oil producing region. Between 2003 and 2011, there was a 19.3 

percent increase in poverty in the region of Logone Oriental compared with the control 

regions (Aristide and Moundigbay, 2017). In PNG, at the national level, there is no 

evidence that mining has done anything to alleviate poverty (Banks, 2005). However  “at 

the local level, incomes are well up and absolute poverty levels down, but a more nuanced 

view would point to the increasing relative levels of inequality within the society, and the 

temporal aspect of the problem, particularly with regard to food security ” (Banks, 2005, p. 

140).  
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Similar results have been observed in many studies in developing countries. Bhattacharyya 

and Resosudarmo (2015) in their study in Indonesia found that growth in the mining sector 

had a positive impact on GDP per capita. However, the potential benefits for the poor were 

eroded or offset by an increase in inequality that accompanied growth. This asymmetric 

result is consistent with theories that the mining sector has few backward or forward 

linkages and hence tends to benefit a privileged few directly linked with mining. Akin to 

this, Edwards (2016), also in Indonesia, stated that countries with larger mining shares tend 

to have poorer health and education outcomes. For example, the study identified that a 

“district with twice as much of its output from mining, on average, also has a poverty rate 

over 5 percent higher” (Edwards, 2016, p. 33). Furthermore, Loayza and Rigolini (2016), 

working in Peru, observed an increase in consumption within mining villages, but higher 

consumption inequality within mining districts than in comparable nonproducing districts. 

Moreover, Bhattacharyya and Resosudarmo (2015) further illuminate the issue of inequality 

resulting from mining investment by contrasting it with investment in the non-mining 

sector. The core occupations of the poor were in agriculture and urban services and 

therefore policies to support agriculture, urban services and manufacturing tend to have the 

most impact on reducing poverty and inequality (Bhattacharyya and Resosudarmo, 2015).  

 

Many studies indicate that mining investment has a positive impact on growth, but results 

in higher inequality (Bhattacharyya and Resosudarmo, 2015). Mining investments can 

positively impact on different sectors of the economy thus making way for growth in each 

of these sectors. However for sectors that do not directly benefit from mining investments 

the growth can result in inequality (Bhattacharyya and Resosudarmo, 2015). According to 

Carrington, Hogg, and McIntosh (2011), the distribution of benefits and burdens of the 
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mining boom were highly uneven at the local as well at regional and national levels in 

Australia. For instance in regional Australia, income is unevenly distributed in two of the 

largest mining regions, East Pilbara local government area in Western Australia and the 

Belyando local government area of Queensland (Hajkowicz, Heyenga, & Moffat, 2011). 

The study further revealed that there is sharply unequal distribution of wealth and poverty. 

“Whilst nearly half of all mining employees in Belyando earn more than A$2000 per week, 

the most common income bracket of workers employed in other industries is significantly 

lower at A$400–599. In the East Pilbara, mining income is also considerably higher than 

income in other local industries, such as health care, retail trade, and public administration” 

(Hajkowicz et al., 2011, p. 34). Rolfe, Miles, Lockie, and Ivanova (2007) confirm that in 

some mining towns, apprentices need to either live at home or be supported by the 

government because their income levels are lower than the amount they would have to pay 

in rental accommodation. Carrington et al. (2011) confirmed that median weekly incomes 

for full-time workers ranged from 1.5 times to almost double Australia’s medium income in 

2006, and that this drove the local living costs.  

 

In contrast, some other research on mining investments is inconclusive on the impacts on 

growth, poverty and inequality. Sudarlan, Indiastuti, and Yusuf (2015) show that in 

Indonesia mining has impacted negatively on both growth and poverty. In other cases, 

mining investments have a positive impact on poverty and inequality (Loayza & Rigolini, 

2016; Minerals Council of Australia, 2015; Sudarlan, Indiastuti, & Yusuf, 2015). In Peru, 

mining districts have larger average consumption per capita and lower poverty rates than 

otherwise similar districts (Loayza & Rigolini, 2016). Increases in consumption and lower 

poverty rates can be attributed to higher employment and the bustling economy related to 



P a g e  17 | 286 

 

mining. In the South Philippines mining investment has brought opportunities that tend to 

improve income and consumption (Balanay et al., 2014). A similar opinion was shared by 

Mwaipopo, Mutagwaba, Nyange, and Fisher (2004) where Artisanal Small Scale Mining 

(ASM) has considerable potential to reduce poverty. It is a source of wealth creation, asset 

accumulation and investment. As well it has the potential to increase people’s livelihood 

security, contributing to vulnerability reduction. Parra and Weldegiorgis (2015), in 

Antofagasta, Chile, showed that poverty levels have decreased with the increase in mining 

production over the period 1990-2010. Harorimana (2012) in PNG and the Solomon Islands 

found that mining has contributed to the GDP and employment. Interestingly, Deaton and 

Niman (2012) noted that the immediate effect of the mining sector is to reduce poverty 

rates, while the lag effect is associated with increases in the poverty rate. The lag effect is 

relative to mining employment because the long-run effect of mining is likely to be 

associated with aspects of human capital development.  However, the human capital 

development is difficult to directly identify. Also in Peru, Escobal and Ticci (2013) found 

no evidence of either an acceleration or lowering of poverty due to mining. Finally, Fisher 

(2001) found no clear evidence to support the proposition that resource extraction will lead 

to poverty or that it will lead to economic prosperity, but he did conclude that the 

relationship between resources extraction and poverty is unique to location.   

 

In summary, various impacts of mining have been observed. These impacts can be 

measured in terms of (a) overall growth of the national economy, (b) growth of the region 

of the mining investment, (c) poverty and inequality across all regions combined, (d) 

poverty and inequality of the region of the mining investment, and (e) poverty and 

inequality in regions away from the mining investment. 
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2.3. Socio-economic and Livelihood Impacts  

 

While the previous section examined the general effects of mining on growth, poverty and 

inequality, this section looks in more detail at the underlying mechanisms within 

communities to gauge the socio-economic and livelihood impacts. 

2.3.1 Positive impacts of mining investments 

 

Over the years, extraction of precious minerals such as gold and diamonds has led to a 

positive impact on the socioeconomic lives of people and communities involved directly or 

indirectly in the mining sector (Hilson, 2001). Mining represents a significant livelihood 

and source of income for rural communities and poverty-driven populations throughout the 

world. Mining opportunities provide a means of living. For instance, in Tanzania 

approximately 93 percent and 80 percent of respondents in the mining and non-mining 

communities, respectively, benefited differently from mining activities (Kitula, 2006). 

Those different benefits can be seen in the form of employment, improved infrastructure 

services, landowner compensation, taxes and royalties, and many more. It was also 

confirmed by Hoedoafia, Cheabu, and Korang (2014) that in Ghana, mining contributed 

positively to the lives of its people. Similar results were discovered by Escobal and Ticci 

(2013) in Peru where mining growth produced a positive effect on the share of the labour 

force employed in the mining sector and to a greater extent, in the rural areas.  

 

Mining activities can create income-earning opportunities for the inhabitants of mining 

communities. For example, in the Geita District of Tanzania, about 66 percent and 3 

percent of average household income in mining and non-mining communities, respectively, 

is derived from mining. This suggests that while local people employed in mining obtain 
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direct income as mining wages, non-miners increase their income through different socio-

economic activities, including sales from food crops and menial business activities. In 

India, Hota and Behera (2016) found that local people benefit through agriculture as a result 

of mining investment. This means that the presence of mining activities has created market 

opportunities for local farmers and small traders, and employment opportunities for others. 

Furthermore, mining in India has provided improved income earning opportunities by 

diversifying income sources, which ensures a basic ingredient for rural livelihood 

generation (Das & Mishra, 2015). Since income in the mining regions was higher, more 

households were able to afford durable assets (Hota & Behera, 2016).   

In the South Philippines, mining investment has brought about increased borrowing and 

increased investment in human capital (Balanay et al., 2014). Mining investments have 

improved the wellbeing of the people and have contributed immensely to the enhancement 

of their livelihoods. The study further indicated that health facilities have improved in the 

mining towns. There is an indication of positive economic contributions by the mining 

investments to food expenditures, education expenses and income. Furthermore, Balanay et 

al. (2014) found that the household heads in the mining areas are younger and are able to 

achieve slightly higher educational attainment. Mining has contributed to easier access to 

health care facilities by bringing them nearer to households in the mining areas of Agusan 

Province. Furthermore, the study also showed that general mining can increase income of 

households by US$21 per month (Balanay et al., 2014). In India, Hota and Behera (2016) 

observed that households in coal mining villages have multiple livelihood strategies, 

including mining, agriculture and subsistence business.   
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A similar opinion was shared by Arthur, Agyemang-Duah, Gyasi, Yeboah, and Otieku 

(2016) where ASM in Ghana contributed to livelihood enhancement through reduced 

vulnerabilities and empowerment of people to establish other economic activities. And in 

the case of Peruvian mining, some households have intensified their livestock activities due 

to improved road conditions that have given them improved access to cattle buyers and 

markets for their dairy products (Bury, 2004). In Peru, mining booms have contributed to 

educational outcomes by increasing primary and secondary school attendance in the rural 

areas (Escobal & Ticci, 2013). In Australia, mining activity has had a positive impact on 

incomes, housing affordability, communication access, education and employment across 

regional and remote areas (Hajkowicz et al., 2011). In most cases in Australia, resources 

have been a blessing for local economies, although negative effects have also been 

experienced in some parts of the country (Fleming, Measham, & Paredes, 2015). However, 

in Australia, identifying regional employment is a complex issue because workers often fly 

out after few days or weeks and fly in after breaks.   

   

2.3.2 Negative impacts of mining investments 

 

Mining has generally become the single largest economic activity in villages located near 

mines. Most mining communities receive income as royalties from the mining operations. 

In PNG, wealth from mining has not been translated into tangible human development 

across the country, as shown in persistently poor performing social indicators (Polume-

Kiele, 2014). The wealth is not fully shared among the people because there is great 

disparity in the governance of the management and distribution of benefit flows (Polume-

Kiele, 2014. This can cause a complete change in indigenous lifestyle because these local 

people have always depended on the land as a source of livelihood and often in communal 
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relationships. In a similar manner, the study in Ghana by Obiri et al. (2016) revealed that 

for 83 percent of respondents, farming was their main occupation before they ceded their 

lands to mining companies. This resulted in a high unemployment rate of 65 percent, which 

might be considered the main cause of social problems affecting the livelihoods of the 

people. Further, the study discovered that, “of the 8 percent of the respondents in the study 

area who hold either a diploma or first degree from the university, only 2 percent are 

employed by the mining companies. This is because most mining companies employ large 

numbers of expatriate staff to fill positions which could be occupied by Ghanaians” (Obiri 

et al., 2016, p.11). Tiplady and Barclay (2007) observed a similar situation in Australia. 

Their study examined indigenous employment in the Australian minerals industry and 

found that indigenous people are severely under-represented in the mineral’s industry 

workforce. When they do find employment in mining operations, they are usually working 

in semi-skilled and lower paid positions as labourers, production, and transport workers 

(Hogan & Tedesco, 2003).   

 

In many cases locals have shifted to mining jobs as they are no longer able to practice the 

livelihood activities they are used to. In some cases, this shift has negatively impacted on 

their livelihoods. Shoko and Mwitwa (2015) stressed that over-dependence on mining and 

poor diversification of livelihood options has hindered development of rural communities. 

Often it is indigenous people who are affected. According to Singh (2015), a significant 

number of tribal people, who are generally dependent on the natural and common 

resources, have been displaced. Their ethos and lifestyle have been dismantled and 

denigrated for the sake of mining projects. The displacement has caused other traumatic, 

psychological and sociocultural consequences, making life more miserable and 
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impoverished. For example, in India, mining has negatively affected people by forcing 

them from their homes and land, preventing them from accessing clean land and water, 

impacting their health and livelihoods, causing divisions in communities over who benefits 

from the mine and who does not, changing the social dynamics of the community and 

exposing them to harassment by mine or government security (Kumar, 2015).  

 

For those displaced, adapting to mining livelihoods has often not worked well. For 

example, women are employed in secondary activities such as cutting, sorting, quarrying, 

and loading and unloading. Such jobs are seasonal and temporary with less benefits and 

privileges (Behera, 2015). Sharma (2010) further revealed that those women who were 

employed were only in jobs in the services industries that are traditionally associated with 

their gender and are referred to as softer jobs. They were largely represented in the low-

paying jobs such as office assistants and/clerks (Sharma, 2010). In the mining communities 

in the Bowen Basin region in Australia, there was a lesser number of working-age women 

in the region than men (Sharma, 2010). Sometimes these jobs can also be unhygienic, 

resulting in health-related problems for women and their children. Research around the 

world has shown that large-scale mining affects women in indigenous communities more 

adversely than men (Bose, 2014). The women are mostly excluded or disadvantaged in 

employment opportunities, and are seldom represented in other industries within the mining 

sector (Gibson & Kemp, 2008). This is mainly because there are fewer paid jobs for women 

or that they have significant domestic responsibilities. Most of the time, their husbands are 

working long hours (Heiler, 2002) in mining and are not able to support them in the 

household responsibilities. Heiler (2002) revealed that long working hours of males leads to 

domestic role overload for their female partners, in particular to the ones who have young 
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children at home. These factors, individually and collectively, directly and indirectly, 

promote social and economic dependency of women on their male partners (Sharma, 2010). 

The paper concluded that even in modern times of gender equality, it could be argued that 

the managements of several mining companies practice a traditional view of gender 

division of roles and prefer male employees.  

 

Most of the rural and remote mining towns have unique social settings where functioning of 

the families and communities are influenced by an environment that is mostly determined 

by single male workers (Somerville, 2005), and as such the position of the women in the 

community is likely to be affected. Unequal distribution of opportunities and resources and 

a low status within the social structures, are often a source of stressful conditions (Sharma, 

2010; Sharma & Rees, 2007). These can lead to psychological and emotional problems that 

are typically high among female partners of the mine workers (Burvill, 1975). Impact 

assessment of mining projects seldom considers the implications for women (Goudie & 

Kilian, 1996).   

In Australia, the lives of women in the remote mining towns are affected by range of 

factors, including harsh climatic and structural conditions of the towns, physical separation 

from friends and relatives, limited resources and opportunities available in remote 

localities, and atypical work schedules of mining jobs (Sharma, 2010). Indicators relating to 

public health, family life and sense of community in the mining areas suggest a poor quality 

of life. For instance, Burvill (1975) observed that a large number of women in remote 

mining towns suffered from neurotic problems. Some three decades later, there were still 

significant signs of mental stress among women living in Australia’s remote mining 

communities (Sharma & Rees, 2007). Heiler (2002) demonstrates that long working hours, 
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shifts, and rosters in Tasmania’s mining industry have an adverse impact on employee 

health and safety, with problems manifesting themselves in terms of fatigue and impaired 

performances. There is strong anecdotal evidence to suggest that there is a high rate of 

divorce in mining communities (Sharma, 2010; Sharma & Rees, 2007).  

Extended working hours also adversely affect the quality and quantity of time that mining 

employees can spend with their families. Over longer time periods, this may escalate into 

more chronic family dysfunction, which damages the family unit and can even affect 

community cohesion (Heiler, 2002). Research also suggests that indicators on crime, 

domestic violence, and alcohol abuse reflect serious social problems in mining regions. For 

example, Midford, Marsden, Phillips, and Lake (1997) demonstrate that norms for 

acceptable levels of alcohol consumption are higher within a mining workforce. Women 

living in rural or remote areas experience higher rates of reported violence than women 

living in metropolitan areas. Behera (2015) noted that mining has severely impacted on 

human and ecological health patterns of the people. Similar occurrences were reported by 

Polat et al. (2014) in Tanzania where households in the immediate mining catchment area 

were negatively affected from extractive activity.  

 

Bury (2004) discovered that for some households, land use has both intensified and become 

more expensive in the mining region, resulting in decreased viability of livestock 

production. In the case of Jordan neither the mining company nor the government assisted 

those displaced (Al Rawashdeh, Campbell, & Titi, 2016). The intrusion of mining can 

result in increased competition among local residents for available natural resources. This 

can cause a complete change in indigenous lifestyle because these are usually local people 

who have long depended on the land as a source of livelihood and often in communal 
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relationships. For instance, in the South Philippines, indigenous peoples are the most 

marginalised and vulnerable in the society due to large-scale mining (Wetzlmaier, 2012). 

The loss of their lands poses a serious threat to their livelihood. Tenkorang and Osei-

Kufuor (2013) found similar results in Tanzania where those who formerly owned land and 

depended on this resource now have to look elsewhere to earn a living. This leads to rapid 

changes in the societal structures and the loss of indigenous knowledge and social cohesion, 

which make farmers and their communities lose their self-confidence and capacity to adapt, 

innovate, and survive at the same level of livelihood that existed before the reallocation of 

land rights. This situation makes the local people vulnerable to economic uncertainties. 

Even though the landowners receive compensation from mining companies, it does not 

fully compensate the loss. It’s hard for them to cope with different kinds of livelihood 

strategy that they are not familiar with. They are used to working on their land by farming 

and when their land is taken away from them, it is irreplaceable even with the compensation 

they receive. Furthermore, mining generates significant externalities that have direct impact 

on agricultural production, as large amounts of land are taken away that could otherwise be 

used for agriculture. Doso Jnr et al., (2016), in their research on the Tarkwa Nsuaem 

Municipality of the Western Region, revealed a trend of decreasing agricultural land on 

mining companies' concessions as mining related activities increased. This contributed to 

joblessness and the loss of labour from agriculture to other livelihoods in the mining 

communities. Consequently, there was direct competition with small-scale agriculture for 

control and the use of land.  This may eventually lead to a fall in the Gross Domestic 

Product (GDP) and loss of employment which may further impact on the loss of tax 

revenues for the government.  Such effects can cause Dutch Disease (Corden, 1984).  On 

the other hand, Hartwick (1997) provided a way forward where the equity and the rents 

received from exhaustible resources can be reinvested in reproducible capital such as 
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machines.  However, the scope of this study does not allow these issues to be discussed and 

studied further in detail.  

In summary, there are various possible socio-economic and livelihood impacts. Some of 

these are positive and some are negative. Mining investment is likely to produce a complex 

set of community-level effects that in the past have been shown to be particularly 

challenging for minority groups such as indigenous people and women. The impacts are 

specific to the case in question, and detailed study is required to understand the socio-

economic and livelihood impacts of each case.  

 

2.4. Environmental and Consequent Social Impacts 

 

Mining operations are a major economic activity in many developing countries around the 

world today. Though there may be positive impacts of mining investment in terms of 

income and improved infrastructure and health, it also often comes with deteriorating 

impacts on the environment. Mining activities have a direct impact on the environment and 

are also some of the largest sources of environmental pollution. For example, Ok Tedi 

Mining in PNG shows how disruptive mining investments can be to the environment with 

detrimental effects that have lasted for decades (Veiga, Scoble, & McAllister, 2001). A 

scientific report in August 1999, confirmed the serious damage to river systems and 

livelihoods by the 15-year dumping of tailings from the Ok Tedi copper mine (McKinnon, 

2002). Similar environmental concerns occurred in the context of the Panguna copper mine 

owned and operated by Bougainville Copper in PNG. In 1989, the mine’s forced closure by 

a guerrilla movement sparked a ten-year civil war, the resolution of which is still slowly 

and hesitantly being worked out (Adamo, 2018; Allen, 2018; McKinnon, 2002).  
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Environmental damages are often caused by inappropriate waste management systems. 

According to Akabzaa (2000) as cited by Erdiaw-Kwasie, Dinye, and Mabunyewah (2012) 

mining has a number of common stages, each with a potential adverse impact on the natural 

environment, society and cultural heritage, the health and safety of mine workers and the 

environs of mining communities. Coal mining in Indonesia has resulted in increased 

environmental destructions though it was considered economically viable (Fatah, 2008). 

Similar results were discovered in Lihir Gold Mining in PNG, where toxic waste was 

dumped in the sea (McKinnon, 2002). A study in Western Kenya confirmed that mining in 

the area has left behind dredged out and contaminated streams, disturbed vegetation and 

littered landscapes, open trenches and gaping pits filled with water (Ogola, Mitullah, & 

Omulo, 2002). In the case of Ok Tedi copper mining, one can easily identify the impacts 

and scars on the people as mining has destroyed the environment and had consequential 

impacts on the livelihoods of the people. Potentially adverse impacts of mining range from 

the degradation of the natural environment to the displacement of local people due to 

detrimental environmental spill overs. The study by Obiri et al. (2016) in Ghana revealed 

that mining has impacted on both the environment and the socioeconomic perspectives of 

the Tarkwa people. Scientific analysis revealed that pollution of water bodies in the area 

was attributable to uncontrolled cyanide spillages and acid mine drainage. “Levels of 

arsenic, manganese, lead, cadmium and mercury in most cases exceeded GS 175-1/World 

Health Organisation permissible guideline values” (Obiri et al., 2016, p.13). These results 

agreed with a socioeconomic survey where 83 percent of the respondents observed that the 

taste of drinking water in the study area was bad, and as such the water was classified as 

highly polluted. A significant finding from the study was that “though, mining is perceived 

to improve the general economic well-being of residents, the economic situation of the 

people of Tarkwa mining area is different as surface mining has deprived them of means of 
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improving their livelihood through farming” (Obiri et al., 2016, p. 13).  In Porgera mining, 

the study by Columbia University (2019) discovered that Porgerans do not have consistent 

access to sufficient, acceptable, and safe water, and do not have access to adequate 

information about their water resources, and that the PNG government has not met its 

human rights obligations to respect, protect, and fulfil the right to water. The mining 

companies are in breach of their human rights responsibilities to respect the right to water, 

and could do more to support the realisation of Porgerans’ right to water. 

According to Das and Mishra (2015), extraction of coal and minerals has become an 

indispensable activity for industrial and societal development. But since the first 

investments in mining, it has been considered a socially and environmentally unfriendly 

activity as it can create widespread damage to various components of the environment as 

well as those dependent on this environment. Disposing toxic waste from mining is costly 

and companies continuously seek cheaper options in discharging waste. However, this is 

usually at the cost to the people living around the mining communities. For example, Lihir 

Gold Mining has used cheap ways of discharging cyanide, and during the mine’s lifespan at 

least 89 million tonnes of toxic tailings will be produced (McKinnon, 2002). There were 

concerns raised by environmental groups who argued “that there is not enough space on the 

rugged Lihir Island for the land-based tailings deposit, and that such a deposit would be a 

hazard for the population and the environment in the case of accidents” (McKinnon, 2002, 

p. 45). Again the rural regions which have their peculiar source of diversified livelihood are 

being robbed of these resources. Kitula (2006) revealed that the most pressing problems in 

mining regions are pollution of water sources from mercury and cyanide, dust, mine pits, 

cracking and the collapse of buildings. For instance, in a village near the Geita Gold Mine 

in Tanzania in 2000 some 52 cases of housing collapse resulted from mine-induced 

explosions.  
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Some of the typical environmental impacts caused by artisanal mining activities include 

diversion of rivers, water siltation, land degradation, deforestation, destruction of aquatic 

life habitat, and widespread mercury pollution. Akin to this, Makene, Emel, and Murphy 

(2012) noted that environmental degradation through mercury pollution, forest clearing, and 

lack of land rehabilitation typically follows in the wake of gold strikes. When miners move 

on, these problems are usually left behind. For example, according to Broken Hill 

Proprietary Co. Ltd., (1999) as cited by Veiga et al. (2001, p. 193) in relation to the Ok Tedi 

mine in PNG: “Since the project began, it has not been able to construct planned tailings or 

waste rock storage facilities. As a consequence, these materials have been progressively 

discharged to the river system under government permit. During the reporting period, a 

total of 83 million tonnes of material entered the river system from the mining operations of 

which 15 million tonnes was subsequently removed in the course of the dredging trial in the 

Lower Ok Tedi”.  It has been one of the world’s worst mining disasters (Veiga et al., 2001). 

In the case of Ok Tedi, the entire river system is polluted. These water resources are used 

by the locals as a source of drinking water for humans and livestock. Harorimana (2012) 

also in PNG reached similar conclusions.  

 

Studies in many other locations have found similar results (Essaghah, Ogbonna, & Alabi, 

2013; Ming’ate & Mohamed, 2016; Ogola et al., 2002; Robles-Arenas, Rodríguez, García, 

Manteca, & Candela, 2006; Sada & Shrestha, 2013; Schueler, Kuemmerle, & Schröder, 

2011; Zhang et al., 2012). In Ghana, Obiri et al. (2016) revealed that the levels of heavy 

metals in water samples in most cases exceeded the World Health Organisation’s 

permissible guideline values. Air pollution within mine operations is also common. The 

study in India by Ghose and Majee (2001) on air pollution caused by opencast mining 
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discovered that dust is the chief cause. This can impact on human health and other living 

organisms that live close to the mining areas.   

 

In Sierra de Cartagena-La Union, Spain, sulphide-mining was found to pollute the soil, 

rainwater, surface water and ground water. The impacts not only affected the immediate 

mining areas but also the surrounding areas, of approximately 1,000 km2 (Robles-Arenas et 

al., 2006). The study further discovered that “the hydro chemical data show that ground 

water, runoff water and some rainwater samples exceeded Spanish and European water 

quality guideline values for water supply” (Robles-Arenas et al., 2006, p. 47). A related 

study in China by Zhang et al. (2012) revealed that concentration of heavy metals in 

polluted water bodies mostly exceeded water quality criteria according to national 

standards. The study discovered that large amounts of lead, zinc, and related elements, such 

as cadmium, have been released into the environment due to mineral processing activities. 

These have impacted water resources, soils, vegetables and crops (Zhang et al., 2012). Such 

heavy metals can enter the body from air, food, and water and can cause long-term health 

effects, including high blood pressure in children as well as malacosteon, kidney damage, 

and relatively complex cancer (Zhang et al., 2012). In Western Kenya, chemical analysis of 

soil and water samples collected from mine workings, mine dumps, pan ponds, tailings and 

along streams and rivers indicated high levels of lead, arsenic and mercury, which indicated 

the highest levels of metal contamination recorded (Ogola et al., 2002).   

  

These negative environmental impacts have been manifested in water resources and 

agriculture as well as posing a threat to the public structures and the entire settlement within 

mining communities. Ogola et al. (2002), in Kenya, found water contamination associated 
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with panning along streams and rivers. The streams show orange colouration and the water 

is acidic, depicting chemical pollution. This can result in confrontation between the 

community and mine extractors. The absence of social and environmental responsibilities 

of the mines has made the local community highly vulnerable to multiple hazards (Sada & 

Shrestha, 2013).   

 

Finally, in Ghana, Boatri, Kabat, Verner, Kabutey, and Agbettoh-Mawuli (2015) noted that 

people had negative perceptions both about the standard of living of locals in mining 

communities and about the poor compensation paid to farmers and other related agents as a 

result of mining operations. Therefore, they indicated that the companies should embrace 

Cooperate Social Responsibility as an effective tool for creating good relationships between 

communities and companies. Perhaps such a conclusion is more generally applicable.  

 

2.5. Conclusion   

 

Mining practices around the world are facing many challenges in terms of human 

interaction with physical and social environments. Mining investments can have both 

positive and negative impacts. Mining investments can create employment opportunities for 

the indigenous people and also provide educational services and affordable health care.  

Such positive relationships can lead to improvement in the livelihoods of people and 

communities. However other researchers have found negative socioeconomic consequences 

such as loss of livelihoods, environmental damage, and health issues depending on the 

extent of the mining and the mines’ commitment to the people. According to Chand and 

Levantis (2000), labour market imperfections can have partially offsetting effects on the 
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benefits of a mineral boom where displaced labour lacks opportunities and moves into 

crime.  

Mining tends to increase the country’s national income, and this can improve the per capita 

GDP of mining countries. The mineral deposits are the natural capital of a country, i.e., the 

more mineral deposits a country has, the more capital.  Many strong economies of the 

world have mining as an important sector in terms of job creation and contribution towards 

the overall GDP of the country (Pegg, 2006). However, there are many instances where the 

income received from mining has failed to generate much-needed government revenue and 

undermines the development opportunities of the country. Not only have governments 

failed to reap the benefits, but in addition the minerals sector through the resource curse has 

produced stagnation in the agriculture sector.  However, the perceived failure of the mineral 

sector to catapult PNG to economic prosperity has much to do with exaggerated 

impressions of the mineral sector’s contribution to economic activity, is in part to do with 

losses in reallocation of labour resources and losses due to inefficient allocation of windfall 

revenues by the state, but has little to do with Dutch Disease (Chand and Levantis, 2000). 

There are other examples where mining investments have caused inflation, which is 

harmful for the poor, increasing inequality. The experiences of people and communities 

depend on the strength of governance and institutions for sustaining equity in different 

countries at different levels. When exploring the literature, there is a need to better 

understand both the positive and negative impacts of mining investments and as 

importantly, the types of policy mechanisms government and the multinational companies 

have introduced to mitigate such problems into the future.  
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From the existing literature discussed above, there are four questions which are to be 

addressed in this thesis: (1) what is the link between the mine, the communities and the 

economic opportunities that mining has created through participation in people’s 

livelihoods, (2) to what extent have the mines contributed to reducing poverty levels 

through empowerment, enhanced capabilities, and security and provided economic 

opportunities to people to pursue their livelihoods,  (3) how has mining reduced the 

vulnerability and insecurity of livelihoods of the mining communities, and (4) has opening 

of the mining operations into the local community and in PNG provided the locals with 

greater opportunity or has it negatively impacted on the people?  
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Chapter Three  

 

3. Mining in Papua New Guinea 

 

3.1. Introduction 

 

In this chapter, a structured review is presented of the mining industry in PNG. This 

discussion and review extend Chapter 2 to specifically discuss mining in PNG. The chapter 

begins by considering the literature that reviews mining projects and their contribution to 

PNG’s economy and its people. To fully utilise the benefits of mining projects, appropriate 

governance and management practices in the mining sector are paramount. These are 

discussed in the second part of the chapter. Third, the environmental impacts of mining 

projects are considered. The response of the government of PNG to the environmental 

degradation is examined with a view to assessing whether these issues have been resolved. 

Furthermore, the chapter analyses the social impacts of the mining projects on the 

indigenous people. Subsequently, the chapter then highlights violence related to mining 

projects on the employees, the local people and the society generally, and considers gender-

related issues and the government’s response to the violence.   

 

3.2. Overview of Mining in Papua New Guinea  

 

Mining has affected the people in similar ways in PNG to those other countries discussed 

above in Chapter 2. Mining is a major revenue source for any government where mines are 

located (Aryee, 2001; Christmann & Stolojan, 2001; Connolly & Orsmond, 2011). 

Likewise, gold mining could be a substantial asset to PNG, the largest island known as ‘‘a 
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mountain of gold in a sea of oil’’ (Jell-Bahlsen & Jell, 2012). This emphasises that PNG is 

richly endowed with deposits of gold, silver, copper, oil and gas, with much of it 

untouched. This has attracted outside investments to develop this industry. Each of PNG’s 

mining sites has its own distinct environment, condition, technology and history. 

Furthermore, the indigenous people and cultures confronted by the different mining projects 

vary as well because of the distinct tribal practices and cultures. According to Imbun (2008) 

the advent of large-scale mining operations has largely become a collective affair in the 

midst of generally receptive and sometimes restless local host communities. The local 

communities are expected to benefit from any proposed mining development. However, 

when the socio-environmental impact is taken into account, the benefits of mining and 

development to the affected people are highly questionable (Fisher, 2016). A United 

Nations Development Programme report in 2015 highlighted that one of the principal 

challenges that the country has faced has been in effectively governing the extractive 

industry sector, which historically has been a source of grievance and conflict for 

communities living near mine sites (UNDP, 2015). In many places in PNG today, the 

ownership of and access to resources are compromised through mining. These activities 

implicate multi-national mining companies operating in PNG as well as the government. 

PNG’s economy is now in a precarious shape (Fox, Howes, Nema, Nguyen, & Sum, 2018), 

even though significant revenues have been generated from mineral exports (Imbun, 2008). 

Banks (2008) highlighted that PNG “is heavily resources dependent, and has suffered from 

poor economic growth over the past two decades and has experienced many conflicts in 

areas around resources developments ranging from family disputes over distribution of 

compensation payments through to all-out civil war” (p.23). Eight years after these 

statements by Imbun (2008) and Banks (2008), Flanagan (2016) described PNG as a 
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resource dependent economy, but with a resource sector that has had limited economic 

impact on the vast majority of the people.   

 

Four world-class, open pit mines are currently in operation: Ok Tedi and Porgera on the 

mainland, and Lihir and Misima at island locations. Ok Tedi is the largest mine in PNG, 

whilst Porgera is the second (PNG Chamber of Mines and Petroleum, 2015). Lihir gold 

mining has one of the world’s largest known undeveloped gold deposits. According to 

Chand and Levantis (2000), the mining industry revolves around a small number of projects 

that are very large by world standards, for example, Ok Tedi rates as the eighth largest 

copper producer in the world while Porgera is amongst the top five gold producers. 

Developing the industry poses a number of challenges. Some of the most valuable resources 

are to be found in the most inaccessible places. Ok Tedi and Porgera and the medium-sized, 

Kainantu mine and Ramu Nickel mining are both in remote mountainous terrain, while the 

Lihir mine is located within the rim of an extinct volcano. Other projects like gas and oil are 

also in operation in PNG. There are other mining projects also predicted to come into full 

operation in the near future. Figure 3.1 shows the mines in operations, mines under 

construction and possible mines still under exploration. The figure also shows whether it is 

large-scale, medium-scale or a small-scale mining (PNG Chamber of Mines and Petroleum, 

2015). A large-scale mining operation is defined as one that produces mineral commodities 

with an average value of more than US$100 million a year for a period of at least ten years 

(Filer & Le Meur, 2017). As a result of mining project operations throughout PNG, the 

country has benefitted in terms of taxes and government revenues. However, the 

environment is degraded, and the indigenous population is for the most part adversely 

affected. For example, in Bougainville:   
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“the mine, and the intractable issues of distribution of benefits and the 

environmental impact on the community that accompanied its development had 

created conditions which led to a violent rejection of the company and all the 

problems it has created for the community” (Banks, 2008, p. 27). 

According to Banks (2008) and Kirsch (2001), mining projects affect the environment and 

the people through: 1) government revenues and taxes, 2) environmental degradation; 3) 

socio-economic impact; 4) gender-related effects; and 5) state and corporate sponsored 

violence and human rights issues.   

 

Figure 3.1 Map of Mining Projects in Papua New Guinea. Source. Source. PNG Chamber 

of Mines and Petroleum (2015) 
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3.3. Economic Impacts of Mining 

 

Mining and petroleum make a significant contribution to PNG’s economy in terms of 

revenue from taxes and royalties as well as export earnings. The mining sector still remains 

an important sector for PNG. For example, from 1989 to 2009, the National Government 

received almost K2.2 billion in total benefits from Porgera since production started in 1989. 

In addition, the Enga Provincial Government has received more than K360 million, the 

Porgera Development Authority almost K14 million and landowners over K1.0 billion 

(Johnson, 2012). In 2004 the gold and silver from Porgera made up 16.4 percent of the total 

exports from PNG (Togolo, 2006). These contributions are matched by public revenue 

benefits. The government of PNG has received more than K2.1 billion in taxes (corporate 

and income) and customs duties. From Ok Tedi Mining, it was revealed that since 1997, a 

total of PGK270 million has been spent on the priority sectors of health, education, 

transport and road infrastructure. Furthermore, a total of PGK128.56 million (2014 to 2015) 

has been approved for high impact projects1.The mining sector plays an important role in 

the development of PNG’s economy (Togolo, 2006). PNG is an example of a developing 

country of moderate size with a significant resource boom, but very poor human 

development indicators, or a resource-rich country with extreme levels of poverty (Filer et 

al., 2012). Throughout its history as an independent nation, it has been heavily dependent 

on the resource sector for both export earnings and government revenues. The recent 

resource boom has exaggerated this form of dependency (Filer et al., 2012). According to 

the Asian Development Bank (2015, p.1): 

 
1 https://www.oktedi.com/index.php/our-corporate-social-responsibility/economic-programs  

https://www.oktedi.com/index.php/our-corporate-social-responsibility/economic-programs
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“The mining and petroleum sector’s share of gross domestic product (GDP) 

increased from negligible levels in the 1970s to about 30 percent in the early 

1990s, before slipping to between 10 percent -15 percent between 2002 and 2014. 

From 2014 onwards, this share has increased to around 20 percent of GDP, with 

the country beginning to export LNG from a US$19 billion Exxon-Mobil pipeline 

built from the Highlands region to the coast. The mining and petroleum sector is 

overwhelmingly foreign-owned, though the government holds equity in most 

projects”.  

The mining, oil and gas sectors still form the backbone of PNG’s economy (Knapton, 

2016). Although the mining sector has been in a down cycle, contributions from the mines 

remain significant in terms of revenue from taxes and royalties as well as export earnings. 

For example, in November 2013, Treasury figures indicated that PNG’s economy had a 

healthy growth of 9 percent, making it one of the best performing economies in the world. 

It also indicated that the country’s economic growth averaged 5 percent annually from 

2003-2011. Strong growth in commodity prices in the first part of the decade led to rapid 

nominal growth in the minerals sector (mining, oil and gas combined) of 21 percent 

between 2003 and 2008 (Mako, 2012).  PNG’s minerals revenue (mining and petroleum tax 

and dividends) was a significant contributor to the national purse, with 22 percent of 

revenue from 2003 to 2011. However, the revenue fluctuated with international commodity 

prices (Mako, 2012).  

In 2017, the extractives sector accounted for 86 percent of PNG’s total export value. It also 

comprised 29 percent of PNG’s GDP, contributing up to 64 percent of the country’s 4 

percent GDP growth (International Monetary Fund, 2018). The 2019 budget was aimed at 

ensuring a broad-based resilient economy that, as far as it is possible, has future-proofed 
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itself from the volatility that can be brought about by economic and environmental 

disruption. The GDP growth rate is expected to reach 4 percent in 2019 (Theron, 2018). It 

was further revealed by the Asian Development Bank (2019), that PNG’s GDP is expected 

to grow by 3.7 percent in 2019 and 3.1 percent in 2020.  The Asian Development Bank 

further noted that PNG’s inflation rates were forecasted at 4.2 percent in 2019 and 4.7 

percent in 2020, whilst real per capita growth for PNG is expected at 0.6 percent in 2019 

(Asian development Bank, 2019). However according to Fox et al. (2018) much of the 

resources sector which makes up 30 percent of GDP is foreign-owned, and a large share of 

the benefits flow offshore. Therefore, in such an economy, GDP may be a misleading 

indicator of economic activity.  In these circumstances, Gross National Income or non-

mining GDP with spill over effects on the resources sector (e.g., taxation and private 

domestic spending) may be more appropriate (Fox et al., 2018). However, these indicators 

are not regularly reported.   

There are also some question marks surrounding the above positive projections. The 

government debt increased by 4 percent from 28.3 percent to 32.3 percent of GDP in 2016, 

which is above the legal limit of 30 percent. This also excludes other borrowings by State 

Owned Enterprises such as from the Universal Bank of Switzerland (USB loan) of US$1.3 

billion, Sovereign Bond borrowing, superannuation arrears and other State guarantees. 

Furthermore, the exchange rate depreciated by 10.7 percent and 8.3 percent against United 

States dollar and Australian dollar respectively from 2015 to 2016 (PNG Department of 

Treasury, 2016). Such statistics support the view of Fox et al. (2018) that the resources 

boom is over, and revenue received has been squandered through corruption and 

mismanagement (Howes, 2017 and ADB, 2014). Moreover, the Asian Development Bank 

(2019) presents only a prediction. It does not consider the non-mineral sector when 
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projecting GDP growth. Also, PNG Treasury’s predictions on the overall economy have 

been questioned.  For example PNG Treasury predicted GDP growth of 10.5 percent for 

2015, while for the same year the PNG National Statistics Office (which "receives" 

technical support from the Australian Bureau of Statistics) predicted 5.3 percent (Fox et al., 

2018). Variations from predicted levels can occur for many reasons including natural 

disasters, or world economic conditions, but a notable issue highlighted is corruption in 

PNG’s public service (Walton, 2019). According to Walton (2019), the PNG government 

and international donors have spent millions of kina trying to improve governance in the 

country’s bureaucracy. Despite these efforts, there are few indicators of success: many 

consider PNG’s public service to be rife with corruption (Chevis & Barrum, 2012; Pitts, 

2001; Walton, 2019; Warf, 2019). 
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3.4. Governance and Management Issues in the Resources Sector 

 

A report by AusAID (2003) on the PNG and Pacific development perspective stated that 

corruption and weak adherence to the rule of law are significant problems facing the 

Melanesian countries.  Hughes (2003) further stated that “both corruption and crime have 

reached levels that undermine everyday existence and make the conduct of business 

impossible in PNG and the Pacific Island Countries” (p.16). Furthermore, Sir Mekere 

Morata in 2012 said one of the key challenges facing PNG today is that the government 

statutory institutions have failed to implement the reforms that are already legislated. He 

further stated that the economy and the government revenues have grown strongly, but this 

has had little impact on basic services and living standards. His argument was that there is 

continuing political influence in the mineral sector. A report from the Lowly Institute said 

While PNG has detailed mining legislation, it lacks clear revenue collection mechanisms. It 

has been argued that there is a combination of bad macro-economic management, socio-

political institutions and governance structures that have contributed to poor performance in 

PNG (Togolo, 2006). The World Bank has argued that one of the key factors behind a 

country’s competence in managing mineral wealth is a set of functioning and capable 

institutions (Weber-Fahr, 2002). Mineral extraction has provided the country with 

substantial opportunities to improve the performance of its economy and governance 

institutions, yet in many instances this opportunity has been squandered. “According to 

Burton (2017), there is widespread corruption within the public service in PNG with the 

awarding of mining contracts for personal gains. Walton (2014) supports this finding from 

her study how corruption was tied to a wide variety of activities involving public officials, 

citizens, and businesspeople. She further mentioned that it reflected the decay and abuse of 

power, which was considered corrupt, unacceptable, and harmful.  
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“successive Australian governments have been in despair about poor governance in Papua 

New Guinea, worrying about weak institutions, lack of capacity in the public service, 

corruption, political instability, ineffective leadership, and a thin civil society ill-equipped 

to hold government to account” (Hayward-Jones, 2012, p. 3). Australian National 

University academic Dr Flanagan on the eve of 41st anniversary of Independence when 

commenting on the progress of PNG’s economy since 1975, said a combination of 

corruption, poor politics and poor economic policy means that the resource curse remains 

the greatest burden hindering real development (Flanagan, 2016). In the meantime, the 

Government of PNG though the 2019 budget statement has indicated reforms to amend the 

existing Mining and Petroleum Acts that can guide better distributions of benefits to the 

landowners, state and developers (Deloitte, 2018).  

PNG is nevertheless highly corrupt compared to other countries from the Pacific and is 

ranked 138 out of 180 (Transparency International, 2019). A report by Lowly Institute 

confirmed that corruption is still a problem in PNG (Hayward-Jones, 2012). Corruption is a 

symptom and a cause of poor governance (Weber-Fahr, 2002).  Its score of 25—which 

indicates the perceived level of public sector corruption on a scale of 0 (highly corrupt) to 

100 (very clean) — has remained roughly constant for the last four years. As shown in 

Figure 3.2, the Worldwide Governance Indicator assessment of PNG’s performance in 

controlling corruption showed that it fell from the 19th percentile in 1998 to the 15th 

percentile in 2014. 
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Figure 3.2 PNG World Governance Indicators: (Source World Bank, Worldwide 

Governance Indicators (WGI). Note: 1999 and 2001 are averages as the WGI were not 

recorded in these years 

 

 

Koyama (2005) in his writings about the externalities of oil production in the Southern 

Highlands of PNG said that the poor development outcomes in that province are due largely 

to poor public policy choices, lack of governance, rent-seeking behaviour, corruption and, 

‘the culture of the big-man’. The opportunities provided by oil revenues could not be 

maximised under such conditions. Togolo (2006) argued that macro-economic stability is 

not sustainable without effective structural reforms and institutional integrity and further 

noted that stability has to be grounded on institutions that improve the performance and 

productivity of the economy. A report by the National Research Institute about Porgera 

Gold Mining found a “complete lack of transparency and accountability in many of the 

institutions associated with the Porgera mine” (Johnson, 2012, p.88). Over a billion kina in 

cash and benefits have been spread through the Porgera region, but it is almost impossible 

to know where the money has gone. This finding was supported by former Director of the 
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National Research Institute, Thomas Webster in 2012 when he said “the operator of the 

mine paid different government institutions and landowner groups as they were required to 

do,” but “… it’s clearly government institutions which are not doing what they were 

expected to do on the ground …” and “… the mine pays particular individual or landowner 

groups, but these accounts are managed by – I don’t know how they do it, but it’s said one 

or two principal landowners, and then from quiet conversations, they said that these 

individuals are living in Port Moresby or in Australia” (Callan, 2012, p. 2). 

 

Johnson (2012) set out to shed light on the perennial question of why PNG is resource rich, 

yet its citizens are poor.  He concluded that “for the communities who are supposed to be 

the beneficiaries of the mining wealth, the legal and payments system is complex, opaque 

and one-sided, and there remains a lack of transparency at both national and sub-national 

levels of government. The report also notes weaknesses in the national government: a 

failure to report the details of payments from and to mining project stakeholders, and the 

lack of a system that tracks how stakeholders under its control operate” (p.96).   

PNG has attempted some corrective measures in this area. In the past it tried to establish 

governance structures to deal with mineral revenues through the Mineral Revenue 

Stabilisation Fund (MRSF). However continual changes in laws by the government make 

accountability unachievable. The statutory provisions of the Act seemed to establish rigid 

fiscal discipline. But even before the forced closure of Bougainville Copper in 1989, there 

were moves to amend and relax the provisions of the Act. When the MRSF Act was revised 

in 1987, the Government was given greater discretion in making withdrawals from the 

fund. Johnson (2012) pointed out that some agencies, particularly the Mineral Resources 

Development Company, have displayed a complete lack of willingness or ability to 
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understand the revenue over which they are supposed to have control. Other agencies, such 

as the Investment Promotion Authority, lack the legislative power to effectively achieve 

their mandate. This has led to misuse and mismanagement of the mining revenues. It is also 

the result of corruption across the bureaucracy (Togolo, 2006). Johnson (2012) further 

mentioned that “there is no penalty for failure to comply with legislation; furthermore, the 

distribution of information does not occur, and that information is tightly held by the 

government departments” (p.90). However, Imbun (2008) argued that the mining 

operations are influenced by a complex web of issues and concerns emanating from the 

local “stakeholders” which requires delicate attention by management. They have 

responded accordingly by embracing the function of CSR, but find at times that the neglect 

of being appropriately responsive is detrimental to the continued safe and sound operation 

of their projects.   

 

As a result, PNG has failed to meet any of the United Nations’ Millennium Development 

Goals. Despite the improved fiscal position and the increase in public expenditure, it seems 

that the country may have missed the opportunity over the last decade to turn the rise in 

national revenue into tangible development and to improve socio-economic conditions, 

especially of its rural population (Mako, 2012). There are also other broad impacts that are 

not occurring such as stimulating infrastructure development (International Monetary Fund, 

2018). The large rural population of the country has felt little to no impact of the decade-

long increase in public expenditure as crucial rural infrastructure such as airstrips, roads, 

and jetties close down, and basic public services such as health and education fail to reach 

them (Mako, 2012).  

http://www.postcourier.com.pg/20120629/news01.htm
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3.5. Environmental Impact  

 

Throughout PNG in general, mining has negatively affected forests and hunting grounds. 

This has entailed the extinction of wildlife; the destruction of the flora and fauna,  and of 

cultivated and fallow land; pollution of garden (food–producing) land; pollution of rivers, 

lakes, ocean bays, and coral gardens; the large-scale poisoning and suffocating of fish, 

crustaceans, crocodiles, and turtles – otherwise supposedly protected wildlife; and human 

poisoning from pollution resulting in continuing adverse health effects (Jacka, 2015; 

Kirsch, 2001; McKinnon, 2002; Walton & Barnett, 2007). According to Jacka (2015), 

“Porgera is a massive development failure both socially and environmentally. While 

proceeds from mining development translate into forms of material improvement in the 

area, the cost of mining in human lives and the degradation of biodiversity far outweighs 

the benefits of development” (p. 231).  

 

Ok Tedi Mining’s dump tailings have been deposited into the Fly River and OK Tedi River.  

It is now felt much further downstream affecting the livelihoods of those who depend on 

the two rivers.  Also in Porgera gold mining, the main concern is with the riverine tailings 

disposal. The toxicity of the tailings, which contain significant quantities of cyanide, 

mercury and other heavy elements, are harmful to the environment and its surroundings. 

The Porgera gold mine has produced significant negative environmental and social impacts, 

contributing to community concerns about access to clean water (Columbia University, 

2019). Many indigenous residents within mining communities express deep fear that their 

lands, water sources and the very bodies are being poisoned by the mining operations at the 

heart of their traditional lands. For instance, Porgeran residents have often expressed fear 

https://en.wikipedia.org/wiki/Cyanide
https://en.wikipedia.org/wiki/Mercury_(element)
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and doubt about the availability and quality of water sources, and fear that the water they 

drink, and with which they bathe, cook, and wash, is a vector of harmful “chemical” 

emissions from the mine (Columbia University, 2019). Yet many indigenous mining people 

live in deplorable conditions and feel trapped by the mining activities. The indigenous 

people feel the earth shake with recurring explosions from the mine operations, and worry 

about landslides threatening their homes and gardens. They see the rivers change colour 

with the addition of mine waste and chemicals, smell the strong odor of industrial 

chemicals permeating their environment, and worry about the impact of these chemicals on 

their environment and health (Columbia University, 2019). The study also revealed that:  

“Porgera Mine discharges tailings waste directly into the river system, effectively 

converting water sources relied upon by thousands of people into a “mixing zone” 

of contaminants. Runoff from the solid waste dumps and open pit, and discharge 

from the underground mines, may also be contributing to the contamination of the 

major rivers in the area” (Columbia University, 2019, p.4). 

The information on the damage to the environment and its social impact are not available to 

the people (Columbia University, 2019; Fisher, 2016; Roche, 2015). This uncertainty can 

cause more damage to the indigenous people.  

 

3.6. Social Impact 

 

The degradation of the environment is a negative socio-economic impact that takes on 

myriad forms. Mining affects all the people in the mining and non-mining communities 

directly or indirectly. Poor working conditions, a high exposure to radiation and injuries, 

road accidents, toxic spills and the discharge of radioactive tailings into local river systems 
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are just some of the impacts mining can have on the indigenous communities. Some of the 

social impacts discussed by National Research Institute (1996) as cited by Roche (2015) 

after field work carried out in PNG’s mining namely Misima, Porgera, Ok Tedi and Lihir 

after 25 years were: (1) resources scarcity and over population; (2) influx of outsiders; (3) 

breakdown of law and order; (4) unequal distribution of income; (5) subordination of 

women; (6) power struggles within the community; and (7) project dependency syndrome. 

Clark and Cook-Clark (1996) highlighted that in Misima mining, the social impacts 

included the disruption of the environment, social organisation and cultural values, 

unresolved issues of land access, and a loss of control by local people over major decisions. 

Roche (2015) confirmed that these issues still continue to live on today in almost all mining 

projects areas in PNG.  According to Hyndman (1994, p. 130) as cited by Jell-Bahlsen and 

Jell (2012):  

“The deprival of their major asset, land, as the source of their subsistence, results 

in a loss of home; formerly independent farming communities are turned into a 

proletariat; increasing dependence on wage labour and in its absence on 

‘‘compensation”, rent and aid; increasing malnutrition, gender inequality” (p.325).  

The occupation and degradation of the land by multi-national mining companies in 

collaboration with the nation-state has de facto robbed PNG’s tribal communities of their 

existence base. Even with the hard-fought compensation that many communities eventually 

received, their land had gone or been destroyed, and their waters have been polluted for 

years to come or even to the point of no return (Ballard & Banks, 2003; Kirsch, 2001). For 

instance, in Porgera mine, there is episodic water insecurity, poor sanitary conditions and 

chronic poverty, and these challenges are magnified by continual in-migration of people 

from surrounding areas seeking economic opportunities (Fisher, 2016). Sprague (2015) 

explored the impact of transnationalism on social monitoring through a Lihir Island case 
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study and identified three main functions that socio-economic monitoring fulfils for mining 

compliance: (1) to comply with legislation, (2) to demonstrate the project is globally 

competitive, and (3) to legitimise the existence of the mining project. The mining 

companies can minimise their negative impacts on the indigenous people if they can 

comply with PNG’s Environmental Act 20002 and the Mining Act 19923. There are six 

major mining projects operating currently in PNG, their activity towards the environment is 

monitored by the Environmental Act 2002. It regulates all phases, i.e., exploration stage to 

the closure of the mine. One of the PNG government’s failures was in the implementation 

and monitoring plan for the Environment Act 2000. As a result, it has far reaching negative 

impacts on the indigenous people where they have been deprived from farming and 

fishing. This has further caused health and social issues and these issues live on today. 

There are also risk to health and safety. This can be related to work injuries, exposure to 

infectious diseases and environmental hazards. For example, the people of Ok Tedi Mining 

in PNG are exposed to contagious diseases that directly results from contamination from 

the nearby Ok Tedi River (See Figures 3.3, 3.4, 3.5, and 3.6).  The Ok Tedi River meets up 

with the Fly River and the waste deposits have polluted the river system. According to 

Banks (2002), Ok Tedi Mining’s “tailings have been discharged directly to the river system 

for the last 15 years” (p. 44). The livelihoods of the people that depend on the river system 

are badly affected.  In 2012, Fly River landowners from the South Fly District of Western 

Province successfully obtained a court order restraining OTML from dumping mine wastes 

and tailings into the Ok Tedi River catchment (Namorong, 2014). According to the 

 
2 PNG’s Environmental Act 2000, section (a), (b), (c), and (d) calls for protection of the environment and to 

promote sustainable development so that air, water, soil and the ecosystem is preserved for the present and for 

the future generations. This act provides for the protection of the environment from harm so that present and 

future generations are saved from any damage 

3 The Mining Act 1992 regulates licences, leases, rents, fees and royalties, mining development contracts and 

compensation for land owners and occupants of affected landowners. 
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Namorong Report, the court also ordered the payment of K45 million to the landowners to 

fund independent scientific research into the health and environmental impacts of the Ok 

Tedi Mine and pay for legal costs. Despite the court order, it is understood that the Ok Tedi 

mine continued to operate and dump waste long after the order was issued (Namorong, 

2014).  “Thirty million tonnes of waste rock are still delivered by the Ok Tedi mine to the 

Fly River system each year” (Banks & Ballard, 2017, p. 10). 

 

 

Figure 3.3 The Ok Tedi mine pipe spewing waste into Ok Tedi River connecting to Fly 

River.  Picture by ABC, 2013 < http://www.abc.net.au/news/2013-09-19/ok-tedi-mine-pipe-

spewing-waste-into-papua-new/4967126> 

 

http://www.abc.net.au/news/2013-09-19/ok-tedi-mine-pipe-spewing-waste-into-papua-new/4967126
http://www.abc.net.au/news/2013-09-19/ok-tedi-mine-pipe-spewing-waste-into-papua-new/4967126
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Figure 3.4 The Ok Tedi River coming down from the Mining site. The River system is 

contaminated as shown. Picture by Namorong (2014). 

 

 

Figure 3.5 The Ok Tedi River coming down from the Mining site. The River system is 

contaminated as shown (picture taken from the same location in 2018 as shown in Figure 

3.4). Picture by Author (2018).   
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Figure 3.6 The Ok Tedi River coming down from the Mining site. The River system is 

contaminated as shown. Picture by Author (2018). 

 

In Porgera, the farm lands have been converted into a Mining Township and other 

infrastructure developments. People living in and nearby the mining communities have to 

look for other means to survive. Sometimes the survival strategies to cope with the ever-

increasing pressure drags them to practicing unsustainable coping strategies. They expose 

themselves to infectious diseases that can be contagious. Figure 3.7 shows mothers who 

live along the Porgera River that carries waste from the mining site at Anawe Village trying 

to dig for gold. The mine tailings spew out the end of a pipe, which the local landowners 

have been panning for gold. The panners used the most primitive technology thus exposing 

themselves to risk. It was discovered that, most people living along the Porgera River (‘red 

wara’ as it is referred to by most people) got sick and some have died (information supplied 
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by a gold panner, 15th April 2018) while others are fighting for their lives at home because 

the main Paiam hospital that serves them has been closed.  

The landowners at Porgera suffer from poverty and a dearth of basic government services. 

Even to the extreme, the villagers and others who came to dig gold were attacked by 

security personnel hired by Porgera Joint Venture. The Human Rights report stated that 

security personnel carried out extrajudicial killings and other violent abuses against illegal 

miners and other local residents (Human Rights Watch, 2010). In the same report, there 

were cases of rape by the security personnel (Human Rights Watch, 2010). Food security is 

threatened, and the mine people were also affected by loss of the agricultural land, water 

pollution, restricted water supply, dust, noise, and stone waste. These present potential 

threats to the health and livelihoods of the poor and the vulnerable groups (Weber-Fahr et 

al., 2002), particularly those who are less mobile.      

 
 

Figure 3.7 Mothers Digging Gold along the Deltas of Porgera River at Anawe Village. The 

River carries with it waste from the mining site.  Picture take from 

https://www.google.com/search?q=Human+rights+issues+in+Porgera+Gold+Mining 

https://www.google.com/search?q=Human+rights+issues+in+Porgera+Gold+Mining
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If such issues could be strictly controlled and monitored by the government agencies, 

sustainable, environmental friendly and less socially disadvantaged mining communities 

around PNG can be promoted.    

 

3.7. Violence and Human Rights Issues 

 

According to Ballard and Banks (2003) as cited by Jell-Bahlsen and Jell (2012, p. 326) 

“violence against women and especially gang rape is high in PNG. Women and children 

have been hardest hit the most by socioeconomic changes and environmental degradation 

instigated through mining throughout PNG.” The practice of violence against woman is still 

prevalent today. For years, security guards at the Porgera mine physically abused many 

residents, including sexually assaulting and gang-raping Porgeran women. When 

interviewed by The Human Rights Watch (2010):  

“one woman told how she was gang raped by six guards after one of them kicked 

her in the face and shattered her teeth. Another said she and three other women 

were raped by ten security personnel, one of whom forced her to swallow a used 

condom that he had used while raping two other victims. Several women said that 

after arresting them for illegal mining on the waste dumps, guards gave them a 

“choice” of submitting to gang rape or going to prison to face fines and possible 

jail time. But in some of those cases the women said that guards raped them even 

after they pleaded with their assailants to take them to jail” (pp. 09-10). 

As reported by Albin-Lackey (2011), there has been serious abuse of human rights in 

Barrick Gold Mining in Porgera. Horrifying acts of gang rape allegedly have been carried 

out by members of the mine’s private security force. This development and the 
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unprecedented rise of gender-related violence is due in part to the cultural pre-condition of 

the pre-capitalist division of labour, production, consumption, and residence of the kinship-

based societies being adapted into contemporary capitalist industrial socioeconomic 

structures. Mining is an inherently masculine occupation with few jobs available to women, 

who have thereby been excluded from wage-earning opportunities, and, in many instances, 

access to social services, food items, housing, and above all compensation claims (Lahiri-

Dutt, 2011). With social status now being measured primarily in money, women’s esteem is 

sinking as they are increasingly relegated to non-cash producing subsistence activities. In a 

society whose people are unaccustomed to saving and accumulation, hard-earned cash is 

primarily spent on alcohol, and as a result, women, family life, and children suffer from 

increasing alcohol-induced domestic violence, and violence and prostitution in the new 

shanty towns and roadside villages. According to Hyndman (1988) as cited by Jell-Bahlsen 

and Jell (2012, p. 326): “as men are frequently absent from the villages, women must now 

carry a larger share of the gardening work and social responsibilities back home.” 

 

The Porgera Gold Mine of Enga Province is notorious for state and corporate violence and 

human rights abuses. The Australian Broadcasting Cooperation (2013, p. 1) reported that:   

“Porgera Joint Venture Executive General Manager Greg Walker says many of the 

details are unclear. What we know at the moment is during an incident...one person 

was injured and deceased – ‘I'm not aware at this point of the cause of death’, he 

said. ‘There are rumours and speculation that a second person was injured but we 

have not been able to locate any person at this time’."  

The Porgera Gold Mine has consistently been criticised for environmental and human rights 

issues (Human Rights Watch, 2010). And in 1994, the mine was the site of a major 
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ammonium nitrate explosion with 11 fatalities. The mine has had a large impact on its 

immediate local area. While modern health care and education services have been brought 

to the valley by the mine, alcoholism, lawlessness, rape, and illegal mining have all 

increased (Handelsman, 2002). The Porgera mine employs its own security force, 

numbering somewhere between 400 and 500 persons. Some sections of this private security 

force are licensed to utilise lethal force (Dinnen, 1999). Police and security guards have 

killed 8–14 people over the 10 years to 2011 and injured many more (Albin-Lackey, 2011). 

In 2009, rising insecurity around the mine led the government of PNG to deploy several 

squads of mobile policemen to Porgera (Human Rights Watch, 2010).  

These kinds of events have led to resentment by the local people. For example, in 

Bougainville the copper mine was closed in 1989 by the locals because of resentment 

towards the government and the company. It led to a 10-year civil war with up to 15,000 

people killed (Banks, 2008). According to Amnesty International, the deployment resulted 

in the eviction of nearby villagers and the burning of their houses (Amnesty International, 

2010). Human Rights Watch investigated and documented reports of abuse, including 

brutal gang rapes and beatings, carried out by security personnel at the mine. Barrick Gold, 

after having denied previous claims of crimes committed at the mine, launched an internal 

investigation which confirmed the findings (Switzer, 2001). The publication of human 

rights violations committed in association with gold mining raised worldwide awareness, 

concern, and some action, such as when the Norwegian pension fund withdrew its 

investment in this sector (Norway Ministry of Finance, 2009). The Government Pension 

Fund–Global was withdrawn based on the assessment that investing in the company 

entailed an unacceptable risk of the fund contributing to serious environmental damage.  
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3.8. Conclusion  

 

Papua New Guinea, with its vast endowment of resources, and young population should be 

looking forward to improvements in the living standards of its people over the long term. 

But current trends, particularly in governance of resources management are particularly 

poor. PNG, with its heavy dependence on natural resources, limited economic development 

in the past two decades, poor record of governance and high-profile separatist conflicts such 

as the Bougainville civil war, environmental damage in Ok Tedi and human rights abuse in 

Porgera appears to be an exemplar of the ‘Resource Curse’ theory broadly conceived – the 

notion that natural resources actively undermine social and economic development. The 

resources sector in PNG should have better policies, better institutions and a more inclusive 

form of development over the next decades to better meet the deserved aspirations of its 

people. PNG has enormous potential and opportunities. This potential is not being delivered 

to its people.  
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Chapter Four  

 

4. Conceptual Framework 

 

4.1. Introduction  

 

The purpose of Chapter 4 is to describe the Sustainable Livelihood Framework (SLF) that 

was developed by Scoones (1998). The SLF is extended to highlight the links between 

livelihoods, poverty and mining in Section 4.2. Next, Section 4.3 describes mining and 

poverty reduction linkages to provide a deeper investigation of how mining investments can 

reduce poverty based on the Mining-Poverty Reduction Linkages developed by Weber-Fahr 

et al. (2002). Based on the Mining-Poverty Reduction Linkages, reduction of poverty can 

proceed in four domains: 1) economic opportunities, 2) improved capabilities, 3) enhanced 

security of the poor, and 4) empowerment of rural people. In this section, each of these 

domains is explained. And finally, Section 4.4 summaries and concludes.   

 

4.2. Sustainable Livelihood Framework (SLF) 

 

The SLF developed by Scoones (1998) is central to explaining the relationship between the 

people and their livelihoods, and is therefore pivotal in understanding the conceptual and 

methodological issues in sustaining rural livelihoods. “The concept of ‘sustainable rural 

livelihoods’ is increasingly central to the debate about rural development, poverty, 

education and environmental management” (Scoones, 1998, p.3). The SLF shown in Figure 

4.1 has a number of basic elements. According to Scoones (1998) “the key question to ask 

in any analysis of sustainable livelihoods is – Given a particular context, what combination 
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of livelihood resources result in the ability to follow what combination of livelihood 

strategies with what outcomes? Of particular interest in this framework are the institutional 

processes which mediate the ability to carry out such strategies and achieve (or not) such 

outcomes” (p.3).  

 

Figure 4.1 The Conceptual Framework. Adapted from Adjei (2007) in the Livelihood 

Framework by Scoones (1998). 

 

 

Ashley and Carney (1999) define sustainable livelihood as a way of thinking about 

development’s objectives, scope and priorities in order to enhance poverty elimination. Its 

main objective is for the marginalised and the poor to realise some form of improvement 

against the indicators of poverty. While different organisations applying the SLF adopt their 

own tailored definitions, it is common practice to draw on the work of Chambers and 
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Conway (1992). They defined a livelihood as comprising the capabilities, assets (including 

both material and social resources) and activities required for a means for living. A 

livelihood is sustainable when it can cope with and recover from the stresses and shocks, 

maintain or enhance its capabilities and assets, while not undermining the natural resource 

base. The framework can be applied to a range of different scales and in different situations 

from individual households, a community, society, or a region, or even within a country, 

with sustainable outcomes assessed at different levels and with different livelihood 

approaches.  

 

The sustainable livelihoods approaches have evolved over time with changing perspectives 

on poverty, participation and sustainable development with links between mining and 

development (Chambers & Conway, 1992; Horsley, Prout, Tonts, & Ali, 2015; Moser, 

1998; Scoones, 2009; Swift, 1989). While the focus has been on poverty reduction 

interventions for empowering the poor to build on their opportunities, it should be 

emphasised that various concepts have been used or applied regarding the issues of poverty 

in the past. For example, an early study of the concept of survival strategy was by Duque 

and Pastrana (1973) in a study of poor families in the peripheral area of Santiago as cited by 

Schmink (1984) in dealing with poverty matters where the concept meant the ways in 

which people in distress dealt with their situation in order to survive (Adjei, 2007). The 

survival strategy could involve supporting their access to assets, developing an institutional 

environment, and/or enabling a required policy. The policy and institutional environment 

created are to help poor people achieve lasting improvements against the indicators of 

poverty. Hence, the SLF “serves as an instrument for the investigation of poor people’s 

livelihoods, whilst visualising the main factors of influence” (Kollmair & Gamper, 2002, p. 
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4). From the perspective of certain criteria and set priorities, sustainable livelihood places 

the disadvantaged, the marginalised and the poor at the centre of development. The concept 

of livelihood is largely acknowledged as a valuable means for understanding problems, 

factors and necessities of poor households and low-income groups.  

 

Hence, a livelihood approach is primarily a conceptual framework at micro-, intermediate 

and macro-levels, analysing the relationship between poverty and people’s access to 

resources using their diverse livelihood activities (Hussein, 2002). Over time, the concept 

of livelihood, introduced by Chambers and Conway (1992), was simply defined as having 

adequate stocks, food and cash to meet basic needs of rural poverty or more simply to have 

access to the means of gaining a living. In this way, the methodological and conceptual 

bases for the livelihood approach come from studies of rural poverty, based on the 

definition of Chambers (1989). This is summarised by Adjei (2007) as low-income groups 

or households aiming at sustainable livelihoods through countering vulnerability in the face 

of risk and insecurity, using both tangible and intangible assets.    

 

The SLF as shown in Figure 4.1 is useful for analysis in research and applied development 

organisations because it has a number of the basic elements mentioned above. These 

elements are important because they incorporate all major aspects of a sustainable 

livelihood. They are made up of combinations of livelihood resources (the capitals) and 

livelihood strategies with their predicted outcomes. These predicted outcomes are achieved 

through applying a number of strategies and thus the framework mediates this application. 

The important element of the framework is that it recognises all the players it represents. It 
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values the people as actors, with or without assets and/or capabilities, whether poor or not, 

in pursuit of their livelihood goals (Adato & Meinzen-Dick, 2002). For example, in the 

context of mining, some farming lands (natural capital) maybe lost as a mine is developed. 

Without additional resources the displaced farmers could be impoverished. However, a 

sustainable outcome could be achieved for these farmers. It could involve giving them 

financial compensation (financial capital) and training programs (human capital) so that 

some can be employed in the mining industry, while others can farm more intensively 

producing fruit and vegetables to be sold in the expanded local markets.  

 

Large-scale mining and small-scale mining affect both a country’s economy and the people 

in the mining community. It directly affects the sustainable livelihood resources, the asset 

base upon which people build their livelihoods. It affects livelihood choices and livelihood 

outcomes; and its institutional processes and its structures are affected directly. According 

to Scoones (1998), livelihoods are a function of assets and structures, and a source of 

subsistence, income, identity and meaning. Moreover, even if an individual person is not 

directly affected, but the negative impact within an area is high (for example, in Ok Tedi 

mining, because of the waste deposited in the Fly River delta, the fish have been declared 

poisonous and cannot be consumed), it is highly possible that the effects of mining can still 

be observed using the framework. Applying the SLF, this study explores the extent to 

which the development of mining in PNG has impacted on local people’s livelihoods in the 

context of the four linkages between mining and poverty reduction promulgated in theory 

and shown in Figure 4.2. It also considers the poverty framework developed by the World 

Bank and governance criteria as stated by Pegg (2006). The development of mines provided 
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economic opportunities for the people to participate. The key question is: is this a 

sustainable development within the SLF definition?  

 

However, there is sometimes limited participation and opportunities as the local 

communities are vulnerable due to their poor capabilities and their exposure to risk. The 

vulnerability of the people is partly as a result of not being empowered by their government 

and the Multinational Mining Cooperation (MNMC) through mining licences. After 

undertaking research on tourism for poverty alleviation in Fiji, Scheyvens and Russell 

(2012, p. 4) highlighted that, “the regulative and redistributive function of the State is 

essential in achieving poverty reduction objectives through tourism development”. Under 

this approach, government participation is crucial for local livelihoods and capacity 

building implementation in resource-limited regions (Spiegel & Veiga, 2005). Such 

participation would be required to achieve the regulative and redistributive function by 

ensuring that the relationships between stakeholders are equitable and based on good 

governance and sound economic management of the mining revenues. It can thereby lead to 

poverty reduction. Mining companies can be allowed to proceed if the preconditions are 

strictly adhered to. This sets the framework for a better societal outcome.    
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Figure 4.2 Mining-Poverty Reduction Linkages. Source: Adapted from Weber-Fahr et al. 

(2002, p. 447). 

 

 

In the analysis of poverty, it is essential to understand the relationships between economic 

transformation, institutional change, and livelihoods in given rural spaces. The target is to 

connect economic growth with institutional arrangements and ensure that the rural poor are 

able to participate in the growth process. However, this relationship has received less 

attention in the mining communities. Limited engagement of communities with mining 

investors and the government can result in thus unsustainable livelihood outcomes 

(Johnson, 2012). In particular, this framework suggests that poverty can be understood as a 

result of particular forms of economic development being present. Alternatively, security 

and the integrity of the livelihoods and the ability of the population in a given territory to 

control what it views as its own resources can be considered as aspects of sustainability. In 

this context, the extent to which the communities in the mining areas can mobilise their 

resources depends greatly on the relative power of economic actors (especially the mining 
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companies). That relative power is determined by the state agencies and to a great extent, 

relative strength or weakness of the communities themselves.  This relative power 

relationship largely determines the end result.     

  

Baxter (2001) stated that in PNG, rural people do what they can in the face of these 

(economic) challenges and constraints, but there is only so much that they can achieve 

without government support. So for the mining benefits to have a positive impact on the 

communities, the government must provide a greater willingness to support its people. 

Johnson (2012) further stated that the communities are supposed to be the ultimate 

beneficiaries of PNG’s mining and mineral wealth. However, the legal and payments 

system is complex, opaque, and one sided. He further stated that “the national government 

lacks a credible, concise, and explicit program to detail its payments from and to 

stakeholders and track how stakeholders under its control operate” (Johnson, 2012, p. x). 

Under such mining conditions, there can be catastrophic impacts of mining, thus adding to 

poverty. Moreover, the severity of the impact depends on whether the individual is directly 

or indirectly affected by the mining and how community households react. The combined 

effect of the mining investment and the adapting strategies of individual households could 

lead to severe detrimental outcomes for the overall community. By exploring the 

relationships between the Mining Poverty Reduction Linkages Framework (see Figure 4.2) 

and the SLF, the objective was to identify the type of linkages that would reduce poverty 

and provide a sustainable livelihood for the affected communities.    

 

Across the developing world, mining represents a significant livelihood and source of 

income for rural communities and their poverty-affected populations (Adjei, 2007; Weber-
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Fahr et al., 2002). However, mining can be a threat to sustainable livelihoods through its 

systemic impact, if best practices proposed by the World Bank (Pegg, 2006) are not 

considered. The impacts of mining do not merely affect certain SLF components leaving 

others unaffected. If one component of the system is affected, it is likely that others will 

also be affected either directly or indirectly.  

 

The impact of mining on livelihoods is not only cross-sectoral, but more importantly 

systemic. In realising that, studying the impacts of mining on the SLF can help in 

identifying ways to help the marginalised and the poor in the affected mining communities. 

Such analysis places the disadvantaged, the marginalised and the poor at the centre of 

development.  

 

4.3. Mining and Poverty Reduction Linkages 

 

The SLF is considered appropriate because it is a general framework and it can be used, for 

example, to distinguish between the effects of mining proposed by the World Bank and the 

observations of Ross (2001).  According to Pegg (2006), the World Bank considers that 

extraction of resources is a means to sustainable development and poverty reduction 

because 1) historical analogy where most developed countries today were resource rich; 2) 

mining can reduce poverty most directly through the creation of jobs which can generate 

income for workers and their families; 3) mining can generate a substantial amount of 

revenue for government to use for targeted poverty reduction programs; 4) mining can 

contribute to economic growth; 5) mining can indirectly lead to poverty reduction through 
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technology transfers; 6) mining investment in infrastructure contributes to economic 

development; and 7) mining companies can lead to businesses downstream processing.   

 

However, empirical evidence has shown that, in fact, mining can accelerate poverty and 

thus impact negatively upon on the livelihoods of the people. An empirical study by Ross 

(2001) found that ‘‘mineral-dependent states have significantly higher levels of inequality 

than other states with similar incomes: the more that states rely on mineral exports, the 

smaller the share of income that accrues to the poorest twenty percent of the population’’(p. 

12). The capital-intensive nature of many mining projects also means that they fail to 

provide ‘‘jobs that are accessible to the poor, who are generally unskilled or semi-skilled’’ 

(Ross, 2001, p. 9). Hence there are arguments in favour of and against the World Bank’s 

view of extraction of resources as a means of sustainable development. It becomes an 

empirical question to assess whether mining has led to poverty reduction in the case of 

PNG.  

 

Weber-Fahr et al. (2002) pointed out that the need for sustained economic growth in 

mineral-rich countries led to the development of important linkages between the promotion 

of mining as a lead-economic sector and its potential contribution towards poverty 

reduction. Mining and poverty have a relationship and that can be explained by the 

“poverty reduction framework.” Poverty reduction develops in the four domains of Figure 

4.2: 1) economic opportunities, 2) improved capabilities, 3) enhanced security of the poor, 

and 4) empowerment of rural people. These opportunities begin at the exploration stage and 

continue through to the closure of the mining for both the small-scale and the large-scale 
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mining. Next, each of these four areas is examined. This examination shows that there can 

be both positive and negative impacts of mining.  

 

4.3.1. Economic opportunities   

 

 According to the World Bank, in PNG, mining is ‘critical’, contributing between 15 and 50 

percent of all exports (Weber-Fahr, 2002). There were 22 countries with this level of 

mining exports which had an average annual GDP per capita growth rate of -1.1 percent 

between 1990 and 1999 (Weber-Fahr, 2002). This would almost certainly mean poverty 

exacerbation rather than poverty reduction for countries that depend on mining like PNG. 

So, it is necessary to look more closely at such economies and examine first fiscal revenue 

generated for the government and then employment generated. As an example, a study in 

China acknowledges that mining industries play an important role in increasing China's 

fiscal revenue and residents' income while resource regions may still face many difficulties 

and deserve some form of compensation because of the limited employment opportunities 

which were generated (Lei, Cui, & Pan, 2013). Perhaps this is part of the problem in PNG.  

 

Mining investments can provide opportunities for investments in local infrastructure like 

transport, power and water as a basis for future economic development (Weber-Fahr et al., 

2002). A successful mining operation can be a catalyst for further private sector investment 

in a country or mining region. Private sector development can lead to downstream and 

lateral business activity that can further create more employment and other opportunities for 

the region and the local people. The study by Lei et al. (2013) found that mining industries 

are basic to the national economy and generate significant push effects on downstream 
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industries. They further noted that mineral development gives a strong impetus to the 

increase of China's fixed asset investment, GDP and total technology investment. Why 

hasn’t this been the outcome in PNG?  

 

Economic opportunities can be presented to both the state and the rural poor. The mining 

can bring economic opportunities such as the fiscal income generated through taxes 

collected from the mining operation. The revenue collected can be invested in improving 

the livelihoods of the people. The funds can be used to improve schools, hospitals, 

infrastructure development and other development projects. These funds can be spent on 

welfare and poverty reduction interventions (Weber-Fahr et al., 2002). For some countries, 

the mining sector contributes substantial amounts of revenue. For example, in the 2017 

PNG Budget, mining and petroleum sectors contributed K154.2 million as tax revenue 

(PWC, 2017). According to Callan (2013, pp. 5-6), “the largest contribution to national 

development by the big four mining companies in PNG was taxes and other statutory 

payments paid to the national government, K1, 568.4 million. This represents an average of 

17.2 percent of the PNG government’s total revenue and grants over the period”. A report 

from PNG’s national newspaper dated 19th December, 20174 noted that Lihir Gold Limited 

has made a payment of K640 million to the people of New Ireland province in royalty 

payments since 1997. An important question is how much of such funds have been invested 

to assist the poor in mining regions? 

 

 
4 http://www.thenational.com.pg/nip-gets-k640m-royalties/  

http://www.thenational.com.pg/nip-gets-k640m-royalties/


P a g e  71 | 286 

 

Employment is one of the great promises of resources development for the local mining 

region. However, this contribution has been questioned because of the capital-intensive 

nature of mining, so that the employment created is less than what was predicted. The data 

available on mining regions suggests that the revenue generated by the mining companies is 

substantial in comparison with the number of jobs created. For example Pegg (2003) 

discusses the situation of two mines in Mali supported by the World Bank. Sadiola Gold 

Mining is estimated to have created only one mining job for every US$700,000 invested, 

while Randgold mine directly created 127 jobs, or one job for every US$1.123 million 

invested.  

 

Mining plays a vital role in the economic development of many countries. Mining provides 

countries with commodities such as copper, bauxite, iron ore and other precious metals. 

Mining also provides economic opportunities and has positive impacts on the economy for 

many countries around the world. Historically, this has been the case for many parts of the 

developed world, and if done responsibly, it can be a catalyst for social growth in many 

developing countries. However, in PNG mining remains controversial, as true sustainable 

development is not only a matter of financial flows. In PNG, mining has also been 

associated with several economic and social problems. As a result, there are questions about 

the sustainability of the economic outcome of mining. The contribution of mining to 

sustainable development needs to be considered in terms of economic and technical 

viability, ecological sustainability and social equity. To achieve this positive outcome, 

governments, mining companies and local communities must work together to address 

these issues. 
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4.3.2. Improved capabilities of the poor  

 

In the medium and long-term, training provided for miners and other skilled employees is 

likely to have positive spill-over effects on the surrounding workforce and the community 

(Weber-Fahr et al., 2002). Such improvements in capabilities are the second component of 

the Mining-Poverty Reduction Linkages of Figure 4.2. Government spending on health and 

education are important to reduce poverty. As part of the mining’s CSP, the governments 

can negotiate agreements with mining companies for better health and education services. 

A healthy and an educated population are foundation for a prosperous nation. Mining 

countries and regions would be expected to invest more on health and education so that 

they can continue to support themselves after the life of a mining venture. However, some 

studies have shown the opposite effects, for example with dependency on minerals 

resources correlated with lower spending on education. Based on tests done by Gylfason 

(2001) on three different measures of education against natural resources abundance, the 

findings were: 1) “an increase of 18 percentage points in the share of natural capital from 

one country to the next is associated with a decrease in public expenditure on education by 

one percent of GNP” (p: 852);  2) “regression line though the 52 observations, one per 

country, suggests that an increase in the natural capital share by five percent points is 

associated with a decrease by one year of the schooling that an average girl at the age of 

school entry can expect to receive” (p. 853); 3) and “an increase in the natural capital share 

by five percentage points goes along with a decrease by 10 percentage points in the 

secondary-school enrolment rate from one country to another” (p. 853).    

 

Mining companies may also provide training for small enterprises that supply them with 

goods and services, bringing them up to international standards in terms of quality and 



P a g e  73 | 286 

 

reliability (Weber-Fahr et al., 2002). This can take the form of investment in education and 

health, often provided initially for the mine’s employees, but then extended to the general 

public, investment in local government capacity, investment in community related services 

or activities with universal access, best accomplished in conjunction with the local 

authority. A mining operation has the potential to positively increase the capacities of the 

poor as a group, but mining operations can also negatively affect the poor’s capabilities. As 

was observed in PNG, they also can entail risks to people’s health and the environment 

(Weber-Fahr et al., 2002).   

 

4.3.3. Mining and security  

 

Security is the third component of the Mining-Poverty Reduction Linkages of Figure 4.2.  

Mineral development can create new communities and bring benefits to those already in 

existence. The mining companies can contribute, through higher incomes, to improved 

nutrition, education, and health care in a community (Weber-Fahr et al., 2002). This 

reduces risk and vulnerability. For example, most of the children of the principal 

landowners of Porgera Gold Mining in PNG have a better educational training overseas and 

employment opportunities. Mining improves the standard of living for these people though 

better paid jobs (Minerals Council of Australia, 2015; World Bank and International 

Finance Corporation, 2002). Mining companies also have provided better medical insurance 

for the mine landowners (Minerals Council of Australia, 2015; World Bank and 

International Finance Corporation, 2002). This has greatly improved their communities. It 

is instructive to look at developed countries where mining companies invest heavily in 

education and training for the people. For example;  “in 2011-12 the Australian minerals 

industry spent almost A$1.15 billion on training, or 5.5 per cent of total payroll, five times 
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more than relevant government benchmarks” (Minerals Council of Australia, 2015, p. 13). 

This is because they have good and proper governance system that makes the mining 

companies and government accountable to the people.   

 

However, it is often not the case in the developing countries, where many people continue 

to suffer. The benefits may be unevenly shared, and for some there may be poor 

recompense for the loss of existing livelihoods and the damage to the environment and 

culture (Starke, 2016). There is uneven distribution of benefits. The poor and the vulnerable 

continue to be disadvantaged while those in power and influence tends to benefit more. 

According to the World Bank, “most mining companies in developing countries 

demonstrate clearly that there are substantial social and economic benefits to local 

communities, but they do not come automatically, and their sustainability is a key issue” 

(Walser, 2000, p. 87). There is a “clear need to redistribute more tax revenues to local 

governments and to build capacity at the community level” (Walser, 2000, p. 87). As Ross 

(2003) explains, countries with a high level of resources dependency are also at greater risk 

from economic shocks. Economic shocks can be as a result of lack of economic 

diversification and the cyclical nature of commodity prices.  

 

In the mining areas, the cost of living increases and that affects the consumption levels of 

the local people. This impacts upon the cost of basic consumables for the poor who may not 

be able to cope. Most mining jobs pay substantial wages and salaries that are much higher 

than other industries. The prices of basic consumables such as food, fuel and transport 

increase (Weber-Fahr et al., 2002). “Mining can also use significant amounts of land and 

water, which can affect the poor who depend on these resources for their livelihoods and 
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food” (Weber-Fahr et al., 2002, p.452). Good examples are Ok Tedi Mining and Porgera 

Mining in PNG where farm lands and river system were destroyed. Farm owners have filed 

lawsuits, and human rights advocates have voiced their concerns, but, to date, nothing 

significant has happened, and people continue to suffer (Human Rights Watch, 2010).  New 

mining opportunities should bring jobs, business activities, roads, schools, and health 

clinics to remote and previously impoverished areas. However, the outcome can be far from 

this with mining investment resulting in social tension and sometimes violent conflict. This 

can give rise to cultural instability as well as political instability.  

 

4.3.4. Mining and empowerment   

 

Mining companies can empower the local communities by involving local people in the 

decision making for the communities’ welfare (Weber-Fahr et al., 2002). This 

empowerment is the fourth component of the Mining-Poverty Reduction Linkages of 

Figure 4.2. Also, the local communities must engage in the decision-making process when 

it comes to their welfare. An example of disempowerment is the signing of the contract 

agreement for the LNG project in Tari, PNG in 2009 (Koim & Howes, 2016; Main & 

Fletcher, 2018). The locals were left out. In Tari today, there is strong resistance from the 

local landowners (Woods, 2018)5. The project developer and the locals continue to clash. 

There were no public consultations or disclosure of information (Woods, 2018). It directly 

resulted in not incorporating needs of the poor into the project’s activities (Main & 

Fletcher, 2018). When there is a break down like this in the communication process, key 

stakeholders in the mining project are not well informed (Koim & Howes, 2016; Main & 

 
5 https://news.mongabay.com/2018/08/deal-in-sight-for-png-landowners-protesting-exxon-led-gas-project/ 

https://news.mongabay.com/2018/08/deal-in-sight-for-png-landowners-protesting-exxon-led-gas-project/
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Fletcher, 2018; Woods, 2018). Moreover, there can be no mutual understanding between 

the government and their people, which creates conflicts of interests (Woods, 2018). In the 

case of Tari, this has also created opportunities for corruption at national, regional, and 

local levels. “This, in turn, can decrease the poor’s access to transparent and effective 

public decision making processes” (Weber-Fahr et al., 2002, p.453). A lack of transparency 

and accountability continues to pose a significant challenge for the mining sector, with 

wider consequences (Transparency International Australia, 2016). 

 

Effective governance and corruption control are key to successfully ensuring that country 

can sustainably benefit from mining investments.  “Within the mining value chain, 

transparency in the awards of permits, licenses and contracts is particularly critical” 

(Transparency International Australia, 2016, p. 1). Processes that are tainted by corruption 

with questionable exploration licenses, mining leases, awarding of contracts and others can 

seriously affect our society. To achieve empowerment of the local people, there must be 

concerted efforts from all stakeholders through public consultation and disclosure of vital 

information sharing so that deals between government, companies and the landowners are 

seen to be transparent. Such efforts can have a positive effect on the people, and their 

relationship with mining companies can be made stronger. Those affected are able to 

understand the consequences of decisions and the impacts on them. The government, 

companies and the people must continue to have dialogue, so people are informed about 

upcoming and ongoing investments and how other parties are able to participate. Such 

participation and knowledge transfer are vital to local capacity building that can benefit the 

people so that they can improve on their livelihoods for a sustainable living (Weber-Fahr et 

al., 2002). “Transparent contractual agreements between governments and mining 
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companies, along with early involvement of civil society and local and indigenous 

communities, are key to the success of any mining venture as a contributor to development” 

(Transparency International Australia, 2016, p. 1).  However, if this is not done, as 

discussed above, there is risk of corruption that follows the creation of economic resources 

and power, which can disempower local people. Such an environment can breed more 

poverty and unsustainable livelihood strategies that are disastrous for the poor.      

 

The framework in Figure 4.2 can be used to compare actual practice by the mining 

companies against each of the linkages in the model. Each linkage shows a two-way 

relationship. The mining companies have an important responsibility to ensure that these 

relationships bring about meaningful contributions to economic development and poverty 

alleviation. Poverty will be measured against the framework developed by the World Bank 

that considers: (1) material deprivation; (2) low levels of education and health; (3) 

vulnerability and exposure to risk; and (4) voicelessness and powerlessness. If the various 

linkages are working well, then investments by multi-national mining companies create 

economic opportunities that can positively impact on both the microeconomic and 

macroeconomic situation. At an aggregate level, mining generates substantial revenue 

through government taxes, royalties, and net foreign exchange which the government can 

use to intervene in poverty alleviation projects (Gwebu, 2012; Hentschel, 2003; Hentschel, 

Hruschka, & Priester, 2002; Hilson, 2004; Pegg, 2006; Weber-Fahr et al., 2002). Hence 

such revenue generation leads to poverty reduction. At the micro-level, mining investment 

can create employment opportunities for the local people. This will increase income earning 

opportunities that in turn can be invested in other income earning opportunities which can 

sustain and support their local communities (Aryee, 2001; Hinojosa, Bebbington, & 
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Barrientos, 2012; Langton & Mazel, 2008; Weber-Fahr et al., 2002). There are other 

opportunities as well created by mining for the local communities. Investments in education 

and health services can produce spin-off benefits for children and adults which allow them 

to participate actively in the development of their communities and living a healthy 

lifestyle. This can add value and improve living conditions of the overall communities. 

Where the government public machinery cannot provide for these basic services, mining 

investments can. According to Pegg (2006) if the mining companies are not involved 

directly in social-service provision, then indirectly, their presence could provide incentives 

for improved service provision by either private or public service providers. Such provision 

of services and opportunities makes communities less vulnerable and more secure.  Hence, 

mining, as depicted in Figure 4.2, is thus believed to increase poor people’s security by 

providing opportunities that reduce their vulnerability and exposure to risks (Weber-Fahr et 

al., 2002).   

 

 

4.4. Conclusion  

 

This chapter has provided a description of the conceptual framework: the SLF and the 

Mining-Poverty Reduction Linkages framework employed by the study. It offers a 

discussion of the conceptual framework that sets apart the foundation of this study. Firstly, 

the SLF was used to explain the relationship between the people and the livelihoods, 

therefore it is pivotal in understanding the conceptual and methodological issues in 

sustaining rural livelihoods. Sustainable livelihood is basically a way of thinking about 

development’s objectives, scope and priorities in order to enhance poverty elimination. The 

focus is on poverty-reduction interventions for empowering the poor to build on their 
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opportunities. When mining conditions are not conducive for a sustainable livelihood, there 

can be catastrophic impacts adding to poverty. The combined effect of the mining 

investment and the adapting strategies of individual households could lead to severe 

detrimental outcomes for the overall community. 

The final part explores the relationships between the Mining Poverty Reduction Linkages 

Framework and the SLF. The objective was to identify the type of linkages that would 

reduce poverty and provide a sustainable livelihood for the affected communities. The 

impact of mining on livelihoods is not only cross-sectoral, but more importantly systemic. 

In realising that, studying the impacts of mining on the SLF can help in identifying ways to 

help the marginalised and the poor in the affected mining communities. Such analysis 

places the disadvantaged, the marginalised and the poor at the centre of development.  

The analysis of the mining poverty reduction further discusses the linkages related to 

economic opportunities, improved capacities for the poor, income security, and 

empowering the local communities through mining projects. Economic opportunities are 

presented by the mining companies to both the government and the local people. It can be 

through fiscal incomes generated through taxes collected which can be invested to 

improving the livelihoods of the local people by providing them with better schools, 

hospitals, infrastructure development and other development projects. The mining 

opportunities can also provide improved capacities of the poor by providing training 

opportunities and other skills likely to have positive spill-over effects on the surrounding 

workforce and the community. Investment in health and education can achieve this. A 

healthy and an educated population are foundational for a prosperous nation.  
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Mineral development can contribute through incomes, improved nutrition, education and 

health care in a community. Mining improves the standard of living of these people through 

better-paid jobs.  It can also empower local communities by involving the people in 

decision making for their communities and their welfare. This can add value and improve 

living conditions of the overall communities. Where the government public machinery 

cannot provide for these basic services, mining investments can.  

However where the mining poverty reduction linkages are poorly constructed the benefits 

maybe unevenly shared, and for some the compensation paid for loss of existing livelihoods 

and damage to the culture and the environment are not enough. The poor and the vulnerable 

continue to be disadvantaged while those in power and influence tend to benefit more. 

Mining investments can results in social tension and sometimes violent conflict. This can 

give rise to cultural instability as well as political instability. Mining projects remain 

controversial, as true sustainable development is not only a matter of financial flows. 

Mining has also been associated with several economic and social problems. As a result, 

there are questions about the sustainability of the economic outcome of mining. It is also 

noted that mineral dependency in a situation where the linkages represented in Figure 4.2 

are ineffective can lead to lower spending on education and health as well. This basically 

means, mining operations can also negatively affect the poor’s capabilities.  

In conclusion, this chapter provides the framework on which the study rests. Chapter 5 

describes the method based on this framework.   
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Chapter Five 

 

5. Methods 

 

5.1. Introduction 

 

Propensity Score Matching (PSM) has become a popular approach to estimate causal effects 

in situations where confounding variables could cause bias in estimates of treatment effects, 

obtained by comparing outcomes of those receiving the treatment and those not receiving it. 

The bias is a result of the differences between the groups determining whether the treatment 

is given.  It is widely accepted in evaluating labour market policies (Heckman, Ichimura, & 

Todd, 1997), but empirical examples can be found in diverse fields of study. The risk of bias 

applies in all situations where one has a group of treated individuals and a group of untreated 

individuals. The nature of treatment may be diverse. For examples in medical science such as 

in pharmaceutical research (Jackson, Schmid, & Stuart, 2017) and effects of invasive cardiac 

management on acute myocardial infarction survival (Stukel et al., 2007). PSM can be 

applied to calculate the impact of internet-based services on credit unions (Pana, Vitzthum, 

& Willis, 2015) or estimates of the effects of elite college attendance on educational and 

career achievement (Brand & Halaby, 2006). Matching can also be applied in other areas 

such as effect of migration decisions and/or wage growth of young men (Ham, Reagan, & Li, 

2005). In all these studies, the fundamental evaluation problem and possible occurrence of 

selection bias has been addressed though matching. The matching approach is one possible 

solution to the selection problem. Therefore the study of mining and non-mining locations as 

a dichotomy in PNG resembles this, where the study would establish the difference between 

the mining participants’ outcome with and without the treatment (mining).  
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5.2. Propensity Score Matching (PSM)  

 

In program evaluation studies, it is critical to assess whether interventions were able to 

achieve their primary objectives. The main challenge of a credible impact evaluation is the 

construction of the counterfactual outcome. That is, what would have happened to 

participants in the absence of treatment (Heinrich, Maffioli, & Vazquez, 2010). Since this 

counterfactual outcome is never observed, it must be estimated using statistical methods.  

In these circumstances, if selection for treatment was random it would present statistical 

advantages in identifying program impacts. However, in most cases random assignment is 

not feasible. In nonexperimental evolution or observational studies (non-randomised 

studies), there are a variety of issues that need attention, for example: are some 

interventions more effective for particular groups or units than others, or what factors 

outside the control of the implementers influence outcomes, and how might the intervention 

be modified to account for them (Heinrich et al., 2010). Also in the medical field, it is 

unethical and likely impossible to randomly assign individuals to levels or types of drug 

treatment (Lipsey & Cordray, 2000). Specifically, propensity score analysis offers an 

approach to program evaluation when randomised trails are infeasible or unethical, or when 

researchers need to access treatment effects from survey data, census data, administrative 

data, medical records data or other types of data “collected through the observation of 

systems as they operate in normal practice without any interventions implemented by 

randomised assignments rules” (Rubin, 1997, p. 757). Here the focus is on a specific 

nonexperimental evaluation method known as propensity-score matching. PSM is a class of 

statistical methods developed for estimating treatment effects with nonexperimental or 

observational data (Guo & Fraser, 2015). PSM, one of the most important innovations in 
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developing workable matching methods, allows this matching problem to be reduced to a 

single dimension. 

PSM uses information from a pool of units that do not participate in the intervention to 

identify what would have happened to participating units in the absence of the intervention 

(Guo & Fraser, 2015). By comparing how outcomes differ for participants relative to 

observationally similar nonparticipants, it is possible to estimate the effects of the 

intervention. The propensity score is defined as the probability that a unit in the combined 

sample of treated and untreated units receives the treatment, given a set of observed 

variables (Heinrich et al., 2010). PSM was initially proposed by Rosenbaum and Rubin 

(1983) and developed by Heckman et al. (1997). 

 

In a parallel manner, this study used sample data collected from a survey on the impacts of 

mining on livelihoods in PNG. The data were collected from indigenous people living both 

close to the mining areas (the treated group) and non-mining areas (the untreated). This 

PSM method takes care of the self-selection bias that exists in the sample by matching 

households from a mining community with households from a non-mining community that 

share pre-treatment characteristics (Rosenbaum & Rubin, 1985). Rosenbaum and Rubin 

(1985) proposed PSM as a method to reduce the bias in the estimation of treatment effects 

with observational data sets. According to Khandker, Koolwal, and Samad (2009), the 

method accounts for all observed covariates 𝑋 that jointly affect participation and the 

outcome of interest. The aim of matching in PSM is to find the closest comparison group 

from a sample of non-participants (in this case non-mining households) to the sample of 

program participants (households in mining communities). The closest comparison group 

contains the observable characteristics not affected by program participation. PSM is a 
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technique that allows researchers to reconstruct counterfactuals using observational data. It 

does this by reducing two sources of bias in the observational data: bias due to lack of 

distribution overlap and bias due to different density weighting (Heckman, Ichimura, Smith, 

& Todd, 1998). A propensity score can be defined as the probability of study participants 

receiving a treatment based on observed characteristics. The PSM refers to a special 

procedure that uses propensity scores and a matching algorithm to calculate the causal 

effect. The Econometrics Statistical Package, Stata 15 was used to perform the statistical 

analysis of the data. Prior to the estimation of average treatment impacts, the three steps of 

PSM were completed (Khandker et al., 2009).  

 

5.2.1. Estimating the model of the effects of mining on households: Logit 

regression 

 

Firstly, subjects in the mining (treatment) and non-mining (control) groups were matched 

with one another by their propensity scores as calculated according to their attributes. The 

score is calculated by a logit or probit analysis. “To create the propensity score, a common 

first step is to use a logit or probit regression with treatment as the outcome variable and the 

potential confounders as explanatory variables” (Garrido et al., 2014, p. 1705). The model 

consists of the mining dummy as a dependent variable, whereas independent variables are 

those that have a sample selection bias (Guo & Fraser, 2015).   

 

Many social phenomena are discrete in nature, i.e., a person makes one choice, but not the 

other, or an individual or group passes from one stage to another. For example, at a given 

point in time a person living in a mining district cannot become an individual from a non-

mining location. Binary discreet phenomena usually take the form of a dichotomous 
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indicator or dummy variable.  Although it is possible to represent mining and non-mining 

with any numbers, employing variables with values 1 and 0 has advantages. “The mean of a 

dummy variable equals the proportion of cases with a value of 1, and can be interpreted as a 

probability” (Pampel, 2000, p. 1). In this study, a logistic model was set up to test the 

association between factors that were considered likely to determine the level of poverty.  

For instance, a mining household can have access to education and education grants for 

their children, while a non-mining household has access to neither.  

 

The conditional probability of receiving the treatment when there are two treatment 

conditions (i.e., mining versus non-mining) is estimated using binary logistic regression. 

Denoting the binary treatment condition as 𝑊𝑖(𝑊𝑖 = 1, if it is a mining household, and 

𝑊𝑖 = 0, if it is a non-mining household) for the 𝑖𝑡ℎ case (𝑖 = 1, … … , 𝑁), the vector of 

conditioning variables as 𝑋𝑖, and the vector of regression parameters as 𝛽𝑖, a binary logistic 

regression that depicts the conditional probability of being a mining household is as 

follows: 

                 𝑷(𝑾𝒊|𝑿𝒊 = 𝒙𝒊) = 𝑬(𝑾𝒊) =
𝒆𝒙𝒊𝜷𝒊

𝟏+𝒆𝒙𝒊𝜷𝒊
=

𝟏

𝟏+𝒆−𝒙𝒊𝜷𝒊
.                                            (1) 

This is a nonlinear model, meaning that the dependent variable 𝑊𝑖 is not a linear function of 

the vector of conditioning variables 𝑥𝑖. However, by using an appropriate link function such 

as a logit function, we can express the model as a generalised linear model (McCullagh & 

Nelder, 1989). Although 𝑊𝑖 is not a linear function of 𝑥𝑖, its transformed variable through 

the logit function (i.e., the natural logarithm of odds or 𝑙𝑜𝑔𝑒 {
𝑃(𝑊𝑖)

[1−𝑃(𝑊𝑖)]
} + ) becomes a 

linear function of 𝑥𝑖: 



P a g e  86 | 286 

 

                                                      𝑙𝑜𝑔𝑒 (
𝑃

1−𝑃
) = 𝑋𝑖𝛽𝑖,                                                         (2) 

where 𝑃 denotes 𝑃(𝑊𝑖).  

A typical logistic function is shown in Figure 5.1.6. The parameters of the logistic model 

(i.e. all the 𝛼’s) are estimated using Maximum Likelihood estimation procedures. The 

specification of the variables to be included in the model was based on the existing 

literature and expert interviews.  

 

Figure 5.1 A Typical Logistic Function 

 

 

5.2.2. Define the region of common support and balancing tests  

 

The second step in the PSM method is to check whether there is a region of common 

support or overlap condition between the mining households and non-mining households. 

The region of common support is determined by comparing the minimum and maximum 

 
6 𝑝 =

1

1+𝑒−(𝑏0+𝑏1𝑥) 
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values of propensity score in both the mining and non-mining groups.  It rules out the 

phenomenon of perfect predictability of 𝐷 given 𝑋: 

                               (𝑂𝑣𝑒𝑟𝑙𝑎𝑝) 0 < 𝑃(𝐷 = 1 ∣ 𝑋) < 1                                         (3) 

It ensures that households with the same 𝑋 values have a positive probability of being both 

participants (mining) and non-participants (non-mining) (Heckman, LaLonde, and Smith, 

1999).  

 

Figure 5.2 Area of Common Support 

 

As shown in Figure 5.2, the area of common support is where there is overlapping of the 

propensity score distribution in the mining and non-mining groups. When the region of 

common support is established, other households falling outside of this region with 



P a g e  88 | 286 

 

propensity score values less than the minimum value or higher than the maximum value are 

disregarded.  

 

Trimming can be used to enhance the region of common support by removing low probability 

overlaps. According to Strawiński (2013, pp. 4-5) “trimming is a method that helps to achieve 

fulfilment of the common support condition by using only those observations for which 

density of the propensity score exceeds a certain level (proposed by Heckman et al., 1998)”.  

According to Caliendo and Kopeinig (2005), it is a procedure to determine the common 

support region and define the region of common support as those values of 𝑃 that have 

positive density within both the 𝐷 = 1 and 𝐷 = 0 distributions that is:  

�̂�𝑃 = (𝑃: 𝑓( 𝑃 ∣ 𝐷 = 1 ) > 0  𝑎𝑛𝑑 𝑓(𝑃 ∣ 𝐷 = 0) > 0),                                     (4) 

where 𝑓( 𝑃 ∣ 𝐷 = 1 ) > 0  and 𝑓(𝑃 ∣ 𝐷 = 0) > 0 are non-parametic density estimators. Any 

𝑃 points for which the estimated density is exactly zero are excluded. Crump, Hotz, Imbens, 

and Mitnik (2009) on the other hand proposed a simple ‘rule of thumb’ that allows for 

trimming of the support and provides overlap. This is to remove observations with extreme 

values of propensity scores in order to improve the precision of the estimator. The study by 

Smith and Todd (2005), using cross-sectional and longitudinal propensity score matching 

estimators, concluded that their analysis did demonstrate propensity score matching as a 

useful econometrics tool. However, they also concluded it does not represent a general 

solution to the evaluation problem. They also noted that for high quality data rich in variables 

related to participation and outcomes, matching may be the best choice. The study further 

noted that knowledge regarding which estimators work given the characteristics of the 
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available data and institutional context should be used in designing and evaluating evaluation 

research (Smith & Todd, 2005). 

 

5.2.3. Propensity score matching and estimation procedure   

 

 The PSM approach was used to examine the impact of mining on the indigenous people in 

the mining regions. The methods compare the impact on mining communities with their 

counterpart group, the non-mining communities. The PSM estimators have been developed 

to correct for non-random selection and to pair each treated observation (mining 

households) with a similar control observation (non-mining households) on the basis of 

their propensity scores, and to interpret the outcome of the control observation in the 

absence of treatment. Matching on the basis of the propensity score enables mining 

communities to be compared to the non-mining communities which are similar in terms of 

their observed characteristics, thereby correcting for self-selection of mining communities, 

conditional on those observables. According to Shehu and Siddique (2014), the propensity 

score 𝑃(𝑇𝑖) is defined as the conditional probability of receiving a treatment given pre-

treatment characteristics.  

    𝑃(𝑇𝑖) ≡ 𝑝𝑟𝑜𝑏(𝐷𝑖 = 1|𝑇𝑖) = 𝐸(𝐷𝑖|𝑇𝑖); 𝑃(𝑇𝑖) = 𝐹(ℎ(𝑇𝑖))                                (5) 

where 𝑇𝑖 denotes a vector of pre-treatment characteristics of household 𝑖; 𝐸 is the 

expectation operator; 𝑝𝑟𝑜𝑏 denotes the probability that the treatment indicator 𝐷𝑖 has 

received the treatment, and 𝐹(ℎ(𝑇𝑖)) represents the normal or logistics cumulative 

distribution frequency. The propensity scores are predicted with a logit model (Sianesi, 

2004). The assumption of the conditional independence of the score extends the use of the 

propensity scores for the computation of the conditional treatment effect. The predicted 

propensity scores are used to measure the treatment effect.   
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According to Becker and Ichino (2002), average treatment effect on the treated (ATT) is the 

parameter of interest in propensity score matching analysis because ATT is useful to 

explicitly evaluate the effects on those for whom the program is actually intended.  Thus, 

we use ATT to assess the effects of participation on household impacts. ATT is computed 

by matching mining and non-mining community households that are closest in terms of 

their propensity scores, and the ATT shows the effect on poverty of being a mining 

household. In this study, the treated group are the mining households and the ATT is 

calculated as follows: 

                        𝐴𝑇𝑇 = 𝐸(𝑇|𝐷 = 1) = 𝐸(𝑌(1)|𝐷 = 1) − 𝐸(𝑌(0)|𝐷 = 1)                       (6) 

where 𝐸(𝑌(1)|𝐷 = 1) represents the expected impacts of mining on mining households 

and 𝐸(𝑌(0)|𝐷 = 1) denotes the counterfactual impacts on non-mining households (Shehu 

& Siddique, 2014). The key assumption, is that adjusting for pre-treatment differences 

solves the problem of drawing casual differences. This is formalised by using the concept 

of unconfoundedness.  

 

An estimate of the propensity score is not enough to estimate the ATT of interest using 

equation (5). The reason is that the probability of observing two units with the same value 

of the propensity score is in principle zero since 𝑝(𝑋) is a continuous variable. A number of 

matching techniques have been suggested in the literature to overcome this problem and 

four of the most widely used are nearest neighbour matching, radius matching, kernel 

matching and stratification matching (Becker & Ichino, 2002). Hence, use of one of these 

four methods is an important step in any propensity score analysis to assess the balance of 

the measured covariates between the treatment and comparison groups, where balance 

refers to the similarity of the covariate distributions (Becker & Ichino, 2002).  
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The study uses the radius matching because it specifies a “caliper” or maximum propensity 

score distance by which a match can be made. The basic idea of radius matching is that it 

uses not only the nearest neighbour within the caliper, but all the comparison group 

members within the caliper. In other words, it uses as many comparison cases as are 

available within the caliper, but not those that are poor matches (based on the specified 

distance) (Heinrich et al., 2010). Caliper matching (Cochran & Rubin, 1973) attempts to 

avoid poor quality matches by imposing a maximum allowable distance ∣∣ 𝑝𝑖 − 𝑝𝑗 ∣∣. The 

procedure simply drops objects without closely matched counterparts in the non-treated 

group (Strawiński, 2013). Radius matching or caliper matching is generally considered 

better than the others, such as nearest-neighbour matching because it can exclude “bad” 

matches (Dehejia & Wahba, 2002).  In many-to-one (radius) caliper matching with 

replacement, the estimator of program impact may be written as:  

                                 𝐸(Δ𝑌) =
1

𝑁
∑ [𝑌1𝑖 − �̅�0𝑗(𝑖)] 𝑁

𝑖=1                                                          (7) 

where �̅�0𝑗(𝑖) is the average outcome for all comparison individuals who are matched with case 

𝑖, 𝑌1𝑖 is the outcome for case 𝑖, and 𝑁 is the number of treated cases. This approach does not 

limit the number of cases that are matched with a given participant, as long as those cases are 

“close” enough (Heinrich et al., 2010). And finally, the effects of mining on outcome 

variables, which in this study are financial and physical capital assets and human capital 

assets, were examined based on matched samples by a 𝑡 test (standard error estimation).    
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5.3. The Sample and Data Collection  

 

5.3.1. Sampling Design 

 

Before a study is carried out in a particular location, a sampling method needs to be 

defined. Sampling is a procedure for selecting members of a population that allows 

inferences to be drawn from a smaller to a wider population group. For this project, it was 

important to survey and interview people living within the mining communities whose lives 

are influenced by the mining projects. Failure to interview people living within the mining 

communities would mean the outcome would be inconclusive or fragmented. Therefore, the 

selection of the mining samples was done in consultation with the Community Relation’s 

Department (CRD) of Ok Tedi Mining Ltd and the village elders and councillors in 

Porgera. Every mining household members’ names were recorded both in Ok Tedi and 

Porgera mining because that is the basis on which the royalty payments were made and 

other development projects were provided to them by the mining company.  Based on the 

list provided, a random selection was made as to who would form part of the survey as 

research participants. 

With this method, we were able to identify the heads of the household and their locations. 

These household heads were interviewed using a questionnaire.  

In a similar manner the samples of non-mining households were established by the CRD of 

Ok Tedi Mining Ltd and through the village elders and councillors of Laiagiam, Multitaka 

and Sirunki in the Lagaip-Porgera district. It was important to interview the non-mining 

households, (the communities that live between 40-50 kilometers away from the mining 

project) because their livelihoods were also directly or indirectly affected by the mining 

project therefore a comparison was needed to establish the impact. They do also have 
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access to schools, healthcare and other utilities like those mining households who live close 

to the mining activities. Using their record, we were able to identify the heads of the 

households and establish their locations. The non-mining household heads were then 

interviewed using a questionnaire.  

 

5.3.2. Data Collection 

 

The data for this study were collected in PNG’s Western Province and Enga Province, 

between 15th January and 20th April 2018.  Households who live close to Ok Tedi Mining and 

Porgera Mining represent the mining people and those who live 40 to 50 kilometres away 

from the mining areas form part of the non-mining people. Participation in this survey was 

voluntary; however most of the respondents accepted our invitation, except for 10 non-

mining households in Ok Tedi and 15 mining households in Porgera. The research was 

conducted in accordance with Charles Sturt University’s rules and regulations. The human 

ethics committee of the Charles Sturt University approved the ethics application.  

Questionnaire Design  

The survey questionnaire is a tool used for obtaining data from responses that includes a list 

of questions and response options that address the study objectives.  Ideally, the task was to 

create a set of questions that could translate the research questions into a form that was 

simple and consistent. The questionnaire must be simple so that participants are able to 

understand it and provide the necessary feedback.   

The questionnaire used for this study was framed mainly using a quantitative approach. (A 

copy of the questionnaire can be found in Appendix A.)  There were 10 sections. The first 

section was about demographic information including income, employment, marital status 
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and where they were born and are currently living. Section two of the questionnaire asked 

about educational background, and section three was on current socioeconomic status 

(current household details). Section four of the questionnaire asked about land ownership and 

section five was on quality of food. Food and income security form sections six and seven, 

respectively. Section eight of the questionnaire was about structural social capital, and section 

nine and ten were on exclusion and previous collective action, respectively.   

The questionnaires were framed using the Sustainable Livelihood Approach (SLA) linking 

the Mining-Poverty Reduction Framework that was developed by Weber-Fahr et al. (2002) 

and shown in Figures 4.1 and 4.2. Livelihood assets were included in the questionnaires to 

investigate a household’s access to human, natural, physical, financial and social capital. 

Livelihood choices and outcomes were also classified as mining impacted or not. 

Accessibility to important basic services like water, electricity, housing services and others 

were also considered. The following variables were also used: poverty, food security, income 

security and welfare indicators. The variables and their descriptions are tabulated in Table 

5.1.  The study was conducted among 609 households: 309 in mining communities and 300 

in non-mining communities. 

By employing Cochran’s sample size calculation formula (based on a 90 percent confidence 

level and 5 percent margin of error) and treating each location/type (Ok Tedi or 

Porgera/mining or non-mining) as a separate sample, an acceptable sample size is 291 

(Kotrlik & Higgins, 2001). Financial and time constraints restricted the sample size to about 

150 in each location, and 609 in total. This resulted in a 90 percent confidence level and 6.5 

percent margin of error. 
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Pre-testing  

In designing a survey instrument, it is considered good practice to test the questions in the 

instrument. By testing the instrument with a small sample of individuals, some forms of 

measurement error can be minimised by, for example, investigating whether items are 

comprehensible to the likely respondents (Campanelli, 2008).  By pre-testing the 

questionnaire, other issues can also be addressed, such as the length of instrument, 

appropriateness of the incentive offered, identifying items which might raise sensitive issues 

for some participant, and discouraging such participants from completing and ultimately 

returning surveys (Campanelli, 2008; Caspar et al., 2016). According to Caspar et al. (2016) 

pretesting plays an essential role in identifying and potentially reducing measurement error 

that damages statistical estimates at the population level and thus endangers comparability 

across populations in multinational, multiregional, and multicultural surveys. By addressing 

these issues prior to administrating a questionnaire to the main sample, weight is added to any 

claim of validity made about the final results (Leidy, Revicki, & Genesté, 1999). Pretesting 

involves a variety of activities designed to evaluate a survey instrument’s capacity to collect 

the desired data, the capabilities of the selected mode of data collection, and the overall 

adequacy of the field procedures.   

The pilot testing for this study was done and minor changes were made. For example, prior to 

the interview, the draft of the questionnaire was sent to certain people in academia in 

Australia and in PNG who have experience in field work surveys in PNG. They were given 

two weeks to respond. There were ten responses. These suggested minor changes that were 

made to the questionnaire. For example, in question 18, four more livelihood activities were 

added: catching fish, growing or selling cassava, growing or selling cocoa and raising or 

selling chickens. There were other minor changes made as well.  
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Table 5.1 Variables used in the Questionnaire and their Descriptions  

Variables used  Descriptions 

Age Age of the household’s head in terms of number of years. 

Gender  Gender of the household head (1 if male; 0 if female).   

Employment  Employment status of the household head.  

Human Capital  The human capital is a number of includes educated members of 

this households.  

Natural Capital  This includes the ownership of the land for the household head and 

members: Little land, some land, lots of land, and too much land.  

Productive Adults  Productive adults refer to adults who are productive and part of 

this household (active adults).  

Physical (Financial) 

Capital  

These are household assets that fall under these category of 

physical or financial capital. For example: television, tractor, 

sewing machine, car and so on.   

Social Capital Household data that refers to social capital were regarded in this 

category. For example: how the household is influenced by the 

local villagers in the community or how the villagers participate to 

help the household.  

Food eaten in the last 30 

days 

This refers to food security, how much the household members eat 

in a month on average of various kinds of food.  

3 Square Meals in 12 

Months 

This refers to food quality. It was to determine whether the 

household have three ‘square meals’ for the last 12 months, i.e., 

365 days.    

Meat eaten in 12 months  This refer to food quality. It is basically to understand the protein 

content of the food household had in the past 12 months.  

Income Satisfaction This variable concerns the income security, whether the household 

income was enough to take care of the household responsibility 

and everyday needs.  

Households Not Enough 

Money 

This variable refers to how many times in the past 12 months this 

household had no money.  

Options when No money This variable indicates the household’s options available to 

continue satisfying the household needs when they had no money.  
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Welfare Ladder (Rich–

poor ladder) 

This variable is a welfare indicator. It asks the household where 

they are relative to others in terms of their welfare as a household.  

Life Satisfaction This variable indicates the overall satisfaction of life, basically 

measuring the degree of satisfaction for the household.  

Dispose Garbage This variable indicates where the household’s garbage is disposed.  

Source of Lighting This variable indicates the source of lighting for the household.  

Fuel for Cooking This variable indicates the fuel used by the household for cooking.  

Running Water This variable indicates whether the household has running water.  

Type of Toilet Facility 

used 

This variable indicates the type of toilet facility used by this 

household.  

Main material of outside 

walls of the dwelling 

This variable indicates the kind of the house or the dwelling the 

household has.  

Location 1: OK Tedi This variable measure and analyses the households in Ok Tedi, 

both the mining and non-mining households.  

Location 2: Porgera This variable measure and analyses the households in Porgera, 

both the mining and non-mining households. 

Mining = 1 (treated)  This variable measure and analyses the mining households only, 

both Ok Tedi and Porgera.  

Non-Mining = 0 (non-

treated) 

This variable measure and analyses the non-mining households 

only, both Ok Tedi and Porgera. 

 

 

Enumerators’ selection process and training 

Before the actual data collection started, research assistants (enumerators) were selected. 

The enumerators were expected to have experience living in the study areas for a number of 

years and to be familiar with the local culture and the setting of the region. The local people 

in the study areas spoke their local language as well as Pidgin English. In addition, some 

previous experience in survey work was regarded as a bonus, but was not required as the 
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principal researcher was to be with the enumerators throughout the survey period. Preferred 

enumerators were students or persons who had at least completed Year 12 education and 

would be from Ok Tedi and Porgera regions, respectively. At the end of the enumerator 

selection process, four people were selected who were qualified to be our enumerators. Two 

of them were selected for Ok Tedi and other two for Porgera.  

 

In early January 2018, the two enumerators selected for Ok Tedi were trained for one full 

day. And in Porgera, it was in mid-February 2018. The training involved reviewing the 

survey questionnaire and interview techniques. That one day was also an opportunity for 

them to inform me about the place, the expectations and the condition of the mining 

community first hand.  The main focus of the training was to get to know ourselves, and for 

the enumerators to be aware of the aims of the research survey.  They were also informed to 

report each day their experiences with the team so that we could optimally refocus and 

move forward adapting to those experiences. By the end of the training, the enumerators 

understood the processes involved, and it was clear from them that they understood what 

was required of them.    

 

The questionnaire was framed in English. It was translated into Pidgin English in order to 

better communicate with the household heads during the interview. Most participants 

interviewed spoke Pidgin English fluently, and quite a handful spoke English and understood 

all the questions well. The first two participants in each of the categories in each location 

were interviewed by the principal researcher while the assistants were watching. The 

enumerators observed and later they assisted the principal researcher. This was to make sure 

the enumerators understood the processes and how they were carried out.  
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Mining Households Survey  

There were 153 mining household7 questionnaires completed in Ok Tedi Mining and 156 in 

Porgera Gold Mining. Figures 5.3, 5.4, 5.5 and 5.6 show the Map of PNG, Western Province 

and Enga Province and Western Enga Province, respectively. The respondents in Ok Tedi 

were identified with the help of the CRD, Ok Tedi Mining Ltd through their established 

network as per the council wards. In Ok Tedi Mining, the respondents were interviewed in 

their respective mining villages. The mining villages were: Atemkit, Finalbin, Bultem, 

Kavorabip, Migalsimbip, and Wangbin. The household participants were established through 

their councillors and village elders with the help from Ok Tedi Mining’s CRD. Unlike 

Porgera Gold Mining, Ok Tedi had a very strong relationship with the people, both in mining 

and non-mining communities. There were times when respondents were reluctant to be 

interviewed, but after going through the Research Information Sheet (RIS) and by answering 

further questions, most of them accepted. A copy of the RIS can be found in Appendix B. 

Most of them did not agree initially because so many previous promises had been made by 

outsiders, but had not materialised. Therefore, it took a couple of hours to explain to them the 

importance of this study and how it might indirectly help them improve their livelihoods. 

After the interview, it was realised that similar surveys had been conducted by government 

and mining officials promising them benefits which did not materialise, thus their reluctance. 

Furthermore, the mining villages had regular contact with Ok Tedi Mining through the CRD, 

so that was convenient for us as interviewers.  

 

 
7 The definition of household refers to those members of the household who are “eating from one common 

pot”. 
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Each of the participants was given the RIS to read and was given the next day to respond. 

They were called the next day to ascertain whether they accepted. However, 15 rejected so 

were not interviewed, but were replaced by 15 others. We visited the participants at their 

villages for the interview. The participants were given the Research Consent Form (RCF) to 

sign and proceed with the interviews. The information contained was read to those who 

were not able to read and write. After that they were able to mark a tick as a sign of their 

agreement instead of writing their signature.   A copy of the RCF can be found in Appendix 

C. Each participant’s interview took almost an hour and a half. Sometimes they were 

unwilling to answer certain questions and other times they would ask the research assistants 

more questions for clarification and reasons for those questions in the survey questionnaire. 

In the end, we were able to interview all of them successfully.   

 

In Porgera, there were 156 mining household respondents. The interviews were conducted by 

the research assistants and the principal researcher. These mining villages were visited: 

Tipinini, Paiam, Karik, Suyan, Yanjakali, Anawae, Alpis, Apalaka and Lower Porgera. The 

ward councillors in each mining village identified the household heads in their villages, 

which we interviewed. The councillors would contact them and upon approval of each 

household head, they came over to their Community Hall for interview. Again, participation 

was voluntary. The study team was not able to liaise with the CRD in Porgera Mining 

because they rejected our proposal. Therefore, we went through the community 

establishments. For some of them, arrangements were made to meet them during weekdays in 

their homes, work places or venues that were convenient to them, while some others were 

interviewed over the weekends. Of the 156 participants, 15 rejected the invitation so they 
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were replaced with others. Most of them have participated in similar studies related to mining 

issues before.   

 

Non–Mining Households   

There were 300 non-mining household respondents, 149 from Western Province and 151 

from Enga Province. In Western Province, the samples were collected along the main Ok 

Tedi-Kiunga Highway. They were approximately 40 to 50 kilometres away from Ok Tedi 

Mining. In the middle of Ok Tedi and Kiunga is Ningerum station where we interviewed 

almost half of the non-mining participants. The households selected were based on their 

community records that were held by their councillor in each of the communities.    

In Enga Province, 151 respondents were selected from 20 villages within Laiagam and 

Mulitaka areas, along the corridors of the main highway leading to Porgera Gold Mining. The 

household heads were identified through their villager elders. In Laiagam district alone 

including Sirunki, 71 households were identified and interviewed. In Mulitaka district, 

another 80 were identified though their village elders and church pastors. The approximate 

population of Laiagam-Porgera district is about 200,000 people (Port Courier, 2017)8.  The 

household heads were briefed about this research and then they were given the RIS. Some 

respondents could not read or write English, therefore we read the information on the RIS to 

them and explained what each item meant in Pidgin English. They were given the following 

day to respond. During the next day the researcher called to ascertain whether he/she had 

agreed to participate. Participation was voluntary. If they did, then the interview proceeded 

the next day. The participants were given the RCF to sign and proceed with the interview. 

 
8 https://postcourier.com.pg/lagaip-porgera-needs-split-equal-govt-services/  

https://postcourier.com.pg/lagaip-porgera-needs-split-equal-govt-services/
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However, 10 household respondents in Kiunga, Western Province did not want to participate, 

so we further selected 10 households from the population through their ward councillor based 

on the village ward’s records. Most of the interviews took place between four and seven 

o’clock in the evening from Monday to Friday. During Saturday and Sunday, some of the 

participants were interviewed starting in the morning from seven o’clock to seven o’clock in 

the evening. In most cases, both the husband and the wife participated. Each of the 

participants was given a betel-nut and smoke brus as a gift, because in the Melanesian 

society, it is only proper to say thank you by way of giving a gift, and that is an expectation in 

this society.     

 

5.3.3. Data translation 

 

Land ownership (Natural Capital)  

The questions asked the size of their land in steps. If they were to walk from south-north and 

east-west, how many steps would it take? The number of the steps from south-north was 

multiplied by east-west to get the answer in square steps. However, some households 

exceeded over million steps, and this was unrealistic. The calculation of natural capital that 

we use does not equal to any measurements numerically; for example, in terms of square 

kilometres or hectares. Natural capital is instead measured in terms of the following options: 

(a). No land, little land, some land = 0, and (b). Lots of land, too much land = 1.  
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Education Level (Human Capital)                  

Human Capital questions asked if there were any adults (working age) living in that 

household. We further asked about the educational qualifications of the respondents and 

noted:   

1. No grade completed,  

2. 1-12 school years,  

3. Trade certificate,  

4. Other certificate,  

5. Diploma,  

6.  Bachelor’s Degree, and  

7. Postgraduate.  
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Figure 5.3 Map of Papua New Guinea showing the locations of Western and Enga 

Provinces   
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Figure 5.4 Map of Western Province showing each districts in Western Province and where 

Ok Tedi Mining (Tabubil) is located.  
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Figure 5.5 Map of Enga Province showing each districts in Enga and where Porgera Gold 

Mining is located.   
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Figure 5.6 Map of Western Enga Province showing where Porgera Gold Mining is located, 

(Jacka, 2007).   
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Physical (and Financial) and Social Capital 

Principal Component Analysis (PCA) was used to calculate the variables for Physical (and 

Financial), and Social Capital. PCA is a data reduction method used to re-express 

multivariate data with fewer dimensions. It is basically used to re-orient the data so that a 

multitude of original variables can be summarised with relatively few “factors” or 

“components that capture the maximum possible information (variations) from the original 

variables. “Its goal is to extract the important information from the table, to represent it as a 

set of new orthogonal variables called principal components, and to display the pattern of 

similarity of the observations and of the variables as points in maps” (Abdi & Williams, 

2010, p. 1). It is also useful in identifying patterns of association across variables.  PCA is 

used as a data reduction technique to identify a small set of variables that account for a large 

portion of the total variance in the original variables. Suppose we have 𝑛 measurements on a 

vector 𝑥 of 𝑝 random variables, and we wish to reduce the dimensions from 𝑝 to 𝑞, where 𝑞 

is typically much smaller than 𝑝. PCA does this by finding linear combinations 

𝑎1
′ , 𝑎2

′ , … , 𝑎𝑞
′ 𝑥, called principal components, which successfully have maximum variance for 

the data, subject to being uncorrelated with previous 𝑎𝑘
′ 𝑥𝑠. Solving this maximization 

problem, we find that the vectors 𝑎1, 𝑎2, … , 𝑎𝑞 are the eigenvectors of the covariance matrix, 

𝑆, of the data, corresponding to the 𝑞 largest eigenvalues (Jolliffe, 2011). The eigenvalues 

give the variances of their respective principal components, and the ratio of the sum of the 

first 𝑞 eigenvalues to the sum of the variances of all 𝑝 original variables represents the 

proportion of the total variance in the original data set accounted for by the first 𝑞 principal 

components. 
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In this study, a physical (financial) and social capital index were calculated: 19 variables for 

physical (financial) capital and 18 variables for social capital. When applying PCA, it is 

important to determine how many factors to retain. This decision is sometimes based on a 

visual inspection of the scree plot. Cattell (1966) introduced scree plots, which are visual 

tools used to help determine the number of important components in multivariate settings. 

Cattell (1966) suggested looking for the point at which the last significant drop or break takes 

place–in other words, where the line levels off. “The logic behind this method is that this 

divides the important or “major” factors from the minor or “trivial factors” (Ledesma, 

Valero-Mora, & Macbeth, 2015, p. 2). The scree plot in Figure 5.7 (a) suggests a natural 

break at component number five. Figure 5.7 (b) shows principal components with 

eigenvalues that are greater than 1 using the Kaiser criterion9. Scree plots were used to 

compare the size of the eigenvalues. In Figure 5.7 (a) and (b), the first five principal 

components have eigenvalues great than 1. These five components explain 59 percent of the 

variation in the physical and financial data. And in Figure 5.8 (a) and (b), for social capital, 

they also suggest that a natural break is at component number five. The five components 

explain 62.3 percent of the variation in social capital.   

 
9 Kaiser (1960) recommends retaining all factors with eigenvalues greater than 1. This is based on the idea 

that eigenvalues represent the amount of variance explained by a factor and that an eigenvalue of 1 represents 

a substantial amount of variation.  
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Figure 5.7 (a) & (b) Scree plots for Physical and Financial Capital                  

 

Figure 5.8 (a) & (b) Scree plots for Social Capital 

 

                                                           

Table 5.2 shows the components of physical and financial capital, the eigenvalues, the 

differences in each component, proportion and the cumulative proportion. Table 5.3, shows 

similar results for social capital.  
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Tables 5.4 and 5.5 show eigenvectors of the physical (and financial) and social capital. For 

physical (and financial) capital the principal components are labelled: inside capital, outside 

capital, productive assets, convenient assets and household durables. In Table 5.4, inside 

capital consists of televisions (34.9 percent), VCD/DVD players (33.8 percent), 

refrigerators (31 percent), freezers (34.4 percent) and cars/trucks (31.1 percent). Outside 

capital consists of generators (34.5 percent), motorcycles (60.5 percent) and boats (56.8 

percent). Productive assets consist of generators (39.6 percent), chainsaws (45.6 percent), 

boat (33.2 percent) and wheelbarrows (54.7 percent). Convenient assets consist of spades 

(gardening tools) which is 32.6 percent, mobile phones (57.3 percent) and bank accounts 

(53.6 percent). Finally, the household durables consist of stereos (41.4 percent), telephones 

(52.7 percent), and gas stoves (37.8 percent).  

 

In Table 5.5, key social capital components are labelled: local influence of individuals, 

village participation to help, information and volunteering, trust and honesty, and member 

of election information campaign. With values greater than 30 percent, local influence of 

individuals consists of: participated in an association (30.4 percent), contacted an influential 

person (34.1 percent), contacted an MP (30.8 percent), and notified court or police about a 

problem (30.9 percent). Village participation to help consists of media (32.8 percent), 

volunteered (40.1 percent), and honesty and trusty villagers (49.1 percent). For information 

and volunteering, it consists of speaking to the media (44.3 percent), information campaign 

(45.9 percent), help and support (36.7 percent) and support when in problem (31.9 percent). 

Trust and honesty consists of members of organisation (30.0 percent), honesty and trusty 

villagers (36.6 percent), trustworthy villagers (76.3 percent). Finally, the member of 

election information campaign consists of member of organisation (73.2 percent), 
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participated in an election information campaign (32.5 percent), and trustworthy villagers 

(33.7 percent).  

Table 5.2 Physical (and Financial) Principal Components/Correlations 

Component Eigenvalue Difference Proportion Cumulative 

Comp1 5.58717 3.84371 0.2941 0.2941 

Comp2 1.74346 0.294514 0.0918 0.3858 

Comp3 1.44894 0.124926 0.0763 0.4621 

Comp4 1.32402 0.26732 0.0697 0.5318 

Comp5 1.0567 0.0346573 0.0556 0.5874 

Comp6 1.02204 0.0631929 0.0538 0.6412 

Comp7 0.958846 0.155804 0.0505 0.6916 

Comp8 0.803042 0.106409 0.0423 0.7339 

Comp9 0.696633 0.0225966 0.0367 0.7706 

Comp10 0.674037 0.0575667 0.0355 0.806 

Comp11 0.61647 0.0545728 0.0324 0.8385 

Comp12 0.561897 0.0292531 0.0296 0.8681 

Comp13 0.532644 0.0512682 0.028 0.8961 

Comp14 0.481376 0.0839958 0.0253 0.9214 

Comp15 0.39738 0.0214197 0.0209 0.9423 

Comp16 0.37596 0.0565469 0.0198 0.9621 

Comp17 0.319414 0.053695 0.0168 0.9789 

Comp18 0.265719 0.131451 0.014 0.9929 

Comp19 0.134268 . 0.0071 1 
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Table 5.3 Social Capital Principal Components/Correlations 

Component Eigenvalue Difference Proportion Cumulative 

Comp1 5.67836 3.77276 0.3155 0.3155 

Comp2 1.9056 0.467785 0.1059 0.4213 

Comp3 1.43782 0.282715 0.0799 0.5012 

Comp4 1.1551 0.0841773 0.0642 0.5654 

Comp5 1.07093 0.172866 0.0595 0.6249 

Comp6 0.898059 0.100002 0.0499 0.6748 

Comp7 0.798057 0.100273 0.0443 0.7191 

Comp8 0.697783 0.0834078 0.0388 0.7579 

Comp9 0.614375 0.0332495 0.0341 0.792 

Comp10 0.581126 0.0157235 0.0323 0.8243 

Comp11 0.565403 0.0830199 0.0314 0.8557 

Comp12 0.482383 0.0444689 0.0268 0.8825 

Comp13 0.437914 0.0236357 0.0243 0.9068 

Comp14 0.414278 0.0252769 0.023 0.9298 

Comp15 0.389001 0.0567058 0.0216 0.9515 

Comp16 0.332295 0.0383037 0.0185 0.9699 

Comp17 0.293992 0.0464673 0.0163 0.9862 

Comp18 0.247524 . 0.0138 1 
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Table 5.4 Principal Component Analysis Vectors of Coefficients for the First Five Principal 

Components for Physical (and Financial) Capital.  

Variables 

Inside 

capital 

Outside 

capital 

Productive 

assets 

Convenient 

assets 

Household 

durables 

Television  0.3489 -0.2048 -0.1727 -0.04 0.187 

VCD/DVD Player 0.3375 -0.1605 -0.1481 -0.0609 0.254 

Refrigerator 0.31 -0.183 -0.0893 -0.0783 0.1523 

Freezer 0.3441 -0.159 -0.1384 -0.0784 0.0677 

Car/Truck 0.3105 -0.0027 0.0212 -0.1275 0.0931 

Generator 0.073 0.3449 0.396 0.168 0.0786 

Motorcycle 0.0899 0.6047 -0.2412 -0.0171 0.2011 

Boat 0.1018 0.5684 -0.3322 0.0014 0.091 

Chainsaw 0.1127 0.0115 0.4561 -0.2718 -0.0313 

Wheelbarrow 0.1062 0.138 0.5474 -0.2122 0.1563 

Spade 0.0278 0.0222 0.1203 0.3257 -0.0672 

Mobile Phone 0.126 -0.0333 0.1657 0.5728 0.2706 

Bank Account 0.1964 -0.062 0.0808 0.5362 0.1327 

Stereo 0.23 0.1269 0.0099 0.0599 -0.4142 

Telephone 0.1814 0.0451 -0.013 0.1008 -0.5277 

Camera 0.2933 0.0879 0.1399 -0.1307 -0.0826 

Gas Stove 0.2837 0.002 -0.0684 0.0149 -0.3777 

Bicycle 0.2262 0.113 0.1142 -0.2126 0.1183 

Sewing Machine 0.2167 0.0508 0.0396 0.1444 -0.2735 

 

  



P a g e  115 | 286 

 

Table 5.5 Principal Component Analysis Vectors of Coefficients for the First Five Principal 

Components for Social Capital.  

Variables 

Local 

influences 

of 

individuals 

Village 

participation 

to help 

Information 

and 

volunteering 

Trust and 

honesty 

Member of 

the election 

information 

campaign 

Participated in an 

association 0.3041 0.1941 -0.2277 -0.0066 0.0728 

Contacted an 

influential 

person 0.341 -0.1125 0.0665 -0.0699 -0.0688 

Contacted an MP 0.308 -0.1444 0.0465 -0.0152 -0.1813 

Notified court or 

police about a 

problem 0.3093 -0.2544 0.0411 -0.0563 0.1033 

Media 0.1135 0.3283 0.4431 0.0296 -0.133 

Volunteered  0.1479 0.4014 0.2886 0.2526 0.0118 

Honesty & trusty 

Villagers -0.012 -0.4909 0.2512 0.3656 -0.0226 

Information 

Campaign 0.1808 0.2454 0.4597 -0.0892 -0.1369 

Help and 

Support 0.2096 0.2917 -0.3666 0.0949 -0.0628 

Support when in 

Problem 0.2029 0.0126 -0.3193 -0.1189 0.1073 

Member of 

organisation 0.0883 0.1195 0.0569 0.2955 0.7321 

Trustworthy 

Villagers 0.0412 -0.0729 -0.21 0.7628 -0.3371 

Participated in 

Election 

Information 

Campaign 0.2565 0.0567 -0.1474 -0.1832 -0.3254 

Your Influence 0.2872 -0.1587 0.1985 0.0616 0.0133 

Talked with 

people on a 

problem 0.2857 -0.2496 0.1175 -0.0471 0.1863 

Made a Donation 0.2857 0.2008 -0.1332 0.1918 -0.0355 

Accepted as a 

Member of the 

Village 0.266 -0.0564 -0.0963 -0.029 0.2834 

Voted in an 

Election  0.2372 -0.2345 0.011 -0.1259 -0.1481 
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Food and Income Security and Welfare Indicator 

The interview questions related to food and income security and welfare indicators and data 

are translated and recorded in Table 5.6.  

 

Table 5.6 Food and Income Security and Welfare Indicator Data Translations 

 

Question Responses Coding  

Which statements given best 

describes the food you have eaten 

in the last 30 days? 

[1] Enough of the kinds of food we 

want to eat  

[2] Enough but not always the kinds 

of food we want 

[3] Sometimes not enough to eat  

[4] Often not enough 

1 

 

2 

 

3 

4 

How often did you eat three 

“square meals” (full stomach 

meals) each day in the past 12 

months (not a festival day)? 

[1] Always (3 meals every day)  

[2] Often (3 at least a few times each 

week) 

[3] Sometimes (3 meals a few times in 

a month)  

[4] Rarely (3 meals per day only a few 

times each year)  

[5] Never (we never ate 3 meals per 

day) 

1 

2 

 

3 

 

4 

 

5 

How often in the past 12 months 

did you eat meat as part of an 

ordinary meal (not a festival/feast) 

[1] Mostly (most days/weeks)  

[2] Often (a few times each month) 

[3] Sometimes (only a few times in 

the years (7 to 12 times)  

[4] Rarely (only 1 to 6 times in a year)  

[5] Never 

1 

2 

3 

 

4 

 

5 



P a g e  117 | 286 

 

How well does your income satisfy 

your everyday needs? Would you 

say that you have? 

[1] Not enough money  

[2] Just enough money 

[3] Sometimes not enough money  

[4] Often not enough money 

1 

2 

3 

4 

How many times over the last 12 

months has this household not had 

enough money?  

[1] Never  

[2] Once 

[3] 2-5 times  

[4] 6-10 times  

[5] All the time 

1 

2 

3 

4 

5 

Please imagine a 9-step ladder 

where on the bottom, the first step, 

stand the poorest people, and on 

the highest step, the ninth, stand 

the rich. On which step are you 

today? 

[1] Step 9  

[2] Step 8  

[3] Step 7  

[4] Step 6  

[5] Step 5 

[6] Step 4  

[7] Step 3  

[8] Step 2  

[9] Step 1  

1 

2 

3 

4 

5 

6 

7 

8 

9 

All things considered, how 

satisfied are you with your life 

these days? 

[1] very dissatisfied  

[2] dissatisfied  

[3] neither dissatisfied nor satisfied 

[4] satisfied  

[5] very satisfied  

1 

2 

3 

4 

5 

 

Other Variables  

The other variables are running water, type of dwelling the household has, garbage disposals, 

source of lighting for the households, fuel for cooking and the type of toilet facility used by 

the household.  Firstly, the question asked was, “Does this household have running water?” 

and the responses are [1] Yes and [2] No. Response 2 was coded 0, and response 1 was coded 

1. Secondly, this question asked about the type of dwelling the household has: “ What is the 
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main material of the outside walls of the dwelling?” and the following are the option 

statements: [1] Fibre-cement, brick, concrete or masonry, [2] Timber (sawn), [3] corrugated 

iron or sheet metal, and [4] Traditional materials (bamboo, etc), and [5] others (specify).  

Responses 4 and 5 were coded 0, and responses 1, 2, and 3, modern materials, were coded 1.    

 

Further questions were asked about where the households disposed their garbage and the 

following responses were noted: [1] Collected by a truck, [2] Burnt or buried, [3] Dumped in 

a river/lake, and [4] No fixed place, [5] other (specify). Response 1 was coded 1, and the rest 

were coded 0. Then a question was asked about the main source of lighting for the household, 

and the responses were: [1] Electricity, [2] Flashlight or battery lamp, [3] Gas, oil, kerosene 

or oil lamps, [4] Resin torches and [5] Other (specify). Responses 2, 3, 4, and 5 were coded 0 

and response 1 was coded 1. In addition to that, a question was asked about the type of fuel 

used by the household for cooking.  The responses were as follows: [1] Wood, [2] Coal or 

charcoal, [3] Kerosene, [4] Bottled Gas, [5] Electricity, and [6] others (specify). Responses 1, 

2 and 3 were coded 0 and responses 4 and 5 were coded 1. Moreover, the final question was 

asked about employment and the responses were: [1] Agriculture/fishing, [2] Trade, [3] 

Transport, [4] Technical/professional, [5] Government, [6] Industry, [7] Commercial Sex, [8] 

Housewife, [9] Unemployed, and [10] Others. These codes we used in the descriptive 

analysis, meanwhile in the PSM analysis they were recorded as 0 for unemployed and 1 for 

all other categories.    
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5.4. Conclusion  

 

This chapter has provided a description of the methods and the statistical analysis employed 

by the study. It describes the methods employed and the relevant data descriptions used. 

Further, the chapter also describes the broad research paradigm adopted; the development 

of preliminary and follow up surveys; the details of data collection procedures; the 

description of the design of the survey instruments; and the validity and reliability of the 

survey instruments that were tested.  

Firstly, the logistic regression was used to match mining and non-mining variables to create 

propensity scores for matching. The model consists of the mining dummy as a dependent 

variable, and a series of key independent variables. In this study, a logistic model was set up 

to test the association between factors that were considered likely to determine the level of 

poverty. The details of the estimation using logistic regression are explained in Chapter 7.   

Secondly, the propensity score matching (PSM) approach was used to examine the impact 

of mining on the indigenous people in the mining regions. The methods compare the impact 

on mining communities with their counterpart group, the non-mining communities. The 

PSM estimators have been developed to correct for non-random selection and to pair 

mining households with a similar non-mining household based on their propensity scores, 

and to interpret the outcome of the control observation in the absence of treatment. The 

method is also discussed in detail in Chapter 7.  

Finally, the chapter describes the relevant data used. It explains how the data were 

collected, transformed and translated.  For social, physical (financial) capital, principal 

component analysis was used to transform the variables. It also describes the development 

of preliminary and follow up surveys; the details of data collection procedures; the 
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description of the design of the survey instruments; and the validity and reliability of the 

survey instruments.   
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Chapter Six  

6. A Descriptive Statistical Analysis 

 

6.1. Introduction 

 

This chapter presents the results of the descriptive statistics. Sections 6.2 and 6.3 discuss 

the results for Ok Tedi mining and Ok Tedi non-mining households, whilst in Sections 6.4 

and 6.5, statistics from Porgera mining and non-mining are analysed and discussed. Section 

6.6 summaries the chapter.    

A sample of 609 respondents was taken for this survey covering both mining and non-

mining communities in Ok Tedi and Porgera. In Ok Tedi, 153 were mining household 

respondents and 149 were non-mining. In Porgera, 156 respondents were mining 

households whilst 151 were non-mining households. The representation for both locations 

within and outside the mining communities was roughly proportional, with 49.6 percent of 

the respondents being at Ok Tedi and 50.1 percent being in mining villages (See Table 6.1).  

 

Table 6.1 Frequency Distribution Table of Respondents 

       

  Frequency Percent Cumulative Percent 

Ok Tedi Mining 153 25.12 25.12 

Ok Tedi Non-mining 149 24.47 49.59 

Porgera Mining 156 25.62 75.18 

Porgera Non-mining 151 24.79 100 

Total  609 100   
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6.2. Descriptions of Ok Tedi Mining Households 

 

Tables 6.2 and 6.3 present the descriptive statistics of the 153 Ok Tedi mining households, 

focusing on possible associations between mining, poverty and the livelihoods of the 

mining communities and the other variables including: (1) demographic variables, (2) 

capital assets, (3) food quality and security, and (4) income satisfaction and poverty.   

  

6.2.1. Demographic Variables 

 

In Table 6.2 the demographic variables shown are: age, gender, education and employment. 

The age of household heads ranged from 18 to 71 years, with an average of 43.68 years and 

a standard deviation of 12.62 years. This compared with an average of 42.5 years for the 

region in the national census of 2010 (National Statistical Office, 2011).  

The age distribution is shown in Figure 6.1. Of the total 153 observations, 128 were male 

and 25 were female household heads. Frequency distributions of various other variables are 

shown in Table 6.3. Some 36 have not attended school and another 36 have between one 

and 12 years of schooling. The rest indicated that they have a trade certificate, attended a 

college and/or have a diploma, whilst only one has a bachelor’s degree. Moreover in 

employment status, approximately 65 percent of the household members interviewed 

indicated that at least one of their household members was employed, while the rest 

indicated that none of their household members were employed (see Table 6.3).  
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6.2.2. Capital Assets  

 

Productive adults and natural capital make up this section on capital assets. The number of 

productive adults in the household ranged from 1 to 8 (see Table 6.3), and the average was 

2.96 and the standard deviation was 1.45 The modal value is 2 adults in each of the 66 

households, which makes up more than 43 percent of the total. The histogram, shown in 

Figure 6.2 is skewed towards the left which confirms that most of the frequency is 

concentrated towards the lower end. Households with five or more productive adults 

comprise less than 10 percent of the total.    

 

Table 6.2 Ok Tedi Mining Households: Descriptive Statistics of the Main Variables  

  Name Mean SD Min. Max. 

Demographic 
Information 

Age 43.68 12.62 18 71 

 Gender 0.16 0.37 0 1 
 Education 10.01 5.65 0 16 

  Employment  0.65 0.48 0 1 

Assets  Productive Adults  2.96 1.45 1 8 

  Natural Capital  0.82 0.39 0 1 

Food Security & 
Quality 

Food eaten in the last 30 days 1.80 0.63 1 4 

  Three square meals in 12 months 1.91 0.81 1 5 

Income Satisfaction Income Satisfaction 1.66 0.68 1 4 

Life Satisfaction & 
Poverty 

Rich and Poor Ladder 5.30 1.23 2 9 
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Figure 6.1 The Age Distribution for Ok Tedi Mining Households 
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Table 6.3 Frequency Distribution of Variables used for Ok Tedi Mining Households 

Variables  Options Given to Respondents Frequency  % Sample Cum. Frequency 

(a) Employment Unemployed 53 34.64 34.64 

  Employed 100 65.36 100 

(b) Education  0=No Grade Completed 36 23.53 23.53 

  1-12=School Years 36 23.53 47.06 

  13=Trade Certificate 48 31.37 78.43 

  14=Other Certificate 20 13.07 91.5 

  15=Diploma 12 7.84 99.36 

  16=Degree 1 0.65 100 

  17=Postgraduate 0 0 100 

(c) Productive Adults 1 10 6.58 6.58 

  2 66 43.42 50 

  3 31 20.39 70.39 

  4 30 19.74 90.13 

  5 3 1.97 92.11 

  6 7 4.61 96.71 

  7 2 1.32 98.03 

  8 3 1.97 100 

(d) Food eaten in 30 
days 1=Enough of the kinds of food 46 30.07 30.07 

  2=Enough but not always the kind 95 62.09 92.16 

  3=Sometimes not enough to eat 9 5.88 98.04 

  4=Often not enough  3 1.96 100 

(e) Three Square Meals 1=Always  46 30.07 30.07 

  2=Often  83 54.25 84.32 

  3=Sometimes  19 12.42 96.74 

  4=Rarely  2 1.31 98.05 

  5=Never  3 1.96 100 

(f) Rich-poor ladder Step 1 0 0 0 

  Step 2 2 1.31 1.31 

  Step 3 4 2.61 3.92 

  Step 4 20 13.07 16.99 

  Step 5 83 54.25 71.24 

  Step 6 23 15.03 86.27 

  Step 7 9 5.88 92.15 

  Step 8 9 5.88 98.03 

  Step 9 3 1.96 100 

(g) Income Satisfaction  1=Not enough money 22 14.38 14.38 

  2=Just enough money 50 32.68 47.06 

  3=Enough money 54 35.29 82.35 

  4=More than enough money 27 17.65 100 
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Figure 6.2 The Labour Force Distribution of Ok Tedi Mining Households 

 

 

Natural Capital refers to the ownership of land. The ownership of the land was indicated in 

the questionaire as having (1) little land, (2) some land, (3) lots of land, and (4) too much 

land. Based on the frequency data, about 28 households indicated having little or some land 

while 125 households had lots of land or too much land and this represents 81.70 percent 

out of the total. This clearly indicates that a majority of people in Ok Tedi mining have 

reasonable size properties.  
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6.2.3. Food Security and Quality 

 

Data were collected to determine the quality of food consumed and the food security. The 

results indicate that out of the 153 household respondents, about 30 percent indicated that 

they had enough of the kind of foods they want to eat, approximately 62 percent reported 

‘food eaten in the last 30 days’ was enough, but not always the kinds of food they wanted to 

eat and the remaining 8 percent indicated sometimes or often not enough (Table 6.3). These 

results indicate that the spread is skewed towards more positive values. For the quality of 

the food eaten, the variable ‘three square meals in 12 months’ indicates that the modal value 

was  often had three square meals in 12 months. The “three squre meals in 12 months” 

implies that the house had three full meals each day for the past 12 months. About 84 

percent said, they always or often had three square meals in 12 months. Just over 3 percent 

indicated that they had rarely or never had three square meals in 12 months. The 

distribution of the frequency is shown  in Figure 6.3.   

 
Figure 6.3 Distribution of ‘Three Square Meals Eaten in 12 Months’ for Ok Tedi Mining 

Households [Key: 1 = Always, 2 = Often, 3 = Sometimes, 4 = Rarely, 5 = Never].  
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6.2.4. Life Satisfaction and Poverty 

 

The data collected to determine the welfare, life satisfaction and reduction in poverty from 

the households was based on the variables rich-poor ladder and income satisfaction. The 

results are shown in Table 6.2, while the frequency distributions are shown in Table 6.3. 

The average of the rich-poor ladder, ranging from step 1 to step 9, was 5.30 and the 

standard deviation was 1.23. The distribution of the rich-poor ladder can be considered 

approximately normally distributed as shown in Figure 6.4. According to Table 6.3, 83 

people were on step 5, which is the modal category representing over 54 percent. The 

results also indicate that there were less than 4 percent at steps 1, 2 and 3, the lowest 

categories. The results further indicate that there were only 3 households at step 9 (rich 

people). The middle three categories contain over 72 percent. With respect to income 

satisfaction, as shown in Table 6.3, having enough money was the modal category. About 

53 percent had enough or more than enough money, but more than 14 percent indicated that 

they had not enough money.   
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Figure 6.4 Distribution of the Rich-Poor Ladder for Ok Tedi Mining Households 

 

6.3. Descriptions of Ok Tedi Non-Mining Households 

 

There were 149 respondents from non-mining villagers in Ok Tedi. Tables 6.4 and 6.5 

present the descriptive statistics of the non-mining households, focusing on possible 

associations between mining, poverty and livelihoods and the other variables including: (1) 

demographic variables, (2) capital assets (3) food quality and security, and (4) income 

satisfaction and poverty.   
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6.3.1. Demographic Variables 

 

Demographic variables include age, gender, education and employment. The age 

distribution of household heads for non-mining households at Ok Tedi was similar to 

mining households, and a t-test for differences between means was insignificant. They 

ranged from 23 to 83 years with a mean of 43.83 years and a standard deviation of 12.38.  

There were 134 male households’ heads and 15 were female household heads (a slightly 

higher proportion of males than in mining households, though this difference was not 

statistically significant).  

Fifty-five of the non-mining respondents indicated that they had not been to school, which 

equates to approximately 37 percent, somewhat higher than for mining households (see 

Table 6.5). Close to 50 percent of the households’ indicated that they have been to school, 

but few have qualifications beyond school, unlike in the mining households. Only one of 

the household head indicated a bachelor’s degree. A Chi-square test was applied to the 

education data in Table 6.3 and 6.5. This revealed a significance difference between Ok 

Tedi mining and non-mining households (χ2 (2, N = 153,149) = 53.9, p < 0.001).  

 

Table 6.4 Ok Tedi Non-Mining Households: Descriptive Statistics of the Main Variables 

  Name Mean SD Min. Max. 

Demographic Information Age 43.83 12.38 23 83 
 Gender 0.10 0.30 0 1 
 Education  7.84 6.06 0 16 

  Employment  0.48 0.50 0 1 

Assets  Productive Adults  2.55 1.17 1 9 

  Natural Capital  0.97 0.18 0 1 

Food Security & Quality Food eaten in the last 30 days 2.88 0.78 1 4 

  
Three square meals in 12 
months 

3.26 0.95 1 5 

Income Satisfaction  Income Satisfaction 2.60 0.73 1 4 

Life Satisfaction & Poverty Rich and Poor Ladder 3.11 1.13 1 7 
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6.3.2. Capital Assets  

 

Capital assets comprised productive adults and natural capital. Productive adults refer to 

those in the labour force. Productive adults refer to those available to participate in the 

labour force whether employed or not. The number of productive adults ranged from 1 to 9 

(see Table 6.5), and the average was 2.55 and the standard deviation was 1.17. A t-test for 

the difference in means shows that this is significantly less than the mean of 2.96 that was 

observed for mining households (t(275) = 2.71, p < 0.008). Table 6.5 and Figure 6.5 show 

the frequency distribution of the number of able and willing adults in each of the household. 

The modal value is 2 adults’ in 86 households.  This is almost 58 percent of the total 

frequency. A comparison of Figures 6.2 and 6.5 reveals that the distribution of productive 

adults is concentrated in lower values for non-mining households.     

Ownership of land is represented by natural capital. The options used for the respondents 

were  little land, some land, lots of land and too much land. The results indicates that 144 

households had lots of land or too much land which represented 96.64 percent. Though not 

significantly different from mining households, the results show a tendency for non-mining 

households to have more land.   
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Table 6.5 Frequency Distribution of Variables used for Ok Tedi Non-mining Households 

Variables  Options Given to Respondents Frequency  % Sample Cum. Frequency 

(a) Employment Unemployed 78 52.35 52.35 

  Employed 71 47.65 100 

(b) Education  0=No Grade Completed 55 36.91 36.91 

  1-12=School Years 74 49.66 86.58 

  13=Trade Certificate 8 5.37 91.95 

  14=Other Certificate 5 3.36 95.3 

  15=Diploma 6 4.03 99.33 

  16=Degree 1 0.67 100 

  17=Postgraduate 0 0 100 

(c) Productive Adults 1 10 6.76 6.76 

  2 86 58.11 64.86 

  3 26 17.57 82.43 

  4 21 14.19 96.62 

  5 2 1.35 97.97 

  6 0 0 97.97 

  7 1 0.68 98.65 

  8 1 0.68 99.32 

  9 1 0.68 100 

(d) Food eaten in 30 days 1=Enough of the kinds of food 4 2.68 2.68 

  2=Enough but not always the kind 43 28.86 31.54 

  3=Sometimes not enough to eat 69 46.31 77.85 

  4=Often not enough  33 22.15 100 

(e) Three Square Meals 1=Always  2 1.34 1.34 

  2=Often  29 19.46 20.81 

  3=Sometimes  63 42.28 63.09 

  4=Rarely  38 25.5 88.59 

  5=Never  17 11.41 100 

(f) Rich-poor ladder Step 1 5 3.36 3.36 

  Step 2 38 25.5 28.86 

  Step 3 65 43.62 72.48 

  Step 4 27 18.12 90.6 

  Step 5 7 4.7 95.3 

  Step 6 5 3.36 98.66 

  Step 7 2 1.34 100 

  Step 8 0 0 100 

  Step 9 0 0 100 

(g) Income Satisfaction  1=Not enough money 7 4.70 4.70 

  2=Just enough money 60 40.29 44.97 

  3=Enough money 68 45.64 90.60 

  4=More than enough money 14 9.40 100 
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Figure 6.5 The Labour Force Distribution of Ok Tedi Non-mining Households 

 

 

6.3.3. Food Security and Quality 

 

Data were collected to determine the quality of food consumed and the food security in Ok 

Tedi non-mining communities. The results for food security (Table 6.5) indicated that more 

than 84 percent sometimes or often did not have enough to eat. Only 2.68 percent (4 

respondents) indicated that they had enough of the kinds of food they like, while 28.86 

percent said they had enough but not always the kind of food they wanted to eat. Hence, 

overall there is lower food security in non-mining communities than mining communities at 

Ok Tedi. A Chi-square test was applied to the food eaten in the last 30 days data in Tables 

6.3 and 6.5. This revealed a significant difference between Ok Tedi mining and non-mining 

households (χ2 (1, N = 153,149) = 118.02, p < 0.001). For quality of the food eaten, the 
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variable ‘three square meals in 12 months’ indicated that the modal value was sometimes 

had three square meals in 12 months. Almost 37 percent rarely or never had three square 

meals whilse 20.8 percent often or always did. Only two household respondents indicated 

that they always had three square meals. The frequency distribution is shown in Table 6.5 

and is graphically displayed in Figure 6.6. A comparison between Figures 6.3 and 6.6 

shows clearly the outcome of more households having three square meals in mining 

communities than non-mining communities at Ok Tedi.  

 

 

Figure 6.6 Three Square Meals Eaten in 12 Months for Ok Tedi Non-Mining households 
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6.3.4. Life Satisfaction and Poverty 

 

Poverty and life satisfaction were determined by data on income satisfaction and rich-poor 

ladder. The average of rich-poor ladder ranging from step 1 to step 9 was 3.11 and the 

standard deviation was 1.13. According to Table 6.5, the modal outcome was step 3 with 65 

people (43.62 percent). Together with 38 on step 2 (25.5 percent) and 27 on step 4 (18.12 

percent), these three groups represented almost 95 percent of the respondents. The results 

further indicate that there were no people on steps 8 or 9, and only 2 on step 7. Figure 6.7 

shows this distribution. It can be compared with Figure 6.4 to show that the distribution of 

mining households is higher on the rich-poor ladder than non-mining households at Ok 

Tedi. A Chi-square test confirms the higher position on the rich-poor ladder for mining 

households (χ2 (2, N = 153,149) = 186.1, p < 0.001). 

For income satisfaction, approximately 46 percent of the respondents indicated that they 

had enough money while another 40 percent indicated that they had just enough money. 

Furthermore, 14 household indicated that they had more than enough money while only 7 

household indicated that they had not enough money. Hence, there is a tendency for there to 

be lower income satisfaction in mining households at Ok Tedi. A Chi-square test confirms 

the lower income satisfaction for mining households (χ2 (2, N = 153,149) = 8.62, p < 0.01).  
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Figure 6.7 Distribution of the Rich-Poor Ladder for Ok Tedi Non-Mining households 

 

 

6.4. Descriptions of Porgera Mining Households 

 

There were 156 observation for Porgera Mining households. Tables 6.6 and Table 6.7 

present the descriptive statistics of the mining households focusing on possible associations 

between mining, poverty and livelihoods. The determining variables included are: (1) 

demographic variables, (2) capital assets, (3) food quality and security, and (4) income 

satisfaction and poverty.   
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6.4.1. Demographic Variables 

 

In Table 6.6 the demographic variables shown are: age, gender, education and employment. 

The age of household heads ranged from 25 to 65 years, with an average of 46.22 years and 

a standard deviation of 8.98 years. The age distribution is shown in Figure 6.8. Of the total 

156 observations, 112 were male and 44 were female household heads. Frequency 

distributions of various other variables are shown in Table 6.7.  Some 35 have not attended 

school and another 50 have between one and 12 years of schooling. The rest indicated that 

they have a trade certificate, attended a college and/or have a diploma, whilst three have a 

bachelor’s degree. Moreover for employment status, approximately 62 percent of the 

household members interviewed indicated that at least one of their household members 

were employed, while the rest indicated that none of their household members were 

employed (see Table 6.6).  

Figure 6.8 The Age Distribution for Porgera Mining Households 
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6.4.2. Capital Assets  

 

Productive adults and natural capital make up this section on capital assets. The number of 

productive adults in the household ranged from 1 to 9 (see Table 6.7), and the average was 

2.46 and the standard deviation was 0.95.  The modal value is 2 adults in each of the 96 

households, which makes up more than 62 percent of the total. Households with four or 

more productive adults comprise less than 11 percent of the total.  Most of the non-mining 

households’ children are disadvantaged. And therefore, differences in educational outcomes 

maybe extended across generations. 

Natural Capital refers to the ownership of land. The ownership of the land was indicated in 

the questionaire as having (1) little land, (2) some land, (3) lots of land, and (4) too much 

land. Based on the frequency data, about seven households indicated having little or some 

land while 149 households had lots of land or too much land and this represents 96 percent 

out of the total. This clearly indicates that a majority of people in Porgera mining have 

reasonable size properties.  

 

6.4.3. Food Security and Quality 

 

Data were collected to determine the quality of food consumed and the food security. The 

results indicate that out of the 156 household respondents, about 74 percent indicated that 

they had enough, but not always the kind of food they would like to eat, approximately 7 

percent reported ‘food eaten in the last 30 days’ was enough of the kinds of food they 

would like to eat, and approximately 15 percent indicated that they sometimes had not 

enough of the kind of food they want to eat. The remaining less than 4 percent said they 

often had not enough of the kind of food they wanted to eat (Table 6.7). These results 
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indicate that the spread is skewed towards more positive values. For the quality of the food 

eaten, the variable ‘three square meals in 12 months’ indicates that the modal value was  

always had three square meals in 12 months. About 69 percent said, they always or often 

had three square meals in 12 months.  But around 25 percent indicated that they had rarely 

or never had three square meals in 12 months. The distribution of the frequency is shown  

in Figure 6.9.   

 

Figure 6.9  Distribution of ‘Three Square Meals in 12 Months’ for Porgera Mining 

Households 
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results are shown in Table 6.6, while the frequency distributions are shown in Table 6.7. 

The average of the rich-poor ladder, ranging from step 1 to step 9,  was 4.19 and the 

standard deviation was 1.33. The distribution of the rich-poor ladder can be considered 

approximately normally distributed. According to Table 6.7, 68 people were on step 5, 

which is the modal category representing over 44 percent. The results also indicate that 

there were approximately 14 percent at steps 1 and 2, the lowest categories. The results 

further indicate that there were only 2 households at step 7 (rich people) and none in steps 8 

and 9. The middle four categories contain over 86 percent. With respect to income 

satisfaction, as shown on Table 6.6, having just enough money was the modal category. 

About 46 percent had enough or more than enough money, and more than 24 percent 

indicated that they had not enough money.    

 

Table 6.6 Porgera Mining Households: Descriptive Statistics of the Main Variables 

            

  Name Mean SD Min. Max. 

Demographic Information Age 46.22 8.98 25 65 
 Gender 0.28 0.45 0 1 
 Education 9.96 5.44 0 16 

  Employment 0.62 0.49 0 1 

Assets  Productive Adults 2.46 0.95 1 8 

  Natural Capital 0.96 0.21 0 1 

Food Security & Quality Food eaten in the last 30 days 2.15 0.59 1 4 

  
Three square meals in 12 
months 

2.36 1.44 1 5 

Income Satisfaction Income Satisfaction 1.11 0.33 1 4 

Life Satisfaction & Poverty Rich and Poor Ladder 4.19 1.33 1 7 
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Table 6.7 Frequency Distribution of Variables used for Porgera mining households 

Variables  Options Given to Respondents Frequency  
% 
Sample Cum. Frequency 

(a) Employment Unemployed 59 37.82 37.82 

  Employed 97 62.18 100 

(b) Education  0=No Grade Completed 35 22.44 22.44 

  1-12=School Years 50 32.05 54.49 

  13=Trade Certificate 50 32.05 86.54 

  14=Other Certificate 14 8.97 95.51 

  15=Diploma 4 2.56 98.08 

  16=Degree 3 1.92 100 

  17=Postgraduate 0 0 100 

(c) Productive Adults 1 7 4.49 4.49 

  2 96 61.54 66.03 

  3 37 23.72 89.74 

  4 11 7.05 96.79 

  5 2 1.28 98.08 

  6 2 1.28 99.36 

  7 0 0 0 

  8 1 0.64 100 

  9 0 0 100 

(d) Food eaten in 30 days 1=Enough of the kinds of food 11 7.05 7.05 

  2=Enough but not always the kind 116 74.36 81.41 

  3=Sometimes not enough to eat 23 14.74 96.15 

  4=Often not enough  6 3.85 100 

(e) Three Square Meals 1=Always  55 35.26 35.26 

  2=Often  53 33.97 69.23 

  3=Sometimes  9 5.77 75 

  4=Rarely  15 9.62 84.62 

  5=Never  24 15.38 100 

(f) Rich-poor ladder Step 1 4 2.56 2.56 

  Step 2 17 10.9 13.46 

  Step 3 28 17.95 31.41 

  Step 4 22 14.1 45.51 

  Step 5 68 43.59 89.1 

  Step 6 15 9.62 98.72 

  Step 7 2 1.28 100 

  Step 8 0 0 100 

  Step 9 0 0 100 

(g) Income Satisfaction  1=Not enough money 37 23.72 23.72 

  2=Just enough money 48 30.77 54.49 

  3=Enough money 41 26.28 80.77 

  4=More than enough money 30 19.23 100 
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6.5. Descriptions of Porgera Non-Mining Households 

 

There were 151 observations from non-mining villagers in Porgera. Tables 6.8 and 6.9 

present the descriptive statistics of the non-mining households, focusing on possible 

associations between mining, poverty and livelihoods and the other variables including: (1) 

demographic variables, (2) capital assets (3) food quality and security, and (4) income 

satisfaction and poverty.   

 

6.5.1. Demographic Variables 

 

Demographic variables include age, gender, education and employment. The age 

distribution of household heads for non-mining households at Porgera was similar to 

mining households. They ranged from 20 to 70 years with a mean of 42.13 years and a 

standard deviation of 11.4.  There were 112 male households’ heads and 39 were female 

household heads (a slightly lower proportion of females than in mining households, though 

not significantly different). Ninety of the non-mining respondents indicated that they had 

not been to school, which equates to approximately 60 percent, somewhat higher than for 

mining households (see Table 6.9). Close to 29 percent of the households’ indicated that 

they have been to school, but few have qualifications beyond school, unlike in the mining 

households. Only three of the household head indicated a bachelor’s degree which is the 

same for mining households. A Chi-square was applied to the education data in Tables 6.7 

and 6.9.  This revealed a significant difference between Porgera mining and non-mining 

households (χ2 (2, N = 156,151) =57.65, p <0.001). 
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6.5.2. Capital Assets  

 

Capital assets comprised productive adults and natural capital. Productive adults refer to 

those in the labour force.  The number of productive adults ranged from 1 to 9 (see Table 

6.9), and the average was 2.95 and the standard deviation was 1.59. A t-test for the 

difference in means shows that this is significantly higher than the mean of 2.46 that was 

observed for mining households   (t (239) = 3.26, p <0.002).  Table 6.9 show the frequency 

distribution of the number of able and willing adults in each of the household. The modal 

value is 2 adults’ in 69 households.  This is almost 46 percent of the total frequency. Also 

there were 3 adults in 36 households which made up almost 24 percent of the households.     

Ownership of land is represented by natural capital. The options used for the respondents 

were  little land, some land, lots of land and too much land. The results indicates that 150 

households had lots of land or too much land which represented 99 percent. Though not 

significantly different from mining households, the results show a tendency for non-mining 

households to have more land.   

 

6.5.3. Food Security and Quality 

 

Data were collected to determine the quality of food consumed and the food security in 

Porgera non-mining communities. The results for food security (Table 6.9) indicated that 

more than 87 percent sometimes or often did not have enough to eat. Only 2 percent (3 

respondents) indicated that they had enough of the kinds of food they like, while 

approximately 11 percent said they had enough, but not always the kind of food they 

wanted to eat. This is represented in Figure 6.11. Hence, overall there is lower food security 

in non-mining communities than mining communities at Porgera. A Chi-square test was 

applied to the food eaten in the last 30 days data in Tables 6.7 and 6.9.  This revealed a 
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significant difference between Porgera mining and non-mining households   (1, N = 

156,151) = 142.87, p < 0.001).     

For quality of the food eaten, the variable ‘three square meals in 12 months’ indicated that 

the modal value was never had three square meals in 12 months. Almost 47 percent rarely 

or sometimes had three square meals while only 4 percent often or always did. Only three  

household respondents indicated that they always had three square meals. The frequency 

distribution is shown in Table 6.9 and is graphically displayed in Figure 6.10. A 

comparison between Figures 6.9 and 6.10 shows clearly the outcome of more households 

having three square meals in mining communities than non-mining communities at Porgera.   

 

Figure 6.10 Distribution of ‘Three Square Meals in 12 Months’ for Porgera Non-mining 

Households 
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6.5.4. Life Satisfaction and Poverty 

 

Poverty and life satisfaction were determined by data on income satisfaction and rich-poor 

ladder. The average of rich-poor ladder ranging from step 1 to step 9 was 1.74 and the 

standard deviation was 0.81. According to Table 6.9, the modal outcome was step 1 with 67 

people (44.37 percent). Together with 62 on step 2 (41.06 percent) and 19 on step 3 (12.58 

percent), these three groups represented almost 98 percent of the respondents. The results 

further indicate that there were no people on steps 6, 7, 8 or 9, and only 2 on step 5 and 1 on 

step 4. Figure 6.12 shows this distribution. It shows that the distribution of mining 

households is higher on the rich-poor ladder than non-mining households at Porgera. This 

difference between mining and non-mining households was so great that there was 

insufficient overlap in the distribution of rich-poor ladder to make comparsion meaningful.  

For income satisfaction, approximately 60 percent of the respondents indicated that they 

had enough money while more than 22 percent indicated that they had just enough money.  

Furthermore, 16 household indicated that they had not enough money while 11 household 

said they had more than enough money. Hence, there is a tendency for there to be lower  

income satisfaction in mining households at Porgera.  A Chi-square test confirms the lower 

income satisfaction for mining households (χ2 (2, N = 156,151) = 16.58, p < 0.001).  
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Figure 6.11 Distribution of ‘Food Eaten in the Last 30 Days’ for Porgera Non-mining 

households 

 

 

 

Figure 6.12 Distribution of ‘Rich-Poor Ladder for Porgera Non-mining households 
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Table 6.8 Porgera Non-Mining Households: Descriptive Statistics of the Main Variables 

            

  Name Mean SD Min. Max. 

Demographic Information Age 42.13 11.4 20 70 
 Gender 0.26 0.44 0 1 
 Education 5.11 6.27 0 16 

  Employment 0.47 0.5 0 1 

Assets  Productive Adults 2.95 1.59 1 9 

  Natural Capital 0.99 0.08 0 1 

Food Quality & Security Food eaten in the last 30 days 3.23 0.72 1 4 

  
Three square meals in 12 

months 
4.31 0.86 1 5 

Income Satisfaction  Income Satisfaction 2.64 0.77 1 4 

Poverty & Life Satisfaction Rich and Poor Ladder 1.74 0.81 1 5 
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Table 6.9 Frequency Distribution of Variables used for Porgera non-mining households 

Variables  
Options Given to 
Respondents Frequency  % Sample Cum. Frequency 

(a) Employment Unemployed 80 52.98 52.98 

  Employed 71 47.02 100 

(b) Education  0=No Grade Completed 90 59.6 59.6 

  1-12=School Years 44 29.14 88.74 

  13=Trade Certificate 2 1.32 90.07 

  14=Other Certificate 10 6.62 96.69 

  15=Diploma 2 1.32 98.01 

  16=Degree 3 1.99 100 

  17=Postgraduate 0 0 100 

(c) Productive Adults 1 10 6.62 6.62 

  2 69 45.7 52.32 

  3 36 23.84 76.16 

  4 18 11.92 88.08 

  5 6 3.97 92.05 

  6 4 2.65 94.7 

  7 3 1.99 96.69 

  8 3 1.99 98.68 

  9 2 1.32 100 

(d) Food eaten in 30 days 1=Enough of the kinds of food 3 1.99 1.99 

  
2=Enough but not always the 
kind 17 11.26 13.25 

  
3=Sometimes not enough to 
eat 74 49.01 62.25 

  4=Often not enough  57 37.75 100 

(e) Three Square Meals 1=Always  3 1.99 1.99 

  2=Often  3 1.99 3.97 

  3=Sometimes  12 7.95 11.92 

  4=Rarely  59 39.07 50.99 

  5=Never  74 49.01 100 

(f) Rich-poor ladder Step 1 67 44.37 44.37 

  Step 2 62 41.06 85.43 

  Step 3 19 12.58 98.01 

  Step 4 1 0.66 98.68 

  Step 5 2 1.32 100 

  Step 6 0 0 100 

  Step 7 0 0 100 

  Step 8 0 0 100 

  Step 9 0 0 100 

(g) Income Satisfaction  1=Not enough money 16 10.60 10.60 

  2=Just enough money 33 21.85 32.45 

  3=Enough money 91 60.26 92.72 

  4=More than enough money 11 7.28 100 
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6.6. Conclusion 

 

There was not much difference in the household age categories in both the mining and non-

mining regions. The age distribution for household heads for non-mining and mining were 

similar and a t-test for differences between means were insignificant. The highest average 

age was 46.22 years from the Porgera mining region while the oldest household member 

interviewed was from Ok Tedi mining region (83 years old). The household heads were 

mostly dominated by males and this confirms the notion that most household heads in 

Papua New Guinea are males due to its cultural heritage and its customary traditions.  

Mining operations provide education for children and that is reflected in both Ok Tedi and 

Porgera where at least over 76 percent of children in the mining households have attended 

school and many have progressed further onto colleges and have attained qualifications that 

have enabled them to work in the mining and others sectors.  On the other hand, Ok Tedi 

non-mining households indicated that almost 37 percent have never been to school, while in 

Porgera 60 percent of non-mining households indicated having not attended school at all. 

There were statistically significant differences in education between the mining and non-

mining households. The difference between Ok Tedi and Porgera non-mining households 

may be attributed to the CSR provided by Ok Tedi mining in the Ok Tedi non-mining 

regions. Ok Tedi has provided more education and other opportunities than Porgera in the 

non-mining regions.           

 For the number of productive adults (ranging from 1 to 9) in these two regions, both 

mining and non-mining households for Ok Tedi and Porgera, the modal value for these 

regions was two adults, in each household. Porgera mining households had the highest 

modal value 2 with 96 households while Ok Tedi mining had the lowest. This means that 

the frequencies in most of the regions were concentrated towards the lower end.  A t-test for 
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the difference in means shows that Ok mining households was slightly lower compared to 

Ok Tedi non-mining households. However, in Porgera, differences in mean for mining 

households was significantly higher than non-mining households. Furthermore, there was 

significant number of households in both the mining regions including the non-mining who 

had lots of land or too much land. This clearly indicates that a majority of people in Ok 

Tedi and Porgera mining have reasonable size properties. It can be further explained that 

most of the households have their houses built on their own land and food gardens as well. 

Most of the household members also depend on their land for survival.    

 

In both Ok Tedi and Porgera, the mining households members had their food secured and 

the quality of their food were maintained. As more household members were employed 

within the mining communities, they also had food secured and the quality of their food 

was maintained.  However, for non-mining communities in both Ok Tedi and Porgera, 

overall there was lower food security and at times, the quality of their food was not 

maintained. A Chi-square tests revealed significant difference between mining and non-

mining households for both regions in food eaten in the last 30 days. Unlike in the non-

mining communities, most of the mining households in both Ok Tedi and Porgera were 

above the poverty levels, steps 4, 5 and 6. However the results does also indicate that there 

were poor people in both mining regions.  A Chi-square test confirms the higher position on 

rich-poor ladder for Ok Tedi mining households than Ok Tedi non-mining households. 

There was significance difference between mining and non-mining households for Porgera 

as well. Most Porgera mining households were on higher positions on the rich-poor ladder.  

And with respect to income satisfaction, there were reasonable number of households in the 

non-mining communities who had enough money to survive. Nevertheless, for both Ok 

Tedi and Porgera non-mining household members, most indicated being not poor, with 
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enough money. The Chi-square test confirms lower income satisfaction for mining 

households than non-mining in both Ok Tedi and Porgera mining.   

In conclusion, there was evidence to suggest that the Ok Tedi and Porgera mining regions 

household members were better off than non-mining regions except for income satisfaction.   
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Chapter Seven  

7. Results 

 

7.1. Introduction 

 

This chapter presents the results of the logistic regression and Propensity Score Matching 

(PSM). Section 7.2 contains estimates of the logistics regression model which was used to 

determine the main factors affecting being a mining household whilst in Section 7.3, the 

PSM model was used to quantitatively evaluate the impacts of mining on welfare, life 

satisfaction and poverty.    

 

7.2. Estimating the Logistic Model 

 

This section presents the results of the logistic regression, which were used to determine the 

main impacts of mining on mining households and non-mining households in PNG. The 

results presented are in three parts: 1. Combined Impacts for both Porgera and Ok Tedi 

mining, 2. Regional Ok Tedi mining, and 3. Regional Porgera mining. The data were 

collected from a survey of 609 mining and non-mining households in Ok Tedi and Porgera 

mining districts. As explained in Chapter 5 (Methods), logistic regression, where the 

dependent variable was the binary variable, mining and non-mining households, was used 

to identify the main determinants of the mining impacts. The explanatory variables were 

categorised into human capital, physical (and financial) capital, social capital and other 

socioeconomic characteristics. The model takes the following form: 

𝑙𝑜𝑔𝑖𝑡(𝑝) = log (
𝑝(𝑦 = 1)

1 − (𝑝 = 1)
) = 𝛽0 +  𝛽1 ∗ 𝑥𝑖2 + 𝛽2 ∗ 𝑥𝑖2 + ⋯ + 𝛽𝑝 ∗ 𝑥𝑖𝑛  
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for 𝑖 = 1 … 𝑛. 

The results of the logistic estimation are presented in Tables 7.1 to 7.3.  The results of the 

analysis in this section not only provide a greater understanding of what factors are behind 

the impact of mining on the households, but also can be used to assess whether mining 

communities are different from non-mining, and whether support and interventions would 

be expected to improve household welfare. The variables expected to indicate the impact of 

mining included human capital, natural capital, outside capital, inside capital, village 

participation to help, information volunteering, food eaten in 30 days, square meals in 12 

months, income satisfaction and rich-poor ladder (see Chapter 5 for the definition of these 

variables). Understanding these effects will not only inform the literature, but also can be 

used to guide policy to improve the livelihoods of mining communities and the people. The 

following sections explain and identify what explanatory variables might be used to 

examine the impact of mining using data organised into the three datasets: 1. Combined: Ok 

Tedi and Porgera, 2. Regional Ok Tedi mining, and 3. Regional Porgera mining.  

 

 

7.2.1. Estimating logistic regression for combined Ok Tedi Mining and Porgera on 

the impacts of the indigenous people  

 

 

In Table 7.1, the variables used are human capital (𝑝 < 0.001), inside capital (𝑝 < 0.001), 

village participation to help (𝑝 < 0.001), information volunteering (𝑝 < 0.05), food eaten 

in the last 30 days (𝑝 < 0.001), square meals in 12 months (𝑝 < 0.001), income 

satisfaction (𝑝 < 0.001), and rich and poor ladder (𝑝 < 0.001).  These variables are clearly 

indicators of whether a village is a mining village or not. The p-value of the LR test (𝜒2) is 

less than 1%, which is significant. Since the Pseudo R-squared is 0.68, the calculation of 

likely probability to mining is appropriately conducted.    
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Table 7.1 Logistic Model Estimation Results of Combined Regional Mining Impacts on the 

Indigenous People in Papua New Guinea 

 

Mining and Non-Mining Coef. Std. Err. z P>∣z∣ [95% Conf. Interval] 

            

Human Capital 1.463 0.38 3.85 0.000*** 0.719 - 2.208 

Inside Capital 0.416 0.095 4.4 0.000*** 0.231 - 0.602 

Village participation to help 0.546 0.143 3.83 0.000*** 0.267 - 0.826 

Information Volunteering -0.333 0.15 -2.22 0.027** -0.627 - -0.038 

Food eaten in the last 30 days 2.096 0.356 5.89 0.000*** 1.399 - 2.793 

Square Meals in 12 Months 1.751 0.334 5.25 0.000*** 1.097 - 2.405 

Income Satisfaction -2.357 0.447 -5.28 0.000*** -3.233 - -1.482 

Rich-Poor Ladder 1.055 0.154 6.84 0.000*** 0.752 - 1.357 

Constant -4.182 0.68 -6.15 0.000 -5.515 - -2.849 

 
Number of observations                                                                                    604 

Pseudo R-squared                                                                                             0.676 

LR test (𝜒2)                                                                                                      565.97 

          P-value                                                                                                    0.000 

Log likelihood                                                                                                 -135.51 

Note 1: ***, **, and * indicate 1 %, 5%, and 10% of the significance level, respectively 

 

 

Human Capital                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

Human capital is basically the education level of the households. The results, as indicated 

by the significant coefficient (1% level) for human capital in the model, suggest that, 

controlling for other variables, human capital directly affects the probability of an 

observation being from a mining household. The logistic coefficient for human capital is 

1.46. It is predicted that the log odds for mining would change by 1.46 units for every unit 

change in human capital. The graph in Figure 7.1 shows a non-linear relationship. If the 

human capital is lower, the probability of being a mining household is lower. The mining 

villages depend primarily on incomes available to their household. Sources of income can 

be from land royalties, fortnightly wages or incomes from small businesses and/or from 
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selling market products. When there is more income, more children of mining households 

tend to attend schools, colleges and universities. When the probability of being a mining 

village approaches one, there is a diminishing marginal effect of human capital. This is 

what we would expect and what the figure illustrates.   

 

Figure 7.1 Predicted probability of being mining household and human capital 

 

Inside Capital                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

Inside capital consist of television, VCD/DVD player, refrigerator, freezer and car.  The 

results, as indicated by the significant coefficient (1% level) for inside capital in the model, 

suggest that, controlling for other variables, inside capital is directly related to the 

probability of being a mining household. The logistic coefficient for inside capital is 0.42. It 

is predicted that the log odds for mining would change by 0.42 units for every unit change 

in inside capital. This suggests a smaller difference between mining and non-mining 
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households in inside capital than in education level. If the inside capital is lower, the 

probability of being a mining household is lower. The mining villages accumulate inside 

capital based on their income. When there is more income, there is tendency to buy more 

inside capital.      

 

Village participation to help 

Social assets were the next variables included as predictors of differences between mining 

and non-mining villages. The social capital variables were village participation to help and 

information volunteering. Social capital may reflect indigenous social values and their 

impacts on the safety net “Wantok System”. Village participation to help is a variable 

constructed from survey questions related to: (1) whether the household member has 

participated in an association, (2) if the villagers are regarded by the household as honest 

and can be trusted, (3) if the community or village people are considered to be willing to 

help and support others, and (4) if the community or the village supports your household 

when your household or other community members have a problem. Village participation 

to help is a social capital as it involves the community and its social engagement with the 

people generally. This is an important part of the social safety net where the villagers 

participate to help each other. However, on the other hand, in mining villages distressed 

household members looking for opportunities in mining may have no time to participate in 

village obligations. Nevertheless, support services in mining villages can be strengthened 

through the community relations office within the mining company as part of their 

community service or Cooperate Social Responsibility (CSR).  

The results of the estimation suggest that, as indicated by the significant coefficient (1% 

level) for village participation to help and controlling for other variables, it was likely to 
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affect the probability of an observation being from a mining household. The logistic 

coefficient for village participation to help is 0.55. It is predicted that the log odds for 

mining would increase by 0.55 units for every unit change in village participation to help. 

This result suggests that there is reasonable village participation to help in the mining 

villages.   

 

Information Volunteering  

Information volunteering is also an aspect of social capital and consists of: speaking to the 

media about an issue or problem, involvement in an information campaign about certain 

issues and volunteering to help or support the community. The media outlets within the 

mining community and the country at large have a great responsibility in informing the 

people about what is important to their livelihoods.  In the mining communities, sharing 

information with stakeholders is paramount for decision making. This can inform the 

indigenous people about the changes, improvements, and other related news so that 

appropriate actions can be taken where appropriate. The mining company through the 

community affairs department is responsible for mining affairs, while leaders in the 

villagers are responsible within their communities. The social safety net in the community 

is strong and is natural for Melanesian people (Carnegie, Rowland, & Crawford, 2013). A 

family within a household and interacting among themselves has more influence and is a 

tradition and custom that has been passed on through generations. Local people like to 

volunteer in social groups, church groups, and community organisations for the betterment 

of their society. Therefore, it is expected that more people interacting among themselves in 

groups and societies have more influence in the community.  
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The results of the estimation suggest that, as indicated by the significant coefficient (5% 

level) and controlling for other variables, information volunteering was likely to affect the 

probability of an observation being from a mining household. This negative coefficient 

suggests that there is lower information volunteering in mining villages. This may suggest 

that mining has impacted negatively on people sharing information and working together.  

 

Food eaten in 30 days 

Food eaten in 30 days is a variable used to measure the security of the food eaten in the 

communities, both mining and non-mining. This is an important variable in food security 

measurement. Most indigenous communities don’t have access to full meals for breakfast, 

lunch and dinner every day. The foods in most meals in the villages are high in sugar 

content, and high in carbohydrates, and are low in protein (Bourke & Harwood, 2009). A 

high proportion of children become malnourished and die (Bourke, 2001; Bourke & 

Harwood, 2009). The results of the estimation suggest that, as indicated by the positive and 

significant coefficient (1% level) for food eaten in 30 days and controlling for other 

variables, this variable was directly related to the probability of an observation being from a 

mining household. This result suggests that there is more food eaten per person in the 

mining villages.   

 

Square meals in 12 months 

Square meals in 12 months is a variable used to measure the quality of the food eaten in the 

communities. Protein is deficient in most communities and it is expensive to have a full 

balanced diet. The results of the estimation suggest that, as indicated by the significant 
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coefficient (1% level) and controlling for other variables, square meals in 12 months was 

likely to affect the probability of an observation being from a mining household. The 

positive results indicate that there are many more households with square meals in the 

mining villages.   

 

Income satisfaction  

Income security, measured as income satisfaction, was included as a predictor of the 

probability of participation as a mining household. Income security is an important variable 

and may impact upon the indigenous villages and their livelihoods and poverty. The results 

of the logistic model estimation suggest that a mining village’s income satisfaction 

negatively affects the likelihood of it being a mining community. The relationship was 

statistically significant at the 1% level. Hence a given level of income provides a higher 

level of satisfaction for a typical non-mining household than a typical mining household. As 

the income variable lacked cohesion and there was no significant correlation with other 

variables, it was not used as an explanatory variable.  

 

The effect of the mining village’s income satisfaction may impact the mining communities 

in several ways.  The mining people are not as satisfied with a given level of income 

because there are more items to purchase for the household each day. The amount of money 

and resources at their disposal may not be able to satisfy their daily activities. The cost of 

living in the mining communities is normally high compared to non-mining communities 

(Petkova, Lockie, Rolfe, & Ivanova, 2009). For some, their farm land is destroyed, their 

homes are relocated, and their environment is polluted. There is limited free water. The 

income they have received as part of compensation may not compensate them well for what 
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they have given away. Whereas in many of the non-mining communities material needs are 

provided without formal income. Apart from the opportunity costs of time, there is free 

food from the garden, there is free water from the creeks, and there are free houses on their 

land. Therefore, the non-mining communities are generally more satisfied in terms of a 

given income than the mining communities. The graph in Figure 7.2 shows a downward 

sloping relationship where it suggests that there is less income satisfaction in mining 

villages.   

 

Figure 7.2 Predicted probability of being mining household and income satisfaction 
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Rich-Poor Ladder 

 

The rich-poor ladder is a variable elicited in the survey questionnaire to measure wellbeing 

within the mining and non-mining communities. The question reads: “please imagine a 9-

step ladder where the bottom, the first step, stands for the poorest people, and on the highest 

step, the ninth, stand the rich. On which step are you today?”  It is called the “Economic 

Ladder Question”. It does not presume that “income” is the relevant variable for defining 

who is “poor” and who is not, but leaves that up to the respondent (Ravallion & Lokshin, 

1999). At the same time, by using the words “poor” and “rich” the question focuses on a 

broader concept of economic welfare. It is a subjective living standard measure. By 

definition, this instrument should be related to underlying living standards. The results of 

the estimation suggest that, as indicated by the significant coefficient (1% level) and 

controlling for other variables, the rich-poor ladder was directly related to the probability of 

an observation being from a mining household. The results indicate that there are more 

mining households higher up the rich-poor ladder (see Figure 7.3).     
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Figure 7.3 Predicted probability of being mining household and rich-poor ladder 

 

 

 

7.2.2.  Estimating logistic regression for Regional Ok Tedi Mining and the impacts 

on the indigenous people of Star Mountains 

 
 

Table 7.2 shows the results of the logistic estimation for Regional Ok Tedi Mining. The 

variables used are human capital (𝑝 < 0.001), natural capital (𝑝 < 0.001), outside capital 

(𝑝 < 0.001),  food eaten in the last 30 days (𝑝 < 0.001), square meals in 12 months (𝑝 <

0.001), and rich and poor ladder (𝑝 < 0.001). The coefficient for income satisfaction was 

insignificant in the trial runs of this model for Ok Tedi, and this was omitted from the final 

model estimator. For the most part, these variables are clearly indicators of whether a 

village is a mining village or not. The p-value of the LR test (𝜒2) is less than 1%, which is 
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significant. Since the Pseudo R-squared is 0.76, the calculation of likely probability to 

mining is appropriately conducted.  

  

Table 7.2 Logistic Model Estimation Results of Regional OK Tedi Mining Impacts on the 

Indigenous People 

 

Mining and Non-Mining Coef. Std. Err. z P>∣z∣ [95% Conf. Interval] 

            

Human Capital 1.622 0.59 2.75 0.006*** 0.464 - 2.779 

Natural Capital -4.659 1.251 -3.72 0.000*** -7.112 - -2.207 

Outside Capital 1.462 0.41 3.56 0.000*** 0.657 - 2.266 

Food eaten in the last 30 days 3.522 0.718 4.9 0.000*** 2.115 - 4.93 

Square Meals in 12 Months 2.696 0.619 4.36 0.000*** 1.483 - 3.909 

Rich-Poor Ladder 1.427 0.27 5.29 0.000*** 0.898 - 1.956 

Constant -6.443 1.437 -4.48  0.000 -9.259 - -3.628 

 
Number of observations                                                                                       302 

Pseudo R-squared                                                                                                0.762 

LR test (𝜒2)                                                                                                         318.81 

          P-value                                                                                                       0.0000 

Log likelihood                                                                                                    -49.897 

Note 1: ***, **, and * indicate 1 %, 5%, and 10% of the significance level, respectively 

 

 

Human Capital      

The capital assets variables included as predictors of the probability of participation were 

human capital, natural capital and outside capital.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            

Human capital is basically the education level of the households within the Ok Tedi Mining 

region. The results, as indicated by the positive and significant coefficient (1% level) for 

human capital in the model, suggest that, controlling for other variables, human capital 

directly affects the probability of an observation being from a mining household in Ok 

Tedi. The logistic coefficient for human capital is 1.62. It is predicted that the log odds for 
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mining would change by 1.62 units for every unit change in human capital. If the human 

capital is lower, the probability of being mining household is lower in regional Ok Tedi.    

 

Natural Capital  

Natural capital is defined as a stock that yields a flow of valuable goods and services into 

the future (Costanza & Daly, 1992). Natural capital in this study refers to land ownership 

by the people of Ok Tedi, Western Province, measured by area of land. In PNG, customary 

land accounts for more than 97 percent of the total land area (Oliver & Fingleton, 2008).  

Interestingly, Gosarevski, Hughes, and Windybank (2004, p. 137) thus asserted: 

“communal ownership has not permitted any country to develop. In PNG, where 90 per 

cent of people live on the land, it is the principal cause of poverty.” The results, as indicated 

by the negative and significant coefficient (1% level) for natural capital in the model, 

suggest that, controlling for other variables, natural capital is inversely related to the 

probability of being a mining household. The logistic coefficient for natural capital is -4.66. 

It is predicted that the log odds for mining would decrease by 4.66 units for every unit 

change in natural capital. This reflects the much higher difference between mining and non-

mining households in natural capital than in other variables. The non-mining communities 

have more natural capital than mining communities in Ok Tedi. The more the mining 

expands, the less the land resources becomes available for the mining communities in the 

Ok Tedi Mining region.  This relationship shows that mining communities have 

relinquished land to the mining companies. The graph in Figure 7.4 shows a downward 

sloping relationship where it suggests that there is more natural capital associated with non-

mining and less land available to mining villages.    
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Figure 7.4 Predicted probability of being Ok Tedi mining household and natural capital 
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significant value (1% level) for the coefficient outside capital in the model, suggest that, 
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mining household. The logistic coefficient for outside capital is 1.46. It is predicted that the 

log odds for mining would change by 1.46 units for every unit change in outside capital. If 

the outside capital is higher, the probability of being mining household is also higher. The 
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income can be from land royalties, fortnightly wages or incomes from small businesses 

and/or from selling market products. When there is more income, there is a tendency to buy 

more outside capital. While natural capital is lower for mining villages than non-mining 

villages in the Ok Tedi region, the higher incomes in mining villages enable those villagers 

to accumulate more outside capital.     

 

Food eaten in the last 30 days 

 

 

Food eaten in 30 days is a variable used to measure the security of the food eaten in the Ok 

Tedi communities, both mining and non-mining. The results of the estimation suggest that, 

as indicated by the significant coefficient (1% level) and controlling for other variables, 

food eaten in 30 days was likely to affect the probability of an observation being from a 

mining household. This direct relationship suggests that there is more food per person in the 

mining villages.   

 

Square meals in 12 months 

Square meals in 12 months is a variable used to measure the quality of the food eaten in the 

communities. The results of the estimation suggest that, as indicated by the positive and 

significant coefficient (1% level) and controlling for other variables, that square meals in 12 

months was likely to affect the probability of an observation being from a mining 

household. The results indicate that there are many more square meals eaten in 12 months 

in the Ok Tedi mining villages than in non-mining villages.   
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Rich-Poor Ladder 

 

The rich-poor ladder is a variable used to measure wellbeing within the Ok Tedi mining and 

non-mining communities. The results of the estimation suggest, as indicated by the positive 

and significant coefficient (1% level) and controlling for other variables, that the rich-poor 

ladder was likely to be related to the probability of an observation being from a mining 

household. The results indicate that there are more Ok Tedi mining households who are 

higher on the rich-poor ladder than non-mining households (see Figure 7.5).     

 

  

Figure 7.5 Predicted probability of being Ok Tedi mining household and rich-poor ladder  

 

 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 1 2 3 4 5 6 7 8 9

P
R

O
B

A
B

IL
IT

Y 
O

F 
B

EI
N

G
 A

 M
IN

IN
G

 H
O

U
SE

H
O

LD

RICH-POOR LADDER



P a g e  168 | 286 

 

7.2.3. Estimating logistic regression for Regional Porgera Mining and the impacts 

on the indigenous people of Porgera  

 

 

Table 7.3 shows the results of the logistic estimation for Porgera Mining. The variables 

used are human capital (not significant), outside capital (𝑝 < 0.001), village participation 

to help (𝑝 < 0.001), food eaten in the last 30 days (𝑝 < 0.001), square meals eaten in 12 

months (𝑝 < 0.001), income satisfaction (𝑝 < 0.001) and rich and poor ladder (𝑝 <

0.001).  For the most part, these variables are clearly indicators of whether a village is a 

mining village or not. The p-value of the LR test (𝜒2) is less than 1%. Since the Pseudo R-

squared is 0.89, the calculation of likely probability to mining is appropriately conducted.   

 

Table 7.3 Logistic Model Estimation Results of Regional Porgera Mining impacts on the 

Indigenous people 

 

Mining and Non-Mining Coef. Std. Err. z P>∣z∣ [95% Conf. Interval] 

            

Outside Capital 8.181 2.218 3.69 0.000*** 3.834 - 12.528 

Village Participation to help 1.637 0.49 3.34 0.001*** 0.675 - 2.598 

Food eaten in the last 30 days 2.724 0.958 2.84 0.004*** 0.846 - 4.602 

Square Meals in 12 Months 3.42 1.071 3.19 0.001*** 1.322 - 5.518 

Income Satisfaction -10.721 2.916 -3.68 0.000*** -16.437 - -5.005 

Rich-Poor Ladder 1.819 0.583 3.12 0.002*** 0.677 - 2.962 

Constant 3.94 2.45 1.61 0.108 -0.862 - 8.741 

 

Number of observations                                                                                       307 

Pseudo R-squared                                                                                                0.888 

LR test (𝜒2)                                                                                                         377.69 

          P-value                                                                                                       0.0000 

Log likelihood                                                                                                    -23.908 

Note 1: ***, **, and * indicate 1 %, 5%, and 10% of the significance level, respectively 
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Outside capital  

 

Outside capital consist of generators, motorcycles and boats. The results, as indicated by the 

significant coefficient (1% level) for coefficient outside capital in the model, suggest that, 

controlling for other variables, outside capital directly affect the probability of an 

observation being from a Porgera mining household. The mining villages can accumulate 

more outside capital as a result of higher incomes.        

 

Village participation to help 

Social capitals, measured by village participation to help, were the next variables included 

as predictors of differences between mining and non-mining villages in Porgera. Social 

capital may reflect indigenous social values and their impacts on the society. As discussed 

above, village participation to help is a variable constructed from survey questions related 

to: (1) whether the household member has participated in an association, (2) if the villagers 

are regarded by the household as honest and can be trusted, (3) if the community or village 

people are considered to be willing to help and support others, and (4) if the community or 

the village supports your household when your household or other community members 

have a problem. The results of the estimation suggest that, as indicated by the significant 

coefficient (1% level) and controlling for other variables, village participation to help was 

likely to affect the probability of an observation being from a Porgera mining household. 

The logistic coefficient for village participation to help is 1.64. It is predicted that the log 

odds for mining would increase by 1.64 units for every unit change in village participation 

to help. This result suggests that there is high village participation to help in the Porgera 

mining villages.   
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Food eaten in the last 30 days 

 

 

Food eaten in 30 days is an important variable in food security measurement. The results of 

the estimation suggest that, as indicated by the positive and significant coefficient (1% 

level) and controlling for other variables, food eaten in 30 days was related to the 

probability of an observation being from a Porgera mining household. This result suggests 

that there is more food eaten per person in the Porgera mining villages than in non-mining 

villages.   

 

Square meals in 12 months 

Square meals in 12 months is a variable used to measure the quality of the food eaten in the 

Porgera communities. The results of the estimation suggest that, as indicated by the 

significant coefficient (1% level) and controlling for other variables, that square meals in 12 

months was likely to affect the probability of an observation being from a mining 

household. The results indicate again that there are more square meals per person in the 

Porgera mining villages than in non-mining villages.  

  

Income satisfaction  

Income security, measured as income satisfaction, was included as a predictor of the 

probability of participation as a Porgera mining households. Income security is an 

important variable and may impact upon the indigenous villages and their livelihoods and 

poverty. The results of the logistic model estimation suggest that in Porgera income 

satisfaction negatively affects the likelihood of an observation being from a mining 

community. The relationship was statistically significant at the 1% level. The results, 
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suggest that, controlling for other variables, income satisfaction inversely affects the 

probability of being a Porgera mining household. The logistic coefficient for income 

satisfaction is -10.72. It is predicted that the log odds for mining would change by 10.72 

units for every unit change in income satisfaction. This reflects a large difference between 

mining and non-mining households in income satisfaction in comparison with other 

variables. The low-income satisfaction in mining households in Porgera indicates that they 

require much larger incomes than their non-mining counterparts to obtain the same level of 

satisfaction. It suggests that more income is needed in the mining areas to reach a specific 

level of income satisfaction. Not achieving the required income might lead to distress, 

financial insecurity and possibly result in increased poverty among the people. The graph in 

Figure 7.6 shows a downward sloping curve but from 0.8 units. It shows that people are 

more dissatisfied at the upper end.   

 

Figure 7.6 Predicted probability of being Porgera mining household and income satisfaction 
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Rich-poor ladder 

The rich-poor ladder is a variable used to measure wellbeing within the mining and non-

mining communities in the Porgera region. The results of the estimation suggest that, as 

indicated by the significant coefficient (1% level) and controlling for other variables, the 

rich-poor ladder was directly related to the probability of an observation being from a 

mining household. The results indicate that mining households tend to be higher up the 

rich-poor ladder (see Figure 7.7).     

 

Figure 7.7 Predicted probability of being Porgera mining household and rich-poor ladder 
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Porgera. The mining villages’ capital accumulation was probably based on the availability of 

income. In contrast, natural capital holding decreased (negative association) for being a 

mining household for Ok Tedi. This can be attributed to reduced holding of land resources by 

villagers when mining expands. Second, the social capitals were positively associated with 

mining villages. There was greater community interaction, sharing and giving and working 

together in the true Melanesian spirit for those in the mining villages. This reflected the 

strength and the protection of the social safety net among the indigenous people. However, 

there was less information sharing in both Porgera and Ok Tedi mining people. This might be 

attributed to the companies and the governments not channelling the right information to the 

people. For instance, the Wafi Golpu mining project in Morobe Province, PNG was forced to 

shut down by the indigenous landowners because the indigenous landowners were not party 

to the agreement between the Government of PNG and the developers, Harmony Gold Ltd 

and Newcrest Mining Ltd (Yafoi, 2019). Yafoi (2019) further highlighted that the 

information containing the memorandum of agreement signed was not made known to the 

indigenous people. This was confirmed by one of the key findings of a study done by 

Columbia University (2019) that Porgerans do not have consistent access to sufficient, 

acceptable, and safe water, and do not have access to adequate information about their water 

resources. There is lack of reliable information about water quality in Porgera Mining.  

 

Next, food quality and security were positively related to mining households. Food eaten in 

30 days and square meals in 12 months both have a positive relationship with mining 

households in both Ok Tedi and Porgera mining’s indigenous people. The association 

suggested that there was more food eaten per person in mining villagers.  
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The results of the logistic regression model estimation also suggest that mining households 

are not as satisfied with a given income compared to the non-mining households in the two 

Papua New Guinea mining regions. The overall inverse relationship between income 

satisfaction and being a mining household reflects a combination of an insignificant 

relationship at Ok Tedi and a strongly negative relationship at Porgera. It suggests that a more 

income is needed in the mining areas to reach a specific level of income satisfaction.  Hence, 

Porgera mining households are expressing high income dissatisfaction. It was further noted 

that non-mining communities were able to provide for their survival needs and day-to-day 

living from subsistence farming. On the other hand, mining households needed more income 

to pay for their necessaries like food, water, electricity, rental and related bills. Despite this, 

more mining households tend to be higher up the rich-poor ladder compared to non-mining 

households.   

 

7.3. Estimating Propensity Score Matching Model   

 

The objective of this section was to quantitatively evaluate to what extent mining has 

impacted on the poverty levels of the indigenous people in Papua New Guinea’s mining 

regions. The study employed four criteria that were used to estimate and evaluate the 

impact on life satisfaction, welfare and poverty levels. These were: (a) the subjective 

measure of being rich or poor on the rich-poor ladder, (b) trying to understand in each of 

the households how well their income had satisfied their everyday needs (income 

satisfaction), (c) human capital which was based on the educational qualifications of each 

of the household members, and (d) the type of ‘food eaten in the last 30 days’ (monthly 

food security for the household). By examining the four criteria at Ok Tedi and Porgera, it 
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was considered that the way in which mining has impacted on poverty, and especially key 

aspects of the SLF, would be revealed.  

Given the considerations discussed in the previous chapter, including the nature of the data 

and information that was available, Propensity Score Matching (PSM) was applied to help 

answer the four research questions. The PSM method is one of the methods that is normally 

used in impact evaluation, as it allows a comparison between the current condition of the 

indigenous mining households  and indigenous non-mining households by constructing the 

pseudo counter factual (as described in Chapter 5). Gaining information from the literature 

and the survey research, as well as interviews with both the mining and non-mining 

villagers and from experiences during the data collection, the hypothesis was that while the 

mining villagers suffered some negative impacts, there was generally less poverty within 

the households in the mining communities.   

 

The logistic regression results suggest the likely characteristics of mining and non-mining 

households. Mining households are likely to have more physical and human capital assets 

and more food eaten per person. Nevertheless, they are likely to be more dissatisfied from a 

given level of income. As explained, mining income contributes to the livelihoods of the 

mining people in their day-to-day living. The more income a household receives, the more 

likely the households will increase their physical capital holdings and they will be more 

satisfied. They will then rise up the rich-poor ladder.  
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7.3.1.  Validity check of propensity score matching (PSM) 

 

The survey data from 609 mining and non-mining households in PNG’s mining region were 

used to apply the Propensity Score Matching (PSM) technique to estimate the impacts of 

mining on the indigenous households using the variables rich-poor ladder, income 

satisfaction, human capital and food eaten in the last 30 days. As described in Chapter 5, 

applying the PSM technique involved a number of steps.  

 

Step 1: Estimate Model of Participation 

Before conducting the analysis to measure and compare the indicators for the impact on 

poverty (rich-poor ladder, income satisfaction, human capital and food eaten in the last 30 

days), some validity checks of the PSM method had to be performed. First of all, the quality 

of the model, especially in terms of its goodness of fit across estimates of the propensity 

score needed to be evaluated. Following this, the existence of the “region of common 

support” had to be confirmed.  

 

Step 2: Validity Checking  

Goodness of fit (GOF) is used to test whether there are non-linearities or interactions. 

According to Maydeu-Olivares and A-Forero (2017), the GOF of a statistical model 

describes how well it fits into a set of observations. Hosmer and Lemesbow (1980) 

proposed grouping cases together according to their predicted values from the logistic 

regression model. According to Hosmer and Lemeshow (1989):  

“This test first classifies the sample into small groups (e.g., g groups) and then 

calculates the test statistic using the Pearson Chi-squares from the 2 × 𝑔 tables of 
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observed and estimated expected frequencies. A test statistic that is less than 

𝑋2(1 − 𝛼, 𝑑𝑓 = 𝑔 − 2) indicates a good model fit. The Hosmer-Lemeshow test is 

sensitive to sample size.  That is, in the process of reducing data through grouping, 

we may miss an important deviation from fit due to a small number of individual 

data points.  Hence, we advocate that, before concluding that a model fits, an 

analysis of the individual residuals and relevant diagnostic statistics be performed” 

(p.144).  

 

Specifically, the predicted values are arrayed from lowest to highest, and then separated 

into several groups of appropriately equal size. Ten groups are the standard 

recommendation. For each group, we calculate the observed number of events and non-

events, as well as the expected number of events and non-events. The expected number of 

events is just the sum of the predicted probabilities for all the individuals in the group. And 

the expected number of non-events is the group size minus the expected number of events. 

Pearson Chi-square goodness-of-fit detects major departures from a logistic response 

function.  Large values of the test statistic (i.e., those associated with a small or significant 

p-value) indicate that the logistic response function is not appropriate. When the number of 

covariate patterns approaches the number of observations the Pearson’s Chi-square test is 

not advised. This is often the case with continuous predictors (Dipnall, 2018). However, it 

is important to note that the test is not sensitive to small departures (Kutner, Nachtsheim,  

Neter, & Li, 2005).  In those situation the Hosmer and Lemeshow goodness-of-fit test for 

grouped data is preferred. Pearson’s Chi-square is then applied to compare observed counts 

with expected counts. The degrees of freedom is the number of groups minus 2. As with the 

classic GOF tests, low p-values suggest rejection of the model.   
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Model 1: Combined Ok Tedi and Porgera Mining Model 

Based on Table 7.4, the p-value is 0.92, suggesting that we accept that there are no 

interactions or non-linearities in the model. There are 10 groups and a Hosmer-Lemeshow 

Chi-square of 3.18 with 8 degrees of freedom, yielding a p-value of 0.92, suggesting we 

accept the model to be correct and acceptable.    

 

There are other ways of assessing GOF too to see whether or not the model fits the data, for 

example, the classification table, as shown in Table 7.5.   

In the classification table, cases with probabilities ≥ .50 are predicted as having the event 

(mining household), other cases are predicted as not having the event (non-mining 

household).  In this case, 295 are non-mining households, and the model correctly predicted 

264 would be. Similarly, of the 309 who are mining household, the model was right on 278 

of them.    

The classification uses a cut-off of 0.5. The overall rate of correct classification is estimated 

to be 89.74 percent which shows that the model had quite a high goodness of fit. It has 

89.49 percent of the non-mining households correctly classified (specificity10) and 89.97 

percent of mining households group also classified (sensitivity11). Figure 7.8 shows this 

classification.   

 

 
  

 
10 Specificity is a measure of the percentage of negative subjects which are classified as negative. It is the 

percentage of 𝑦𝑗 = 0 observations that are correctly classified (Kohler & Kreuter, 2005).  

11 Sensitivity is a measure of the percentage of positive subjects which are classified as positive. It is the 

fraction of 𝑦𝑗 = 1 observations that are correctly classified (Kohler & Kreuter, 2005).   



P a g e  179 | 286 

 

Table 7.4 Hosmer-Lemeshow Results from Mining and Non-Mining Logistic Regression 

(Ok Tedi and Porgera Combined) 

Partition for the Hosmer and Lemeshow Test 

 

Group Probability Total             Mining = 1       Mining = 0 

             Observed Expected      Observed Expected 

1 0.0052 61 0 0.2 61 60.8 

2 0.0199 60 1 0.7 59 59.3 

3 0.0701 61 3 2.6 58 58.4 

4 0.2576 60 10 9.3 50 50.7 

5 0.5428 60 19 23 41 37 

              

6 0.7926 61 45 42.1 16 18.9 

7 0.942 60 54 52.9 6 7.1 

8 0.9812 61 58 59 3 2 

9 0.9938 60 59 59.3 1 0.7 

10 0.9999 60 60 59.9 0 0.1 

 
Hosmer and Lemeshow Goodness-of-Fit Test 

Chi-Square DF Pr>ChiSq 

3.18 8 0.9228 
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Table 7.5 Classification Table for ‘Goodness of Fit’ (Ok Tedi and Porgera Combined) 

  Actual     

Prediction  

Mining household 

(D) 

Non-mining household 

(~D) Total  

Mining household (+) 278 31 309 

Non-mining household (-) 31 264 295 

Total 309 295 604 

    

Sensitivity   89.97% 

Specificity   89.49% 

Positive predictive value   89.97% 

Negative predictive value   89.49% 

    

False + rate for true ~D   10.51% 

False - rate for true D   10.03% 

False + rate for classified +   10.03% 

False - rate for classified -     10.51% 

Correctly classified     89.74% 

 

 

Figure 7.8 The classification of sensitivity and Specificity (Ok Tedi and Porgera combined) 
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The receiver operating characteristic (ROC) curve is simply a plot of the values of 

sensitivity against one minus specificity, as the value of the cut-point 𝒄 is increased from 0 

through to 1 (Bartlett, 2014). The area under the ROC curve, which ranges from zero to 

one, provides a measure of the model’s ability to discriminate – the larger the area under 

the ROC curve, the more the model discriminates (Hajian-Tilaki, 2013). A model with high 

discrimination12 ability will have high sensitivity and specificity simultaneously, leading to 

an ROC curve which goes close to the top left corner of the plot (Bartlett, 2014). The area 

under the curve (AUC of the ROC) provides an overall measure of fit of the model. In 

particular, the AUC provides the probability that a randomly selected pair of subjects, one 

truly positive, and one truly negative, will be ‘correctly ordered’13 by the test (Hajian-

Tilaki, 2013). The greater the AUC of the ROC curve, the better the global performances of 

the diagnostic test.  A model with no discrimination ability will have an ROC curve which 

is the 45-degree diagonal line (Hajian-Tilaki, 2013).   

 

Figure 7.9 shows high sensitivity and specificity simultaneously of the model, and therefore 

high discrimination ability between mining and non-mining households.  

  

Model 2: Regional Ok Tedi Mining   

Based on Table 7.6, the p-value of the Hosmer-Lemeshow test for Regional Ok Tedi is 

0.45, suggesting that we accept that there are no interactions or non-linearities in this 

 
12 Discrimination refers to the “ability of the model to distinguish correctly the two classes of outcomes” 

(Bartlett, 2014). 

13 By “correctly ordered”, we mean that the positive subject will have a higher fitted value (i.e., higher 

predicted probability of the event) compared to the negative subject (Dipnall, 2018). 
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model. There are 10 groups and a Hosmer-Lemeshow Chi-square of 7.82 with 8 degrees of 

freedom, yielding a p-value of 0.45, suggesting we regard the model to be correct and 

acceptable.    

 

 

Figure 7.9 A ROC curve of discrimination ability with mining and non-mining households 

(Ok Tedi and Porgera combined) 
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Figure 7.11 confirms a high sensitivity and specificity simultaneously that predicts high 

discrimination ability between with mining and non-mining households.   

Table 7.6 Hosmer-Lemeshow Results from Mining and Non-Mining Logistic Regression 

(Regional Ok Tedi)  

Partition for the Hosmer and Lemeshow Test 

Group Probability Total Mining = 1 Mining = 0 

      Observed Expected Observed Expected 

1 0.0003 32 0 0 32 32 

2 0.0012 31 0 0 31 31 

3 0.0134 28 1 0.2 27 27.8 

4 0.1011 30 0 1.3 30 28.7 

5 0.5543 30 12 9.9 18 20.1 

             

6 0.8957 31 22 24.1 9 6.9 

7 0.9721 30 29 28.2 1 1.8 

8 0.9926 30 29 29.5 1 0.5 

9 0.9987 30 30 29.9 0 0.1 

10 1 30 30 30 0 0 

 

Hosmer and Lemeshow Goodness-of-Fit Test 

Chi-Square DF Pr>ChiSq 

7.82 8 0.4511 
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Table 7.7 Classification Table for ‘Goodness of Fit’ (Regional Ok Tedi) 

  Actual     

Prediction  

Mining household 

(D) 

Non-mining household 

(~D) Total  

Mining household (+) 143 12 155 

Non-mining household (-) 10 137 147 

Total 153 149 302 

    

Sensitivity   93.46% 

Specificity   91.95% 

Positive predictive value   92.26% 

Negative predictive value   93.20% 

    

False + rate for true ~D   8.05% 

False - rate for true D   6.54% 

False + rate for classified +   7.74% 

False - rate for classified -     6.80% 

Correctly classified     92.72% 

 

 

 

Figure 7.10 The classification of sensitivity and specificity (Regional Ok Tedi) 
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Figure 7.11 A ROC curve of discrimination ability with mining and non-mining 

Households (Regional Ok Tedi) 

 

 

Model 3: Regional Porgera Mining 

 

In Model 3 for Regional Porgera Mining, Table 7.8, the p-value of the Hosmer-Lemeshow 

is 0.89, suggesting that we accept that there are no interactions or non-linearities in the 

model.  There are 10 groups and a Hosmer-Lemeshow Chi-square of 3.62 with 8 degrees of 

freedom, yielding a p-value of 0.89, suggesting we accept the model to be correct and 

acceptable.    

 

In this case of Regional Porgera Mining, 156 are non-mining households, and the model 

correctly predicted 150 would be. Similarly, of the 151 who are mining households, the 
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(specificity) and 96.15 percent of mining households classified correctly (sensitivity). There 

is high sensitivity and specificity in this model, shown in Figure 7.12.   

Meanwhile Figure 7.13 confirms a high discrimination ability between mining and non-

mining households.  

 

 

Table 7.8 Hosmer-Lemeshow Results from Mining and Non-Mining Logistic Regression 

(Regional Porgera) 

Partition for the Hosmer and Lemeshow Test 

Group Probability Total Mining = 1 Mining = 0 

      Observed Expected Observed Expected 

1 0.0003 31 0 0.00 31 31 

2 0.0014 31 0 0.00 31 31 

3 0.0056 31 0 0.1 31 30.9 

4 0.0409 30 1 0.5 29 29.5 

5 0.4356 31 3 5.5 28 25.5 

             

6 0.9951 31 30 27.9 1 3.1 

7 1.0000 30 30 30 0 0.00 

8 1.0000 31 31 31 0 0.00 

9 1.0000 31 31 31 0 0.00 

10 1.0000 30 30 30 0 0.00 

 

 
Hosmer and Lemeshow Goodness-of-Fit Test 

Chi-Square DF Pr>ChiSq 

3.62 8 0.8896 
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Table 7.9 Classification Table for ‘Goodness of Fit’ (Regional Porgera) 

 

  Actual     

Prediction  

Mining household 

(D) 

Non-mining household 

(~D) Total  

Mining household (+) 150 1 151 

Non-mining household (-) 6 150 156 

Total 156 151 307 

    

Sensitivity   96.15% 

Specificity   99.34% 

Positive predictive value   99.34% 

Negative predictive value   96.15% 

    

False + rate for true ~D   0.66% 

False - rate for true D   3.85% 

False + rate for classified +   0.66% 

False - rate for classified -     3.85% 

Correctly classified     97.72% 
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Figure 7.12 The classification of sensitivity and specificity (Regional Porgera) 

 

 

Figure 7.13 A ROC curve of discrimination ability with mining and non-mining households 

(Regional Porgera) 
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Step 3: Propensity Score Matching (PSM) 

 

The first step of PSM was to estimate the ‘propensity scores’ of each observation. The 

second step then involved trying to match the propensity scores of the treated group (in this 

case mining households) with the control (non-treated) group (in this case non-mining 

households).  

 

The ‘region of common support’ is a condition requiring that there are sufficient samples of 

both groups of households that have similar propensity scores or probabilities of being 

members of the mining household, despite their differing actual condition (that is they may 

belong to different groups, but they have a similar probability of belonging to the treated 

group). After ensuring the existence of the ‘region of common support’, the Average 

Treatment on Treated (ATT) was calculated. The ATT is a measure of the impact of being 

treated, in this case being a mining household.  

 

In the next step, the distribution of the propensity scores were drawn to distinguish both 

groups. As can be seen from Figure 7.14, 7.15 and 7.16 for each model, respectively, the 

interval of the propensity score where both mining and non-mining (or treated and 

untreated) can be found is a relatively long interval, so that further matching analysis is 

valid.  For Model 1, the selected region of common support is [.007, .999], for Model 2 it is 

[.039, .999], and for Model 3 is [.002, 0.82]. The common support region selected in each 

of the models is robust and the balancing property is fully satisfied.  
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Figure 7.14 Distribution of propensity score and the region of common support for 

combined Ok Tedi and Porgera mining 
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Figure 7.15 Distribution of propensity score and the region of common support for Ok Tedi 

mining 
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Figure 7.16  Distribution of propensity score and the region of common support for Porgera 

mining 

 

 

7.3.2. Life satisfaction, poverty and welfare 

 

We conducted a two-step analysis.  Step 1 of PSM was to estimate ‘propensity scores’. At 

step 2, we used radius matching within-caliper to create various matched samples. In radius 
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matching, the outcome of the control units matches with the outcome of the treated units 

only when the propensity scores fall in the predefined radius of the treated units. For radius 

matching, one needs to specify the radius first (Li, 2013).  “The benefit of using this 

approach is that it uses only as many as comparison units as are available within the caliper 

and therefore allows for usage of extra (fewer) units when good matches are (not) 

available,” (Caliendo & Kopeinig, 2008, p. 42). Tables 7.10, 7.11 and 7.12 present for 

comparison results from regression and radius method matching PSM techniques. They 

represents the differences in human capital, food eaten in the last 30 days, income 

satisfaction and rich-poor ladder between the treated and the control groups, using radius 

matching techniques for each of the models: Model 1 (Ok Tedi and Porgera Combined), 

Model 2 (Regional Ok Tedi), and Model 3 (Regional Porgera). The welfare, life satisfaction 

and poverty were first measured subjectively based on the household’s perceptions on 

where they think they were on the rich-poor ladder and how satisfied are they given their 

disposal income. The welfare, life satisfaction and poverty were further measured by the 

human capital (number and level of educated household members) in each of the 

households and at the same time measured by the security of food eaten within the 

household per month. Food insecurity can be a result of physical, environment, and 

personal factors based on the impacts of the mining.  Food insecurity leads to poor dietary 

intake and that leads to malnutrition which results in chronic diseases and impaired 

performances (Kirkendall, Citro, & House, 2013). These can be due to financial constraints 

within each of the households.  Households that have less well educated members will tend 

to have more financial constraints and thus be food insecure households.  This further leads 

to dissatisfied household members whose welfare may have deteriorated leading to poverty.    

As discussed in Khandker et al. (2009), the estimated standard errors of the treatment effect 

in PSM should include at least the variance attributed to the derivation of the propensity 
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score and the determination of the region of common support.  Failing to account for this 

will cause the standard errors to be incorrectly estimated. However, the use of a 

‘bootstrapping’ technique in the PSM is the solution to this problem. Therefore, in the 

current analysis the standard errors were calculated using the ‘bootstrapping’ technique.  In 

this procedure, repeated samples are drawn from the original samples and the ATT is 

estimated for each sample. The standard error of the ATT is then calculated based on the 

results of that resampling.  In this analysis, the ‘bootstrapping’ was carried out for 1,000 

replications. 

 

Model 1 (Combined Ok Tedi and Porgera Mining) 

In Table 7.10 we first discuss the results for human capital for Model 1. In the dummy 

variable regression (the same as doing a t-test) the difference was 1.93 and its t-statistic 

equals 9.22 which is significantly different with a p-value <0.001. Next we want to control 

for the independent variables, so we ran a regression of the dependent variable (human 

capital), on the dummy for treatment and the independent variables. In this regression the 

coefficient on the treatment was 1.46, so that controlling for the independent variables does 

give a different estimate of the impact of mining on human capital. As can be seen from 

Model 1 in Table 7.10, the ATT when using the level of education within the households, 

was statistically significant for radius matching.  In the ATT estimation with radius 

matching, the differences between the outcome on mining and non-mining was 0.26. After 

the matching, the impact of mining is still to have more educated household members, but 

the effect size in far smaller than with the dummy variable or the regression model. There 

was a significant difference between mining and non-mining households. It can therefore be 

concluded that, as a result of the introduction of mining, there were more people educated 
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compared to the non-mining households at an aggregate level. Also matching (and hence 

correcting for non-random selection) gives a lower estimate of the impact of mining than 

the regression models. Indeed, the value 0.26 on a seven-point scale indicates at most one 

year of additional education.   

 

The second variable in Table 7.10 is “food eaten in the last 30 days” for Model 1. For the 

dummy variable regression the difference was 3.12 and it is significantly different with a p-

value <0.001. Next we include the independent variables. The coefficient on the treatment 

was 2.10, so controlling for the independent variables does give a different estimate of the 

impact of mining on the position on “food eaten in the last 30 days”. The ATT when using 

this security of food within the households’ variable, was statistically significant for radius 

matching. The differences between the outcome on mining and non-mining was 0.26. After 

the matching, the impact of mining is to have higher food security. This was a significant 

difference, though again smaller in size than for the dummy variable and the regression 

model. It can therefore be concluded that, as a result of the introduction of mining, the 

average level of food security was higher by 0.26 points on the four point scale. This would 

be equivalent to at most a month of additional food security per year compared to non-

mining households.     

 

The third variable in Table 7.10 is “income satisfaction” for Model 1. In the dummy 

variable regression the difference was -2.84 and this again shows a significant difference, 

with a p-value <0.001. Controlling for the independent variables, we ran a regression of the 

dependent variable (income satisfaction) on the dummy for treatment and the independent 

variables. In this regression the coefficient on the treatment was –2.37 so that controlling 
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for the independent variables does give a different estimate of the impact of mining on 

income satisfaction. As can be seen from Table 7.10, the ATT for income satisfaction was 

statistically significant. The differences between the outcome on mining and non-mining 

was -0.20. Even after matching, the impact of mining is that households have less 

satisfaction for a given level of income than non-mining households. However, the size of 

this effect is smaller for the PSM model.  

 

For the final determinant ‘rich-poor ladder’ in Model 1, the dummy variable regression 

showed a difference of 2.32 which is significantly different with a p-value < 0.001. Then 

controlling for the independent variables, we ran a regression of the dependent variable 

(rich-poor ladder) on the dummy for treatment and the independent variables. In this 

regression the coefficient on the treatment was 1.10, so that controlling for the independent 

variables does give a different estimate of the impact of mining on the position on the rich-

poor ladder.  

 

As can be seen from Model 1 (Table 7.10), the ATT was statistically significant. The 

differences between the outcome on mining and non-mining was 0.89. After the matching, 

the impact of mining is to move households higher on the rich-poor ladder. Again with a t-

statistics of 5.37 there was a significant difference between mining and non-mining 

households. It can therefore be concluded that the introduction of mining has impacted on 

the indigenous mining households and has significantly increased their position on the rich-

poor ladder.  
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Model 2 (Regional Ok Tedi Mining) 

 

As already mentioned, income satisfaction was an insignificant variable in the Ok Tedi 

models. Focusing on human capital in Model 2 (Table 7.11), the dummy variable regression 

shows a difference of 1.98, which is significantly different with a p-value <0.001. To 

control for the independent variables, we ran run a regression of the dependent variable 

(human capital), on the dummy for treatment and the independent variables. In this 

regression the coefficient on the treatment was 1.62, so that controlling for the independent 

variables does give a different estimate of the impact of mining on human capital. As can 

be seen from Table 7.11, the ATT of education within the households was statistically 

significant for radius matching. The difference between the outcome for mining and non-

mining households was 0.34. After the matching, the impact of mining is to have more 

highly educated household members. The t-statistic was significant at 2.90. It can therefore 

be concluded that, as a result of the introduction of mining, there was a higher level of 

education compared to non-mining households at Ok Tedi.  
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Table 7.10 Model 1: Combined Ok Tedi and Porgera’s Average Treatment Effects on the 

Treated (ATT), Standard Errors and the t-statistics for Different Matching Methods  

 

Variables  Regression Types ATT 
Standard 

Error 
t P>| t |  

 Human Capital Radius 0.262 0.056 4.715   

        

  Regression 1.463 0.380 3.85 0.000 

  
Dummy Variable 

Regression 
1.929 0.209 9.22 0.000 

            

 Food eaten in 

the last 30 days 
Radius 0.264 0.063 4.218   

        

  Regression 2.096 0.356 5.890 0.000 

  
Dummy Variable 

Regression 
3.123 0.216 14.360 0.000 

 Income 

Satisfaction 
Radius -0.201 0.047 -4.242   

        

  Regression -2.375 0.447 -5.28 0.000 

  
Dummy Variable 

Regression 
-2.844 0.281 -10.12 0.000 

        

Rich-Poor 

Ladder 
Radius 0.890 0.166 5.365   

        

  Regression 1.055 0.154 6.84 0.000 

  
Dummy Variable 

Regression 
2.324 0.105 22.10 0.000 

 

 

 

The second variable for Model 2 is “food eaten in the last 30 days”. For the dummy 

variable regression the difference was 3.24 and it is significantly different with a p-value 

<0.001. After we control for the independent variables, the coefficient on the treatment is 

3.52. The ATT for security of food within the households was statistically significant. The 

differences between the outcome on mining and non-mining was 0.61. After matching, the 

impact of mining is to have higher food security within homes and communities. It can 

therefore be concluded that, as a result of the introduction of mining, there were more 
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people who did have good food and were food-secure when compared to non-mining 

households.    

 

The final determinant in Model 2 (Regional Ok Tedi Mining) was the rich-poor ladder. As 

shown in Table 7.11, for the dummy variable regression the difference was 2.19, which was 

statistically significant with a p-value < 0.001. Controlling for independent covariates, we 

ran a regression of the dependent variable on the dummy for treatment and the independent 

variables. In this regression the coefficient on the treatment was 1.43.   

 

As can be seen from Model 2 in Table 7.11, the ATT for where the households are on the 

ladder was statistically significant.  In the ATT estimation with radius matching, differences 

between the outcome on mining and non-mining was 0.86. Hence, after correcting using 

matching, the impact of mining at Ok Tedi was to increase mining villages about 0.86 steps 

up the rich-poor ladder. The results show that the introduction of mining has impacted on 

the indigenous mining households and has significantly increased their average position on 

the rich-poor ladder. These findings suggest that there is less poverty in Ok Tedi mining 

households than non-mining households.  
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 Table 7.11 Model 2: Ok Tedi’s Average Treatment Effects on the Treated (ATT), Standard 

Errors and the t-statistics for Different Matching Methods  

 

Variables  
Regression 

Types 
ATT Standard Error t P>| t |  

 Human Capital Radius 0.343 0.120 2.863   

        

  Regression 1.622 0.59 2.75 0.006 

  

Dummy 

Variable 

Regression 

1.982 0.24 6.84 0.000 

 Food eaten in the 

last 30 days 
Radius 0.613 0.134 5.421   

        

  Regression 3.522 0.718 4.90 0.000 

  

Dummy 

Variable 

Regression 

3.239 0.349 9.29 0.000 

Rich-Poor Ladder Radius 0.862 0.362 2.384   

        

  Regression 1.427 0.27 5.29 0.000 

  

Dummy 

Variable 

Regression 

2.193 0.135 16.17 0.000 

 

 

 

Model 3 (Regional Porgera Mining) 

As already mentioned, human capital was an insignificant variable in the Porgera model. 

For Model 3 (Table 7.12), the first determinant is “food eaten in the last 30 days”. For the 

dummy variable regression the difference was 3.36 which is statistically significant with a 

p-value <0.001. Then after controlling for the independent variables, the coefficient on the 

treatment was 2.72. The ATT for security of the food within the households, was 

statistically significant for radius matching. The differences between the outcome on 

mining and non-mining was 0.21. The t-statistics at 1.65 was not significant. Hence, the 
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ATT results do not support the conclusion that there is a difference at Porgera between 

mining and non-mining households in “food eaten in the last 30 days”.    

The second variable examined in Model 3 is “income satisfaction”. For the dummy variable 

regression the estimated difference was -4.83 which is significant with a p-value <0.001. 

We also ran a regression of the dependent variable (income satisfaction) on the dummy for 

treatment and the independent variables. In this regression the coefficient on the treatment 

was -10.72 so that controlling for the independent variables does give a different estimate 

of the impact of mining on income satisfaction. As can be seen from Table 7.12, the ATT 

was statistically significant. The difference between mining and non-mining was -0.47. 

Hence the results show that a given level of income results in a higher level of satisfaction 

for non-mining households than for mining households at Porgera.  

 

The final variable for Model 3 is the ‘rich-poor ladder’. For the dummy variable regression 

the difference is 2.46 and it is significant. Controlling for the independent variables, we ran 

a regression of the dependent variable (rich-poor ladder) on the dummy for treatment and 

the independent variables. In this regression the coefficient on the treatment is 1.82. As can 

be seen from Table 7.12, the ATT, as measured by where the households are on the ladder, 

was statistically significant. After the matching, the impact of mining is to move 

households higher on the rich-poor ladder by 1.56 steps. It can therefore be concluded that 

the introduction of mining has impacted on the indigenous mining households at Porgera 

and has significantly increased their position on the rich-poor ladder.  
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Table 7.12 Model 3: Porgera’s Average Treatment Effects on the Treated (ATT), Standard 

Errors and the t-statistics for Different Matching Methods  

 

Variables  Regression Types ATT Standard Error t P>| t |  

 Food eaten in the 

last 30 days 
Radius 0.212 0.202 1.649   

        

  Regression 2.724 0.958 2.84 0.000 

  
Dummy Variable 

Regression 
3.356 0.316 10.61 0.000 

 Income 

Satisfaction 
Radius -0.471 0.098 -4.802   

        

  Regression -10.721 2.916 -3.68 0.000 

  
Dummy Variable 

Regression 
-4.83 1.016 -4.75 0.000 

Rich-Poor Ladder Radius 1.561 0.664 2.352   

        

  Regression 1.819 0.583 3.12 0.002 

  
Dummy Variable 

Regression 
2.457 0.126 19.55 0.000 

 

 

 

7.3.3. Summary of the PSM estimation   

  

The PSM analysis showed that being a mining household resulted in significant increases in 

the aggregate human capital for the combined Ok Tedi and Porgera model.  As shown in 

Table 7.13, as a result of introduction of mining, there were more educated mining 

households. The increase in value of 0.26 on a seven-point scale approximates to at most 

one year of additional education.  The increase by 0.26 can be attributed to an increase in 

educated household members in Ok Tedi Mining by 0.34 points. The estimated gain was 

statistically significant (1%). Meanwhile, for Regional Porgera mining, the results was 

insignificant for difference in human capital.  
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In terms of “food eaten in the last 30 days”, the PSM results (Table 7.13) show that on 

aggregate, that is for the combined Ok Tedi and Porgera model, there was an increase of 

food security by 0.26 points.  In comparison, there was a larger contribution of mining to 

‘food eaten in the last 30 days” in Ok Tedi than in Porgera mining districts. Food eaten in 

the last 30 days in Ok Tedi increased by 0.61 units whereas for Porgera the change was 

insignificant.   

 

Again referring to Table 7.13, for income satisfaction, as a result of the introduction of 

mining, there was a lower level of income satisfaction for mining households compared to 

non-mining households. For the combined regional model income satisfaction was lower 

for mining households by 0.20, while for Porgera mining households it was lower by 0.47. 

However, for Model 2 (Regional Ok Tedi mining), the results was inconclusive. Therefore 

it was concluded that at a given level of income tends to result in a higher level of 

satisfaction for non-mining households than for mining households at Porgera.  

 

Finally, referring to Table 7.13, on aggregate, there was an increase on the position on the 

rich-poor ladder for the mining households by 0.89 units and this was significant at 1%.  An 

increase in the position of the mining households on of the rich-poor ladder was observed 

for both Ok Tedi and Porgera districts separately and these were statistically significant 

(1%) as well. From the findings, it can be suggested that there is less perceived poverty in 

the mining households. It can therefore also be concluded that households have 

significantly increased their position on the rich-poor ladder as a result of mining.   
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Table 7.13 The Average Treatment Effects on the Treated for the Three Models 

  Combined (Model 1) Ok Tedi (Model 2) Porgera (Model 3) 

Human capital 0.26 0.34 nil 

Food eaten in 30 days 0.26 0.61 n.s 

Income satisfaction -0.2 nil -0.47 

Rich-poor ladder 0.89 0.86 1.56 

           

                   Key:             

                        nil - not modelled 

                        n.s - not statistically significant at the 5% level.  
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Chapter Eight  

8. Conclusions 

 

8.1. Introduction  

 

In Papua New Guinea (PNG), minerals contribute a significant portion to the economy and 

have been a pillar of the country’s economic growth since 1970. The minerals industry has 

also had its fair share of both negative and positive impacts on socioeconomic conditions 

and the environment. PNG has to deal with complexities of mining issues, such as 

balancing the government’s desire for development, the needs of indigenous communities 

(the landowners) and environmental sustainability.  

“At the outset of this thesis the objectives were to show: 

(1) what is the link between the mine, the communities and the economic opportunities that 

mining has created through participation in people’s livelihoods,   

(2) to what extent have the mines contributed to reducing poverty levels through 

empowerment, enhanced capabilities, and security and provided economic opportunities to 

people to pursue their livelihoods,   

(3) how has mining reduced the vulnerability and insecurity of livelihoods of the mining 

communities, and   

(4) has opening of the mining operations into the local community and in PNG provided the 

locals with greater opportunity or has it negatively impacted on the people?” 

 

At the outset, there are direct relationships between the mining, the communities and the 

economic opportunities that mining has created in improving the people’s livelihoods.  For 
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example, mining has provided employment opportunities for indigenous communities 

which has directly contributed to the family’s income.  The contribution to the income for 

the families or the households has empowered them to upgrade their skills, which has then 

helped them in contributing meaningfully to the community’s and country’s development 

aspirations.  This then contributes to safeguarding their communities in the event of any 

shocks or any situations of such nature that might affect them.  This will enhance their 

coping strategies and, furthermore, it reduces the likelihood of possible vulnerability and 

the insecurity of the livelihoods. This in fact improved their livelihoods. Therefore, the 

opening of the mining activities has opened doors for those who have fewer opportunities to 

live a better, decent and human life, which was once not possible without mining.  Though 

there may be other negative effects like environmental pollution, for example, in Ok Tedi 

mining, this study does indicate that, at least opening of the mining has in fact brought 

positive life changing opportunities for the indigenous communities. With good 

government involvement and a better benefit agreement for the landowners, mining 

opportunities can be used as a catalyst for improving the livelihoods of the indigenous 

people of PNG. 

The continued impact on the indigenous people by the mining projects in PNG, year in year 

out, has been a subject of various studies (Ballard & Banks, 2003; Banks, 2008; Jacka, 

2015; Johnson, 2012; Roche, 2016). This study attempted to revisit the impact of mining on 

the indigenous people’s livelihoods. It did this by taking a particular perspective on 

mining’s impact on their welfare, life satisfaction and poverty. In this study various factors 

were quantitatively analysed to explore the determinants that impact on the livelihoods and 

poverty of the people located near the mines. The analysis explored whether they have 

benefitted from the mining projects and in doing so vital reasons for the existence of mining 

were identified. The analysis of the results was based on the SLF in Figure 4.1 and the 
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framework in Figure 4.2, the Mining-Poverty Reduction Linkages. From this perspective 

when there are shocks like the mining impacts, they affect the livelihood assets (financial, 

human, social, natural and physical assets) and influence the structures and the processes 

like the laws, the policies, the cultures and the institutions. This then results in livelihood 

outcomes such as food security, income, and vulnerability of the people and the 

sustainability of the natural resources base. It then further affects the livelihood assets. 

Additionally, the results of this thesis contribute to the debate over whether mining impacts 

negatively or positively on indigenous people of a developing country. As such the PNG 

mining people in this study represent a useful case.     

  

One of the objectives of the study was to explore the impact of mining investment, related 

to economic development and the experiences of the indigenous communities in two 

mining areas in PNG, by adopting and applying a logistic regression model based on survey 

data. The aim of this model estimation was to identify how households in mining 

communities have been affected by mining and how its impacts on welfare, life satisfaction 

and poverty and have influenced their livelihoods.   

 

More specifically, this study aimed to: (1) identify the link between the mines, the 

communities, and the economic opportunities that mining has created through participation 

in people’s livelihoods; (2)  estimate the extent of mining’s contribution (a) to reducing 

poverty levels though empowerment, enhanced capabilities, and security, and (b) to 

providing economic opportunities to pursue their livelihoods; (3) find out whether mining 

has contributed to reducing vulnerability and insecurity of livelihoods of the mining 

communities; and (4) understand whether the introduction of mining operations into the 
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local community and the country has provided the locals with greater opportunity overall or 

has negatively impacted on the indigenous people.  

 

To achieve the aforementioned research objectives, a survey of 609 mining and non-mining 

households was conducted in the regions of Ok Tedi and Porgera Mining, two of the largest 

mining projects in PNG and in the world. Both of these locations have had issues with 

socio-economic and environmental difficulties, so that interviewing the indigenous people 

was an appropriate method of understanding these issues and collecting much vital 

information on the socio-economic characteristics.   

 

This chapter reviews a number of key contributions of this study. The chapter begins with a 

summary in Section 8.2, followed by Section 8.3 which addresses the main findings and 

key contributions of this thesis.  Next Section 8.4 addresses implications for policy and 

practices.  Limitations and constraints are summarised in Section 8.5, and finally Section 

8.6 outlines recommendation for related future research.   

 

8.2. Thesis Overview 

 

The first chapter of this study outlined the structure of the research. The chapter discussed 

the details of the research questions and hypotheses. The chapter also outlined the method 

and the significance of the study and highlighted the expected contributions. Chapter 2 

contains a review of literature related to this study. The chapter examined the literature on 

the impact of mining on both developing countries and developed countries and how it has 

impacted on their livelihoods, welfare, life satisfaction and poverty. The chapter also 
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compared and contrasted the different impact mining has had on other regional mining 

countries and regions. The chapter further highlighted both negative and positive impacts of 

mining projects around the world. Finally, the chapter discussed the methodologies and 

research techniques and their application to PNG’s mining.    

 Chapter 3 provides a structured review about mining in PNG. This discussion and review 

carried the ideas from Chapter 2 about mining impacts generally to specifically discuss 

mining in PNG. It begins with a review of the literature that contains an overview of mining 

projects and their contribution to PNG’s economy and its people. This chapter also 

discusses governance and management practices in PNG’s mining sector. It then explains 

the past environmental impacts of the mining projects on the people and their 

consequences. Furthermore, the chapter analyses the social impacts of the mining projects 

on its people, specifically how it has affected the women, girls, mothers and generally the 

people living around the mining areas. Finally, the chapter then highlights violence related 

to mining projects on the people, the employees and the society, and discusses the 

government’s response to, and in some cases, involvement in the violence. 

 

Chapter 4 describes the Sustainable Livelihood Framework (SLF) that was developed by 

Scoones (1998). The SLF is extended to highlight the links between livelihoods, poverty 

and mining. It further describes mining and poverty reduction linkages to provide a deeper 

investigation of how mining investments can reduce poverty based on the Mining-Poverty 

Reduction Linkages developed by Weber-Fahr et al. (2002). Chapter 5 discusses the 

methodology used in the research. It describes Propensity Score Matching (PSM) and why 

it is important to use PSM in this study.  It also provides details of the study area’s 

geographic and socio-economic conditions, characteristics of the mining regions of Ok Tedi 
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and Porgera and socio-economic status of the people.  It also translates the data used in this 

study using Principal Component Analysis.  

Chapter 6 discusses the results of the descriptive statistical analysis. In the discussions of 

the descriptive statistics, the main factors are identified that form an association with 

poverty, livelihoods and mining within the data set. These associations are then discussed to 

obtain a better understanding of what the data are about and what the data suggest could be 

key areas for investigation in each of the mining regions: Ok Tedi and Porgera. Hence, the 

descriptive statistics provide an initial idea of what variables could be used to explain the 

impact of mining on mining communities’ welfare, life satisfaction and poverty.   

Finally, Chapter 7 discusses the results of the logistic regression, identifying the main 

factors that determine the impacts of mining on the indigenous people both in the Ok Tedi 

and Porgera mining regions. The chapter also examined the criteria used to determine the 

economic positioning (Rich-Poor Ladder), educational qualification (human capital) and the 

household’s positioning in the community with income satisfaction (how satisfied people 

are with their income), and food that was eaten in the last 30 days (food intake which 

measures food security). Using PSM, these were the variables determining the impact of 

mining on the people’s welfare, life satisfaction and poverty within the mining regions.   

 

8.3.   Discussion of Key Findings and Contributions  

To investigate the research problem identified, it was necessary to explore certain 

socioeconomic characteristics and other determinants in each of the mining regions (Ok 

Tedi and Porgera) using the models, Model 1 (Combined OK Tedi and Porgera), Model 2 

(Ok Tedi) and Model 3 (Porgera) respectively. Using logistic regression in each of the 

models, the determinants were identified, and statistical relationship were established. After 
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the statistical relationships were established using PSM, the impacts of mining were 

measured to indicate the magnitude on welfare, life satisfaction and poverty. Therefore, this 

section summarises these key research findings and contributions of this thesis. The first 

part of this section outlines a set of five key findings and the later part outlines the three key 

contributions of this study to knowledge.   

 

8.3.1. Key Findings 

  

 Key Findings 1: Factors That Impact the Livelihood and Poverty of those in Mining 

Communities 

The first key finding is related to the question of what are the determinants of a mining 

household’s livelihood and poverty in both Ok Tedi and Porgera regions. The findings from 

this thesis in general conform to the existing literature. There are a number of studies about 

the impacts of mining on the indigenous people like those at Ok Tedi and Porgera in Papua 

New Guinea, including Banks (1993), Filer (1990) and McKinnon (2002). These studies 

generally focused on the impacts of mining on the environment, social disintegration within 

the mining communities and other social, political, and economic impacts in PNG’s mining 

industry. The literature further highlights what should and should not have been done and 

provides further suggestion on how mines should be managed and operated in PNG.  It also 

shows how the indigenous people reacted to the mining project developers. Some previous 

studies at Porgera and Lahir suggest that mining has a negative impact on mining people 

(Columbia University, 2019; Roche, 2016; Banks, 2002; Macintyre, 2006; Bainton, 2008). 

The reasons why the current study shows contrary results is that it focuses on the 

microeconomic issues that closely measure poverty and livelihoods within the Sustainable 

Livelihood Framework (SLF). The previous studies have had a different focus, either in 
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emphasising macroeconomic aspects (Emerson, 1982) or environmental aspects (Columbia 

University, 2019) or social aspects (Filer, 1990). By employing PSM to compare different 

households within a SLF, the current study employs methods that seriously attempt to 

uncover the underlying poverty and livelihood issues. However, there has been little 

quantitative research specifically measuring how mining has impacted on the livelihoods 

and poverty of indigenous people.  

  

 Model 1 (Combined Ok Tedi and Porgera Mining) 

The result of this study shows that there are various socioeconomic factors that have been 

influenced by mining for Model 1. Mining households on average have a higher level of 

income.  However, the level of income is not the only economic variable that characterises 

a mining household. The results show that compared with non-mining households, mining 

households have more capital assets (human and inside capital), social capital (village 

participation to help and information volunteering), higher food quality and food security 

(food eaten in 30 days and square meals in 12 months), and consider themselves to be 

higher on the rich-poor ladder (households’ welfare). In relation to the economic variable of 

income satisfaction, the results show that more income is needed to achieve a given level of 

satisfaction of the mining people than the non-mining households.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         

Model 2 (Regional Ok Tedi Mining)  

Model 2 when compared with Model 1 shows the key differences at Ok Tedi.  In 

comparison, variables like human capital and outside capital have stronger positive impacts.  

Food eaten in the last 30 days and square meals in 12 months have also had a larger positive 

impact. There is more access to food security and quality. Furthermore, in comparison, Ok 

Tedi mining communities seems to have improved on their welfare.  Overall, Model 2 has 
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contributed to show larger human capital and food security benefits at Ok Tedi than overall 

in Model 1 (Combined Ok Tedi and Porgera). This reflects improvements in the way of life 

for Ok Tedi mining residents, having accesses to more income and more capital 

accumulation resulting in improved welfare status. Ok Tedi mining people have access to 

more income and more capital because their benefits increased compared to Porgera as the 

mining is now owned and operated by the Government of Papua New Guinea and the 

people of Western Province. According to Business Advantage PNG (2020), the new 

managing director appointed said the people of Western province are now shareholders to 

the mine and they continue to be paid their dividends. To add to this, the income 

satisfaction variable was insignificant in the PSM for Ok Tedi.  Hence at Ok Tedi, the effect 

seen in the other two models of more income being needed to achieve a given improvement 

in satisfaction was not observed.   

However, there is a strongly inverse relationship between being a mining household and 

natural capital at Ok Tedi. The results suggest that as mining has expanded, more land has 

been taken away from households at Ok Tedi.      

 

Model 3 (Regional Porgera Mining) 

Model 3 when compared with Model 1 shows the key differences at Porgera. There is a 

strong inverse relationship between being a mining household and income satisfaction.  The 

results also suggest that other variables like capital assets (outside capital), social capital 

(village participation to help), and food quality and security, have a positive effect on 

mining households.      

In relation to income satisfaction, the ATT shows a strong negative effect at Porgera.  

Hence the results show that more income is needed to improve satisfaction of the mining 
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people than the non-mining households and this effect is stronger at Porgera than at Ok 

Tedi. In respect to capital assets, it was discovered that mining households compared with 

non-mining households had more access to capital. As a result of the mining, mining 

households also had greater access to quality food and their food security was higher, but 

these effects were smaller at Porgera than Ok Tedi. There was also more social 

participation by the mining villagers as well, though these effects were also smaller at 

Porgera than Ok Tedi. Furthermore, being a mining household, as capital increased, and 

their food security improved with more village participation, their welfare in the 

community also improved.   

 

Key Findings 2: Mining Provides Opportunities for Improved Human Capital for the People 

in Mining Communities   

 

Propensity Score Matching (PSM) was applied to find out whether mining impacted on the 

livelihoods of the indigenous mining communities. The assessment was based on 

identifying which socioeconomic variables (human capital, food eaten in 30 days, income 

satisfaction and rich-poor ladder) impact on indigenous people’s welfare, life satisfaction 

and poverty by comparing with the non-mining indigenous people. In Model 1, for 

Combined Ok Tedi and Porgera Mining, the PSM analysis showed that being a mining 

household resulted in significant increases in the aggregate human capital. As a result of 

mining, there were higher levels of education in mining households. The increase in value 

of the ATT of 0.26 on a seven-point scale approximates to at most one year of additional 

education. The overall increase by 0.26 coincides with an increase in educated household 

members in Ok Tedi Mining by 0.34 points (Model 2).  Meanwhile, for Porgera (Model 3), 

the results were insignificant for difference in human capital between mining and non-
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mining households. Overall these results point towards a small increase in education level 

as a consequence of mining.  

   Key Finding 3: Mining Provides Food Security for the People in Mining Communities 

 

One of the other key findings was that food security, as measured by monthly food intake 

on average was found to strongly affect the probability of being members of a mining 

household. It was significant for Model 1 (Combined Ok Tedi and Porgera), Model 2 (Ok 

Tedi) and Model 3 (Porgera). Introduction of mining seems to have improved food security 

for the mining communities. This can be attributed to more people having access to paid 

employment and therefore more income is invested in securing food for the household 

members.  The relative size of the ATTs shows a much smaller effect at Porgera. Hence, for 

the Porgera region (Model 3) the results shows only a small improvement in food security 

for the mining communities compared with non-mining households.  

 

 Key Finding 4: Mining did not Increase Income Satisfaction for the People in Mining 

Communities   

 

Another key finding was that income satisfaction, as measured by household income, was 

found to strongly affect the probability of being members of a mining household. Being a 

mining household reduced their satisfaction from a given level of income. The inverse 

relationship was significant for Model 1 (Combined Ok Tedi and Porgera) and Model 3 

(Porgera). This can partly be attributed to the costs of living experienced in the mining 

communities. The mining households may need more income to have a given level of 

income security and feeling satisfied that they have enough finances to take care of their 
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households. Meanwhile, for the Ok Tedi region (Model 2), the results were insignificant for 

the difference in income satisfaction between mining and non-mining households.   

 

Key Finding 5: Mining Opportunities Increased and Improved the Welfare of for the People 

in Mining Communities  

 

The final key finding was that position on the rich-poor ladder was found to strongly affect 

the probability of being members of a mining household. Being mining households, 

improved their view of their own welfare. It was significant for Model 1 (Combined Ok 

Tedi and Porgera), Model 2 (Ok Tedi) and Model 3 (Porgera). Introduction of mining did 

improve their welfare status and increased their opportunities to improve their social status 

in the mining communities. This can be related to having their food secured, having access 

to more educational opportunities and thus increasing their income earning opportunities. 

The mining households’ livelihoods improved, and their welfare was protected and they 

tended to be satisfied overall.    

 The study shows that mining communities improved their community welfare as well. It 

can therefore be concluded that the introduction of mining has impacted on the indigenous 

mining households and has significantly increased their position on the rich-poor ladder. It 

suggests that there is generally less poverty in mining households and communities than 

non-mining households, though based on the PSM estimates the overall effect was 

relatively small. 
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8.3.2. Key Contributions 

 

Key Contribution 1: Economics and Quantitative Analysis of Mining Impacts on the 

Indigenous Mining People in Papua New Guinea 

 

The results from this thesis contribute to the literature on the study of the impacts of mining 

on indigenous communities (on their livelihoods and poverty) through the application of 

more quantitative and statistical economics analysis. Unlike most other studies, it explores 

the impact on poverty and livelihoods of being a mining community from a quantitative 

economics perspective, which has largely been absent in other studies. In doing so, the aim 

was to identify the characteristics that impact on their livelihoods.  

Much of the literature on the mining impacts is in the area of environmental pollution: 

Environment pollution on marine life (Fallon, White, & McCulloch, 2002), mining waste 

disposal on the physical environment (Harper & Israel, 1999; Hettler, Irion, & Lehmann, 

1997; McKinnon, 2002), and on the ecology (Macintyre & Foale, 2004). Further studies 

have also been done on mining’s cooperate social responsibility and on industrial relations 

(Banks, 2006; Imbun, 2007; Kepore & Imbun, 2011). There were other related studies as 

well on the environment (Hilson, 2002; Kirsch, 2010; Walton & Barnett, 2007) and mining 

conflicts (Filer, 1990).  

In contrast, the current study investigated various factors and characteristics that contribute 

to mining’s impact on livelihoods and on poverty, by using quantitative economic analysis.  

It discovered some key factors that impact on mining communities’ livelihoods and life 

satisfaction, welfare and poverty as a result of being a mining household, and also indicated 

which the dominant factors are and which ones do not influence the mining household’s 

livelihoods.  
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Key Contribution 2: PSM Analysis on the Impact of Mining on Poverty, Livelihoods and 

Welfare 

 

The Propensity Score Matching (PSM) technique is commonly found in the impact 

evaluation literature, for example using PSM in health related studies such as health 

insurance (Trujillo, Portillo, & Vernon, 2005), health care programs (Johar, 2009; Yip, 

Wang, & Hsiao, 2009), and other impact evaluation studies (Becerril & Abdulai, 2010; Diaz 

& Handa, 2006). The transferring and successful application of PSM to the mining 

communities’ impacts on livelihoods and poverty issues analysed in this thesis amounts to a 

second key contribution. PSM analysis and technique was used previously in the literature in 

mining studies on the socio-economic impacts of mining by Balanay et al. (2014) in the 

Philippines, Caraga Region. They found that there was increased borrowing in the mining 

areas. They further showed, using radius matching, that there was increase in investment for 

human capital build-up, as implied by the increase in food and education expenditures. In the 

current study, PSM was valuable in avoiding biases implicit in other approaches.  

 

As just outlined, the PSM analysis that was used to estimate the impact on mining on welfare, 

life satisfaction and poverty in PNG found that the introduction of mining projects increased 

the accumulation of capital except for natural capital (land), which deceased as a result of 

mining expansion, especially at Ok Tedi. The introduction of mining improved food quality 

as well as food security and improved social cohesion within the mining communities.  

Introduction of mining has improved the mining people’s welfare and reduced poverty and 

thus improved livelihoods. There is a strong indication that there are better income earning 
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opportunities in the mining communities though they were more dissatisfied with a given 

level of income than in non-mining communities.  

 

Key Contribution 3: Role of Mining and its Importance to the Indigenous Mining People in 

Papua New Guinea 

 

This research finding also adds empirical evidence supporting the role of mining and its 

benefits to improving the people’s livelihoods. This can be explained within the Sustainable 

Livelihood Framework (SLF) as described in Figure 4.1 and Mining-Poverty Linkages 

Framework, Figure 4.2. The findings may also contribute to the debate of mining 

contributions to sustainable livelihood and poverty reductions within the development 

agendas in developing countries where mining contributes heavily to development 

aspirations. As indicated by Scoones (1998), the issue of sustainable livelihoods has 

become central to the debate on development, poverty, education and environmental 

management issues.  The SLF has a number of basic elements that explain this relationship. 

The results of this study show that mining contributes to increased livelihood resources 

(human capital, financial capital, physical capital, and social capital, though not natural 

capital for Ok Tedi). As a result of increased livelihood resources, the mining communities 

experienced economic and financial gains. There was reduced vulnerability, they had 

diversified their livelihood activities and experienced more sustainable livelihoods (see 

Figure 4.1 particularly the linkages from Capital Assets though Livelihood Strategies to 

Livelihood Outcomes). The introduction of mining provided economic opportunities, which 

improved their capabilities. It empowered the mining communities and it reduced their 

vulnerability and risks (see Figure 4.2, particularly the linkages from Economic 

opportunities to Capabilities to Empowerment and on to Security). So the relationship 
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between SLF and the Mining-Poverty Reduction Linkages frameworks in Figures 4.1 and 

4.2 in our case is well established.   

Mining also contributes to improved food quality and food security. Interestingly, food 

quality and security were not captured in either the SLF or Mining-Poverty Reduction 

Linkages. These frameworks fail to address directly food security and food quality 

improvements within the mining communities. It might be argued that they only address 

them indirectly by explaining livelihood resources improvements that give rise to achieving 

livelihood outcomes for the mining communities. This thesis strengthens the validity of this 

criticism of this SLF and supports Levine (2014) and Carr (2013), who conclude that the 

SLF places too much emphasis on material assets.  In contrast, the thesis results appear to 

contradict Fisher (2016) who concluded that poverty had increased due to the Porgera mine. 

One reason for these different results is that Fisher was looking specifically at water quality 

and the environment and human rights to the indigenous community, and not directly 

measuring social welfare. 

 

8.4. Implication for Mining’s Contribution to Poverty and Livelihoods Policies and 

Practices 

 

The findings from this study can be used to inform the policy arena on local settings in the 

vicinity of the mines, and also at the national level, where the government makes decisions 

on behalf of its people about how the mining companies should operate. In certain 

situations, the policy implications may also be applied to other regions that confront similar 

circumstances.    

The implications for mining practices and policies are highlighted as follows.  
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(1) Mining agreements involving indigenous people needs to consider their socio-

economic benefits. 

In many cases, when government issues a licence and allows Multi-national Mining 

Companies (MNMC) to operate, issues such as compensation claims, tax revenues for the 

government, engineering options, infrastructure buildings like roads and bridges, and 

environmental issues dominate and take the centre stage of the negotiation process.  Often 

such issues do have substantial impact on the local people. The government’s negotiation 

position with respect to issuing licenses gives an indications of the government’s 

commitment to the people and the MNMC as well. The government’s other focus is its 

ability to maximise the revenue collection which can then be reinvested to provide public 

utilities. However in addition to these short-term considerations, exploration of the factors 

affecting livelihoods and welfare, the quality of life and poverty reduction suggests that 

there are other important influences that also needs to be considered. Socioeconomic and 

livelihood factors, as shown in this thesis, do directly affect people living in the mining 

communities.    

 

This would probably be the case for any mining and resources project investment in the 

developing countries. Thus, an initiative to improve mining communities’ welfare and 

reduce poverty needs to be complemented by a careful consideration of other socio-

economic determinants. These include the five basic capitals of the sustainable livelihood 

framework and their impact on livelihood resources.     
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(2) Adopting the Sustainable Livelihood Framework and Mining–Poverty 

Reduction Linkages within the framework of mining projects can improve 

conditions for local mining people.   

 

The findings of this study suggest that adopting a SLF and Mining-Poverty Reduction 

Linkages approach does show a strong relationship in improving the livelihoods and 

reducing the poverty of the communities. It shows a significant relationship in which 

improving economic opportunities and having greater access to more livelihood resources 

improves the livelihood outcomes and empowers the mining communities to cope well. 

Therefore, policies aimed at giving more economic and financial access to indigenous 

mining communities to build-up their various capitals should be encouraged because that 

reduces poverty and improves the mining people’s livelihoods.   

In this study, the results show that mining improves the livelihoods of the mining 

communities and it reduces poverty. While the results provide prima facie evidence that 

mining does reduce poverty and improve livelihoods, there is a need for further 

investigation to conclude that there are general national-level benefits. Such research would 

probably include both (a) research of the type in the thesis, but at other mining locations 

(that have very different characteristics from each other); and (b) research of a different 

type that integrates regional effects to achieve results that capture Dutch disease and 

resource curse effects. However, in the future when a mine closes down, issues could arise. 

The improvements estimated in the PSM analysis are overall relatively small and could 

easily reverse. Other issues may evolve, and this could become a serious concern. 

Therefore, policies implemented should be aimed at investing more, so that mining 

communities can have access to more livelihood resources and to the types of economic 

opportunities which will sustain them even after the mining project.   



P a g e  223 | 286 

 

8.5. Limitations and Constraints  

 

Several limitations to this research need to be stated.  Firstly, this research has limited 

external validity because the analysis uses only two mining projects in PNG at specific 

locations and with a specific timeframe. Whether these findings can be generalised to 

different mining locations in PNG and to other countries will only be confirmed with 

further research.  

 

Secondly, there are important variables that could not be measured due to technical, time 

period and budget constraints. For example, data on the income and consumptions rates of 

each of the different households (weekly, fortnightly, monthly and yearly) should be able to 

give a closer assessment of poverty and wellbeing by measuring their disposal income. 

Another example would be the quality of life measured by environmental standards, with 

the quality of air and access to clean water as indicators. This information would be of 

interest in an environmental study, but was considered beyond the scope of the current 

thesis. 

Additional weaknesses are implied in the discussion on further research in the next section.  

These include other methodological improvements such as an inter-temporal analysis that 

examines mining impacts over time using difference-in-difference methods over a period 

and between time intervals.   
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8.6. Recommendations for Further Research 

 

Several studies can be proposed for future work from the results obtained from this study. 

The methodology that was used in this study can be improved upon for future studies.  In a 

situation where data is not a constraint, PSM is not an ideal approach. The lessons from the 

impact evaluation literature suggest that when data can be collected over a number of 

different time periods for both mining and non-mining, before and after the mining was 

introduced, the difference-in-difference method would be a better alternative method to 

PSM (Zhou, Taber, Arcona, & Li, 2016). Differences-in-differences method not only solves 

the problem of not observing the counterfactual, but also removes biases in post-treatment 

comparison between the treated and control groups that could have resulted from permanent 

differences between those groups, as well as biases from comparisons overtime in the 

treatment group that could result from trends (Wooldridge, 2006; Zhou et al., 2016).   

 

Future studies could also extend this methodology to different areas of mining impacts on 

the mining communities. The environmental destruction has been a controversial issue in 

all mining regions in PNG. Therefore a specific study is warranted on the impacts of mining 

on mining communities brought about by environmental destruction. This would examine 

both direct environmental outcomes and effects on the health status. Whether the 

environmental impacts of mining on the mining communities’ livelihoods outweighs the 

improvement in the welfare, life satisfaction and reduced poverty is something open for 

further research. Furthermore, research into how much worth in terms of monetary value is 

exactly put into the hands of the communities, the processes of it reaching the mining 

communities and how it affects their livelihoods is also open for further research. Finally, 

research discussing more about the economic details of the local communities and what the 
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local mining companies are doing (or not doing) specifically to improve livelihoods and 

reduce poverty should also form part of future research. These three proposed areas, 

together with the current study, will provide a more complete analysis of whether mining 

really reduces poverty and improves mining communities’ livelihoods.  
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Appendix A: Questionnaire 
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Baseline Questionnaire – 2018 

An investigation of the impacts of mining projects in Papua New Guinea on 

livelihoods and poverty in adjacent communities 

 

SECTION 1: DEMOGRAPHIC INFORMATION 

 

 

5. Where was your mother born?  

 
   village/town/city 

 

   district 

 

   province 

 
Record country of birth if not PNG 

 

6. What type of work do you do?  
Agriculture/fishing…………………………. ___ 1 

Trade……………………………………….. ___ 2 

Transport…………………………………… ___ 3  

Technical/professional……………………... ___ 4  

Government…………………………………___ 5  

Industry…………………………………….. ___ 6 

Commercial sex worker……………………. ___ 7 

Housewife………………………………….. ___ 8  

Unemployed………………………………... ___ 9 

Other (specify)……………………………... ___ 

 

 

1. Where were you born? 2. How old are you? 

  

    village/town/city 

 

    district 

 

    province 

 
Record country of birth if not PNG 

 

 

 
   years 

 

 

 

 
 

3. What is your gender? 

 

Male............................................. ___  

Female……………………………….. ___ 

 

 

 

4. Where was your father born?  

 
   village/town/city 

 

   district 

 

   province 

 
Record country of birth if not PNG 
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7. What is your marital status?   
Never married…………………………….... ___ 1 

Married……………………………………... ___ 2 

Divorced……………………………………. ___ 3  

Separated…………………………………... ___ 4  

Widowed……………………………………___ 5 
 

8. Where are you living now?   
   village/town/city 

 

   district 

 

   province 

 
Record country of birth if not PNG 
  

 

    

 

 

 

 
SECTION 2: EDUCATION 

 
 

 

  

13. What type of work are you doing now?     
Agriculture/fishing…………………………. ___ 1 

Trade……………………………………….. ___ 2 

Transport…………………………………… ___ 3  

Technical/professional……………………... ___ 4  

Government…………………………………___ 5  

Industry…………………………………….. ___ 6 

Commercial sex worker……………………. ___ 7 

Housewife………………………………….. ___ 8  

Unemployed………………………………... ___ 9 

Other (specify)……………………………... ___ 0 

 

 

 

  

 
  

 

14. Have you 

ever been to 

school? 

 

 
1=Yes 

2=No (>>16) 

15. What is the 

highest educational 

qualification that you 

have completed? 

 
00=No grade completed 

1-12=School years 

13=Trade certificate 

14=Other certificate 

15=Diploma 

16=Bachelor’s degree 

17=Postgraduate 

 

16. Can you 

read a 

newspaper? 

 
1=Yes 

2=No  

17. Can you 

write a letter? 

 
1=Yes 

2=No  

18. Can you 

do written 

calculations? 

 
1=Yes 

2=No  

19. Can you 

use a 

computer? 

 
1=Yes 

2=No  

code code code code code code 
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20. What is the name of the ‘nearest’ 

school? 

Community School High School 

 

-------------------------------- 

 

------------------------------ 

 

 

21.  How do school children usually travel from here to this school? 

                         Walk…………………..                                   1                                   1 

                         Road transport…………                                   2                                   2 

                         Water transport………..                                   3                                   3 

                         Air transport……………                                   4                                   4 

                         Others (specify)…………                                   5                                   5 

   

 

 

 

 

 

SECTION 3: CURRENT HOUSEHOLD DETAILS 

 

 

20. How many people live in this household?  
   children under 15 years  

 

   adults (working age) 

 

   adults (retired/elderly) 
 

21. How long have you lived in this household?   
   months 

 

   years 

 
Only record months if less than 4 years 

 

    

 

22. Are there any other people who are not living 

with that you support financially?   

Yes............................................. ___ 1 

No………………………………...... ___ 2 
 

23. Is there anyone else not living with you who 

provides you with financial support?    

Yes............................................. ___ 1 

No………………………………......___ 2 
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24. Have any of the people who are now members of this household lived for sometimes in 

another Province in the past year? 
  1= Yes 

  2=No (>>25). 
Person 

No 

24.1 What 

are the 

names of all 

individuals 

identified in 

question 24 

 

List also 

their code 

number 

from the 

household 

roster 

24.2 In the time 

when they were 

away, what type 

of work did 

(name) do? 

 

0=Student 

1=House keeper 

2=Cleaner 

3=Market-middle 

man 

4=Agriculture/fis

hing 

5=Building 

(construction) 

6=Security guards 

7=Trade 

8=Transport 

9=Government 

10=Industry 

11=Other 

(specify) 

24.3 How many 

times has 

(name) migrated 

in the past year? 

24.4 Where did 

(name) migrate 

to? 

 

1=Port Moresby  

City 

2=Other 

Provinces 

(specify) 

3=Overseas 

(specify) 

24.5 In the time 

they were away, 

did (name) send 

any gifts of 

money or goods to 

this household? 

 

1=Yes  

2=No (>>25). 

 

Code Number Code Code 
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26. What was the most important source of income in the last year? (Use the activity 25). 

_________________________ 

 

27. Does you (household) have...  please circle   

 Yes No  Yes No 

Stereo 1 2 Car/truck 1 2 

Camera 1 2 Bicycle  1 2 

Television 1 2 Motorcycle 1 2 

VCD or DVD player 1 2 Canoe 1 2 

Refrigerator 1 2 Boat 1 2 

Generator 1 2 Wheel barrow 1 2 

Freezer 1 2 Sewing machine 1 2 

Chainsaw 1 2 Kerosene lamp 1 2 

Telephone 1 2 Knife/machete 1 2 

Gas stove 1 2 Axe 1 2 

Solar panel 1 2 Other garden tools (hoe, 

spade) 

1 2 

 

 

28.  Does any member of your household have.. 

 A Bicycle   Yes....        1 No.....        2 

 A tractor   Yes....       1 No.....        2 

 A car/ truck /minibus  Yes....       1 No.....        2 

 Mobile phone               Yes....       1 No.....        2 

            Bank Account                          Yes....       1 No.....        2 

25. In the last year that you were living there, did anyone in the household earn money by… 

(tick all that apply) 

  Yes No   Yes No 

 Growing or selling coffee?       

 Growing or selling corn?    Catching or selling fish?   

 Growing or selling sugar cane?    Gathering or selling firewood?   

 Growing or selling cassava?    Making or selling artifacts (e.g. carvings)?   

 
Growing or selling other 

vegetables (specify)? 
   

Making or selling handicrafts (e.g. 

baskets)? 
  

 Growing or selling bananas?    Running a shop or market stall?   

 Growing or selling Cocoa?    Running a public motor vehicle?   

 
Growing or selling other food 

(specify)? 
   Running another business?   

 Growing or selling betel-nut?    Working for a public sector wage?   

 Growing or selling peanut?    Working for an agricultural wage?   

 Growing or selling pineapple?    Working for a manufacturing wage?   

 Selling Cigarettes/Tobacco?    Working for other private sector wage?   

 Growing or selling yam/taro?       

 Growing or selling potato?       

 Raising or selling pigs?       

 Raising or selling beef cattle?       

 Raising or selling chickens?       
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29. Does this household have running water? 30. What type of toilet facility does the household 

usually use? 

  

No………………………………………………... ___ 1  

Yes………………………………………………. ___ 2  

If no, what was the households main source of water:  

 

  

No toilet facility………………………. ___ 1 (>>32) 

Flush toilet with septic tank…………... ___ 2 

Household pit…………………………. ___ 3 

Other (specify)………………………... ___ 4  

Ground-level toilet with septic tank…... ___5 

 

31. Is this toilet used only by that household, or did 

other households use it? 

32. How does the household dispose of its garbage? 

  
That household only……………………………... ___ 1  

Shared…………………………………………… ___2 

 

  

Collected by a truck…………………... ___ 1 

Burnt or buried………………………... ___ 2 

Dumped in a river/lake………………...___ 3  

No fixed place………………………… ___ 4 

Other (specify)………………………... ___ 5 

 

33. What is the main source of lighting for the 

dwelling? 

34. What type of fuel is usually used by the 

household for cooking? 

  

Electricity………………………………………... ___ 1 

Flashlight or battery lamp……………………….. ___ 2 

Gas, oil, kerosene or oil lamps…………………... ___ 3 

Resin torches)…………………………………….___ 4 

Other (specify)…………………………………... ___ 5 

 

 Wood…………………………………………….. ___ 1  

Coal or charcoal…………………………………. ___ 2 

Kerosene………………………………………… ___ 3 

Bottled Gas……………………………………….___ 4 

Electricity………………………………………... ___ 5 

Other (specify)…………………………………... ___ 6 

 

35. What is the main material of the outside walls of 

the dwelling? 

 

 Fibro-cement, brick, concrete or masonry………. ___ 1  

Timber (sawn)…………………………………… ___ 2 

Corrugated iron or sheet metal…………………... ___ 3 

Traditional materials (bamboo, etc.)…………….. ___ 4 

Other (specify)…………………………………... ___ 5 

 

  

36. What is the main material of the floor of the 

dwelling? 

37. What is the main material of the roof of the 

dwelling? 

  

Cement or brick…………………………………..___ 1 

Ceramic tiles or marble………………………….. ___ 2 

Carpet……………………………………………. ___ 3 

Timber (sawn and finished)……………………... ___ 4 

Traditional materials (bamboo, etc.)…………….. ___ 5 

Earth, mud or sand………………………………. ___ 6 

Other (specify)…………………………………... ___ 7 

 

  

Corrugated iron or sheet metal…………………... ___ 1  

Concrete or cement……………………………… ___ 2 

Tiles or slate……………………………………... ___ 3 

Wood or bamboo…………………………………___ 4 

Traditional materials (thatch, etc.)………………. ___ 5 

Other (specify)…………………………………... ___ 6 
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SECTION 4 : NATURAL RESOURCES 

 

 

42.If you were walking across your land, how many 

steps would it take to go from east end of your 

land to the west end?  

 

               steps 

43. Is this:   

Not enough land………………………...   ___ 1 

Enough land……………………………... ___ 2 

More than enough land……………………___ 3 

 

 

    

 
 

SECTION 5 : FOOD QUALITY 

 

 
46. How often in the past 12 month did you eat meat 

as part of an ordinary meal (not a festival)?  

47. How often did you eat three “square meals” (full 

stomach meals) each day in the past 12 

months (not a festival day)?  

 Check only one box. 
 

Mostly (most days/weeks)…………………….. ___ 1  

Often ( a few times each month) ………………... ___ 2 

Sometimes (only a few times in the years-7 to 12 times)                                                                 

............................................................................... ___3 

Rarely (only 1 to 6 times in a year)……………. ___ 4 

Never……………………………………... ___ 5 

 

 Check only one box. 
 

Always (3 meals every day)....………………….. ___ 1  

Often ( 3 at least a few times each week)...……... ___ 2 

Sometimes (3 meals a few times in a month)....     ___3                                          

Rarely (3 meals  per day only a few times each 

year)......................................................................... ___ 4 

Never ( we never ate 3 meals per day)…………... ___ 5 

 

38. What are the windows of the dwelling fitted 

with? 

39. How many rooms (excluding bathrooms, toilets, 

and kitchens) does the dwelling have? 

 Check only one box. 
 

Glass windows with shutters…………………….. ___ 1  

Glass windows only……………………………... ___ 2 

Sliding windows………………………………… ___ 3 

No covering (open windows)……………………. ___ 4 

No windows……………………………………... ___ 5 

Other (specify)…………………………………... ___ 6 

 

  

   rooms 

 

40. Do you have access to Land?? 

 

Yes.................... ___ 1 

No...................... ___ 2 

 

41. If you were walking across your land, how 

many steps would it take to go from south 

end of your land to the north end?  

   

                                               steps 

    

 

44. Can you obtain more land if you need it? 

Yes....................___ 1 

No......................___ 2 

45. Can you sell your land?  

Yes....................___ 1 

No......................___ 2 
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48. In the past 12 months how often did you eat big 

fish/chicken/pig meat (not including festival 

days)?  

 Check only one box. 
 

Mostly (most days/weeks)…………………….. ___ 1  

Often ( a few times each month) ………………... ___ 2 

Sometimes (only a few times in the years-7 to 12 times)                                                                 

............................................................................... ___3 

Rarely (only 1 to 6 times in a year)……………. ___ 4 

Never……………………………………... ___ 5 

 

 

 

 
SECTION 6: FOOD SECURITY  

 

49. Which of these statements best describes the food 

you have eaten in the last 30 days?  Please 

circle? 

 

 Check only one box. 
 

Enough of the kinds of food we want to eat…….. ___ 1  

Enough but not always the kinds of food we want ___ 2 

Sometimes not enough to eat..............                    ___3                                       

Often not enough ................……………. ___ 4 

 

  

 

 

50. In the last 30 days, did you ever eat less than you 

felt you should. 

51. If your answer to 50 is yes, how often did this 

happen over the last 30 days?  

 Check only one box. 
 

Yes ...................................…………….. ___ 1  

No................................ ………………... ___ 2 

(>>52) 

 

  

_______________days 

 

 

52. In the last 30 days, did your children (under 14 

years) ever eat less than you felt they should?  

 

 

53. If answer to 52 is ‘Yes’ how often did this happen 

over the 30 days?  

 Check only one box. 
 

Yes,.......................…………………….. ___ 1  

No................................ ………………... ___ 2 

 No children < 14 (>>54)                                        ___ 3                

 _______________days 
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SECTION 7: INCOME SECURITY 

 
54. How well does your income satisfy your 

everyday needs?  Would you say that you 

have:   

55.How many times over the last 12 months has this 

household not had enough money? 

 

 Check only one box. 
 

Not enough money............…………………….. ___ 1  

Just enough money....... ………………... ___ 2 

Enough money........ ..................................         ....___3                                             

More than enough money...……………. ___ 4 

 

 

 Check only one box. 
 

Never..........………………….. ___ 1  

1 time ..........................……... ___ 2 

2-5 times ...........................................     ___3                                          

6-10 times .............................................___ 4 

All times ……..............……................ ___ 5 

 

 
 

56.When your household does not have enough 

money to satisfy your everyday needs, do you: 

 

 

57.In the last 12 months, have there been times when 

you or other members of your household have 

gone without any of the following items, because 

you could not afford to pay for them.  

 

 Check only one box. 
 

Sell assets ...........…………………….. ___ 1  

Borrow money from friends, family, or neighbours ....... 

………………........................ ___ 2 

Borrow money from moneylenders    ....___3                                             

Borrow money from a bank or other institution 

............................……………. ___ 4 

 

Go without this item or go without something 

else…………………………………….___ 5 

 

 

 

 Check only one box. 
 

Food..........………………….. ___ 1  

Bride price..........................……... ___ 2 

Healthcare..........................................      ___3                                          

Clothing  ................................................. ___ 4 

School cost  ……..............……..............___ 5 

Housing costs.......................................... ___ 6 

Repay other loan......................................___ 7 

Travel (seasonal migration).....................  ___ 8 

Funeral.................................................... ___ 9 

Weddings.................................................___ 10 

Compensation..........................................___ 11 

 

 

 

 

 

 

58. Please imagine a 9-step ladder where on the 

bottom, the first step, stand the poorest people, and 

on the highest step, the ninth, stand the rich.  On 

which step are you today?   
Check only one box. 

 

Step 9..........…………………..___ 

Step 8............................……....___ 

Step 7........................................___ 

Step 6  ......................................___ 

Step 5  ……..............…....…....___ 

Step 4........................................___ 

Step 3........................................___ 

Step 2........................................  ___ 

Step 1....................................... ___ 

 

 

 

 

59. Are things considered, how satisfied are you with 

your life as a whole these days.  Are you:  

 
Check only one box. 

 

Very dissatisfied ........…………………..___ 1  

Dissatisifed ..................................……....___ 2 

Neither dissafisified nor satisified  ....___3                                          

Satisified .................................................___ 4 

Very Satisified...................……..............___ 5 
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SECTION 8: STRUCTURAL SOCIAL CAPITAL 

ORGANISATIONAL DENSITY AND CHARACTERISTICS 

 

 

This section will seek to find out how people feel about their village and to what extend 

families took part in community services. 

 

60.  Are you are member of any groups, organisation or association? (Use list of codes 

below). If you are not a member in any group, go to Question 64.  

61. Do you consider yourself to be active in the group, such as (attending meeting, volunteer 

your time in other ways or are you relatively inactive). Fill in the appropriate column. 

 

 

 

Household member 

(use code,1=Male, 

2=Female) 

62: Type of 

organisation 

(use code below) 

63:Degree of participation          

 

(use code below) 

   

   

   

   

Types of organisation 

1=Farmers and Fishermen’s 

group                                          

2= Cooperatives                        

3= Trader’s association 

/business group                        

4= Trade union                          

5= Credit/finance 

6=Village association       

7=NGO                         

8=Religious group       

9=Cultural association 

10=Youth group     

11=Women’s group  

12=Parent’s group       

13=School committee  

14=Sports and others 

Degree of participation   

 

1=Leader                                

2=Very active                        

3=Somewhat active                  

4=Not active                           

 
SECTION 9: EXCLUSION 

 

64. Are any services where you or member of your household are occasionally denied service 

or have only limited opportunity to use? 

 
      Yes  No 

a. Education/school   1  2 

b. Health services/clinics  1  2 

c. Housing assistance                1  2 

d. Job training employment  1  2 

e. Credit/finance   1  2 

f. Transportation   1  2 

g. Water distribution   1  2 

h. Sanitation services                1  2 

i. Agriculture extension                1  2 

j. Justice /conflict resolution               1  2 

k. Security/police services   1  2 

 

  



P a g e  259 | 286 

 

SECTION 10: PREVIOUS COLLECTIVE ACTION 

 

65. In the last 4 years, have you personally done any of the following things? 
                              Yes No 

a. Voted in the election                              1 2 

b. Actively participated in an                              1 2                                                         

association 

c. Made a personal contact with an               1 2                                      

influential person   

d. Made the media interested in a problem                            1 2 

e. Actively participated in an information                            1 2                                                     

campaign 

f. Actively participated in an election                            1 2                                                      

information campaign 

g. Taken part in a protest march or                            1 2                                                

demonstration 

h. Contacted your elected representative                             1 2 

i. Talked with other people in your area                            1 2                                                          

about a problem 

j. Notified the court or police about a                            1 2                                                           

problem 

k. Made a monetary or in-kind donation                            1 2 

l. Volunteered for a charitable organization                          1 2 

 

66. Overall how would you rate the spirit of participation in this village? 
 Very Low    1 

 Low     2 

 Average                   3 

 High      4 

 Very high     5 

 

 

 

 

67. How much influence do you think people like yourself can have in making this village a 

better place to live? 
 A lot     1 

 Some     2 

 Not very much    3 

 None     4 

 
SECTION 11: TRUST AND COOPERATION  

 

68.  Generally speaking, would you say that most people can be trusted or that you need to be 

very careful in dealing with people (Code one answer) 
1 Most people can be trusted [   ] 

2 Need to be very careful      [    ] 

 

69. Do you think that in this village people generally trust one another in matters of lending 

and borrowing? 
1 Do trust            [     ] 

2 Do not trust     [     ] 
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70. Tell me whether in general you agree or disagree with the following statements:  place a 

tick in the appropriate boxes. 

 
 1=Strongly 

agree 

2=Agree 3=Disagree 4=Strongly 

disagree 

A. most people in the 

neighbourhood are honest and can 

be trusted 

    

a. people are only interested 

only in their own welfare 

    

b. members of this village 

are more trustworthy than others 

    

c. If i have problem, there is 

always someone to help me 

    

d. I do not pay attention to 

the opinion of others in the village  

    

e. Most people in this 

village are willing to help if you 

need it 

    

f. I feel accepted as a 

member of this village 

    

g. If you lose a pig, 

someone in the village will help 

you look for it or would return it to 

you 

    

 

______________________________________________________________________ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



P a g e  261 | 286 

 

Appendix B: Participant’s Information Sheet 
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FACULTY OF BUSINESS, JUSTICE AND BEHAVIOURAL SCIENCES  

                                                          

 

 

PARTICIPANTS INFORMATION SHEET 

 

An investigation of the impacts of mining projects in Papua New Guinea on livelihoods and 

poverty in indigenous communities 

 

Researcher’s Name and contact information:  

      Londari Yamarak  

      6 Darcy Place, Windradyne 

      NSW, 2795. Australia 

      Phone: +61404915260   

      Email: lyamarak@csu.edu.au  

 

Supervisor’s Name and contact information:  

Professor Kevin Parton  

School of Marketing and Management,  

Charles Sturt University 

      Email: kparton@csu.edu.au   

      Phone: 0263657654  

 

Invitation 

You are invited to participate in a research study on the impacts of mining projects in Papua New 

Guinea on livelihoods and poverty in indigenous communities.  The study is being conducted by 

Londari Yamarak, a PhD Candidate from the School of Marketing & Management with the Faculty 

of Business, Justice and Behavioural Sciences at the Charles Sturt University. Before you decide 

whether or not you wish to participate in this study, it is important for you to understand why the 

mailto:lyamarak@csu.edu.au
mailto:kparton@csu.edu.au
http://www.csu.edu.au/home
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research is being done and what it will involve. Please take the time to read the following 

information carefully and discuss it with others if you wish. 

 

1. What is the purpose of this study? 

The research is undertaken to identify the impacts of mining projects in Papua New Guinea (PNG) 

on the livelihoods and poverty in indigenous communities. The purpose of this research is to explore 

the impact of mining investment, related economic development and the experiences of the 

indigenous communities in two mining areas in PNG. The study will contribute to the pool of 

knowledge on mining investment and its relationship to poverty reduction through the livelihoods of 

mining communities.  

 

2. Why have I been invited to participate in this study? 

We are seeking individual households to participate in this study. You have been selected because 

you live within the study zone that we have selected which will form part of this survey. If you are 

not currently the head of the household then you are not eligible to participate. 

 

3. What does this study involve? 

If you agree to participate, you will be personally interviewed by the researcher or the enumerator. 

In the interviews, the researcher/enumerators will ask questions for you to answer. Data to be 

collected involves information on demography, education, economic activities, migration, and so 

on.  

 

4. Are there risks and benefits to me in taking part in this study? 

There will be no benefit to you in participating in this research. However, it is expected that this 

research will help improve our understanding of the impacts of mining on poverty and the livelihoods 

of the indigenous people in PNG, and how any problems could be better addressed by both 

government and mining companies. The results will also provide information that may be useful for 

the government and other stakeholders who can help modify existing mining laws and other related 

policies and agreements. The output will be made available to mining organisations and the 

government of PNG, including the Ministry of Mining and Mineral Resources Authority (MRA), to 



P a g e  264 | 286 

 

be used for developing appropriate policies to deal with the impacts of mining on poverty of the 

indigenous people with the aim of improving the livelihoods and the living standards in PNG. 

 

5. How is this study being paid for? 

The research is funded by Charles Sturt University and partially funded by PNG University of 

Technology. It is conducted by the researcher in partial fulfilment of his Doctor in Philosophy in 

Business degree at Charles Sturt University, Australia.  

 

6. Will taking part in this study (or travelling) cost me anything, and will I be paid? 

Involvement in this research is purely voluntary and there will be no reward or price for 

participating.  

 

7. What if I don't want to take part in this study? 

Participation in this research is entirely your choice. Only those people who give their informed 

consent will be included in the project. Whether or not you decide to participate, is your decision 

and will not disadvantage you. If you do decide to participate, you may withdraw from the project at 

any time without giving a reason and have the option of withdrawing any data, which identifies you. 

 

8. What if I participate and want to withdraw later? 

If you agree to participate, you have the right to refuse to answer any particular question or part of a 

question, or to withdraw from the study at any time including after the completion of this interview 

by contacting the researcher or his supervisor.   

 

10. How will my confidentiality be protected? 

The questionnaire is anonymous and it will not be possible to identify you from your answers. 

Data will be retained for at least 5 years at Charles Sturt University. No individually-identifiable data 

will be entered electronically in this study.  

Your name may have been used by the interviewer to confirm who you are and that you are a 

village elder/ councillor and that you have actually been interviewed. As soon the data are 
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transcribed (probably within 48 hours of the interview), the information about your name will be 

destroyed. 

 

Illegal behaviour. Please be warned that if you disclose any knowledge of criminal activity which has 

not yet been brought to the attention of authorities, the researcher may be obliged to report the 

information to the Police. 

 

11. What will happen to the information that I give you? 

The data collected will be interpreted and reported or presented to the Charles Sturt University 

Academic Senate as a PhD thesis to be submitted for Mr. Londari Yamarak’s degree.  It will also be 

presented in scientific journals and conference papers. Results of the study will also be presented to 

the relevant authorities in PNG including the government of Papua New Guinea through the ministry 

of mining. Porgera Gold Mining, OK Tedi Mining and other mining organisations/companies in 

Papua New Guinea will also be made aware of this research. Results will be analysed in aggregate 

and respondents will not be able to be individually identified.  

 

12. What should I do if I want to discuss this study further before I decide? 

If you would like further information please contact Londari Yamarak, Charles Sturt University, 

School of Marketing and Management, NSW, Australia. Phone: +61404915260, Email: 

lyamarak@csu.edu.au 

 

13. 'Who should I contact if I have concerns about the conduct of this study?' 

Charles Sturt University’s Human Research Ethics Committee has approved this project. If you have 

any complaints or reservations about the ethical conduct of this project, you may contact the 

Committee through the Executive Officer: 

 

  

mailto:lyamarak@csu.edu.au
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The Executive Officer 

Human Research Ethics Committee 

 

Tel :(02) 6338 4628 

Email on ethics@csu.edu.au.   

 

Any issues you raise will be treated in confidence and investigated fully and you will be informed of 

the outcome. 

 

 

 

Thank you for considering this invitation. 

This information sheet is for you to keep. 

 

 

 

 

 

 

 

 

 

 

  

mailto:ethics@csu.edu.au
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Appendix C: Consent Form  
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Consent Form for Participants 

 

FACULTY OF BUSINESS, JUSTICE AND BEHAVIOURAL SCIENCES 

                                                          

 

 

CONSENT FORM 

 

An investigation of the impacts of mining projects in Papua New Guinea on livelihoods and 

poverty in indigenous communities 

 

 

Researcher’s Name and contact information:  

Londari Yamarak (PhD Candidate)  

School of Marketing and Management,  

Charles Sturt University, NSW,  

Australia 

 

Phone: +61404915260   

Email: lyamarak@csu.edu.au  

 

Supervisor’s Name and contact information:              

Professor Kevin Parton  

School of Marketing and Management,  

Charles Sturt University 

Email: kparton@csu.edu.au   

Phone: 0263657654  

 

mailto:lyamarak@csu.edu.au
mailto:kparton@csu.edu.au
http://www.csu.edu.au/home
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I agree to participate in the above research project and give my consent freely. I understand that the 

project will be conducted as described in the Information Statement, a copy of which I have retained. 

 

I understand I can withdraw from the project at any time and do not have to give any reason for 

withdrawing. I consent to participating in this interview and having it recorded. I understand that my 

personal information will remain confidential to the researchers.  

 

I have had the opportunity to have questions answered to my satisfaction. I agree to participate in 

this study under the conditions set out in the Information Sheet for Respondents. 

 

Signed: _____________________________________________ 

 

Name:  _____________________________________________ 

 

Date:  _____________________________________________ 

 

 

Note: Charles Sturt University’s Human Research Ethics Committee has approved this 

project. If you have any complaints or reservations about the ethical conduct of this 

project, you may contact the Committee through the Executive Officer: 

 

The Executive Officer 

Human Research Ethics Committee 

Tel: (02) 6338 4628 

Email: ethics@csu.edu.au 

 

Any issues you raise will be treated in confidence and investigated fully and you will 

be informed of the outcome. 

 

 

 
 

  

mailto:ethics@csu.edu.au

