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CHAPTER ONE: INTRODUCTION AND BACKGROUND  

1.1 INTRODUCTION 

The coal mining industry has been an integral aspect of all South Africans’ lives for many 

years and may well continue to be so for a long while (Van der Zwaan 2005). My earliest 

memory of the coal mining industry was when I was five years old living with my aunt in 

Seshego, a township in the city of Polokwane in the Limpopo Province of South Africa. 

Every Saturday morning, a big truck carrying very dirty men and bags of coal would come 

careening down the road.  Firstly, I was scared of the loud truck, and then the men were 

aware that I was scared of them too. One of them would jump off the truck with a bag full of 

coal and chase me back to the house. He would give my aunt the bag in exchange for money 

and my aunt would start stuffing the coal into the four-plate coal stove in the far corner of our 

small kitchen. I would get excited knowing that it was time to eat. The dirty old truck, the 

dirty and scary man and the bag full of coal presented two conflicting realities to the then 

five-year-old me; one was that of fear, the other was excitement because I knew that once the 

man and their truck had delivered their bag, my aunt would finally start cooking and we 

would get to eat. 

Today, the coal mining industry is still an important aspect of all South Africans’ socio-

economic life and can cause the same fear and excitement.  On one hand, the industry 

provides energy needed in all households, industries, and it creates thousands of jobs for 

people in South Africa and beyond (South African Chamber of Mines 2011). On the other 

hand, the world has woken up to the reality that the coal mining industry is one of the major 

contributors of greenhouse gas (GHG) emissions that include carbon dioxide, methane, 

nitrous oxide, and ozone which are responsible for global warming which in turn leads to 

climate change. Climate change is arguably the most debated and negotiated agenda in the 

world to date. Such debates and negotiations became prominent during the 1992 Rio de 

Janeiro Earth Summit, and continued to the most recent 21st United Nations Climate Change 

Conference, of Parties  (COP21) that took place in Paris in 2015. These polarised debates are 

centred on who is causing climate change, how are they causing it, and how climate change 

impacts can be mitigated, and most recently how can humans adapt.  
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The energy sector has been and continues to be the focus and target of this debate. This is 

because of the role of fossil fuels in causing climate change (Olah et al 2006). Climate 

change is compelling the world governments to find solutions that will help manage problems 

associated with climate change. Although there have been debates about the role of human 

activity in causing climate change, there is no dispute that the climate is changing in a way 

that the human race has not experienced in its recent history. Evidence presented by the 

National Oceanic and Atmospheric Administration (NOAA) shows that natural and human 

activities (anthropogenic) have resulted in increased global average temperatures of 1.4 

degrees Fahrenheit (0.8 degree Celsius) since 1880 (NOAA 2010). This evidence indicates 

that much of this increase has occurred in the last two decades of the 20th century which has 

been the hottest in 400 years and possibly the warmest for several millennia National 

(Aeronautics and Space Administration, 2011; NOAA, 2010). The Intergovernmental Panel 

on Climate Change, IPCC (2007) corroborates this evidence by stating that 11 of the past 12 

years are among the warmest years since 1850. The acknowledgement of the presence of 

climate change is driving the world’s leading governments and their counterparts to seek 

immediate and long term lasting solutions. 

Having formally accepted climate change as a reality in 1990 when the IPCC presented its 

First Assessment Report to the world governments, world leaders have since been gathering 

regularly to negotiate climate change interventions. As stated above, the earliest of these 

gatherings was at the 1992’s Earth Summit in Rio de Janeiro which led to the development of 

the Kyoto Protocol that was adopted in Kyoto, Japan, in 1997 and came to effect in 2005, to 

the latest COP 22 held in Marrakesh, Morocco in 2016 (United Nations Framework 

Conversation on Climate Change, UNFCCC 2011). These negotiations have been largely 

about how to manage climate change, mainly through reducing human-induced GHG 

emissions. To this end, less attention and effort was paid on how to live with the effect of 

climate change (Centre for Climate Energy Solutions, 2010). 

What emerges is that climate change management generally comes in two categories; climate 

change mitigation and climate change adaptation. Change mitigation refers to efforts aimed at 

reducing and/or preventing GHG emissions. As such mitigation includes using new and 

cleaner technologies, bringing on board renewable energy, increasing the energy efficiency of 

older equipment, changing production processes to be resource efficient, changing 

management practices and/or changing consumer behaviour (United Nations Environmental 

Programme, 2007). Since the beginning of climate change discussions at the Earth Summit in 
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Rio de Janeiro in 1992, climate change mitigation has been more dominant compared to 

adaptation (Pearce et al, 2011; Centre for Climate and Energy Solutions, 2010). While it is 

understood and acknowledged that economic sectors need to reduce their carbon emissions in 

order to minimise their contributions to climate change, the world also has to start thinking 

about how it will cope with the changing climate that is already causing problems in many 

sectors, such as agriculture, construction, transportation and mining among others (Fussel, 

2007). This is the essence of climate change adaptation described “as the process of 

adjustment to actual or expected climate change and its effects, in order to moderate harm or 

exploit beneficial opportunities” (IPCC, 2007:3). 

Climate change adaptation has received less attention in comparison with climate change 

mitigation in many sectors including the mining sector. However, adaptation has been taken 

more seriously in sectors such as agriculture and transportation (Howden et al, 2007).  It was 

only in 2001, at COP7 in Marrakesh where parties established the Least Developed Countries 

(LDC) work programme to develop national climate change mechanisms and build capacity, 

including National Adaptation Programmes of Action (NAPAs). In 2006, at COP12 in 

Nairobi, the Subsidiary Body for Scientific and Technological Advice (SBSTA) was 

mandated to undertake a five-year project to address the impacts, vulnerability and adaptation 

in relation to climate change. This project has been popularised as the Nairobi Work 

Programme. In 2010, the Adaptation Framework was established at COP16 held in Cancun. 

Activities under the Cancun Adaptation Framework related to including a process to enable 

LDC parties to formulate and implement National Adaptation Plans (NAPs), and a work 

programme to consider approaches to address loss and damage; support; institutions, 

including the establishment of an Adaptation Committee at a global level, as well as regional 

and national level arrangements; principles; and stakeholder engagement (Howden et al., 

2007). Climate change adaptation also features strongly in the Paris Agreement (UNFCCC, 

2015). 

While climate change adaptation has started to gain traction and measure of importance at the 

international climate negotiation platforms, the adaptation agenda and practice seem to 

remain behind compared to climate change mitigation especially at the sectoral level. For 

example, the National Development Plan (NDP), which is a blueprint for South Africa’s 

development path signals this bias towards mitigation. The section dealing with climate 

change (Chapter 5) carries a mitigation theme, including emission reduction targets, 

monitoring and evaluation and reporting, mitigation policy alignment and measures, and the 
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state’s role and financing of climate change mitigation efforts. In this thirteen-page chapter, 

only two abstract paragraphs are dedicated to climate change adaptation. The NDP’s 

proposed industrialisation and infrastructure development is an element that will require 

increased and stable energy supply, mostly coming from coal mining and supplies. 

One factor that is certain is that the world and South Africa will not immediately move away 

from coal as a source of energy. The move will be gradual as renewable energy technologies 

gain traction. In the meantime and at least for the next 50 years, according to South Africa’s 

Department of Environmental Affairs (2013), the country will still be dependent on coal for 

energy production. In South Africa, coal is used to generate more than 70% of the country’s 

electricity and approximately 30% of the liquid fuels (Fossil Fuel Foundation, 2013). In 

addition, the coal sector contributes to employment. In 2010 alone, the coal sector employed 

73,618 people and paid R14 billion in wages. This accounted for 14.4% of the total wages in 

the mining sector and contributed 1.8% of the country’s Gross Domestic Product (GDP) 

(South African Chamber of Mines, 2011). Furthermore, coal is one of the country’s 

prominent export products. In 2011 the country exported 67.6 million metric tonnes (Mt) to 

neighbouring countries that include Botswana and Mozambique. The country still holds an 

estimated 66.7 billion tonnes of unexploited coal (Council for Geosciences, 2012). More than 

80% of South African coal is produced by five mining companies, BHP Billiton's Energy 

Coal South Africa (BECSA), Anglo American Thermal Coal, Xstrata Coal, Exxaro 

Resources and Sasol Mining (Chamber of Mines, 2011). The bulk of these reserves (about 

70%) are found in the Mpumalanga Province mainly around the mining towns of Witbank 

and Ermelo, in the Limpopo Province mainly in Waterberg and Springbok Flats, the Free 

State Province mainly Highveld, and other smaller fields (Fossil Fuel Foundation, 2013). 

These reserves are estimated to guarantee another 150 years of coal supplies. Similar to 

mining and non-mining sectors and sub-sectors, the coal value chain is vulnerable to climate 

change impacts. Given the importance of the coal sector to the South African economy 

against a background of identified adverse climate change impacts on the coal value chain 

and slow technological progress on alternative energy sources, there is a dire need for the 

coal mining sector to learn to adapt to climate change. The highly localised nature of climate 

change impacts mean that adaptation practices have to be appropriately contextualized to 

respond to specific and unique mine vulnerabilities and exposure assessments (Steel and 

Patrick, 2001). Although the exact nature of climate change impacts are location–specific and 

dependent on regional characteristics and ecosystems, in principle,  there are broad climate 



17 
 

related risks  that are relevant to the entire South African coal mining industry (Steel and 

Patrick, 2001). Lodged in this assertion, this research explores current and potential climate 

changes impacts and adaptation practices in South Africa’s coal mines. 

1.1 PROBLEM STATEMENT 

Globally, climate change adaptation has received relatively less and delayed attention from 

global climate negotiations. From the earliest global climate change negotiations and 

conferences such as the 1992’s Earth Summit in Rio de Janeiro and the  Kyoto Protocol in 

1997,  the UNFCCC major goal has been “to stabilise greenhouse gas concentrations at a 

level that would prevent dangerous anthropogenic (human-induced) interference with the 

climate system” (UNFCCC 2011). A serious move towards addressing climate change 

adaptation at the global negotiations level was only realised in 2010 during the Cancun 

climate change conference where an Adaptation Committee was formed, followed by the 

development of the Adaptation Framework. The South African government response to 

climate change has reflected the international climate mitigation bias. The country has been 

proactive in planning and implementing emission reduction targets as a response to climate 

change. In Copenhagen, the Presidency pledged that South Africa would undertake 

mitigation actions, which will reduce carbon emissions to below a business-as-usual 

trajectory by 34% by 2020 and by 42% by 2025 (IPCC, 2011). The NDP lays out details of 

climate change mitigation plans and mildly mentions adaptation (National Planning 

Commission, 2012). 

The Department of Environmental Affairs (DEA) is leading the country’s climate change 

policy response with a National Climate Change Response White Paper (DEA, 2010). 

Although the White Paper makes it clear that the nation will address mitigation and 

adaptation on an equal footing, subsequent policies and practice shows bias towards 

mitigation. For example, the National Treasury introduced the carbon tax paper in 2010 

(National Treasury, 2010), which has developed over time and by the time of completing this 

thesis, a Draft Carbon Tax Bill had been published for public comment (National Treasury, 

2015). In 2007, the Department of Environmental Affairs (2010) developed the Long Term 

Mitigation Scenarios (LTMS), which paid extensive attention to carbon reduction and the 

associated plans. With respect to adaptation, only water is argued to be the “primary medium 

whereby climate change impacts will be felt by people, ecosystems and economies” (DEA, 

2010).  
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As a result of this bias, climate change mitigation and associated strategies are becoming 

standard practices and are well understood across a number of industries including the coal 

mining industries. In an effort to bring climate change adaptation on par with climate change 

mitigation, the DEA concluded the country’s Long Term Adaptation Scenarios (LTAS) in 

2013, seven years after the LTMS (DEA, 2013). While it is acknowledged that the 

development of the LTAS is a positive step towards climate change adaptation discourse, 

adaptation is still an area that is relatively poorly understood in general and more specifically 

by industries.  

From the international level, there have been some case studies published in Canada for the 

mining sector broadly, although none for coal (Pearce et al., 2011). The Commonwealth 

Scientific and Industrial Research Organisation (CSIRO) in Australia has established a 

climate adaptation “flagship” which has produced a limited number of general publications 

relating to adaptation in the mining sector (CSIRO, 2011). Within the South African mining 

industry, specifically in the coal mining sector, key players in the coal value chain are 

surprisingly investing very little in exploring adaptation needs and measures as suggested by 

the South African Coal Road Map (2011). Although there is growing interest on climate 

change adaptation at the global climate negation arena and some recognition of its 

importance at a country level, key economic industries are still far behind in understanding, 

planning and implementing climate change adaptation actions, more so in the coal mining 

sector. Ready or not, the coal mining sector will be and is affected by climate change, and 

this may result in disruptions or mine closures that will affect production if appropriate 

adaptation measures are not instituted. In South Africa, lost production in coal mines have 

and in the future will result in reduced coal supply to the main power utility Eskom, which in 

turn has and will compromise the country’s electricity generation and supply leading to 

negative effects on economic growth and social development.  
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1.2 RESEARCH QUESTIONS AND OBJECTIVES 

Cognisant of the established facts on the adverse impacts of climate change on the coal 

mining sector, and South Africa’s reliance on coal as a dominant source of energy, the study 

poses two fundamental questions: 

(i) What are the current and possible climate change impacts that may affect selected 

South African coal mines? 

(ii) What is the extent and nature of climate change adaptation readiness in selected coal 

mines in South Africa? 

The questions seek to meet the following objectives: 

(i) To identify current and possible future climate change impacts that may affect 

selected coal mines in South Africa. 

(ii) To establish the nature and extent to which the selected coal mines in South Africa are 

ready to address and implement climate change adaptation measures. 

(iii)To determine and document existing climate change adaptation practices in selected 

mines in South Africa. 

 

1.3 JUSTIFICATION AND SIGNIFICANCE OF THE STUDY 

Steel and Patrick (2011), state that the continued use of coal for energy generation disregards 

the growing concern about its role in causing climate change.  The increased use of coal as an 

energy source has been driven by the decline of oil and natural gas reserves (Steel and 

Patrick, 2011). Van der Zwaan (2005) predicts that coal will dominate world power 

production during the 21st century, irrespective of its contribution to regional pollution and 

global warming. This prediction is corroborated by the recent construction of a number of 

coal-fired power stations in both the developed and developing countries. Among the 

developed countries, Germany commissioned six coal-fired power stations with a combined 

capacity of 5,800MW in 2009. These plants account for 7% of the country’s electricity needs 

(Homewood, 2013). In addition to the plants commissioned in 2013, the country is planning 

to commission 12 more coal-fired power stations by 2020. These will supply Germany with 

19% of its annual power needs. As a developing country, South Africa is expanding its coal 

based-power supply. The country is building two more supercritical coal plants; the Medupi 

and the Kusile power stations respectively, and plans are at advanced stages to commission 

independent coal-powered electricity production. Lok (2011) notes that projected economic 



20 
 

growth in South Africa will need additional power supplies and most likely additional coal-

power electricity generating plants.  

The German and South African cases illustrate a world that is locked into coal as a key 

energy source. Van der Zwaan (2005) advances four reasons why reliance and investment   in 

coal exploitation for energy production is likely to continue in the medium to long term.  

Firstly, the resource base of coal is large, allowing for continued consumption even at levels 

substantially higher than the current levels. Secondly, the improving efficiency and 

competitiveness of coal technologies designed to reduce GHG emissions at coal power 

stations makes coal an attractive energy source. Thirdly, the employability of new coal 

technologies in conjunction with carbon capture and storage systems is to an extent, reducing 

negative perceptions attached to the burning of coal to generate electricity. Fourth and lastly, 

the improving economics of advanced clean coal technologies result in good financial return 

for investment. In addition to these four reasons, the coal industry’s economic contribution to 

the South African economy is significant as it is the most profitable resource in the country 

(Statistics South Africa, 2015). 

Figure 1.1 provides a comparison of coal mining economic contribution to the mining 

industry alongside other major minerals including gold and platinum for the period 1993 to 

2013. From 1998 when gold mining output started to decline, coal mining output started to 

increase while other metals remained steady. The coal mining industry contributed 

approximately R37 billion to the economy in 1993, with gold contributing R115 billion 

(value added at constant 2010 prices). In 2013, coal contributed R51 billion to South Africa’s 

economy, compared with gold’s R31 billion (South African Chamber of Mines, 2011). The 

mineral’s contribution to overall mining value rose to 22.5% in 2013 from 17.4% in 1993. 

Platinum group metals (PGMs) came close second in 2013, at 21.0% (South African 

Chamber of Mines, 2011). Gold’s contribution fell to 18.5% in 2013 from 51.1% in 1993 

(South African Chamber of Mines, 2011). It is expected that coal mining will continue to 

increase both in terms of mining activities and in terms of economic contribution to the South 

African economy, especially given that South Africa’s plans for industrialisation and 

infrastructure development (Nationa PaC, 2011). Both these plans will require increased 

energy from reliable source(s), which for now and the foreseeable future will come largely 

from coal. 
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Figure 1.1 Percentage contribution of mineral production to the South African mineral 

industry 

 

Source: South African Chamber of Mines (2011:13) 

This demonstrated contribution of coal mining and use to South Africa’s economy militates 

against calls to abandon the use of this abundant energy resource.  Instead, it buttresses the 

need to build cleaner coal mining and power stations. However, the sustainability of the coal 

mining industry will depend not only on its ability to reduce its carbon footprint but also, and 

perhaps to a greater extent, on its ability to adapt to and exploit the adverse (and positive) 

impacts of climate change. Solutions to this challenge are not simple because climate change 

impacts are localized and thus tend to vary based on the characteristics and profile of the 

location of a mine. This implicitly means that coal mines have to develop and implement 

location specific climate change adaptation policies and implementation strategies. These 

strategies can only be developed and implemented if climate change impacts are 

acknowledged, studied, quantified and understood. While it is understood that climate change 

will affect all areas of the coal mining value chain, this study’s focus is restricted to the 

policy and physical impacts of climate change of the coal mining value chain. Against a 

background of the current and possible future dominance of coal in South Africa’s energy 
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mix, reducing the adverse impacts of climate change on the coal mining sector is critical. As 

such, an understanding of the current and future climate change impacts and an understanding 

of the policies and strategies that inform climate change adaptation practices is likely to 

contribute to a South Africa which has a reliable and adequate (electricity) energy supply. 

Such a scenario is critical to the country’s efforts of seeking to address  economic, social as 

well as environmental challenges. 

1.4 SELECTED STUDY AREAS 

South Africa’s coal deposits are largely concentrated in the Karoo Supergroup, which is a 

thick sequence of sandy rocks (South African Coal Road Map, 2011). Although rocks of the 

Ecca Subgroup are widespread around the country, conditions suitable for the formation of 

coal did not occur everywhere. As such the country’s coal deposits are fairly restricted, 

occurring in the main Karoo basin in an arc from Welkom in the Free State province to 

Nongoma in the KwaZulu-Natal Province, and in several smaller outlying remnants of the 

Karoo Supergroup Sea (McCarthy and Pretorius, 2009). 

This study will focus on the Highveld (Mpumalanga) Sasolburg (Vereeniging) and Vryheid 

(Kwa Zulu-Natal). These coalfields contain an estimated 90% of South Africa’s recoverable 

coal reserves (McCarthy and Pretorius, 2009).  Figure 1.2 shows that South Africa’s coal 

fields are mostly located in the Mpumalanga Province, in the towns of Ermelo, Witbank and 

Evander. Some coal is in the Limpopo Province, in the Waterberg area, while some deposits 

are found in the Vereeniging/Free State Province in the Sasolburg area.  Kwazulu-Natal 

coalfields are based in the Vryheid and Kliprivier area. 
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Figure 1.2 South African coal fields 

Source: Council for Geosciences, 2016 
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1.4.2 Highveld Coalfield 

The Highveld Coalfield is located in the Witbank town of south-eastern Mpumalanga. The 

width of the coalfield is +- 95km, stretching from Nigel in the west to Davel in the east which 

is 90km from other coal rich towns of Kriel and Standerton. The Highveld Coalfield is the 

second largest producing coalfield in South Africa after the Witbank coalfields. The coalfield 

hosts to up to five coal seams within the middle Ecca Group sediments of the Karoo 

Supergroup. The Karoo Supergroup comprises sediments ascribed to deposition in glacial to 

fluvio-glacial, and from shallow marine to fluvio-deltaic environments. The depth of the coal 

seams increases in a southerly direction. For example, the No.4 Seam can be mined by 

opencast in the Kriel (northern) district, while it occurs at a depth of around 200m in the 

Standerton (southern) district. The coal seams are generally flat-lying to gently undulating 

with a slight regional dip to the south (Forbes Coal, 2013). 

1.4.5 Sasolburg-Vereeniging Coalfield 

The Sasolburg-Vereeniging- Coalfield is mainly characterized by mudstone and sandstone of 

the overlying Beaufort Group (Adelaide Subgroup). These are underlain by the Volksrust 

formation of the Permian Ecca Group, a formation with a thickness of approximately 100m in 

the Heilbronn area. It consists mostly of argillaceous rocks which are found on the surface. 

The Volksrust Formation consists predominantly of grey to black silty shale, whereas thin 

siltstone and sandstone lenses/beds, that are frequently bioturbated, generally occur near the 

upper and lower boundaries of the succession (South African Chamber of Mines, 2011). 

1.4.6 Vryheid Coalfield 

The Vryheid Coalfield is based in the Kwa Zulu-Natal Province and lies to the east of the 

Utrecht Coalfield and covers an area of approximately 2,500km. This coalfield has produced 

some of the best coking coal, anthracite and thermal coal over a number of years (South 

African Chamber of Mines 2011). The Dwyka Formation covers most of the area lying on the 

Pre-Karoo sediments. It is composed of diamictites and associated fluvio-glacial sandstones 

and black shales. It averages 150m in thickness, but is thicker in Pre-Karoo glacial valleys 

and thinner or absent over Pre-Karoo highs. Nine coal seams have been identified within the 

main coal zone of the Vryheid Coalfield and several of these have been mined over the last 

century. 
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1.5 THESIS OUTLINE 

Chapter One: 

This chapter provides the background and introduction to the study. The main sections 

covered include: the research problem, the questions, the objectives, justification for the 

study and study site locations. 

Chapter Two: 

Chapter Two interrogates climate change and climate change adaptation as a theoretical 

concept. In addition the chapter interrogates literature related to South African coal mining in 

the context of climate change impacts and adaptation opportunities. This is done through the 

use of a general adaptation framework and a general mining coal mining value chain. 

Chapter Three: 

Presents the methodologies and outlines the process and the theoretical principles that 

informed the research approach, the data gathering approach, the data analysis, approach, 

challenges and limitations of the selected research approach. The chapter further discusses all 

the necessary ethical issues considered for this study. 

Chapter Four: 

Presents results, analysis, discussion and findings at Kriel Colliery, New Denmark Coal Mine 

and Mine X based in Mpumalanga. The chapter analyses climate change vulnerability and 

exposure that is inherent to the locations of these mines, mine designs as well as their 

adaptation plans and shortcomings. 

Chapter Five: 

This chapter presents analyses and discusses the research findings focusing on the 

vulnerability and exposure of Anglo American’s New Vaal open cast and underground coal 

mines which are located in the Free State. 
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Chapter Six: 

This chapter presents analyses and discusses the research findings on climate change 

vulnerability and management with a specific focus on adaptation policies and practices at 

the Spring Lake coal mine located in the town of Dundee in KwaZulu-Natal. 

Chapter Seven: 

The chapter provides a summary of major findings, conclusions and suggestions for further 

research affecting all five mines in the three provinces. Based on the mines’ exposure and 

vulnerability to climate change impacts, the chapter provides an adaptation framework using 

the coal mining value chain that highlights the key adaptation interventions undertaken, and 

further identifies areas in the mining value chain where adaptation actions are absent. This 

leads to a conclusion on the state of South African coal mining vulnerability and exposure to 

climate change, and their state of readiness with regard to climate change adaptation. In 

addition, suggestions for further research are provided. 
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CHAPTER 2: LITERATURE REVIEW 

2.1 INTRODUCTION 

This chapter presents the theoretical literature that informed the research. The chapter is 

divided into three sections. The first section presents theoretical discussions on the 

phenomenon of Climate Change, paying attention to rainfall and temperature variations and 

extremes that are induced by Climate Change and their impact on different aspects of societal 

activities. The second section provides generic Climate Change Adaptation literature in the 

mining sector. The last section pays specific attention to Climate Change Adaption in the coal 

mining value chain and draws on literature from international and local coal mines as a basis 

for analysis of both Climate Change Impacts and Adaptation opportunities.  

2.2 CLIMATE CHANGE 

“The only constant in life is change” - Heraclitus (c. 500 BCE). These words ring very true in 

many respects including the context of climate. The saying implies that nothing is ever static, 

and in the context of Climate Change, there is no disputing that the climate has been 

changing since long before human existence on earth (Chiotti and Lavender, 2008; Auld and 

MacIver, 2006). However, it is the rate at which it is changing, the nature of the change, and 

the role of human (anthropogenic) activity on earth that has become a global problem. In fact, 

Climate Change and its impact on human life has arguably become one of the 21st century’s 

thematic discourses among other global issues (Cooper et al, 2008). Within this discourse is 

an effort by different organisations to define the Climate Change phenomenon. 

The Intergovernmental Panel on Climate Change (IPCC, 2012) defines Climate Change as “a 

change in the state of the climate that can be identified (e.g., using statistical tests) by 

changes in the mean and/or the variability of its properties and that persists for an extended 

period, typically decades or longer” (IPCC, 2012:3). The report attributes Climate Change to 

internal natural processes or external forces, or to persistent anthropogenic effects to changes 

in the gaseous composition of the atmosphere or in land use.  This definition differs slightly 

from that of the United Nations Framework Convention on Climate Change (UNFCCC, 

2001) which defines Climate Change as “a change of climate which is attributed directly or 

indirectly to human activity that alters the composition of the global atmosphere and which is 
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in addition to natural climate variability observed over a comparable time period” (UNFCCC, 

2001: 18). The UNFCCC makes a distinction between Climate Change and Climate 

Variability.  

Given the interchangeable manner in which the concepts of Climate Change and Climate 

Variability are used in these definitions, it is important to clarify the difference between the 

two concepts. Climate Change is attributable to human activity, and how it alters the 

atmospheric composition, while Climate Variability is attributable to natural causes (IPCCC, 

2011). In this section, the two terms will be used interchangeably to differentiate among the 

different causes of climate impacts. 

The phenomenon of Climate Change can be perceived in the context of planetary change 

from which all that lives on it must either adapt or become extinct (Climate and Development 

Knowledge Network 2012). However, for human beings, acknowledgement and acceptance 

of change - whether it is a family that has to move from one town to another, or a job 

candidate who has to move to a different company branch, -  has always been difficult. Brug 

et al, (2005) states that it is human nature to resist change, and eventually people adjust to 

change, not by learning to like what is taking place, but by forming new expectations that can 

lead to success under the new conditions. The process of learning to live with new conditions 

involves three steps: (i) Mental - to figure out what is happening and how to respond. (ii) 

Emotional - to deal with various feelings like loss, anxiety, threat, relief, joy, optimism, etc. 

(iii) Physical - to accommodate the bodily implications of stress, excitement, etc. 

When it comes to Climate Change and organisational adaptation, individuals form 

corporations. Although corporations appear to have a life of their own, they are governed and 

led by a collective of individual’s mental tolerance for change, and this ability to adapt plays 

a role in how the organisation ultimately tolerates change and whether it adapts or not. As 

such, the individual’s capacity to accommodate change, and the tolerance for adaptation, will 

influence the overall organisational culture in this regard. In the context of Climate Change, 

this means that depending on the leadership’s philosophy and perceptions of the Climate 

Change phenomenon, the leadership may proactively develop Climate Change Adaptation 

Policies, backed by planning and financial budgets based on scientific analysis of the 

organisation’s vulnerability and exposure assessments (Berkhout et al, 2006). However, it is 

common that regardless of whether leadership sees Climate Change as a reality and a threat 

to their organisations, they often develop Climate Change management policies and strategies 
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due to stakeholder and investor pressure. In this case adaptation actions are often reactionary 

if they are ever carried through. 

Often, change evokes emotion. Humans are creatures of habit. If something suddenly changes 

and they are forced to adapt, often people resist, preferring “business as usual” and desiring 

the comfort of familiarity.  Climate Change provokes similar if not worse emotions. On 

January 2nd 2016, a 34-year-old farmer in the KwaZulu-Natal Province of South Africa 

committed suicide due to a lack of rain that has resulted in drought in the province. Unable to 

deal with the loss of this livelihood and overcome by emotions, he decided to take his own 

life (Chabalala, 2016). The actual physical impact of Climate Change is the one that gives 

Governments and sectors such as agriculture and mining no choice but to adapt or perish. 

Some of Climate Change physical impacts include flooding and drought, severe heatwaves, 

extreme cold, storms, extensive mist and smog (Ford and Pearce, 2007; McGeehin & 

Mirabelli, 2001). These impacts affect human economic activities such as agriculture which 

may affect food supply and increase costs. As such, Climate Change presents risks to 

humans’ pursuit of improved social and economic well-being (Prowse, et al, 2009). 

2.2.1 Climate Change vulnerability, exposure and impacts  

Vulnerability to Climate Impact refers to the degree to which a natural or social system is 

susceptible, and its inability to cope with the adverse effects of Climate Change (IPCC, 

2007). The purpose of assessing vulnerability is to identify the nature and extent to which 

Climate Change may harm a sector. In principle, this assessment enables the designing and 

implementation of measures and policies that can help reduce climate impacts. Although the 

concept of vulnerability and exposure are mistakenly used as if they mean the same thing, in 

principle and in practice, they are different. “Exposure” refers to the inventory of elements in 

an area in which hazardous events may occur (Cardona et al, 2012). As such, it is possible for 

a mine to be exposed to flooding due to its location, i.e. next to a river but not vulnerable if it 

has sufficient flood defence mechanisms in place. 
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However,  to  be  vulnerable  to  an  extreme  event,  it  is necessary to also be exposed. The 

IPCC (2007), states that the character and severity of Climate Change Impacts are not solely 

dependent on the extremity of a weather event. Instead, they are also determined by the level 

of exposure and vulnerability of infrastructure and the surrounding ecosystem (Fussel, 2007).  

Reducing the intensity and severity of exposure and vulnerability depends on the availability 

of appropriate and effective specific and well-defined response strategies (Furgal and Prowse, 

2008). Effective response strategies require well defined indicators that can detect statistically 

significant changes in the climate. 

The well-known indicators of Climate Change are rainfall and temperature changes. 

Typically, the changes are observed through decades of historical precipitation and 

temperature data (Hulme et al, 2001). In South Africa, Hulme et al, (2001) note that although 

there is uncertainty with regard to future Climate Change scenarios - especially at regional 

level - national projections show that rainfall is likely to be on the decrease. However, 

extreme rainfall events will be realised in certain parts of the country - especially in the 

coastal areas. Similarly, global and national temperatures are projected to rise.  Globally, the 

past 100 years have seen increases in global temperatures of approximately 0.6 °C  - which is 

the highest increase ever recorded. The 1990s were recorded as the warmest decade, with 

1998 standing out as the warmest year since instrumentational records began (Houghton et al, 

2001). The Third IPCC report predicts that global average surface temperature will increase 

further by 1.4–5.8 °C by 2100.  

2.2.2 Climate change and rainfall variability 

One of the major impacts of Climate Change is the extreme decline of rainfall in some 

regions - causing drought - while there could be an extreme increase of rainfall in other 

regions of the same country, which in turn causes flooding (Bernard, et al, 2001).  In south 

eastern Australia, Murphy and Timbal (2008) noted that there had been 10 years of below-

average rainfall from 1997 to 2006. A similar dry spell was recorded only once during the 

20th century. The authors note that the current drought conditions are exacerbated by 

increasing temperatures. The declines are mostly (61%) between the months of March and 

May (Murphy and Timbal, 2008).  In other parts of the world, the US Department of Energy 

(2014) investigated the impacts of Climate Change on the US energy sector and found that 
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increased frequencies of Climate Change-induced droughts are causing water shortages that 

have resulted in frequent power plant disruptions, the closure of coal mines, natural gas and 

nuclear power plants. Climate Change-induced severe storms have also caused disruptions in 

fuel supply. 

2.2.3 Drought impacts 

Certain parts of South Africa - including those that are subject to this study in KwaZulu-Natal 

and the Free State Province - have been hit by drought. The South African Weather Service 

(2015) stated that South African rainfall has one of the highest variabilities in the world. 

Furthermore, since 1960 rainfall variation has been fluctuating more than the long-term 

average, and it is in this context that large rainfall deficits must be assessed. Between July of 

1960 and June of 2004, rainfall for all seasons was less than 80% of normal average (South 

African Weather Service, 2015). The South African Weather Service considers that a 25% 

and 50% deviation from the normal rainfall pattern signals severe and extreme 

meteorological changes, however it can be safely assumed that a shortfall of 20% from the 

normal rainfall pattern will cause water shortages in many regions. This is typically followed 

by social and economic hardship (South African Weather Service, 2015). 

All but the south-western and southern regions of South Africa rely on summer rainfall, 

which normally occurs between October and March, the summer season. The South African 

water supply relies heavily on direct rainfall. The Department of Water and Sanitation (2014) 

stated that currently 77% of South Africa’s water comes from surface water rivers; 14% 

comes from water that returned from treatment plants, and nine percent comes from ground 

water. High dependency on surface water rivers leaves the country vulnerable to 

evapotranspiration and evaporation. Drought is not the only problem; flooding, mainly due to 

increased intensity of extreme rainfall also causes problems. Wilby and Keenan (2012) stated 

that flooding is the most common natural hazard and the third most damaging climate 

phenomenon globally after storms and earthquakes. Climate Change-induced flooding is 

characterized by frequent heavy precipitation, increased catchment wetness and sea level rise. 

Wilby and Keenan (2012) also note that human population growth and occupation of flood-

exposed places, such as low lying areas, increase the risk of flooding. 
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Between the 1970s and 2000s - the proportion of the world’s annual gross domestic product 

(GDP) that is exposed to tropical cyclones rose from 3.6% (US$525.7 billion) to 4.3 % 

(US$1.6 trillion). The economic loss rose fastest in high-income countries (UNISDR, 2011). 

The 2011 floods in Australia, China, Germany and the United States demonstrate that even 

high and middle-income countries struggle to cope with weather extremes (Wilby and 

Keenan 2012). While developed countries are equally exposed to flooding, developing 

countries are more vulnerable. This is mainly due to poor infrastructure (Douglas et al, 2016). 

2.2.4 Flooding impacts 

Developing countries like South Africa are more vulnerable to flooding due to poor 

infrastructure design or lack thereof. Douglas, et al, (2016) states that increased storm 

frequency and intensity related to Climate Change are exacerbated by local factors such as 

growing occupation of floodplains, increased runoff from hard surfaces, inadequate waste 

management and silted-up drainage. The author further distinguishes four types of flooding in 

the urban areas of developing countries: localized flooding due to inadequate drainage; 

flooding from small streams within built-up areas; flooding from major rivers; and coastal 

flooding. In South Africa specifically, the provinces that have been severely affected by 

flooding are KwaZulu-Natal and Gauteng.  

In KZN, Roberts (2008) states that based on the analysis of Global Sea Level Observing 

System (GLOSS) data, a number of economic and tourist areas may be affected by sea-level 

rise. Infrastructure, together with coastal vegetation, may be damaged. In Gauteng, Dyson 

(2012) noted that extreme rains that often result in flooding take place over most of the 

province and last for days, resulting in widespread flooding and disruption of infrastructure 

and even loss of life. The author cites the January and February 1996 flooding as an example 

of events. However, heavy rainfall may also occur in isolated areas over the Gauteng 

Province from so-called “Mesoscale Weather Systems”, resulting in flash flooding. In these 

instances, the heavy rainfall may be for a short duration (but intense), and is often associated 

with strong winds and hail (Viviers and Chapman, 2004; Ngubo et al, 2008). Rainfall 

variabilities, especially extreme rainfall – have the potential to affect mining operations 

negatively.  
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Storms, hurricanes and wildfires have caused physical damage to the electricity distribution 

systems by damaging power lines and transformers among other system infrastructure. 

Traditional flood design methods are increasingly supplemented or replaced by risk-oriented 

methods which are based on comprehensive risk analyses. Besides meteorological, 

hydrological and hydraulic investigations, such analyses require the estimation of flood 

impacts. These assessments mainly focus on direct economic losses such as damage related to 

property and related factors. Although the flood damage to a building is influenced by many 

factors, usually only inundation depth and building use are considered as damage-causing 

factors (Merz et al, 2004). 

2.2.5 Climate change and temperatures variability 

One climatic aspect that is indicative of Climate Change is extreme temperature variations 

(McGeehin, & Mirabelli, 2001).  The global temperature has been unstable, and in areas such 

as the Himalayas in Asia, temperatures have been rising and gradually melting the glacier 

(Groisman, 2003).  Results for Europe and North America shows that future heatwaves in 

these areas will become more intense, frequent and longer-lasting in the second half of the 

21st century. Couture et al, (2003) state that present-day heatwaves over Europe and North 

America coincide with a specific atmospheric circulation pattern that is intensified by 

ongoing increases in greenhouse gases. The model also indicates that more severe heatwaves 

will be produced in those regions in the future (IPCC, 2007a). Even if the atmospheric 

concentrations of greenhouse gases were stabilized today, mean global temperatures would 

continue to raise due to the unrealized effect of past climate conditions, thus causing 

increases (Meehl et al, 2005). Future increases in greenhouse gas concentrations, from future 

emissions, will add to the committed warming, thus leading to even higher mean global 

temperatures. Extremes of climate are also likely to change in the future, as there is an 

increased risk of more intense, more frequent and longer-lasting heatwaves. This is due to the 

possibility of a warmer future climate which would result in extreme events such as the 

European heatwave of 2003, becoming more frequent (Meehl et al, 2007; Stott et al. 2004; 

Beniston and Diaz 2004). 
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2.2.6 Climate change-induced high temperatures  

In South Africa, different places are experiencing different effects of Climate Change, and 

this trend is going to continue into the future (South African Weather Service, 2015). The 

recent droughts in South Africa have been attributed to the El Niño effects, Climate Change 

and global warming. An El Niño is a climate cycle in the Pacific Ocean with a global impact 

on weather patterns worldwide. The phenomenon is a natural one - however the presence of 

greenhouse gas emissions in the atmosphere worsens its intensity and duration (Leary et al, 

2008). A given the current rate of carbon dioxide emissions into the atmosphere, and some 

unique features of South Africa’s climate system, such as our location in the subtropics and 

the important role that high pressure systems play in controlling the system, temperatures in 

Southern Africa are likely to increase by at least 1.5 times the global average rate (Leary et 

al, 2008). 

In South Africa, the provinces that were most affected by heatwaves in the last few years are 

Mpumalanga, Free State, Limpopo, Northern Cape and KwaZulu-Natal. The South African 

Weather Service, (2015) noted that the provinces, especially KwaZulu-Natal and Northern 

Cape, reached highs of 42 degrees Celsius. These levels can be fatal mainly for the elderly, 

children and mine workers if precautionary action is not taken. Kovats, and Kristie, (2006) 

also notes that additional to heatwaves affecting children and the elderly, crops are also 

affected. Luber, and McGeehin (2008) state that from 1999 to 2003, a total of 3,442 heat-

related deaths were reported in the United States of America. The U.S. previously reported an 

annual average of of 688 deaths. Extreme heatwaves, such as those witnessed across Europe 

in 2003, can result in a significantly higher mortality rate. Furthermore, heatwaves are more 

fatal in areas that have bad air quality. These are typically urban areas with many vehicles 

and power stations. In South Africa, such areas would be Mpumalanga, KwaZulu-Natal and 

Gauteng Provinces. The extent of the effect of heatwaves depends on the adaptation plans 

that a city or sector has in place (Kovats, and Kristie, 2006). Heatwaves and dry conditions 

provide a fertile environment for veld fires, especially if seconded by heavy winds.  



35 
 

 

In KwaZulu-Natal, a combination of unusually strong winds and very dry conditions saw 

large areas of grazing and timber destroyed. Six people reportedly died. In Mpumalanga, four 

people died when fires destroyed 24,000 ha of pasture. This specific incident also resulted in 

damages amounting to more than R32 million (South African Weather Service, 2015). As a 

response to increasing veld fire breakouts in KwaZulu-Natal, the South African Department 

of Environmental Affairs established and funded “Working on Fire” – an organisation that 

employs young people mainly from previously disadvantaged backgrounds to focus on 

mitigating and fighting fire breakouts. They are tasked with focussing specifically on 

KwaZulu-Natal and other provinces if need be (Department of Environmental Affairs, 2013). 

In other parts of the country, Climate Change-induced effects are different. Comparatively, 

more research has been done about Climate Change and high temperatures and their 

consequences, such as drought and the resultant water scarcity. 

2.2.7 Climate change-induced low temperatures  

In Mpumalanga and the Free State for example, the most common problems are mist and 

smog. These are typically present and naturally expected in winter and on cold days in 

summer. However, extremely low temperatures result in extremely dense mist and smog that 

also becomes prolonged beyond expected dispersion time. Mist is defined by the South 

African Weather Service, (2012) as a cloud of tiny water droplets suspended in the 

atmosphere at, or near the earth's surface, that limits visibility. Visibility is typically restricted 

to few metres.  In Mpumalanga, mainly on the N1 and N4 highways that lead in and out of 

Witbank, Kriel and Standerton, various vehicle accidents have been reported and the single 

largest cause of those accidents is poor visibility caused by mist. For mining companies, poor 

visibility means limited or no access to mining sites (Tamenti, 2007). This restricts mine 

employees and contractors from entering or leaving the mine. This can result in loss of 

operation time for the mine (Prono 2008; Ford and Pearce 2007). Smog has similar effects as 

mist when it comes to causing poor visibility. 
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Smog is a result of fog and smoke or other atmospheric pollutants. Smog-forming pollutants 

come from automobile exhausts, power plants and factories (Rosenfeld, et al, 1998).  In 

urban areas, at least half of the smog precursors come from cars, buses, trucks and boats 

(McKee, 2006). With regard to mining in general and coal mining particularly, smog levels 

are higher and more dangerous in areas where the coal-fired power stations are present. A 

prime example of this is found in Mpumalanga and the Free State Province. The major 

problem with smog, aside from causing poor visibility, is its contribution to air pollution that 

affects nearby communities, plants and animals. Responding to Climate Change impacts 

requires two broad strategies which are Climate Change Mitigation and Climate Change 

Adaptation. Climate Change Adaptation, which is the focus of this study, will be defined and 

discussed in detail in the next section. 

2.3 CLIMATE CHANGE ADAPTATION 

Before an in-depth analysis of what Climate Change Adaptation pertains to, it is perhaps 

important to understand the difference between Climate Change Adaptation and Climate 

Change Mitigation. Grothmann and Patt (2004) state that one of the central differences 

between “adaptation” and “mitigation” as a response to climate change, is the scale at which 

the response might take place. As Adger (2006) notes, mitigation should take place on a 

global scale in order to be effective. Adaptation on the other hand, should take place on a 

number of scales, from local to global, addressing climate-related problems unique to that 

specific environment, while making use of capacities available to that group of factors 

(Adger, 2001). Mitigation can refer to using new technologies, renewable energies, and 

making older equipment more energy-efficient. It can also mean changing management 

practices or consumer behaviour. The United Nations (2012:1), states that adaptation refers to 

the adjustments in ecological, social or economic systems in response to actual or expected 

climatic stimuli and their effects or impacts. 

Climate Change Adaptation - the focus of this research - is described by the United Nations 

(2012:3) as “the process of adjustment to actual or expected climate and its effects, in order 

to moderate harm or exploit beneficial opportunities”. In some cases, Climate Change 

Adaptation falls within the scope of Disaster Risk Management which traditionally responds 

to natural and human-induced disasters. Recently however, the focus has been on reducing 

exposure and vulnerability, and increasing resilience to the potentially adverse impacts of 

climate extremes. In natural systems, the process of adjustment to the actual climate and its 
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effects may require human intervention. Climate Change poses varying degrees of impact on 

mining, depending on different factors such as the mine’s exposure and vulnerability. In the 

context of mining, these events may pose different impacts on all of the sub-chains of the 

mining value chain (United Nations 2012). For example, mines may require increased 

cooling in the case of underground mining, due to extensive and prolonged heatwaves 

(McGeehin and Mirabelli, 2001; Bernard, et al, 2001). Extremely high rainfall may cause 

flooding, while extremely low rainfall may result in drought and water shortages. 

From the above definitions and identified potential impacts, one may conclude that 

adaptation includes:  using scarce water and other natural resources more efficiently; adapting 

building codes to future climate conditions and extreme weather events; building flood 

defences and raising the levels of dykes to avoid flooding and using climate resilient material. 

All these efforts, if implemented correctly, should result in Climate Change-resilient mines. 

According to the United Nations Framework Convention on Climate Change (2011), Climate 

Change Adaptation practices can be separated into four components: (i) Climate Observation, 

Projection and Forecasting. (ii) Assessment of Climate Impacts and Vulnerability. (iii) 

Planning and Implementation. (iv) Monitoring and Evaluation of Adaptation Actions. These 

components are discussed in detail in the following subsections. 

2.3.1 Climate observation, projection and forecasting for anticipatory adaptation 

Climate Observation involves gathering of climatic data from oceans, the atmosphere and 

land, using a variety of techniques and technologies that include remote sensing, atmospheric 

observation, and land-based observations over a long period (Berry et al, 2006 and Auld et al, 

2006). This data is stored and analysed over periods that extend up to and over 10 years 

(Lube and McGeehin, 2008). Data analysis involves trend and pattern analysis, which are 

used for climate modelling and the development of possible/likely future climate scenarios. 

These projections enable anticipatory adaptation practices. However, anticipatory adaptation 

is often riddled with uncertainty (Lube and McGeehin, 2008).  The degree of uncertainty is 

determined by the quality input data used to make future projections. Consequently, the 

reliability of data is arguably the foundation of appropriate and effective anticipatory 

adaptation action. 

Planning to adapt to Climate Change demands researchers, policy makers and practitioners to 

determine what the adaptation actions will pertain to (United Nations Framework Convention 
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on Climate Change 2011). Decision-makers require reliable information, explained in the 

context and language of their business. This then requires the researcher to acquire reliable 

data that he can turn into useful information that can enable the preparation of appropriate 

adaptation policies and strategies (Leary et al, 2008 and Lemmen, 2008). An additional 

challenge is the source and the means to gather appropriate and relevant data. For policy 

makers to implement adaptation planning, the relevant data has to be presented in a manner 

which the policymakers can interpret and understand in order to devise appropriate and 

effective responses (IPCC, 2007). 

In response to the poor quality of climate data and projections, there has recently been 

increased development of global and regional climate information centres and research 

institutes. Prominent centres and institutes include the National Meteorological and 

Hydrological Services (NMHSs) based in Geneva, Switzerland, the Climate Service 

Partnership (CSP), based in New York, USA, and the Global Framework for Climate 

Services (GFCS) which is a UN-led organisation aimed at developing climate information 

services (Lube et al, 2008).  South Africa has the University of Cape Town’s Climate 

Information Portal, which gathers and presents simplified historic, current and future climate 

projection data and analysis from different weather stations throughout the country. 

Technological advances and related process innovations have led to the developments that 

have seen the gathering of more accurate data, which in turn has given rise to more accurate 

climate models leading to improved climate change scenario planning (Lube et al, 2008).   

In the absence of these technological advances in climate projections, traditionally, humans 

have been able to predict changing seasons using bio-indicators such as migration patterns or 

mating seasons of animals or blossoming periods of specific plants (Lobell et al, 2008). This 

knowledge has allowed humans to adapt effectively to changing seasons and weather. 

However, due to anthropogenically-induced Climate Change, this knowledge is no longer 

sufficient as the climate is changing more sporadically, with uncharacteristic variations 

rendering the traditional observations less effective (Lobell et al, 2008). Lately, there has 

been the development of climate projection and forecasting models, also known as Global 

Climate Models (GCM),  that are aimed at customising climate information and targeting it to 

specific users based on their practices and information needs (weADAPT, 2011). 

Global Climate Models also simulate future climate and attribute observed Climate Change to 

anthropogenic emissions of greenhouse gases (Lube et al, 2008).  Such models include the 
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Atmospheric General Circulation Models (AGCMs) and Ocean General Circulation Model 

(OGCM) that simulate the circulation of the oceans. The challenges that are inherent in the 

GCMs are their accuracy, reliability and the uncertainty of their futuristic projections. 

Different models often produce different results, although there are often clear trends and 

matching patterns. For example, all models project a warming of the climate in nearly all 

parts of the world (Preston, 2011). It is important to note that although climate models can 

provide seasonal and decadal climate probabilistic assessments of specific weather events and 

climate conditions over a period of time, however they cannot forecast weather events or 

conditions for a specific day, month or year (weADAPT, 2011). Irrespective of which models 

are used to observe historic data or project future climatic trends, decision-makers want to 

know with a fair level of certainty of possible climate impacts on operations, their intensity 

and longevity. As such, climate impact vulnerability assessments become a critical aspect of 

Climate Change adaptation strategies. 

2.3.2 Assessment of climate impacts and vulnerability 

Impact assessment involves understanding the entire social and scientific objective, 

evaluating and analysing data, and turning it into information that is designed to meet user 

needs and to support decision-making (Paavola, 2008). Assessment of climate impacts and 

vulnerability requires scientific knowledge which provides credible answers to policy-

relevant questions. Climate Change vulnerability assessment is critical, and especially needed 

at company level, because it is through understanding and the anticipation of the adverse 

impacts of Climate Change that a firm can prepare appropriate and adequate adaptation 

strategies and plans (Sauchyn and Kulshthreshtha, 2008). As such, vulnerability assessment 

provides information that defines adaptation and also informs the mode of adaptation (Fussel 

and Klein, 2006). There are three types of vulnerability assessment approaches: top down 

approach, bottom up approach and an integrated approach (United Nations Framework on 

Climate Change, 2012). The choice of approach is determined by the purposes of assessment 

which vary from social, economic and health, to environmental reasons. Table 2.1 presents a 

framework that can enable mining companies to assess their vulnerability to climate risks 

within their operations (ICMM, 2013). 

 

Table 2.1: Vulnerability assessment framework for evaluating climate change policy 

and physical impacts 
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Impact areas Impact evaluation Business implication 

Inputs 

 

 

Description:  

What is the impact? 

Financial: 

Higher operating expenditure or unplanned  

capital expenditure 

Supply chains 

 

Timeframe:  

When will the impact occur? Any action 

necessary? 

Uncertain coal delivery to the  energy sector 

Markets 

 

Time frame: 

When will it happen? 

When is action necessary? 

Exploration Stakeholders: 

Who is impacted? 

Is it financially viable to proceed to mine 

construction? 

Construction 

 

Primary/Secondary: 

Does the impact directly affect the activities 

or does it trigger other impacts? 

Reputational: 

Increased risk of litigation, regulatory non-

compliance, inability to operate 

Operation Primary/Secondary: 

 

Do the impacts directly affect activities or 

does it trigger other impacts? 

Sustainability: 

Effect on capital expenditure and operational 

cost. 

Closure and post 

closure 

Likelihood:  

How certain is the impact? 

How much more often is it likely to occur?  

Will the mining company be granted operating 

licences for future mining activities elsewhere 

in the future? 

Source: Adapted from ICCM (2013) 

 

 

The framework consists of three components which are relevant to the mining sector.  The 

first component (Impact areas) identifies the most vulnerable components of the mining value 
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chain. Furthermore, the framework was established using a general mining cycle, taking into 

account investor information, stakeholder considerations and environmental impact 

assessments. These specifically relate to Climate Change impacts on inputs to mining 

operations. These include energy and water supplies, the transportation of materials to and 

from the mine sites and end-user markets for mining outputs. The second component 

concerns impact evaluation. This involves assessing the possible impacts of changing climate 

in terms of who is affected, the time frame over which impacts are expected to occur; 

whether the impact could directly affect mining activities or are expected to trigger other 

secondary impacts, and the likelihood that the impact will occur (ICCM, 2013). The third 

component is concerned with the business implication. This relates to the financial 

consequences of Climate Change impacts on issues that include capital expenditure, 

operating costs, reputational costs from litigation, regulatory non-compliance and negative 

public perception that may come with climate change management (ICCM, 2013). This 

component also presents the possibility of positive spin-offs related to planning for Climate 

Change Adaptation, such as an opportunity to engage with host communities to achieve 

broader sustainable development agendas (ICCM, 2013). 

Although the framework is not entirely new, it is informed by existing methods of assessing 

and reporting risks and opportunities in the mining and metals sector, it also draws its insights 

from the Carbon Disclosure Project (CDP). Within this project, mining companies report the 

location-specific Climate Change risks and opportunities, both in the policy and physical 

contexts. The importance of this framework in the context of this study is that coal mines can 

use it to identify the specific impacts on their operations, based on their locations and mine 

design. Vulnerability assessments enable private and public policymakers to plan appropriate 

and adequate responses. Effective responses require officially accepted and documented 

approval and commitment. This allows for effective adaptation planning and implementation 

(Fossil Fuel Foundation, 2013). 
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2.3.3 Planning and Implementation of adaptation 

Planning involves the collection of useful information regarding how institutions are framing 

issues of adaptation, and the range of processes that are recognised as being part of adaptation 

responses. Planned adaptation to Climate Change would mitigate the risks and take advantage 

of climate change (Fussel, 2007). Depending on the specific issue under consideration, 

adaptation to Climate Change may have close links with natural resource management, water 

management, disaster preparedness, urban planning, sustainable development, poverty 

reduction etc. Efficient adaptation requires consideration of other factors that are important 

for current decisions. Some examples include current climatic risks, key non-climatic 

challenges and economic development plans (Adgar et al, 2006). In regions and sectors 

which face significant threats, it is particularly important to coordinate adaptation plans that 

take into account current and future climate risks, jointly (Fussel, 2007). 

Implementation of adaptation plans typically start with the development of climate change 

management policies and making provision for funding as well as the transfer of technology 

to meet the specific needs and concerns of a mining company. Some adaptations are being 

triggered by Climate Change, and those adaptations are often purposeful and directed - as can 

be seen in the UK Government's creation of a UK Climate Impacts Programme and the 

widespread implementation of that programme (Adgar et al, 2006). Developing adaptation 

policies and implementing them are two different things. The former is easier and depends on 

the outlook of the organisation and its determination of its vulnerability. (Adgar et al, 2006). 

The latter will often be constrained and influenced by a higher-level adaptation framework as 

well as the institutions that define all aspects of activity in that organisation. Both dimensions 

of adaptation can be implemented in preparation for, or in response to, impacts generated by 

a changing climate. 

 “ Hence, adaptation is a continuous stream of activities, actions, decisions and attitudes that 

informs pronouncements on all aspects of life, and that reflects existing social norms and 

processes” (Fussel, 2007). 

It can therefore be difficult to separate Climate Change Adaptation decisions or actions from 

actions triggered by other social or economic events.  
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2.3.4 Monitoring and evaluation of adaptation actions 

The development of Climate Change Adaptation frameworks has resulted in the inclusion of 

a monitoring and evaluation (M&E) component. This component consists of a system of 

measurements consisting of a unit and a scale that serve as a ‘guide post’ with built-in 

flexibility, rather than a rigid column and row evaluation sheet (Preston et al, 2011).  The  

M&E frameworks capture overlaps between different domains of decision-making such as 

adaptation, development and disaster risk reduction (Preston et al, 2011; UNFCCC, 2011, 

International Institute for Environment and Development, 2011). Climate Change Adaptation 

efforts need to be monitored and their effectiveness need constant evaluation to assess 

whether they are meeting their intended outcomes, and whether resources are being used 

effectively and efficiently. As such, monitoring and evaluation (M&E) of Climate Change 

Adaptation is an ongoing process. The GIZ (2013), states that M&E can ensure 

accountability - which is a critical factor in Climate Finance. In addition, M&E provides a 

platform for project and programme management, thus help planners to assess what works, 

what does not and why.  

Since Climate Change Adaptation is a relatively new practice in many industries, M&E can 

assist in identifying additional benefits brought about specifically by adaptation strategies 

from older, well-developed strategies such as Disaster Risk Management (GIZ 2013). Once 

adaptation plans have been implemented, it is important to answer whether adaptation did 

take place, whether vulnerabilities have been reduced, and whether adaptive capacity has 

been increased. As such, Monitoring and Evaluation in Climate Change Adaptation can be 

used for a variety of reasons - including assessing the effectiveness of an adaptation measure, 

or the implantation of an adaptation strategy (Stringer, et al, 2009). The purpose of M&E 

must be defined; indicators must be developed and decisions on how the results of adaptation 

strategies will be used; support for the further adaptation process must be made so that a 

proper approach and method for M&E can be undertaken (Schröter, et al. 2005). 

Climate Change Adaptation M&E must address inherent Climate Change challenges that 

include uncertainty associated with climate projections and climate impacts particularly at 

local level. The success of Climate Change Adaptation is difficult to quantify, and often 

cannot be directly compared across different locations (Sauchyn and Kulshthreshtha, 2008). 

In addition, there is a lack of a universal metric which should be able to measure the 
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reduction of Greenhouse Gas Emissions (GHG), or the reduction of impacts due to adaptation 

interventions. Another challenge that adaptation M&E should overcome is the separation of 

Climate Change Impacts and Non-Climatic Impacts. For example, the increased risk of 

bushfires in Mozambique is the result not only of aridity, but also of the spread of slash-and-

burn clearing in response to population growth, and the decline in traditional governance of 

natural resources (Sauchyn and Kulshthreshtha, 2008). Adaptation success can only be 

predicted, sometimes far into the future, but requires urgent investment and planning. As 

such, it is difficult to build M&E into adaptation interventions whose effect and success 

cannot be immediately measured. 

2.4 CLIMATE CHANGE ADAPTATION IN THE COAL MINING SECTOR 

Although the Climate Change Projections have weaknesses, the impacts of Climate Change 

on mining are well documented.  The South African Coal Road Map (2011) has noted some 

of the impacts of Climate Change such as increased temperature in the western, north-west 

and southern regions of the country. Although no well-defined trends on rainfall variability 

have been recorded, there is evidence of drying in the north-west, and wetting in the north-

east (weADAPT, 2011). Furthermore, there have been significant increases in rainfall 

intensity and extreme rainfall over more than two-thirds of the country. All these pose direct 

physical impacts on mines.  

Formal Climate Change Adaptation Practice in mining has only recently gained traction. 

Development of Climate Change Adaptation strategies to plan for and cope with current and 

expected impacts of Climate Change have been suggested to ensure the sustainability of a 

mine and safeguard the environment and community in which the mine operates (Pearce et al 

2011). Linnenluecke, et al,  (2013) note that studies on firm and industry’s adaptation to 

Climate Change impacts are also beginning to emerge, although still sparse. In instances 

where firms seem to consider Climate Change Adaptation, they do so mainly for competitive 

purposes or due to pressure from changing political, economic and legal conditions. Often 

they disregard the dynamics of a changing environment (Dennis Consultants 2008; Brown 

Dart and Quesnel 2006). Nonetheless, firms, including those in the mining industry, are 

beginning to elevate the importance of Climate Change Adaptation. 
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The ICMM (2013) notes that although the mining and metal industry has vast experience in 

dealing with risk, Climate Change may pose unfamiliar risks that may be beyond the capacity 

of the current arsenal of experience within the industries. The South African Coal Road Map 

(2011), states that Climate Change Adaptation has been a significant aspect of coal mining 

since 2008. It categorises Climate Change Adaptation into two categories; the “resilient 

type”, which addresses the potentially damaging effects of changing climate extremes, and 

the ‘acclimation type’, which addresses strategies to cope with gradual changes such as slow 

rates of warming and reduced water availability due to chronic droughts (The South African 

Coal Road Map,  2011). Climate Change Adaptation in mining is broadly driven by two 

major forces; Climate Change Policies and Legislation and bio-geo-physical impacts.  

2.4.1 The impact of climate change policies on the coal mining industry 

The international discourse on policies related to the coal industry addresses a number of 

issues.  Among these is an acknowledgement that Climate Change is a critical issue for the 

coal mining sub-sector (Scales 2006; Pearce, et al, 2011). As a result, Climate Change 

Management is currently receiving increased attention.  In the coal mining industry, Climate 

Change Management discussions are centred on achieving a balance between adequate coal 

supply for socioeconomic objectives, and the reduction of GHG emissions for environmental 

preservation. The discourse clearly shows bias towards mitigations and pays limited attention 

to Climate Change Adaptation as a critical component of Climate Change Management. 

Some of the Climate Change Mitigation policies include: the Renewable Energy Feed-in 

Tariff, The Energy Efficiency White Paper (2005), The 2.5c/kWh tax on electricity generated 

from non-renewable sources (SARS, 2008), Energy efficiency incentives in the Income Tax 

Act, The Clean Development Mechanism and the imminent Carbon Tax (Newman, et al, 

2009). 

However, the Climate Change Adaptation agenda is also gaining momentum as Climate 

Change is already influencing investment patterns and the uncertainty relating to international 

climate policy is damaging for the industry Coal Industry Advisory Board (CIAB, 2009). 

This uncertainty is worse in sectors that are more prone to adverse Climate Change-induced 

impacts, and where there is no enforcement of Climate Change Adaptation policies (Coal 

Industry Advisory Board – CIAB, 2009). The Energy Information Administration’s (EIA) 

scenarios for the coal market to the year 2035 suggest that government policies, particularly 
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those related to Climate Change, are expected to play a critical role in shaping the global coal 

market in the future (World Energy Outlook, 2013). 

The South Africa Road Map (2011) notes that the country’s coal policy and regulations are 

limited to individual parts of the coal value chain, with no overarching policy or national 

strategy for the coal mining sector as a whole. This is because in the past, the South African 

Government has had a ‘hands-off approach’ toward the industry. However, the South African 

Government has since taken an active approach in the sector. Government involvement 

includes financial investments, thus any threat to the sector - including that which is posed by 

Climate Change - is a threat to that investment and the country’s economic growth (Sebitosi 

& Pillay, 2008). While Government policy intervention in the coal sector is crucial, the actual 

development of a mine, along with the interpretation and implementation of Climate Change 

policy and strategies remain the responsibility of mining houses in general and their 

individual mines in particular (Berry et al, 2008). A key challenge in this regard is gaining 

insight into what are and/or will be Climate Change Adaptation-related measures in the 

industry.  The value chain concept provides a framework for understanding how adaptation 

strategies can be framed and implemented in each of the industry’s value chain sub-chains.  A 

critical issue in this regard is to understand the activities in each sub-chain, so as to identify 

and possibly quantify potential risks based on mine site-specific data and dynamics. 

2.4.2 Bio-geo-physical impacts of climate change on the coal mining value chain 

The bio-geo-physical impacts of Climate Change on mining are characterised by 

uncertainties associated with unreliable data from scientific climate modelling technologies 

and methods (Groisman, 2003). For example, different models often produce different results 

on geographical profiling (Lube et al, 2008). However, having established the historical 

projected impacts of Climate Change in the mining sector, and having acknowledged that 

coal will be part of the South African energy source for the foreseeable future, it is important 

to understand the current and possible empirical cases of Climate Change Impacts in various 

stages of the coal mining value chain. Figure 2.1 is a simplified schematic representation of 

the coal mining value chain. The value chain comprises five sub-chains, namely: the 

exploration sub-chain, the mine design sub-chain, the mine construction sub-chain, the 

operation (production) sub-chain and the mine closure sub-chain (Mintek 2012). The sub-

chains differ in the nature, level and intensity of vulnerability to the adverse impacts of 

Climate Change. Similarly, there is a difference in the nature of Climate Change Adaptation 
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responses between the chains. The following sub-sections outline the activities and Climate 

Change risks in each sub-chain. 
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Figure 2.1 Coal mine value-chain 

Source: Mintek technical-divisions, 2015
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2.4.3 Exploration 

The mine lifecycle begins with the search for financially viable and exploitable mineral reserves. 

Exploration is typically done through mapping and modelling, and also in the field through rock 

and soil sampling.  Not all exploration efforts result in the development of an operational mine 

(ICMM, 2013). In fact, the majority of the exploration projects do not proceed beyond the 

exploration phase. One major problem which can result in discontinuation from mine exploration 

to mine design is the lack of water due to Climate Change-induced drought (El Idrysy and 

Connelly, 2012). However, mines tend to assess the underground water resources to see if they 

are sufficient to sustain mine operations. 

Traditionally such assessment excluded historical data on local rainfall patterns. This is 

problematic because even if the current resources prove to be sufficient, without normal rainfall 

they may dry out before the end-of-mine lifespan, thus forcing early closure which may be costly 

and inconvenient for the mine employees. Furthermore, Climate Change will create both 

opportunities and threats to the mineral exploration business. One of the examples of opportunity 

is that the melting of Arctic ice will allow access to previously inaccessible exploration sites 

(The International Council on Mining and Metals [ICMM], 2013). However, the exploitation of 

mineral deposits in such a fragile environment presents environmental degradation risks because 

the environment there is delicate. Mining activities in such environments will require careful 

mine design features that will be able to take future climate risks into consideration. 

2.4.4 Mine design and construction 

If the data generated during the exploration phase indicates the presence of economically-viable 

mineral deposits, and the water resource is sufficient to sustain a mining project, the mine may 

design the mining activities and move on to the development phase. This phase involves studies 

that help mining companies. The design also determines the safety of the project, taking into 

consideration the environment and local population. At this stage, developers decide if the 

project is economically viable and socially responsible, while meeting or exceeding regulatory 

requirements. Mine design and construction includes the design and building of mining 

infrastructure.  According to ICMM (2013), current Environmental Impact Assessments in mine 

design are conceived under the assumption that the climate is static, and tends to use historical 
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observations of climatic and environmental conditions as a baseline. The advent of Climate 

Change dictates a paradigm shift in planning to consider current and future Climate Change 

Impacts. For example, basing mine site water balances on current or historic conditions might 

not be inadequate for future Climate Change-induced variations in water supplies, diversion 

ditches, water storage ponds, treatment facilities and other water management structures. As a 

result, engineering standards and guidelines now need to incorporate area-specific Climate 

Change Impact scenarios in developing the infrastructure that will directly and indirectly support 

the exploitation of the targeted mineral. Such designs will need to take into account possible 

flooding due to the frequency and intensity of extremely high rains. Based on these projections, 

levee dams may need to be raised above the normal standards. 

2.4.5 Mine operation and processing 

Once construction is complete and systems have been tested, mineral production begins.  The 

production phases involve extracting the ore and processing and transporting the minerals. A 

coal mine extracts coal and associated products like methane gas from the ground. Coal is then 

processed into various products that include lignite, sub-bituminous and bituminous and 

anthracite. These products are then directly transported to downstream industries, or transformed 

through gasification or liquefaction before being transported.  Downstream industries and plants 

process the intermediate coal products for the end users.  The end-use may be in the form of steel 

and cement which are used in construction, electricity generation, fertilizers, petrochemical 

products, diesel, gasoline, liquefied petroleum gas and cooking briquettes (Daniel, 2013). 

At the mine site, coal operations are dependent on a substantial amount of fixed assets and 

infrastructure, some of which are vulnerable to damage as a result of extreme weather events and 

environmental degradation, particularly through flooding, subsidence, erosion and storms. 

Climate extremes such as elevated temperatures may affect the efficiency of major equipment 

and cooling abilities of water treatment processes (ICMM, 2013). Some operations can be 

affected by changing precipitation patterns that result in landslides, soil erosion, changing ground 

water levels as well as permafrost instability. An example of such an occurrence is the 2010 

floods in Australia.  The floods limited access to coal mines, resulting in a rapid decline of coal 

export stocks at the port, leading to financial losses of about US$1 billion for the country’s coal 
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industry (ICMM 2013). Reduced rainfall may result in water shortages which may pose water 

scarcity problems in mines which are located in areas already experiencing water shortage. 

Furthermore, coal mining is highly reliant on water and energy; the two are interdependent as 

water is used for thermal and hydroelectricity generation (ICMM, 2013). As such, any 

interruption in water availability will have direct consequences on energy supply. The 

cumulative effect of these impacts may result in serious operational disruptions or complete 

shutdown of the mine.  In coal mining, water is also used for cooling, crushing, grinding, slurry 

transportation, and tailing and storage. As such, Climate Change-induced drought will definitely 

affect water availability and mine production. In coastal areas, if sea levels rise simultaneously 

with the increased drawdown of wells, there is a possibility of saltwater intrusions, which may 

contaminate fresh water supplies.   

2.4.6 Closure/post closure 

Every mine has a finite lifespan. Environmental prudence dictates the need for environmental 

management during and post-mine operation periods. Often, such plans are developed and 

agreed upon by the mining companies, government and the community, before mining 

commences.  This is meant to ensure that the land in and around mining sites is restored and/or 

remains fairly productive. Another reason is to ensure that the ecosystems in those lands are 

minimally disrupted during and after mining has ceased.  Mining affects the environment in 

different ways that include catalysing the breakout of wildfires, and adverse impacts on soil and 

water quality. It is necessary to minimise the likelihood of such impacts by taking appropriate 

action. Reclamation and environmental protection efforts need to be consistent when closing 

operations. Measures must be taken to address environmental impacts related to a closed mine. 

These include flooding of unused shafts, planting of vegetation, and avoiding extensive soil 

erosion. In terms of water management, if Climate Change events contribute to the increased 

frequency and intensity of rains resulting in flooding, coal mines will need to ensure that their 

long-term closure plans incorporate additional water storage to contain excess precipitation and 

prevent pollutant-carrying run-offs from contaminating the environment (ICMM, 2013). These 

risks and possibilities need to be better understood and quantified for effective Climate Change 

Adaptation planning and implementation. 
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2.5 CONCLUSION 

Based on the reviewed literature, there is sufficient scientific evidence to show that the climate is 

changing. This is seen by changes in rainfall and temperature variance, as well as the extremity 

of such events. These events have resulted in documented impacts on different aspects of society, 

including agriculture and mining. These impacts require countries, cities, industries and 

companies to respond. Although there is the realisation that Climate Change Response has 

largely been focusing on mitigation efforts both in terms of policy and practice, Climate Change 

Adaptation - the focus of this study - is still lagging behind in terms of policy, financing, and 

implementation in many sectors, including mining and the coal mining sector more specifically. 

This is besides documented evidence of infrastructure damage and disruption caused by Climate 

Change-induced events in different areas of the mining value chain. 

A closer look at the coal mining value chain in the context of Climate Change Biophysical 

Impacts shows that mines need to develop a holistic but location-specific Climate Change 

Adaptation framework that takes into consideration all the sub-chains in order to develop a 

climate-resilient sector. However, as the literature has revealed, uncertainty related to accuracy 

of climate data and the projection of future events makes it difficult for mining companies to 

invest and plan. Be that as it may, market pressures, as well as costs incurred by not proactively 

planning for adverse Climate Change Impacts, will result in mine closures and a shift towards 

less vulnerable energy sources. 
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CHAPTER 3: RESEARCH METHODOLOGY 

3.1 INTRODUCTION 

The study sought to assess South Africa’s coal mining sector response to Climate Change 

Adaptation demands. This was achieved by identifying current and future Climate Change 

Impacts on selected South African coal mines, and by establishing the extent and nature of 

Climate Change Adaptation readiness in those coal mines. To achieve these goals, the following 

objectives were set out: (i) to identify current and possible future Climate Change Impacts that 

may affect selected coal mines in South Africa. (ii) To establish the nature and extent to which 

the selected coal mines in South Africa are ready to address and implement adaptation measures. 

(iii) To determine and document existing Climate Change Adaptation practices in selected coal 

mines in South Africa.  

To address the above research objectives and goals, an appropriate mix of research methods was 

selected. These methods were suitable to gather and analyse the quantitative data related to 

historical and current climate trends and patterns and the qualitative data that is related to climate 

observations and experiences by mine employees and local community members. Both these 

methods were aimed at establishing the biophysical impacts of Climate Change and the 

responses in the form of Climate Change Adaptation strategies being employed by the mines.  

3.2 METHODOLOGY  

This study adopted a mixed-method research strategy. Mixed-method research is formally 

defined as “the class of research where the researcher mixes or combines quantitative and 

qualitative research techniques, methods, approaches, concepts or language into a single study” 

(Johnson et al, 2005: 82).  Mixed-method research makes use of the practical method and its 

logic of inquiry includes the use of identification of patterns, the testing of theories and 

hypotheses, and abduction (de Waal, 2001). Both qualitative and quantitative methods are crucial 

for this study to meet its objectives. This study is not aligned to this philosophical outlook only, 

given the complexity associated with its pluralistic nature. As such, a qualitative approach was 

considered as part of a useful method in conjunction with the quantitative method. 
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The debate on what causes Climate Change, what impact it can have in the social, environmental 

and economic context, and how humans respond should call for a combination of methods of 

enquiry that will take into account the scientific and social perspective. Perspectives, theories, 

philosophies, and observations must be drawn from both qualitative and quantitative methods for 

a balanced reflection. As such, the goal of mixed-methods research is not to replace either of 

these approaches but rather to draw from the strengths and minimize the weaknesses of both in 

single research studies and across studies. Using only qualitative or quantitative methods would 

have risked exposing the study to the weaknesses inherent in both of the methods, and missing 

an opportunity to draw strength from each other. Mixed-methods research as the third research 

paradigm can also help bridge the divide between quantitative and qualitative research 

(Onwuegbuzie & Leech, 2004). 

Since this study is multi-faceted, trying to understand meteorological patterns and their impacts 

on the mining business - which consequently affect the social and economic life of communities 

where these mines are located - the mixed-method approach allows for the use of multiple data 

collection methods. The mixed method also allows for the expression of different ideologies by 

different mining role players, as well as differing forms of data analysis. The mixed-method 

approach was carefully chosen and aligned with the research objectives and the questions posed 

to meet these objectives. For instance, data related to the perception and responses to Climate 

Change in coal mining could not be gathered and analysed using quantitative methods, as much 

as historic and current climate data could not be gathered only through qualitative methods. Only 

a mixture of these methods could address the study’s objectives and research questions.  

3.3 RESEARCH STRATEGY: MULTIPLE CASE STUDY APPROACH 

As a research strategy, a multiple case study and historically-descriptive approach were used as 

research designs. A multiple case study design allowed for exploring the differences within and 

between each case, and for making comparisons so as to develop an encompassing understanding 

of the Climate Change demands in the South African coal mining sector. Figure 3.1 shows the 

multiple cases (coal mines) that participated in the study. These are marked in green point 

indicators, and the mines marked with red point indicators were asked to participate but declined 

for reasons that will be discussed in detail in the data presentation chapters. 
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Figure 3.1: Participating and non-participating coal mines 

 

Source: Author, 2016 

The advantage of using multiple cases for this study is that each case provided unique data, rich 

in context. As a result, the product of this research is an in-depth description of cases. As is 

typically the case with case study research, a mix of data collection tools was used. These 

included: questionnaires, key informants’ interviews and field observations - which in this case 

included mine design - document analysis, and infrastructure design and adjustments. Details 

relating to the strengths and weaknesses of these tools and how each complements another will 

be discussed in detail in the following sections. However, a point worth noting is the difficulty of 

generalising the findings of each case to other coal mines, including those that did not form part 

of this study. Yin (2013) notes that findings of case studies are often context-specific and so in 

many instances may not be generalised. However, this study will assume a degree of 

generalisation based on provisions made by Greene and David (1984) - who argue that 
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generalizing from a sample of cases can be justified only to the extent that relevant 

characteristics of the sample are representative of the same characteristics of the target 

population. Therefore, the way in which the cases are selected is critical to the ultimate utility of 

the multiple case study design approach. 

Learning from the Greene and David (1984) argument, it is safe to argue that a degree of 

generalisation can be made in this study, precisely because all coal mines exist within limited 

coal fields in the country, with 70% of them situated in Mpumalanga as stated above. Mine 

designs are also limited to either open-cast or underground. Moreover, 90% of South African 

coal mines are owned by five major mining companies. This means that Climate Change 

policies, plans and actions can be traced and compared within these major players. Lastly, the 

climate does not vary much within the areas where the coal fields and mines are located, 

meaning exposure and vulnerability is similar, but the impacts intensity and response are 

different. This presents an opportunity to generalise the findings. 

However, this study does not assume that all South African coal mines, based on selected mines, 

face the same issues and respond in the same manner to the Climate Change challenge. To this 

end, the research selected mines in all major South African coal fields that represent the majority 

of coal mines in the country,  in order to examine their exposure and vulnerability to Climate 

Change, and thus to  document their adaptation plans and actions. From these mines, Climate 

Change demands and adaptation preparedness in South African coal mines generally, could be 

better understood and improved. According to Greene and David (1984), the four main features 

of a multiple case study design are: (a) a conceptual framework which provides the superordinate 

structure, (b) a sampling plan that ensures representativeness of the target population in the case 

samples, (c) procedures for the conduct of individual case studies that ensure sufficient 

comparability across cases, and (d) a cross-site analysis strategy that tests the limiting conditions 

of the findings. The goal was to replicate findings across cases, so as to understand the different 

and common Climate Change impacts in each case and to record and understand adaptation 

strategies (if any) in each case as well as compare these to other cases. This would give an 

indication of the effectiveness of each adaptation action, and thus broader adaptation readiness 

within the South African coal mining sector.  
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3.3.1 The conceptual framework 

According to Greene and David (1984), the purpose of the conceptual framework is to structure 

data collection in a way that provides comparability across cases. The search for site-specific 

explanations is not overly constrained, as having some idea of what one is looking for is an 

important part of preparing for any kind of case study work (Smith, 1978).  In a multiple case 

study design however, there is an even greater need for the definition of boundaries and focus 

prior to data collection. This is due to the need for comparability across cases, hence the 

conceptual framework must be relatively elaborate and explicit (Gartner, 1985). 

Quantitative data from the South African Weather Service was critical in this  study. The South 

African Weather Service provided available data for the four selected provinces where major 

coal fields and mine operations are based. For the purpose of this study, maximum and minimum 

temperatures, and precipitation, mainly annual, monthly and seasonal rainfall data was sought 

and provided. The data was tabulated on Excel spreadsheets. The received data had to be 

rearranged and coded according to the specific needs of the research. The major challenge with 

the data was that in some instances, such as in the town of Kriel in Mpumalanga, some data, i.e. 

temperature data was not available because the concerned weather station was not recording this. 

Furthermore, in some cases, the data sets had gaps with no records on some days either because 

of technological problems or human error. In such cases, if the gaps for the specific month(s) 

were significant (more than two weeks), that month was excluded from the data set gathered for 

analysis. If the gaps were not that significant (less than two weeks), the gap(s) were filled in with 

an average value, taking into consideration previous and post two months’ data sets.  Lastly, in 

the case of Standerton, rainfall data was available up to 2006; thereafter that particular station did 

not keep rainfall records.  In the data analysis sections, it is argued that poor data quality 

compromises the understanding of Climate Change and Adaptation Planning. Figure 3.2 

provides a graphic presentation of the research methods and design. 
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Figure 3.2 Data collection process 

 

 

 

 

 

 

 

Source: Author, 2015 
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Qualitative data was collected through structured interviews with mine environmental officers, 

engineers and mine managers as well as members of the surrounding communities. Rubin and 

Rubin (2011) note that a structured interview approaches a problem in its natural setting, 

explores related and contradictory themes and concepts, and points out the missing and the 

subtle, as well as the explicit and the obvious. Qualitative research is especially effective in 

describing how and why things change, and how people and systems respond to the change. 

According to Vanderstoep and Johnston (2009), qualitative research produces a narrative and 

textual in-depth description of the study at hand. This approach is appropriate for this research 

because the study sought to provide an in-depth narrative of how Climate Change may/is affect 

(ing) South African coal mines, how they perceive Climate Change, and what they are doing or 

not doing about it. It was also imperative to interview Climate Change experts who had insights 

into mining, specifically into coal mining, in the context of Climate Change Impacts and 

Adaptation. These were researchers in other universities and organisations with an interest in 

Climate Change and/or mining. The qualitative data was compared and augmented with 

quantitative data. 

In addition, site observations were carried out in all participating coal mines. Observations 

largely focused on mining infrastructure, mine design and mining methods. Creswell (2009) 

states that, in field observations, the researcher takes field notes, often recorded in an 

unstructured or semi-structured way, using some prior questions that the enquirer wanted to 

know. Site Observation was a useful data-gathering method because it allowed for gathering data 

that the research informants may have been uncomfortable to discuss (Cresswell, 2009). Further 

information was collected via literature review and document analysis. As Babbie (2001) 

correctly points out, one has to enter the fieldwork with a good knowledge of the literature. This 

research was guided by existing Climate Change Adaptation theories and frameworks. 

As such, these theories and frameworks guided the study in an exploratory way where collected 

data relating to Climate Change Impacts and Adaptation frameworks in each case, were 

compared and contrasted with developed and existing Climate Change vulnerability, exposure 

and adaptation models. These comparisons were aimed at measuring adaptation effectiveness 

across cases to identify common Climate Change Impacts and Adaptation strategies. From this 
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understanding, generalisations regarding Climate Change Impacts in South African coal mining 

were made. The literature reviews in the previous chapter (Chapter Two) provided insights and 

background on the issue of Climate Change broadly from a policy and practice perspective 

within the mining sector. This background produced sufficient information from which to draft 

data gathering tools and relevant questions. As such, this chapter and the pilot study section in 

particular, were highly influenced by the reviewed literature. Document analysis refers to the 

analysis of any formal written material that contains information about the phenomenon being 

researched (Strydom and Venter, 2002). The reviewed documents are listed in Table 3.1. 

Table 3.1 Reviewed documents  

Document Purpose 

Environmental impact assessment reports Data related to air, water, soil, socio-economic, impacts and 

how these may be affected by climate change while being in 

the care of the mine and how the mine intends to deal with 

the impact. 

Environmental management programme reports Data related to management of scarce natural resources such 

as water, especially in the context of a changing climate that 

either increase or decrease precipitation. 

Cultural heritage impact assessment reports Data related to the aspects of heritage and a community’s 

way of life that may be impacted by the mine and 

exacerbated by climate change. 

Specialist soils & land capability 

studies, impact and assessment and soil utilisation and 

management plan 

Data related to management and utilisation of land and soil 

and how these may in turn affect mining operations when 

impacted by changing precipitation and temperature 

patterns. 

Specialist Surface Water Report Data related to increases and/or decreases in precipitation 

patterns and how they affect water availability and 

management at the mine. 

Groundwater specialist report Data related to the increases or decline in amounts and 

quality of groundwater for mining use and how these have 

been changing over time, based on current and historical 

observations. 

Mines’ sustainability reports Data related to the mines’ climate change policies and plans 

or lack of, as well as recorded climatic related incidents 

along the mines’ mining value chain and how the mines 

dealt with these. 

Carbon Disclosure project reports Reported Climate impact incident and/or predictable 

incidents that the mine sees as threats to its operations. 
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Source: Author, 2015 

It was necessary to search, retrieve and review documents such as mining firms’ annual reports, 

sustainability reports, technical and financial reports and other related documents. In addition,  

publicly available documents were retrieved and analysed and any records that contained data 

relevant to this study. The documents were reviewed, and relevant information was used for this 

study. Because these documents were not compiled with the subject of this study in mind, it was 

crucial to use relevant keywords while searching for relevant information. Such keywords 

included: ‘climate’, ‘weather’, ‘impacts’, ‘adaptation’, ‘exposure’, ‘vulnerability’ ,‘changes’, 

‘flooding’, ‘drought’, ‘temperature’, ‘rain’ and ‘extremes’. These keywords located and revealed 

information that could be linked to climate-related concerns where applicable. 

3.3.2 Historic-descriptive approach 

Descriptive research involves gathering data that describes events and then organizes, tabulates, 

depicts and describes the data collection process. Since the human mind cannot extract the full 

import of a large mass of raw data, descriptive statistics are very important in reducing the data 

to manageable form (Glass & Hopkins, 1984).  This often leads to the use of  visual aids such as 

graphs and charts to assist the reader in understanding the data distribution. In this case, the data 

was coded on Excel and the Statistical Package for the Social Sciences (SPSS) and Geographic 

Information System (GIS) for graphic presentation and analysis (Greene and David, 1984). Data 

for this study comprised a number of variables that included minimum and maximum 

temperatures, annual, seasonal and monthly rainfall patterns that needed to be reconciled and 

meaning created from it. This included describing the mean, deviations from the mean, 

frequency of extremes, and correlation between variables. Descriptive studies are primarily 

concerned with finding out "what is," (Greene and David, 1984), in this case: the major questions 

that needed answering were “what are the impacts of Climate Change on South African coal 

mines?” and “how is the coal mine industry responding to these impacts?” Descriptive studies 

can yield rich data that lead to important recommendations.  
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3.3.3 Sampling 

The goal of sampling is to obtain a set of cases which, taken together, contain a variation on key 

explanatory factors representative of their variation in the target population. The study used the 

purposeful sampling method to select mines that would best represent the South African coal 

mines’ ‘reality’ in the context of Climate Change and Climate Change Adaptation.  Strydom et al 

(2002) define target sampling as “a purposeful, systematic method by which controlled lists of 

specific populations within geographical districts are developed, and detailed plans are designed 

to recruit adequate numbers of cases within each of the targets”. South Africa has over 79 coal 

mines in four provinces, namely: Mpumalanga, KwaZulu-Natal, Limpopo and the Free State 

(Global Energy Observatory, 2014). Most of these mines are owned by five major coal mining 

companies, namely: Exxaro, Sasol, Xtrata, Kumba and Anglo Coal. The study targeted coal 

mines in four provinces; in Mpumalanga (three mines), Kwa-Zulu Natal (two mines), Limpopo 

(1 mine), and the Free State (two mines). In the end, five mines informed the research. 

The selection criteria for the mines within the same province included that the mines were at 

least 50 kilometres apart. This was an important criterion, given the fact that Climate Change 

Exposure and Vulnerability of coal mines is based on climate variability, which differs 

geographically. The IPCC (2011:3) provides a distinction between Climate Change Exposure 

and Vulnerability. Climate Change Exposure is “the presence of people; livelihoods; 

environmental services and resources; infrastructure; or economic, social, or cultural assets in 

places that could be adversely affected”, while vulnerability is “the propensity or predisposition 

to be adversely affected”. As such, each coal mine would be exposed to, and vulnerable to 

unique Climate Change Impacts based on its environment. In addition, mines belonging to the 

same mining company and located within the same province had to be a combination of open- 

cast and one-shaft mines. This selection criterion was motivated by the fact that coal mines are 

exposed and become vulnerable to Climate Change Impacts based on mine design and mining 

method. For example, an open-cast mine might be more vulnerable to flooding while an 

underground mine might be more vulnerable to persistent heatwaves. The study was able to 

review existing Climate Change risk assessments, possible impacts on the coal mining sub-chain, 

possible adaptation approaches, strategies, procedures, risk management, planning approaches, 
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policy and practice, both at company and operational level in different mines. The mines that 

participated are shown in Table 3.2. 

Table 3.2: Sampled mines 

PROVINCE MINING 

COMPANY 

AND/OPERA

TING 

COMPANY 

MINE GEO-

INFORMATION

/LOCATION 

MINE DESIGN 

AND MINING 

METHODS  

Number of 

interviews 

conducted 

Mpumalanga Kriel Colliery Anglo American 

(Pty) Ltd 

 

Kriel,  

Mpumalanga 

Witbank 

Coalfield, 

 

Open  and 

underground mines 

 

6 

 New Denmark 

Colliery 

 

 

 

Anglo American 

(Pty) Ltd 

 

Standerton, 

Mpumalanga 

 

 

 

Open cast mine 4 

 Anonymous 

Mine 

 

 

 

 

 

Anonymous 

company 

 

 

 

Kriel,  

Mpumalanga 

 

 

 

 

 

 

Open cast and 

Underground. 

Opencast strip 

mining by draglines, 

truck and shovel 

2 

KwaZulu-

Natal 

Spring Lake 

Holding 

Limited, Petmin 

 

 

 

Shanduka 

Colliery (Pty) Ltd 

 

 

 

Near Dundee, 

KwaZulu-Natal, 

 

 

 

 

Underground and 

Opencast 

conventional board-

and-pillar mining 

methods in its 

underground mine 

 

3 

Free State 

 

New Vaal 

Colliery 

 

Anglo American 

(Pty) Ltd 

Banks of the Vaal 

River, Free State 

Open cut mine. Strip 

mining by dragline 

10 

Source: Author, 2015 

Using this sampling framework, mine managers, shaft managers, environmental managers and 

officers, and engineers at individual mine level were interviewed. Climate Change and mining 

experts from the Centre for Scientific and Industrial Research (CSIR), mine environmental 

experts from the South African Chamber of Mines, and the Department of Environmental 
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Affairs, engineering and technology specialists from CoalTech and geologists from Geotech, 

were interviewed. 

3.4 PILOT STUDY 

A pilot study was conducted with an open-cast and underground coal mine in the Free State and 

Mpumalanga, respectively. Bless and Higson-Smith (2000:155) defines a pilot study as “A small 

study conducted prior to a larger piece of research, to determine whether the methodology, 

sampling, instruments and analysis are adequate and appropriate.” The major objective of 

conducting the pilot study was to get pre-fieldwork involvement and creating an awareness of the 

complexity and dynamics of the research field. Even though no two field sites were the same, the 

pilot study provided a glimpse of what to expect in the main study. The second major purpose 

which that pilot study fulfilled was the opportunity to refine the wording on the questionnaires 

and interview guides.  

It soon became apparent that certain words and phrases provoked and influenced different 

reactions from different respondents. Phrases such as “Climate Change”, “Global Warming” as 

were used in initial correspondence with coal mining stakeholders, were generally received with 

disdain, particularly by mine management. The use of such phrases was less understood by 

junior environmental officers. Engineers preferred to replace “Climate Change Impacts” with 

‘Weather Variability Impacts” or “Weather Extremes Impacts”. In the earliest stage of this 

research while requesting permission to gain access into the mines, the use of words such as 

“Climate Change” and “Global Warming” in correspondence with mining managers resulted in a 

negative reaction. Access was consequently denied by many mining companies. The third benefit 

of the pilot study was that it assisted in reflecting and improving the research instrument layout, 

orientation and making sure that the instruments acquiring data would be valid, reliable, effective 

and free from problems and any technical errors. As such, the pilot study was a critical 

prerequisite for the successful execution of the main study.  

Before entering the field, experts were interviewed in the discipline of Climate Change, with the 

focus on adaptation in mining - more specifically in coal mining. Valuable insights were gained 

from these interactions, especially with regard to Climate Change narratives and perspectives 

that are different and not biased to miners’ and environmentalists’ perspectives. As such, much 
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more objective and balanced dialogue was achieved through interviewing independent expert 

respondents. Expert respondents also offered invaluable advice related to accessibility of the 

field and correct selection of respondents, and how they should be approached. Data from the 

pilot study was processed and analysed in the same manner in which data from the main study 

would be processed and analysed. This process further assisted in identifying and eliminating 

problems that would have been in the main study if a pilot study was not conducted. 

3.5 DATA ANALYSIS AND INTERPRETATION 

Quantitative (climate) data was received, coded and analysed on Excel and the Statistical 

Package for the Social Sciences (SPSS). Qualitative data collection and analysis was carried out 

simultaneously. Creswell (2009) and Strydom et al, (2002) argue that unlike traditional studies, 

qualitative study involves an inseparable relationship between data collection and data analysis 

because as data is gathered, it is automatically being analysed. Data analysis frequently 

necessitates revisions in data collection procedures and strategies. These revisions yield new data 

that are then subject to new analyses (Strydom et al, 2002). During the quantitative data analysis 

phase, climate patterns and trends were identified and explained in the context of long-term 

Climate Change. Furthermore, quantitative data was organised categorically, chronologically, 

and continually coded using the open and axial coding procedures. For qualitative data, all 

recorded interviews using a digital audio recorder and notes (text), were transcribed verbatim and 

the photographs taken were captioned. 

Case study strategy requires a high level of data credibility and reliability. As a basic foundation 

to achieve this, Baxter and Jack (2008) note that: (a) the case study research question must be 

clearly written, propositions (if appropriate to the case study type) provided, and the question 

substantiated; (b) case study design is appropriate for the research questions; (c) purposeful 

sampling strategies appropriate for case study must be applied; (d) data is collected and managed 

systematically and (e), the data must be analyzed correctly. 

To enhance credibility of data and findings, data sources were triangulated. This is a strategy that 

was used and supported by Baxter and Jack (2008), who state that in case study research, the 

phenomena must be viewed and explored from multiple perspectives. The collection and 

comparison of this data enhances data quality based on the principles of idea convergence and 
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the confirmation of findings. As an additional effort, and what has become tradition in the 

researcher’s department, the entire thesis went through rigorous peer review by colleagues who 

are experts in different fields of study, but necessary to this study. Peer review has proven to be a 

useful strategy to establish credibility, introduce new ideas, provide checks, and to balance what 

would otherwise not be possible from one researcher. Due to the study being a multiple case 

study, Greene and David (1984) recommend cross-site analysis. 

The first step of the cross-site analysis is to generate a working set of propositions; these are 

findings from the individual cases restated so as to apply - in principle - to all the cases (Greene 

and David, 1984). Propositions may also come from literature, personal/professional experience, 

theories, and/or generalizations based on empirical data. Thus, various findings/propositions 

developed from literature review and from preliminary field visits (observations and discussions) 

were translated into statements that were subject to empirical confirmation or disconfirmation. 

Comparisons and references of these statements were cross-checked. Furthermore, chapter four 

served as a guiding framework from which the other cases (chapters) were formulated and cross-

analysed. 

3.6 ETHICAL CONSIDERATIONS 

Ethics inform norms for conduct that distinguish between acceptable and unacceptable 

behaviour. They also help researchers to deal with ethical dilemmas through providing important 

insights, concepts, tools, principles and methods that can be useful in resolving these dilemmas 

(Lincoln and Guba, 1986). To comply with UNISA’s research ethics standards, a request for 

permission to conduct research was sent to the target mining companies. Where permission was 

granted, the researcher set appointments with respondents. Informants within these organisations 

were informed of their right to consent or decline to participate in the study. 

One respondent requested that his mine and the mining company’s identity not be mentioned by 

name in the study, and this request was observed. In addition, participants were informed about 

the varied levels of confidentially that would determine reporting of the data that they supplied 

(Strydom and Venter 2002).  Some coal mining companies published some of the required data 

in their publicly accessible sustainability reports. However, there was a need for additional data 

and information such as mine design layouts and previous studies of a similar nature that were 
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not available in the public records and permission was sought. Due to the possibility of 

organizations’ sensitive information being exposed to competing companies, the researcher took 

extra caution to protect all mining companies’ information. All data collected was for the 

purpose of fulfilling the requirements of this study.  Should the need arise to use this data 

elsewhere; the researcher will seek consent from all concerned parties. All collected data was 

stored in the researcher’s personal computer, and hard copies were kept in the researcher’s office 

premises. 

3.7 CONCLUSION 

This study was multi-disciplinary in nature, involving climatic data that required a quantitative 

research approach, and interpretation of that data which required a qualitative research approach. 

As such, a mixed-method approach was most appropriate for this study, for no single approach 

could have created a meaningful outcome.  The methods for data collection were also mixed, and 

included in-depth interviews, document analysis and field observation. These produced both 

qualitative data in terms of climate trends, and qualitative data in terms of coal mining 

companies’ interpretation and responses to Climate Change Impacts. Fitting to the mixed-method 

approach, data analysis also used both qualitative and quantitative techniques. The quantitative 

approached produced strong and empirical mathematical outcomes. However, descriptive 

qualitative analysis provided flesh to otherwise meaningless and complex mathematical data. 

Without the merging of the hard natural scientific and soft social sciences approach, it would 

have been difficult and near impossible to answer the research questions and to achieve the 

research objectives.  
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CHAPTER FOUR:  CLIMATE CHANGE VULNERABILITY AND ADAPTATION 

STRATEGIES AT THE MPUMALANGA COALFIELDS 

4.1 INTRODUCTION 

This chapter presents analyses and discusses the research findings focusing on climate change 

vulnerability and management with a specific focus on adaptation policies and practices of 

selected coal mines in the Kriel, Doornfontein East and Standerton towns in the Mpumalanga 

Province as shown Figure 4.1. As indicated in the methodology chapter, rainfall and temperature 

data was supplied by the SAWS for the Mpumalanga weather station(s). 

Figure 4.1: Mpumalanga coal mines 

 

Source: Author, 2015 
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Figure 4.1 shows several mines which were targeted to participate in this study. Only three mines 

consented and participated. Kriel Coal Mine, based in the town of Kriel, and the New Denmark 

Colliery based in Standerton, consented to their identity being revealed while the third mine 

requested anonymity. As such, this mine was referred to as Mine X. Reference to individual 

respondents from all the mines is coded to preserve anonymity. Arnot Coal Mine located in 

Middleburg and Usutu Coal Mine, which is located in Ermelo, declined to inform the research 

despite numerous and persistent requests. The targeted mines were chosen based on varying 

geographic locations. This is because climate change impacts vary between locations and the 

research sought to explore this variation. In addition, the mines are different in design (open-cast 

and underground) and are owned by different mining companies that have different climate 

change management policies and plans. As such, the chapter compares and contrasts the current 

and possible future climate change impacts and adaptation plans, options and actions which are 

unique to these mines in particular, and between the respective mining houses that own them. 

The research made four major findings concerning the three mines in the Mpumalanga Province. 

Firstly, there was inadequate climate data recording by the South African Weather Service and 

the selected coal mines in Mpumalanga. This compromised effective climate analysis which in 

turn compromised adaptation planning and implementation. Secondly, the available data showed 

that there had been a general decline in rainfall in Kriel and Standerton. This decline was 

characterized by periods of extreme high rainfall events and an increasing frequency of extreme 

low rainfall cases. Thirdly, the extreme weather events, mainly droughts and incidents of 

extremely high rainfall affected the production operations of the mines. It is projected in the 

future that such events will also affect closure and post-closure stages in the mining value chain. 

Fourth, despite evidence of climate change and its impacts, the research found very limited 

evidence of proactive planning and action for climate change adaptation at all the mines.  This 

was despite the fact that the mines had climate change management policies that pledged a 

balanced attention to both climate change adaptation and mitigation. These findings confirmed 

an earlier assertion (Chapter 1, Section 1.1) that in general, climate change adaptation lags 

behind climate change mitigation in different industries, including mining. Details of these 

findings per mine are provided in the following sections. 
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4.2 KRIEL COLLIERY AND THE NEARBY POWER STATIONS 

Kriel town is located between the towns of Ogies, Bethal and Witbank in the Mpumalanga 

Province of South Africa. Located in the town is the Kriel Colliery which is owned by the Anglo 

American mining firm through its division called Anglo American Coal. The Colliery has both 

underground and open-cast operations. Both operations began production in 1979 and have been 

supplying coal to the Matla and Kriel power stations, which are located in the proximity of the 

mine operations (Figure 4.2).  

Figure 4.2: Kriel Colliery 

 

Source: Google Earth, 2015 

The environmental manager at the mine stated that the underground mine was going through a 

closure process due to ‘geological factors’ that were negatively impacting productivity both in 

terms of quantity and quality of the coal. The open-cast mining operations are set to continue. 

This makes it imperative that the open-cast operations (and to an extent the closing underground 

operations) start developing climate change management policies and practices. An important 

component of this development is access to adequate, reliable and accurate climate data. At the 

time of this research, the South African Weather Service did not have records of temperatures for 

the Kriel area.  However, annual rainfall data covering a 33-year-period from 1984 to 2015 was 

available.                                                                                                        
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4.3 ANNUAL RAINFALL TRENDS IN KRIEL 

Since rainfall patterns form a critical aspect in climate change adaptation, this data was gathered 

for further analysis (Figure 4.3).  An analysis of the annual rainfall trends (Figure 4.3) from the 

closest weather station to Kriel shows declining annual rainfall from 1984 to 2015.  

Figure 4.3: Annual rainfall patterns in Kriel area, Mpumalanga (1984-2015) 

 

Source: Fieldwork (Data from South Africa Weather Service, 2015) 

The highest amount of rainfall was in 1987 which stood at 1,529 millimetres (mm) which 

translates to a monthly mean of 127 mm of rain. Since then the area has experienced a steady 

decline in total annual rainfall with the year (2015) receiving only 165mm of rainfall, the lowest 

since 1984. The 2015 rainfall translates to mean monthly rainfall of only 13mm. This indicated 

that the decline was steady without spikes of extreme rainfall. Additional analysis will be 

discussed in detail in the next section dealing with seasonal rainfall analysis where Table 4.1 will 

show that the year 2015 recorded a total of 165.1mm of rainfall and a mean of 13mm, the lowest 

since 1984. According to the South African Weather Service, 2015 was the driest year in 111 

years.  
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Discussions with Kriel residents confirmed the case of declining rainfall.  A community member 

stated that the declining rainfall over the years has affected his farming, especially in 2015 where 

there was a drastic decline in rainfall.  

“The rains have not been coming this year (2015). We are now forced to buy basic 

vegetables such as tomatoes that we used to plant ourselves” Extract from field 

interview, respondent 1. 

This decline in rainfall trends corroborates observations by Lube McGeehin, (2008) and the 

United Nations Environmental Programme (2007) which projected declining precipitation trends 

in highlands areas due to climate change. The Kriel mines are located in a highland region 

(South African Coal Road Map 2011). The Anglo American Coal Stewardship and Carbon 

Footprint Manager stated that Anglo American acknowledges and is concerned about the impact 

of climate change in its different mining operations around the world, including South Africa. 

Despite this assertion, an interesting finding was that Kriel Colliery did not have unique climate 

change management plans that acknowledge its local climate change exposure and vulnerability.  

The Kriel Colliery’s position is not surprising. At a global level, it emerges that Canada and 

Australia, which are leading countries in coal mining and research, have shown few cases of 

climate change adaptation “flagship” projects in the mining sector broadly, and none in the coal 

mining sector particularly (Pearce et al, 2009 and CSIRO, 2011). Within the South African 

mining industry, the South African Coal Road Map (2011) states that key stakeholders in the 

coal mining industry are paying limited attention to climate change adaptation measures. This 

could be the result of uncertainty surrounding the exact nature of changes and how they may 

affect specific mining operations. This uncertainty is made worse by the lack of credible climate 

data from which adequate and appropriate analysis can be made, as is the case with Kriel’s lack 

of temperature data.  Hallegate (2008) states the uncertainty of climate change impact analysis 

and the unreliability of climate data, especially in poorer regions, makes it impossible to directly 

use the output of a single climate model as an input for infrastructure design, and there are good 

reasons to think that the needed climate information will not be available soon. He further argues 

that instead of optimizing, based on the climate conditions projected by models, future 

infrastructure should be made more robust to possible changes in climate conditions. This 

implies that users of climate information must also change their practices and decision-making 
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frameworks, for instance, by adapting the uncertainty-management methods they currently 

apply.  

All things being equal, declining rainfall should adversely affect water availability to the mine 

and the surrounding community. Surprisingly a mine employee (Respondent 2) stated that the 

declining rainfall was yet to affect mine operations. However, the employee stated that severe 

and frequent seasonal droughts such as that experienced in the 2015/2016 rainy season could 

affect operations, especially with regards to activities such as coal washing which require large 

quantities of clean water. To this end it was prudent that the mine planned and developed water 

storage facility as an adaptation mechanism to cope with declining rainfall which could 

adversely affect its operations. The collected water is used in mining operations and is reclaimed 

for reuse at the mine. The reclamation of water is a climate change adaptation mechanism that 

seeks to address rainfall-related water shortages during mine operation and the management of 

waste water during the post-mining stage. Tshwete, et al, (2011) note that environmental  

sustainability  by  converting  a  large  polluted  mine-water  body  into  a  saleable, potable 

water product, contributed to the local aquatic ecosystem revival and addressed a mine post-

closure liability.  

Although Kriel is experiencing declining rainfall, there have been incidents of extremely high 

rainfall such as in 2009 that resulted in flooding, which in turn affected both the open-cast and 

underground mining operations. The water pumping systems then in place were not adequate to 

deal with the high volumes of water.  The mine has made and still is making the necessary 

adjustment to manage such events. For example the mine’s discharge dams have been improved. 

In addition, and as a result of the 2009 floods, excess water had to be pumped to tailing dams and 

pollution control measures needed to be in place to avoid spillage to public clean water 

resources. Although Kriel Colliery has not been accused of water pollution, a respondent from 

the mine (Respondent 3) stated that old mines tend to eventually pollute water-ways. If and when 

this happens, it could raise tensions between different water users that include local government 

and local people.  
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Planning for water use is not an activity that is limited to the production phase of the mining 

value chain. Contemporary planning straddles all the sub-chains of the value chain. A respondent 

(Respondent 4) at Kriel Colliery confirmed this focus, stating that current exploration (the 

genesis of any mining operation) and new mine construction practices should include planning 

for extreme climate change-induced weather events that are becoming frequent and noticeable. 

The most common considerations in these plans are flooding and water scarcity due to climate 

change-induced extreme high and low rainfall events. While Figure 4.3 shows aggregated annual 

rainfall indicating a decline over the stated period, a notably  and interesting observations emerge  

from a close scrutiny of intra- and inter-seasonal variations in rainfall intensit and patterns over 

this period. Explaining these observations dictates a distinction of seasons in South Africa. 

South Africa has four distinct seasons; summer, autumn, winter and spring. Generally spring and 

summer are rainy and autumn and winter are dry with a few regional exceptions most notable in 

the Western Cape.  For simplicity, this thesis divided the four seasons into two broad categories, 

summer (wet) season, which starts in October and ends in April and winter (dry) season, which 

starts in May and ends in September. Details of changes in precipitation patterns (1984 to 2015) 

in Kriel, under these two broad seasonal distinctions, are given in the following section. Figure 

4.4 shows seasonal and monthly average rainfall from 1984 to 2015. This figure also shows the 

extreme low and high rainfall incidents over the same period of time. The extreme highs and 

lows have been calculated as 50% above and below the mean, respectively.  

The wet season is made up of months with solid data series lines while the months with dotted 

data series lines constitute the dry season (South African Weather Service, 2015). Figure 4.4 

shows that the Kriel area experiences wet summers (October to April) and relatively dry winters 

(May to September). In the figure, all the rainfall outside the 50 percent demarcation below and 

above the mean is considered to be either an extremely low or extremely high rainfall event. 

Typically the summer months are the period in which extremely high rainfall is expected 

resulting in flooding that in some cases can adversely affect mining operations. 
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FIGURE 4.4 SEASONAL AND MONTHLY RAINFALL ANALYSIS 
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Source: Fieldwork (Data from South Africa Weather Service, 2015) 
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Further examination of the results shows that the rainy season is experiencing an increased 

frequency of extremely high rainfall cases. It is plausible that without these cases of extremely 

high rainfall, the decline shown in Figure 4.4 could have been worse.  For example, from 1984 to 

2015, January experienced seven cases of extremely high rainfall compared to five cases of 

extremely low average (counted as points outside the 50 percent demarcation above and below 

the mean).  With January being an exception, other months of the rainy season show a high 

frequency and a high number of low rainfall incidents as well as rare, but extremely high rainfall 

cases. This observation shows that summer months are of concern with regard to seasonal dry 

spells and unexpected flooding incidents around Kriel Colliery. This is the time that the mine 

needs to take advantage of capturing and storing rainwater during the extremely high rainfall. 

Currently this is not happening. 

Figure 4.4 show that the winter season is also experiencing declining rainfall. However, the 

decline is not as intense as that of the summer season. This is due to lesser variation between 

high and low extreme rainfall events as compared to the summer season. A notable observation 

about the extreme rainfall patterns in the winter season is the ratio of extremity. Although 

extremely low rainfall incidents are subtle, and their frequency predictable, extremely high 

rainfall occurrences are far apart and very pronounced. They also take place in winter when they 

are least expected. Evidence of this could be seen with the flooding in Kwa ZuluNatal, Gauteng 

and Cape Town in 2015 and 2016, mainly in June and July. Coal mining, supply and coal storage 

at the power stations is more intense in South Africa due to increased winter energy demands.  In 

January 2011 and October 2014, some of the coal stored in the open-cast mine at Eskom’s 

Majuba power station got wet due to unexpected heavy rains (Eskom, 2014) Although Eskom 

initiated their wet coal management strategy to ensure that the wet coal risk is reduced in other 

power stations, the South African state-owned power utility admitted that it is not possible to 

neutralise this risk completely, especially over periods of prolonged high rainfall. The relative 

frequency and number of both high and low extreme rainfalls is summarized in Table 4.1. 

Relative frequency tells how often something is happening. It is more of an experimental concept 

than a theoretical one. 
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The relative frequency can be evaluated using the following formula: 

Relative frequency = (number of trials that are successful) 

(Total number of trials) 

In this case, the numbers of extreme rainfall events - either high or low - were divided by the 

total number of years (31 years) under consideration as shown in Table 4.1 to determine the 

percentage of occurrence probability. 

Table 4.1: Monthly mean and annual extreme rainfall frequencies and number of 

occurrences from 1984 to 2015 

Months from 1984 

to 2015 

Mean Number of 

extremely high rain 

events in 31 years 

Extremely high 

rainfall (mm)  

relative  frequency 

(X % in 31 years) 

Number of extreme 

low rain events 

(1984-2015) 

Extremely low 

rainfall (mm)  

relative frequency 

(X % in 31 years) 

Jan 119 7/31 22 % 5/31 16 % 

Feb 87 5/31 16 % 6/31 19 % 

March 80 6/31 19 % 10/31 32 % 

April 39 7/31 22 % 11/31 35 % 

May 13 7/31 22 % 12/31 38 % 

June 10 6/31 19 % 12/31 38 % 

July 1 2/31 0.6 % 20/31 61 % 

August 7 6/31 19 % 11/31 35 % 

Sep 25 3/31 0.9 % 9/31 29 % 

Oct 81 5/31 16 % 6/31 19 % 

Nov 128 4/31 12 % 5/31 16 % 

Dec 124 4/31 12 % 3/31 0.9 % 

  Total number of 

extremely high 

rainfall: 62 

 Total number of 

extremely Low 

rainfall: 110 

 

Source: Fieldwork (Data from South Africa Weather Service, 2015) 
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Table 4.1 shows that the number of extremely low rainfall events is 62 compared to 110 

incidents of extremely low rainfall in the last 31 years. This sums up the declining annual rainfall 

in the Kriel area. The months with the highest mean in summer in the last 31 years are January 

with 119 mm, November with 128 mm and December with 124 mm. This comes as no surprise 

as traditionally these are the months that rainfall is expected. However, the months with the 

highest frequency of extremely high rainfall in summer are January and April each with a 22 % 

probability. These would be the months that are likely to pose flooding risk at Kriel Colliery. The 

months with the highest incidents of extremely low rainfall in summer are March with 10 

incidents and April with 11 incidents in the last 31 years. These are the months that are more 

likely to be the driest in summer, so stored water and use of borehole water can be targeted for 

these months. These months, together with September, also have the highest frequency of 

extremely low rainfall in summer. Kriel Colliery needs to devise a targeted water conservation 

adaptation strategy aimed at these months or shift all water-intensive practices to months with 

the least amount of extreme rainfall and less frequency of such events. 

In the winter season, the months with the highest mean rainfall are May and June with 10 mm 

and 7mm respectively. These two months also have the highest number of extremely high 

rainfall incidents with May having experienced 7 such incidents and in June 6 incidents in the 

last 31 years. Furthermore, June has the highest frequency of extremely high rainfall events with 

22 %. This is equal to January and April’s probability of flooding possibilities. This should place 

the month of June on the ‘watch’ list of the months with the highest possibilities of flooding at 

Kriel Colliery. However, detailed adaptation plans that take the monthly rainfall profile based on 

historic patterns, were not available at the mine at the time of conducting this study. Winter is 

known to have the least rainfall in any year. However, there have been extremely low rainfall 

incidents that are below expected standards. The month of July had 20 events of extremely low 

rainfall incidents in the last 31 years in winter, and has a 61 % frequency of such events 

occurring. The remainder of the months experienced less rain, which halves the number of these 

incidents. This makes July the driest month of the year in the last 31 years. July is also a coal 

mining intensive month in South Africa due to increased winter power demands. One of the 

ways to avoid water-related interruptions could be to have enough coal stock in the months 

preceding July, or to store enough water for the month. 
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4.5 OTHER CONCERNS 

The winter season is also a season where low temperatures are conducive for the formation of 

smog. This is very prominent in coal mining towns with coal-fired thermal power stations such 

as in Kriel, and is caused by smoke from local power stations. In the winter season, Kriel 

Colliery experiences increased smog (Figure 4.5), which presents operational challenges. Most 

notable is visibility, which is critical for safe operations in a mining environment. 

Figure 4.5: Smog at the Horizon of Kriel Colliery 

 

Source: Centre for Environmental Rights, 2014 

Generally smog forms faster and is more severe in hot and sunny weather.  However, in Kriel it 

is persistent throughout the winter season due to increased activity at the power stations, as a 

result of increased winter electricity demand throughout South Africa. Smog is usually produced 

through a complex set of photochemical reactions involving volatile organic compounds (VOCs) 

and nitrogen oxides in the presence of sunlight, resulting in the production of ozone. The United 

States Congress Researching Health Risks (1993), states that smog occurrences are often linked 

to heavy motor vehicle traffic, sunshine, and calm winds.  As such, weather and geography have 

an effect on the longevity and severity of smog.  
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Smog is often more severe away from the pollution sources such as power stations and 

petrochemical refinery plants because the chemical constituents of smog are easily moved by the 

wind (Chameides et al, 1988). Since Matla and Kriel power stations are near Kriel Colliery the 

pollutants they produce because severe smog that affects visibility at the nearby mines. In these 

mines, severe cases of smog often lead to work stoppages for safety reasons. This particularly 

relates to safety in the operations of moving coal, plant equipment and personnel in a mining 

area.  The Kriel Colliery has avoided such stoppages because it uses conveyor belts to transport 

coal from the mine to the power stations.  Another concern related to the dry season is heavy 

winds that raise dust, as shown in Figure 4.6. 

Figure 4.6: Dust at the Kriel Colliery 

 

Source: Centre for Environmental Rights, 2014 

The lack of vegetation and mountains in areas surrounding the Kriel Colliery increase the mine’s 

vulnerability to wind-related adverse impacts. Although heavy winds and wind storms are not 

frequent, when they do occur they damage infrastructure such as sub-shafts, and affect employee 

health as well as that of communities around the mine. This was confirmed by a community 

member who stated that almost everyone she knows suffers from respiratory problems related to 

dust from the local mines. Indeed, dust from the mine’s stockpiles sometimes affects nearby 

communities, posing a health hazard. As a result, Mpumalanga has been identified by the Centre 

for Environmental Rights (2014) as a province with the poorest air quality in South Africa, 

resulting in a high number of respiratory and lung-related diseases (McDaid, 2014). A cause for 
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concern is that dust from the mine and its related health impacts on the communities around the 

mine will continue long after the mine has been closed, particularly if the appropriate and 

adequate mine site management practices are not implemented. 

A mining specialist (Respondent 6) from the University of Witwatersrand stated that to mitigate 

such occurrences, mine closure procedure must incorporate dust management in closure and post 

closure mining plans. Another climate change-related issue of concern at the Kriel Colliery is the 

case of rising temperatures. Although temperature data was not available, a respondent 

(Respondent 7) from the mine stated that they had observed that temperatures were rising and the 

surrounding areas are getting dryer. The rising temperature and dryness render the area prone to 

wild fires and cases of spontaneous combustion. However, these occurrences are rare and where 

they have occurred, they have been rather mild due to proactive wild-fire management strategies 

at the mine. The wild-fire management strategy involves the watering of dry areas. However, this 

strategy is not viable during drought periods because it diverts scarce water that could be put to 

direct production operation, domestic uses, and fire management operations. Therefore the 

declining rainfall means the use of water for this purpose, at a time when water sources are 

increasingly constrained, may need reconsideration, if not total abandonment.  The outlined 

status quo indicates that Kriel Colliery and its surrounding community is exposed and vulnerable 

to the adverse impacts of climate change mainly caused by chronic drought, unexpected 

flooding, smog and dust. While these are manageable as normal occurrences, climate change 

increases their intensity and frequency, rendering them increasingly difficult to manage. Thus 

there is a need to devise site-specific climate change management policies and action plans to 

minimize or prevent these impacts. However, due to limited climate data, as was the case with 

local temperature data, it is difficult for mining companies to understand the precise changes and 

impacts of climate change on various levels of their mining value chain. 
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4.6 FINDINGS FROM THE NEW DENMARK COLLIERY 

The New Denmark Colliery has both underground and open-cast mines, located in Standerton, in 

the Mpumalanga Province of South Africa. The mine is also owned by Anglo American and was 

commissioned in 1982. At the time of this research, the mine was extracting coal from its Central 

and Okhozini shafts. These shafts produce five million tonnes of coal per annum for Eskom’s 

Tutuka Power Station located near the mine (Figure 4.7) 

Figure 4.7: New Denmark Collieries. 

 

Source: Google Earth, 2015 

Standerton is generally dry with warm to hot summers and average daily temperatures of around 

27˚C with occasional extremes of up to 36˚C. The winters are notably cooler than summer with 

average daily maximum temperatures of around 15˚C and occasional extreme minimum 

temperatures of as low as -9.2˚C (Ibid.). The bulk of precipitation is experienced during the 

summer months, mostly in the form of afternoon thundershowers occurring in the form of mist, 

drizzle, hail and more recently, thunderstorms (New Denmark Ground Water Specialist Report, 

2015). The mean annual rainfall is approximately 695mm. The winter months are typically dry 

with the combined rainfall in the period June to August contributing 3.9% of the annual average 

precipitation (South African Weather Service, 2015). Figure 4.8 shows the trend in annual 

rainfall and maximum and minimum temperatures in the region for the period 1985 to 2008.  
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 Figure 4.8: Annual climate trends in Standerton 

 

Source: South African Weather Service, 2015 

Figure 4.9 shows a sharp decline in annual rainfall from 1985 to 2007 and stable maximum and 

minimum temperatures. Although the declining rains are leading to water shortages, this has 

turned out to be an advantage for New Denmark Colliery because heavy rains pose flooding risks 

to the underground mine. A respondent (Respondent 7) from the mine stated that the mine was 

using underground water to meet its water needs. He stated that the mine pumps 14 million litres 

of water per day from underground and only uses 2 million litres per day for mine operations. 

The rest is stored for emergency purposes. Although there has been a clear decline in annual 

rainfall over the period under review, the New Denmark’s environmental manager stated that the 

mine still keeps a close eye on the possibility of extremely high rainfall events that may flood 

both the open-cast and underground mine. As was the case in Kriel Colliery, the declining 

rainfall in New Denmark is also as a result of seasonal and monthly rainfall declines as outlined 

in the following section.  Figure 4.9 shows seasonal and monthly rainfall variation from 1985 to 

2007. The summer season is made up of the months with solid pattern lines while winter is 

indicated by dotted pattern lines. 
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4.7 SEASONAL AND MONTHLY RAINFALL IN STANDERTON 

Figure 4.9: Monthly and seasonal climate analysis 
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Source: Fieldwork (Data from South Africa Weather Service, 2015). 
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A major drawback for comparison with the Kriel Colliery case is that the South African Weather 

Service did not have climate data from 2007 to 2015. Gaps in the data series make adaptation 

planning and implementation difficult for mining operations such as that at the New Denmark 

Colliery. Based on Table 4.2 the total number of extremely high rainfall events is less than the 

total number of extremely low rainfall events in the last 23 years in Standerton. This makes 

Standerton a dry area whose major problem is chronic drought. 

Table 4.2: Monthly mean, deviation and annual extreme rainfall frequencies 

Month Mean Number of 

extremely high 

rainfall events in  

23 years 

Extremely high rainfall 

(mm)  relative  frequency 

(X % in 23 years) 

Number of 

extremely Low 

rainfall (1985-

2007) 

Extremely low 

rainfall (mm)  

relative 

frequency (X 23 

% years) 

Jan 94 3/23 13 % 3/23 13 % 

Feb 65 4/23 17 % 4/23 17 % 

March 68 6/23 26 % 9/23 39 % 

April 22 3/23 13 % 7/23 30 % 

May 5 6/23 26 % 9/23 39 % 

June 7 5/23 21 % 10/23 43 % 

July 2 4/23 17 % 11/23 47 % 

August 6 5/23 21 % 8/23 34 % 

Sep 20 4/23 17 % 7/23 30 % 

Oct 90 4/23 17 % 4/23 17 % 

Nov 89 5/23 21 % 5/23 21 % 

Dec 78 5/23 21 % 6/23 26 % 

  Total number of 

extremely high 

rainfall: 54 

 Total number of 

extremely Low 

rainfall: 83 

 

Source Fieldwork (Data from South Africa Weather Service, 2015) 
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The months with the lowest rainfall mean in summer are April which has a mean of 22 mm of 

rain followed by September which has 20 mm of rainfall. However, March and September have 

the highest incidents of extremely low rainfall in summer which is 9 and 7, respectively. Less 

than expected rainfall in summer has been the major problem in drought-stricken provinces. 

Based on this analysis, March and September should be marked as months that water adaptation 

planning should be implemented and whatever water intensive planning the mine has should be 

aimed at months preceding or prior to these two months. Another way of devising a customized 

and anticipatory adaptation is analysing frequency of extremely low rainfall events by studying 

historic patterns of occurrence. In summer the months with the highest frequency of extreme low 

rainfall are March with a 39% frequency followed by April with a 30% frequency and September 

with a 30% frequency. Frequency of extreme rainfall may assist the mine to predict the 

probability and rate of the occurrence of such events. This can further assist the mine to direct 

adaptation planning more precisely to the period during which the problem may occur. However, 

this is only the case if future variations do not deviate significantly from historical climatic 

variation. This uncertainty is a major challenge for adaptation planning. However, efforts need to 

be made to avoid disastrous incidents that are not planned for. 

With regard to extremely high rainfall in Standerton, the months with the highest mean in 

summer are January which has 94 mm of rain, and November and December which have 89 mm 

and 78 mm respectively. However, it is March that has the highest frequency of extremely high 

rainfall which stands at 26%, followed by November and December which both stand at 21% in 

frequency of extremely high rainfall. As such, these are the months that should inform the 

magnitude of adaptation responses with regard to flooding. Often, extreme high rainfall events 

are accompanied by thunderstorms and hail, which sometimes have adverse impacts on mine 

infrastructure. The New Denmark mine manager stated that for proactive adaptation purposes 

during operations, the mine has to determine the approximate storm duration. This determination 

must be based on the intensity of rainfall in order to estimate the intensity and longevity of the 

impact. 
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Extreme flow events which generally happen for less than 24 hours are considered, as these are 

of higher intensity and generate greater flow rates (New Denmark 2014). However, for 

volumetric assessments, the duration used could be months, an entire season, or longer, as two or 

three months of high rainfall, for example, could raise a dam’s water level to such an extent that 

a subsequent low recurrence interval storm could cause a spill event. New Denmark started 

designing water catchment dams during the building of its coal destoning plant as a response to 

possible flooding. During the design of the water catchment dams, the mine did not have flow 

and rainfall data to calculate runoffs in the area (New Denmark, 2014). 

To mitigate this data deficiency, engineers had to make scientific estimations based on the river 

bed and river banks for the wetland region and the grassland regions respectively. The 

RiverCAD PRO software program was utilized for the flood-line determination. This program 

operates as a water monitoring programme that computes the water surface elevations for 50- to 

100-year-flood peaks. This is a proactive adaptation technology that improves traditional flood 

defences. Figure 4.10 shows different water catchment dams around the vulnerable areas of the 

mine. An engineer interviewed at the mine stated that they had designed water catchment dams 

and flood line defences against possible flooding. These dams were designed to be effective for 

50 years, as part of proactive adaptation planning. The dams limit or prevent the chances of the 

mines filling with water beyond their installed pumping capacity, which could result in work 

stoppages.  
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Figure 4.10: Water catchment dams at New Denmark Colliery 

 

Source: New Denmark Colliery, 2014 

The New Denmark Mine manager further highlighted that adapting to excess rainfall at the mine 

calls for two considerations with regard to surface water management and mine water balance 

management. For surface water management, the sizing of the Pollution Control Dams (PCD) is 

driven by the storm water volumes generated on the surface infrastructure during short duration 

(one day to a few days) events. The PCDs need to be sized to ensure a risk of spill of 2% or less 

per year. At New Denmark Colliery, emergency overflows from the PCDs are drained to the 

environment, except for Stockyard Dam, which is used as a central dirty water storage dam. 

Water from this dirty water storage dam is treated in a plant at Tutuka Power Station. In the case 

of mine water balance management, during longer term extreme events (in the order of years), 
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the management of the large volumes of water generated need to be considered in terms of the 

available storage, reuse and treatment options. The risk of spill from a PCD is a function of both 

dam capacity (for temporary storage of storm water runoff) and the rate at which water can be 

extracted from the dam for reuse or storage elsewhere.  

The 2015 New Denmark Environmental Impact Assessment has an adaptation measure to store 

water from excessive rainfall in the Stockyard Dam. The net volume of water that may have to 

be stored is dependent on the length and intensity of excessive precipitation and runoff from 

elsewhere that passes through the mine’s catchment area. The rainfall forecast models predict 

that the area will have incidents of high rainfall between the years 2035 and 2039. Furthermore, 

these models predict that the mine has to plan to store approximately 46 million cubic meters of 

water per annum. This water will need to be treated at the Tutuka Water Treatment Plant (New 

Denmark, 2015a).  The New Denmark Coal Mines’ Surface Water Report (2015b) states that 

during the wettest period, the total water surplus is modelled at approximately 53 million m3. 

This means an additional 8 million m3 will need to be stored during such an event. Consideration 

would be given to storing this water in a brine pond compartment should the need arise. During 

the dry season, water storage modelling indicates that the minimum volume of water stored 

underground was around 32 million m3 in 2014, increasing to about 117 million m3 in 2040. This 

will be sufficient to supply the mine’s water needs during extended dry periods. The planned 

increase in water storage shows that the mine foresees declines in precipitation, hence the need to 

store more water for operations, should the need arise. Proactive water adaptation plans and 

actions are not only a challenge to the mines’ operations, but post mining operations as well. 

The Surface Water Report states that for the purpose of post closure, surface infrastructure at 

New Denmark Colliery will be demolished and removed from the site (New Denmark, 2015c). 

The site is set to be rehabilitated and equipped with free-water draining systems, including 

pollution control dams in opencast areas. This is to ensure that post rehabilitation, all surface 

runoff is clean, and can safely drain to the receiving environment (Ibid.). The water levels will be 

actively maintained below excessive levels by pumping to the Stockyard Dam. From there, water 

will be pumped to the water treatment plant and treated for reuse, sale or discharge to the natural 

river system. 
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From Figure 4.9 all months of the year from 1985 to 2007 show rainfall declines with the 

exception of August. August has a mean of 6.6 mm of rainfall and it is typically the second driest 

month after July. August is also characterized by heavy winds. In the period under review, the 

month is characterized by cases of extremely low rainfall occurring at an average frequency of 

once every two years and cases of extremely high rainfall occurring at an average frequency of 

once every four years. The extremity is measured against the season’s typical average.  Low 

rainfall and high temperatures result in dryness which is a perfect condition for wild-fire 

breakouts worsened by heavy winds. As such, August must be watched as a fire breakout high 

risk month at the mine and nearby environments. 

4.8 MIST AND POOR VISIBILITY 

The winter months are characterized by cases of mist. Figure 4.11 shows a typical misty winter 

morning in Standerton. 

Figure 4.11 Misty Standerton road 

 

Source: Author (Fieldwork, 2015). 
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While the mist is a typical winter occurrence, a cause for concern is that in Standerton the mist is 

becoming more intense and often lasts longer than expected. A community member’s 

observation (Respondent 7) was that mist used to start at around 6 am and would disperse by 

around 7 am or 8 am. However, lately there have been changes in the dispersion time. Over a 

five- year period (2010 to 2015), mist began early and dispersed around 11 am, sometimes 

persisting until mid-day (12 noon). Heavy mist has been linked to a number of road traffic 

accidents on roads leading in and out of Kriel and Standerton during the past four years (Table 

4.3).  The cause of the accidents in all the cases has been poor visibility caused by mist in winter. 

Table 4.3 News reports on road accidents in Mpumalanga 

Year Headline Cause of accident Area 

April, 2013 Poor visibility may have led to crash  (Enca.com). Mist, poor visibility Middelburg tollgate, 

Mpumalanga 

July, 2015 Heavy mist causes 65 car pile-up on N12, News 

(24.com) 

Mist, poor visibility Middelburg tollgate, 

Mpumalanga 

June, 2015 Heavy mist in Mpumalanga causes numerous 

accidents, ( metrotel.co.za)  

Mist, poor visibility Near Ogies and 

Witbank 

May 2015 N12 mist accident turns fatal 

Thick mist on the N12 highway leads to four 

casualties. 

Mist, poor visibility Witbank 

Mpumalanga 

May, 2015 A multi-vehicle pileup believed to have been caused 

by mist occurred yesterday on the N12/ N4 split 

near Emalahleni in Mpumalanga, 

(sowetanlive.co.za) 

Mist, poor visibility Emalahleni in 

Mpumalanga 

April, 2016 Mist causes multiple accidents in Ogies and 

Emalahleni, (mpumalanganews.co.za) 

Mist, poor visibility Ogies and 

Emalahleni, 

Mpumalanga 

June, 2016 Heavy mist in Mpumalanga causes numerous 

accidents, (sabc.co.za) 

Mist, poor visibility Near Ogies and 

Witbank 

Source: Author (Fieldwork, 2016) 
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As reflected in Table 4.3, mist conditions are frequently reported in the Mpumalanga Province. 

In fact, Aleke and Nhamo (2016) confirm the challenge of mist in mining operations. The 

authors recommend mining companies should gather information on fog and mist and publish it 

in a mine’s communications strategy and/or GIS as this may add value as a climate change 

adaptation strategy. With regard to increasing fatalities caused by increasingly intense mist, the 

Witbank News and Lowvelder confirmed this status quo and stated: 

‘Mist accidents seem like a yearly occurrence as the winter season approaches. However 

the N12 quickly went from bad to worse on May 23 during heavy mist when a truck 

ploughed into a Bantam bakkie carrying four people all of whom have passed away’ 

(wWitbanknews.co.za, online) 

The Lowvelder added: 

‘The heavy mist is expected to continue throughout the week. While traffic officials will 

be on stand-by for any assistance that road users may need, motorists are also called 

upon to drive with heightened awareness in order to avoid crashes.’ (lowvelder.co.za). 

The provinces are responding to the mist challenge by erecting a number warning signs along the 

affected motorways. The New Denmark mine confirms the increases in the frequency, intensity 

and longevity of winter mist and smog in the areas. The mist does not affect transportation of 

coal from the mine to the power stations as the mine conveys its coal to Tutuka power station, 

using self-propelling rail carriages. However, a mine worker (Respondent 8) reported that the 

mist has prevented workers, contractors and consultants from driving into the mine, resulting in 

operations delays. The mine’s environmental manager stated that currently, there were no 

adaptation plans to counter the impacts of mist-related work stoppages. The current intervention 

measure involves rescheduling some of the activities that cannot be performed during a period of 

poor visibility. While these and other climate change impacts are impacting mine operations, 

other impacts are projected to affect the mine closure and post- closure processes. 
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As part of managing some adverse mining impacts, particularly post mining impacts, the New 

Denmark’s mine Environmental Impact Assessment report (New Denmark, 2011) states a need 

for the reseeding of indigenous grasses in all the affected areas. The mine’s Terrestrial 

Ecological and Wetland Assessment (New Denmark, 2015d) state that the mine will need to re-

establish the natural systems by reintroducing natural vegetation to encourage the restoration of 

the damaged soil and other parts of the habitat to its, or near its, original state.  While the two 

mines Kriel and New Denmark operate as distinct entities at a micro level, their climate change 

management policies emanate from their mother company, Anglo American. The holding firm 

formulates the grand climate change policy and strategies to guide responses at mine level.  

4.9 ANGLO AMERICAN CLIMATE CHANGE MANAGEMENT POLICIES 

AND STRATEGIES.  

Given what emerged from the mines, an effort was made to trace climate change initiatives at the 

holding company level – Anglo American. The Anglo-Coal Sustainability Report (Anglo-Coal, 

2015) states that there are four major drivers of climate change management. The first is the 

rising electricity costs. In South Africa, electricity prices have been rising by an average of 15% 

a year from 2013 to 2016. The tariffs are likely to continue to rise significantly in all markets 

(Eskom, 2012). The second major driver is the imminent carbon tax. The South African National 

Treasury (2011) states that emitters of different scopes of GHG emissions will be taxed 

according to the quantity of emissions they release into the atmosphere. The carbon tax will have 

a material financial impact on mining companies. The third pressure is from the markets, 

suppliers and customers. Anglo-Coal (2015) acknowledges that by 2020 most supply chains will 

be actively involved in reducing their Greenhouse Gas (GHG) Emissions due to buyers dictating 

emissions of their suppliers as well as customers. As part of these efforts the firms will be 

seeking alternative energy sources to lower their carbon footprint. 

The fourth and last important driver, and the most significant to this study, is the physical impact 

of climate change to mine operations. Anglo American notes that climate change can cause 

significant adverse physical impacts to its operations, infrastructure and workers’ health (CDP, 

2015). Extreme weather events may disrupt operations, supply chains and transport 

infrastructure, or cause harm to employees and local communities. As such, it is important for 

mines to understand their vulnerabilities and exposure to climate change.  The rising energy 
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costs, carbon tax, customers’ environmental consciousness and the physical impacts of climate 

change to mine operations demand effective responses from mining companies in the form of 

climate change management policies, strategies and actions that balance climate change 

mitigation and adaptation actions accordingly. Anglo American climate change management 

policies focus on both mitigation and adaptation. However, the policy terrain shows a bias 

towards climate change mitigation as shown in Table 4.4.  

Table 4.4 Anglo American climate change mitigation and adaptation action comparison 

Adaptation Mitigation 

1. Anglo American mines ‘need 

to build internal agility to 

ensuring resilience to climate 

change in order to understand 

and respond to the carbon life-

cycle risks and capitalize in 

opportunities of their 

products’. 

2. Anglo American is working 

with recognized experts on 

climate science to help them 

understand and prioritize 

appropriate response measures 

to the potential physical 

impacts of climate change. 

3. Anglo American has 

appointed a UK based 

Meteorological office to 

assess the potential impact of 

water availability and sea-

level changes on the Minas-

Rio project in Brazil. 

1. US $180 million in capital expenditures to fund energy efficient technologies, employment of 

new technologies and research that will assist in development of low carbon technology such as 

fuel cells. 

2. Methane to electricity Project: The capturing and conversion of methane which would otherwise 

have been vented preventing 2.5 million tonnes of CO2-equivalent emissions from entering the 

atmosphere each year – but they generate 75MW of electricity. 

3. New Denmark Mine, using a mobile flaring-off mechanism at a cost of US $13 million, is 

expected to reduce the mine’s annual methane emissions by 15%. Flaring burns off methane, 

rendering it 18.5 times less harmful to the environment than venting. The project is estimated to 

generate more than US $8 million in revenue in its first decade through the sale of Certified 

Emission Reduction credits. 

4. Co-ordination for a global carbon market and mechanisms which are supportive of low carbon 

technology. 

5. Employee awareness on energy saves and carbon saving behaviour. 

6. Implementation of an energy and carbon management and reporting tool to improve their 

performance in energy and carbon savings. 

7. Assess the options for using low carbon-emission energy sources for their current and future 

operations. 

8. Development of  group-wide guidance for the performance management of energy and carbon, 

9. Identify and implement opportunities for energy and carbon savings throughout our business and 

in new projects. 

10. Establish a low-carbon technology research and implementation programme which enhances our 

options for long-term business agility. Integrate climate change considerations within our social 

investment and enterprise development activities. 

11. Eco2Man, which is an abbreviation for energy and CO2 management, allows us to better 
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understand our future energy consumption and GHG footprint over the life of an asset. This 

programme is linked to Anglo American’s Group. 

12. Technical Standard on energy and GHG emissions Management. 

Source: Author (Compiled from Anglo American Sustainability Report, 2013, page 11) 



98 
 

 

Based on the assessment in Table 4.4 there are only three adaptation plans for different mines. 

This is in comparison to 12 climate change mitigation plans and actions, coupled with financial 

investments and research.  The bias towards climate change mitigation corroborate the assertions 

made in Chapter One (Section 1.1) confirming a greater emphasis on mitigation relative to 

adaptation in the climate change management space at international climate change negotiation 

levels, national policies and strategies as well as at sectoral level. Despite this bias, the Anglo 

American group climate change policies of 2010 suggest that the company’s climate change 

management approach gives equal consideration to climate change adaptation and mitigation 

climate change management. It states that: 

 “Anglo American believes that climate change is one of the defining challenges of our 

era. We recognize our responsibility to take action in addressing the causes (mitigation) 

of climate change and to assist in protecting (adaptation) our employees and assets, as 

well as our communities and the environment, against its potential impacts”(Anglo 

American, 2013: 61).  

Despite this explicit statement stating a balanced consideration of mitigation and adaptation, 

evidence shows a bias towards the former. At the time of this research, Kriel mine was piloting a 

photovoltaic (PV) project (Figure 4.12) in order to reduce its energy consumption costs and 

reliance on coal based electricity from Eskom as well as part of the plan to reduce its carbon 

footprint. The solar photovoltaic (PV) project is supplying electricity to the mine housing and 

office facilities only. The limited scope of application of the PV project was due to the limited 

ability of solar PV technology, specifically the power storage batteries’ capacity to power all 

mining operations 
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Figure 4.12: Solar photovoltaic at Kriel Colliery 

Source: Kriel Colliery, 2015  

In an interview, the New Denmark Colliery’s environmental manager, acknowledged that the 

Anglo American Group climate change management policies and strategy was biased more 

towards mitigation than adaptation. He stated that: 

 ‘there is a need for a paradigm shift as most studies have been focusing on how the mine 

impacts the environment, but there has not been studies on how changes in the 

environment affect mining” (extract from interview with New Denmark’s’ Environmental 

Manager 2016).  

Summing up, although this section discussed some adaptation practices at the New Denmark 

mine, these are largely reactive and traditional adaptation measures. Proactive climate change 

management policies and investments at the mine heavily focus on mitigation efforts. This is 

because climate change mitigation is influenced by a range of low carbon initiatives that are 

driven by a number of organizations that inter alia include Carbon Disclosure Project and the 

Blue Carbon Initiative.  There are no similar initiatives and bodies driving the climate change 

adaptation agenda. In addition, Anglo American is a signatory to the Carbon Disclosure Project 

(CDP).   To this end, with regard to mitigation, the organisation has collaborated with a United 
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Kingdom Company, Gemini Carbon, which focuses on improving emissions and specializes in 

Clean Development Mechanism projects and sustainable energy systems. 

Anglo American suggests that the initiative has helped to reduce annual methane emissions at the 

New Denmark Colliery by 15 % per cent. With income derived from carbon credits, the 

company anticipated that the cost of the $1.3 million project would be fully recouped in 

approximately three years after its inception. Despite the dominance of climate change 

mitigation initiatives, the environmental manager emphasized the need for adaptation stating that 

climate is already changing and its impacts are already felt in the entire coal mining value chain, 

thus coal mines need to devise adaptation measures in order to survive these impacts. To 

facilitate this process the New Denmark mine needs to update its climate data collection methods 

and records. At the time of this research the mine was not collecting or keeping up-to-date 

records of some critical climate data that could assist the climate change adaptation process. In 

addition to engaging with Anglo American-owned mines, the research also gained access to 

another mine here called Mine X.  

4.10 MINE X  

Mine X is located in Kriel, and faces climatic conditions that are similar to Kriel Colliery.  A 

noticeable feature, but similar to New Denmark mine in Standerton, is that Mine X is investing 

in dry coal processing technology as a proactive adaptation strategy to counter possible future 

water shortages (Carbon Disclosure Projects, 2015). However, at the time of this research the 

technology was rather less efficient when compared to conventional water-based coal processing. 

A 2009 climate change modelling report, commissioned by Mine X indicated that as a result of 

climate change, mean precipitation would likely decrease in the north-western regions of South 

Africa where some of the company’s mining operations are situated. This presented an 

opportunity for the company to proactively develop water management strategies (Table 4.5). 
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Table 4.5: Water efficiency objectives and initiatives 

Water efficiency initiatives Water efficiency objectives  

Water treatment for re-cycle 

 

To build awareness and sustainable management 

practices around water risk related issues. 

Passive water treatment To ensure water license comprehensive compliance. 

Dry processing To create a water awareness culture within mine 

employees and surrounding communities. 

Brine treatment technologies To implement the Water Reclamation and Reuse 

policy. 

Source: Mine X sustainability report, 2014  

These strategies involve making provisions for water storage before operations are affected by 

water supply disruptions. Mine X is also investigating solutions to improve water efficiency, 

including water re-cycling, passive water treatment, dry-processing and brine treatment 

technologies. The main and most obvious advantage of dry processing of coal is that no water is 

required. In addition, the fact that the coal remains dry improves the heat value of the coal as 

opposed to wet processes where the final product is wet (Lehman, et al, 2008)). The major 

drawback of present dry- processing techniques is the poor separation efficiency and the high 

cut-point density. It is also difficult to control the quality of the product from dry coal processes. 

Dry-processing is, however, not applicable on all mines and with all coal types. The application 

of the technology needs to be assessed in each case. The low capital and operating costs may be 

very attractive, especially for small mines, but may lead to unrealistic expectations.  While this is 

the case, given the current and projected declining rainfall patterns, this technology needs urgent 

improvement and adaptation by the coal mining sector (Bersin, 1987) Brine treatment, also 

known as reverse osmosis, is a process of removing salts and contaminants from brackish, sea or 

waste waters. Reverse osmosis produces a clean stream of high purity water, as well a smaller 

stream of waste, referred to as concentrate or brine (Lehman, et al, 2008). 



102 
 

The overall costs associated with these investments are: R2.5 million for water treatment 

technologies, R 1.5 million for water re-use and recycling; and R 1.5 million for brine treatment 

and Passive Water Treatment on the investigation of dry processing of coal (Mine X Annual 

report 2014). Furthermore, Mine Xs’ Water Management Programme is actively pursuing water 

related opportunities by promoting responsible water management which is guided by its Climate 

Change Response Strategy (Carbon Disclosure Project, 2014). By the end of 2015 the company 

was able to determine its water footprint more accurately and was better equipped to determine 

specific intervention areas in order to meet the programme’s objectives (Carbon Disclosure 

Project, 2014). Additionally, Mine X is managing the risk through a Water Management 

programme, which measures, plans and implements water use and storage projects through 

investigating possibilities of alternative water sources for its mining operations in anticipation of 

hotter, drier periods in the northern and western areas. From the above, it is clear that most of 

climate change concerns at Mine X concern surrounding water scarcity. This is not surprising 

given the area’s high vulnerability to climate change induced droughts and decreases in rainfall 

which will result in water scarcity.  This is a common concern for Kriel and New Denmark 

Collieries as well. 
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4.11 CONCLUSION 

The research findings show that the most significant impact of climate change around the 

reviewed Mpumalanga Province coal mines related to declining rainfall.  This decline is resident 

in the seasonal and monthly rainfall levels. Despite this notable change, there seems to be few 

adaptation plans in place to deal with impending climate change (and otherwise) induced 

drought, increasing temperatures, increasingly intense and prolonged smog and mist extremes 

throughout the entire mining value chain. 

Although Kriel Colliery has sufficient underground water sources, the mine admitted that 

frequent and severe droughts will eventually deplete its underground water sources to levels that 

may affect its operations. To avoid this, the mine has water catchment dams where all rain water 

is channelled for later use in mining operations before it is retuned to water treatment dams to be 

recycled for further use at the mine. The flooding incident exposed the inadequacy of Kriel’s 

discharge dams and their pumping capacity in an event of extreme rainfall, and the 

environmental manager noted that these had to be improved. Further operational problems are 

caused by heavy smog and mist. This affects visibility in and around the mine, especially in 

winter. Although the mine uses conveyor belts to transport its coal to the nearest power stations, 

contractors and consultants cannot enter or leave the mine during heavy mist or smog. These 

events are expected in winter, but due to climate change, they are becoming more frequent and 

are prolonged beyond expected times. 

At the New Denmark Mine, water adaptation plans involve strategies which are surface water 

management and mine water balance management. In addition, water from PCDs is recycled for 

reuse in production. However, extreme rains risk spillage from PCDs which can result in Acid 

Mine Drainage. As such, dam and pumping capacity needs to be adequate to avoid runoffs.  

Although much of the climate change concern is during the production phase of the mining value 

chain, the mine has designed Stockyard Dams for water storage and drainage when the mine is 

closed, and for post-closure mine management purposes. This is to ensure that post 

rehabilitation, all surface runoff is clean, and can safely drain to the receiving environment. 

Furthermore reseeding of indigenous grasses needs to take place in all the affected areas to re-
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establish the natural systems by reintroducing natural vegetation to encourage restoration of the 

damaged soils and other parts of the habitat to its, or near its, original state. 

Attempts to restore the environment can be seen as a way to minimize climate change exposure 

to the already damaged environment especially the wetlands. Mine X is based in Kriel, and faces 

similar climate change exposures to those of Kriel Colliery. However, Mine X is more conscious 

of declining precipitation. It is the only mine that is exploring the possibility of adopting the dry 

coal processing technology as a proactive adaptation strategy to counter possible future water 

shortages. Common to both Kriel and New Denmark, Mine X plans to recycle used water, and it 

is ahead of the other two in passive water and brine treatment technologies. However, all these 

plans are placed at the production phase of the mining value chain. Based on reviewed 

documents and the responses from the interviews, Mine X had no climate change related plans 

for closure, post-closure or any other level for its future mining plans.  
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CHAPTER FIVE: CLIMATE CHANGE VULNERABILITY AND 

ADAPTATION STRATEGIES AT THE NEW VAAL COAL MINE  

5.1 INTRODUCTION 

This chapter presents analyses and discusses the research findings focusing on the vulnerability 

and exposure of Anglo American’s New Vaal open-cast and underground coal mines which are 

located in the Free State Province of South Africa. Figure 5.1 shows participating and non-

participating mines in the Free State Province As indicated in the methodology chapter, rainfall 

and temperature data were supplied by the SAWS situated in the Free State weather station(s). 

Figure 5.1: Free State coal mines 

 

Source: Author, 2015 
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The research sought to sample two mines in the Free State Province, the New Vaal Colliery and Sigma Coal Mine. However, Sigma 

Coal Mine, which is owned by Sasol, declined to participate stating that it was undergoing restructuring and thus could not adequately 

inform the study. As a result, the Free State Province’s response to the research is informed by Anglo American’s New Vaal. Mine  

Figure 5.2 shows the layout of the New Vaal Colliery. 

 Figure 5.2: New Vaal Colliery 

 

Source: Google Maps (2015, 2016) 
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Anglo American’s corporate climate change policy and strategies were presented in Chapter 

Four. As a result, this chapter solely presents and analyses climatic events that had an impact on 

the different operational levels at New Vaal mine and how the mine has responded to these 

impacts. The key informants at the New Vaal Mine included the Planning Manager, the 

Environmental Manager, the Environmental Officer, the Safety, Health Environment and Quality 

(SHEQ) Officer, and a section manager.  

A major finding presented in this chapter is declining annual rainfall. The decline was 

particularly drastic in the 2015/2016 rain season resulting in the Department of Water and 

Sanitation declaring the Free State Province one of the drought affected provinces in South 

Africa (Department of Water and Sanitation, 2015). A close examination of the seasonal and 

monthly rainfall patterns shows that the area around the New Vaal Coal Mine has been receiving 

increased rainfall in winter but the summer rainfall is declining. The annual monthly maximum 

and minimum temperatures have been stable throughout the period under review. Nevertheless, 

there have been spikes in maximum temperatures that resulted in extreme heatwaves and 

lightning, while minimum temperatures plummeted resulting in increased and sustained fog. 

Details of the associated rainfall and temperatures trends, their effect and the different responses 

by the New Vaal Mine are presented in the following sections. 

5.2 RAINFALL PATTERN 

The Free State Province has witnessed an overall decline in precipitation. Noteworthy in this 

decline is the high frequency of extremely low rainfall incidents. Figure 5.3 shows that annual 

rainfall has been on a steady decline. This decline is indicative of the overall national rainfall 

pattern as noted by the South African Weather Service (2015). In the period under review, the 

lowest recorded rainfall cases were in 2007 with an annual total rainfall of 279mm, and in 2015 

which received 315mm. Rainfall records by the Department of Water and Sanitation (DWS) for 

the period September to October 2015 show that early spring did not yield the anticipated 

rainfall. 
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 Figure 5.3: Annual average rainfall and temperatures in the Free State 

 

Source: South African Weather Service (2015) 

The uncharacteristic 2015 dry and hot weather conditions experienced in Southern Africa were 

largely attributed to the El Niño phenomenon.  The phenomenon arises from an oscillation of the 

ocean-atmosphere system in the tropical Pacific having important consequences for weather 

around the globe (Borlace et al, 2014). It is characterised by unusually warm ocean temperatures 

in the Equatorial Pacific, as opposed to La Niña, which is characterised by unusually cold ocean 

temperatures in the Equatorial Pacific. These two climate phenomena result in  extended periods 

of low rainfall in parts of the world that include Southern Africa and flooding in areas such as the 

United States of America and Peru respectively. 

The El Niño phenomenon is thought to be a natural weather event that happens periodically. A 

study by Cobb (2015) links the increased variability and intensity of the phenomenon to the 

increasing presence of GHGs in the atmosphere. This finding links El Niño to climate change.  In 

2016, the impact of climate change on rainfall scarcity was acknowledged by the Minister of the 
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Department of Water and Sanitation, Ms Nomvula Mokonyane. The Minister reiterated that 

water supply challenges in water-scarce South Africa were being exacerbated by climate change-

induced declines in annual rainfall (Department of Water and Sanitation, 2015). The low rainfall 

is affecting river water levels and the social and economic activities that rely on these waters. 

Low water levels at the Vaal River have direct and indirect consequences for the New Vaal 

Mine. The New Vaal Safety, Health, Environment and Quality, (SHEQ) manager noted that 

although the New Vaal Mine has sufficient water sources for its operations, droughts often result 

in water shortages in the surrounding communities. This meant that under drought conditions the 

mine and the community increasingly share the limited water from the Vaal River, putting 

pressure on the river and increasing the risk of water contamination from effluent spillages, 

which cannot be effectively diluted by large water volumes in a normal rain season in the area 

and upstream.   

Although rainfall has been on a steady decline over the 23-year-period under review, there have 

been cases of extremely high rainfall. Notable cases include 872mm of precipitation in 1993, and 

818mm in 2010. The unexpectedly high rainfall flooded the New Vaal Coal’s underground mine, 

raising questions about mine adaptation. The New Vaal planning manager, who at the time of 

this research had been working for the mine for 6 years, stated that although flooding was rare, 

incidents of flooding whenever they occurred were becoming increasingly severe and lasting 

longer than usual. The last serious flood case he remembered was in December 2010. This 

flooding event recorded the second highest amount of seasonal rainfall at 208mm. There was 

another flooding event in January 2011 with 234mm of rain recorded during the month. 

December 2010 flooding affected transport routes and resulted in operations suspension for two 

days. The 2010 flooding was reflected in the New Vaal Sustainability Report of 2010 which 

stated that: 

“Heavy rain fell on 15 December 2010. All trucking and loading operations were 

stopped during this time. Operators spent the day pumping water from the pits in order to 

have the mine back in operation the next day” Extract from Anglo American (2013:16). 

Despite such cases of flooding the overall trend is that of declining average annual rainfall. The 

declining average rainfall is from seasonal declines as outlined in the following section. 
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5.3. Monthly and seasonal rainfall variations 

The monthly average rainfall for the area around the New Vaal Coal Mine for the period 1993 to 

2015 is shown in Figure 5.4. The summer season is represented by the solid bold pattern line and 

the winter season is represented by the dotted pattern line. The figure also shows the cases of 

extremely low and high rainfall incidences over the same period of time. The extreme highs and 

lows have been defined as any rainfall amounts that are either 50% above or below the mean 

rainfall respectively (South African Weather Service, 2015). The wet season is denoted by 

months with solid data pattern lines while the months with dotted data series line constitute dry 

season (SAWS, 2015).  

Figure 5.4 shows that on average, the area around New Vaal Coal Mine received its highest 

rainfall in December and January. The average rainfall for the two months in the period under 

review is 100mm. This is considerably higher than the rest of the summer months. With January 

and December receiving the highest rainfall, it is not surprising that the severe flooding 

incidences on record are in these months. For example, on 6th January 2011, the New Vaal open-

cast mine was flooded. The flooding lasted for 4 days from the 6th to the 10th. The day before the 

flooding, the mine recorded the second highest amount of rainfall for 2011 with 44mm. The 

resulting flood halted work at the mine and delayed operations which caused lost production 

time. In addition to affecting production work at the mine, flooding events have the potential to 

affect supply and delivery of personnel, supplies and machine parts to the mine, by damaging 

roads that lead to and within the mine. Despite this severe flooding incident, the mine has not 

changed its mining procedure. However it has updated its rain readiness plan. 

A notable update of the flooding readiness plan is the change in flood management and 

mitigating procedures. During the January flooding, the New Vaal Mine only followed its usual 

flood management and mitigating procedure of removing equipment which was in the proximity 

of possible flood zones in case the flood protection levee failed. In addition, the engineers and 

environmental officers assessed the water levels at four-hourly intervals. Equipment was moved 

back to the work sites only when the water level of the river had receded to a measure deemed 

safe to resume work. However, this procedure needs to be improved.   
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 Figure 5.4: Monthly and seasonal rainfall at the New Vaal 

https://www.bestpfe.com/
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Source: South African Weather Service, 2015 
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According to the New Vaal Coal Mine’s Environmental Officer, proactive adaptation action 

could include analysing historic climate data and monitoring weather patterns to ensure that 

infrastructure has the capacity to deal with flood events. As such, rainfall data observation and 

ongoing analysis of historic rainfall patterns as shown in Figure 5.5 are an integral part of 

climate change adaptation planning. 

As is the case with Kriel and Standerton, flooding at the New Vaal Coal Mine is not due to 

consistent increases in rainfall, but due to single intense rainfall events.  This is illustrated by the 

fact that although the year 2011 had relatively low annual rainfall collectively, on 11 March, the 

Rand Water Management Authority reported that the Vaal Dam was overflowing having  

reached 105% of its capacity after an incident of week-long incessant rainfall. A common 

practice in flood defense in mines is the incorporation of flood levees protection during mine 

design and flood early-warning systems during mine operation as shown on Figure 5.5. 

Figure 5.5: New Vaal Coal Mine’s flooding early warning system  

S

ource: New Vaal Coal Mine (2015) 
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The line markings on the wall show levels which the Vaal River reached historically, the highest 

being in February 1976 and the lowest in 2010. Towards the edge of the river is a bar that has an 

alarm attached to it. When water levels reach the bar, the alarm is triggered and warns the mine 

of imminent flooding at the mine as was the case on 11 March 2011. It is important to note that 

adaptation measures carry pecuniary implications. Given that money is not always available, it 

becomes important that expenditure on adaptation measures is directed by the importance and 

criticality of that measure. This importance and criticality can be determined by the likelihood of 

the occurrence of an event that an adaptation measure seeks to manage.  In this case, an analysis 

of the frequency and if possible, the intensity of rainfall is critical for proactive flood 

management adaptation practices. 

Historical monthly and seasonal rainfall analysis as shown in Table 5.2 can assist the mine in 

determining the relative frequency of extreme rainfall incidents. In this case, the number of 

extreme rainfall occurrences, either high or low, was divided by the total number of years (23 

years) under consideration as shown on Table 5.2 to determine percentage of occurrence 

probability. The table  shows that the number of extremely high rainfall events is lower than the 

cases of extremely low rainfall in the last 23 years. This is shown by the total number of actual 

extremely high rainfall events which stand at 40 compared to 67 incidents of extremely low 

rainfall in the period under review. The relative frequency of these events shows the low 

probability (0.4 to 13 percent) of extremely high rainfall events during the rainy season 

compared to the high probability (13-22 percent) of low rainfall events over the same season.  

The dry season also shows a similar trend.  
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Table 5.1: Monthly mean and annual extreme rainfall frequencies and number of 

occurrences from 1993 to 2015 

Month Mean (mm)  Number of 

extremely high 

rainfall events in 

22 years 

Extremely high 

rainfall (mm)  

relative  frequency 

(X % in 22 years) 

Number of 

extremely low 

rainfall in 22 

years 

Extremely low 

rainfall (mm)  

relative frequency 

(X % in 22 years) 

January 114 1/22 0.4% 5/22 22 % 

February 72 2/22 0.9% 4/22 18 % 

March 72 4/22 18 % 3/22 13 % 

April 35 3/22 13 % 5/22 22 % 

May 13 4/22 18 % 7/22 31 % 

June 4 4/22 18 % 8/22 36% 

July 1 2/22 13 % 7/22 31 % 

August 7 5/22 22 % 8/22 36 % 

September 19 5/22 22 % 9/22 40% 

October 58 5/22 22 % 4/22 18 % 

November 79 3/22 13 % 4/22 18 % 

December 107 2/22 0.9% 3/22 13 % 

  Total number of 

extremely high 

rainfall: 40  

 Total number of 

extremely Low 

rainfall: 67  

 

Source: Author, 2015 

A lesson from this is that droughts and its related challenges are more likely to manifest in the 

New Vaal Mine region than cases of flooding. This has very important planning implications for 

the mine. The mine has to weigh and compare the impact of floods and droughts on its 

operations and thereafter direct its adaptation spending accordingly. A desired outcome is one 

that adapts to both excess rainfall and flooding on one hand and drought and water shortages on 

the other hand.  
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Rainfall is determined by a number of factors that include ambient temperature, winds and other 

factors. The next section analyzes temperature patterns and their impact at the New Vaal Coal 

Mine. Figure 5.6 shows the monthly (and seasonal) maximum and minimum temperatures from 

1993 to 2015. The summer season is represented by the solid bold pattern line and the winter 

season is represented by the dotted pattern line. 

Figure 5.6 shows that both maximum and minimum temperatures at the New Vaal Coal Mine 

area have been stable in the last 23-year-period under review. As expected, summer temperatures 

typically reach highs of 300C and above, especially in January and December. The year 2015 

recorded the highest temperatures globally, with January, February and March setting new high-

temperature records, since record keeping started 136 years ago (National Oceanic and 

Atmospheric Administration, NOAA, 2015). However, by the time of finalizing this work, 

indications were that 2016 could well surpass 2015 (Le Page, 2016). The global temperatures of 

2015 sparked a series of heatwaves and lightning strikes in all nine provinces of South Africa, 

including the Free State Province.  The high temperature coupled with low rainfall resulted in a 

significant drop in the Vaal River water levels, prompting the New Vaal Mine to review its water 

access and use practices.  

The SHEQ manager of the New Vaal Colliery, the Environmental Manager, and other officers all 

concurred that heatwaves, such as the one experienced in 2015, typically result in employees 

experiencing heat fatigue and other severe associated conditions, with some even suffering from 

heat stroke. In a mining environment with its inherent hazards, fatigue management is important 

to prevent heat-fatigue related accidents. As a response to increasing temperature, the New Vaal 

SHEQ manager stated that New Vaal’s underground mine has increased underground cooling 

systems. These are controlled by the on-site Demand Side Management (DSM) system that 

controls energy demands based on underground temperatures.  
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Figure 5.6: Maximum and minimum temperatures at the New Vaal 
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Source: Author, 2016 
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High temperatures also typically attract lightning. The New Vaal Mine has suffered a 

temperature-related lightning strike incident. The company’s coal sustainability report (2013) 

indicated that on 10 January 2012 at around 18:00, a contractor’s haulage truck was struck by 

lightning. After the strike, the concerned truck was not used for a week to ensure no fire had 

started in the tyres. Despite this, the mine has not enhanced nor changed its lightning protection 

process. It continues to rely on its lightning warning procedure that uses the lightning detector 

circuit. The lightning detector circuit is a very sensitive static electricity detector that can provide 

early warning of approaching storms three kilometers away, before an earth-to-sky return 

lightning strike takes place. The circuit emits an audible warning tone or flashes a light-emitting 

diode (LED) for each discharge detected, giving advance warning of impending storms so that 

precautions may be observed. 

While the minimum winter temperatures appear to be generally stable, an exception is in August 

and September, which show a steady decline. Low temperatures are synonymous with fog in 

areas close to power stations. A case of severe fog was recorded in August 2012. This fog 

resulted in work stoppage due to poor visibility that rendered operations unsafe. Based on 

questionnaire responses, fog is becoming frequent, more intense and lasting longer than usual. 

The SHEQ manager stated that the mine has no adaptation measures against poor visibility 

caused by fog, except for work stoppage. This makes meeting production targets a challenge. 

To sum up, the New Vaal Coal Mine climate change vulnerability assessment revealed that the 

mine is vulnerable to flooding due to its proximity to the Vaal River. As such, the mine has 

updated its flood defense wall and flood early-warning systems. The area around the mine is also 

vulnerable to drought due to the declining rainfall and less than expected seasonal rainfall, 

especially in summer. Although the mine is not short of water supply at the moment, successive 

and increasingly intense droughts are likely to cause problems in the future. As such, proactive 

adaptation plans dealing with possible water shortages need to be devised. Although 

temperatures are fairly stable, there have been spikes of high temperature that resulted in 

lightning strikes. Low temperatures have attracted increased cases of fog that at times result in 

poor visibility. At the time of this research, the mine had no adaptation plans to proactively 

minimize or prevent the adverse impacts of these problems. 
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5.5 CONCLUSION 

This chapter presented climate change evidence around the New Vaal Coal Mine and how these 

have impacted and are projected to impact different operational levels at the mine. With each 

impact, some adaptation actions and shortcomings were discussed. Rainfall data shows that 

precipitation has been on a steady decline particularly in summer - the traditional rainy season. 

This decline is the cause of chronic and frequent droughts in the Free State Province. Indications 

are that the frequency and severity of these droughts will increase resulting in competition and 

conflicts around the use of water between surrounding communities and mines dependent on the 

Vaal River content. While occasional droughts such as the one in 2015, driven by phenomena 

such as the El Nino, are a natural and an expected occurrence, the impact of climate change on 

the intensity of the phenomena is a cause for concern. Mines have to adapt to these changes. An 

important issue is that adaptation to drought has to be undertaken simultaneously with adaptation 

to acute flooding whose severity can also be as devastating as droughts.  While precipitation 

concerns often dominate the climate change adaptation discourse, the New Vaal Mine issues 

show the significance of concerns around ambient temperature which result in deleterious side 

effects, most notably lightning and fog. This indicates the need for adaptation plans that consider 

all the climate change outcomes that could affect mining operations in all the stages of the 

mining value chain.  
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CHAPTER SIX:  CLIMATE CHANGE VULNERABILITY AND ADAPTATION 

STRATEGIES FROM KWA ZULU-NATAL COAL FIELDS 

6.1 INTRODUCTION 

This chapter presents analyses and discusses the research findings on climate change 

vulnerability and management with a specific focus on adaptation policies and practices at the 

Spring Lake Coal Mine (Figure 6.1) located in the town of Dundee in the Endumeni 

Municipality of the KwaZulu-Natal Province.  Magdelina Coal Mine, located in the same area 

and owned by Buffalo Coal Private Limited, declined to participate in the study. As indicated in 

the methodology chapter, rainfall and temperature data was supplied by the SAWS from weather 

station(s) in the province and most relevant stations close to the mine. 

Figure 6.1: Springlake and Magdelina Coal Mines 

 

Source: Author, 2016 
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Spring Lake Mine earned its name due to its proximity to a lake. The lake’s water is green in 

colour. Greenpeace (2015), states that changes in water colour near mines are a typical sign of 

Acid Mine Drainage (AMD). The acidic water arises from chemical reaction in sulphur-bearing 

mineral pyrite rocks that are exposed to water and oxygen caused by excavation activities such 

as mining (South African Chamber of Mines, 2011). Spring Lake Coal Mine is owned by 

Shanduka Coal Private Limited. Shanduka Coal is controlled by Glencore International AG. The 

mine has been in operation for 30 years and is South Africa’s largest producer of anthracite coal. 

The underground operation consists of one incline shaft and one vertical shaft with the deepest 

mining taking place 120 metres below the surface. The opencast operation comprises two pits 

which are mined to an average depth of 30 metres (South African Chamber of Mines, 2011).  A 

review of the mine’s climate change management policies, acknowledgements and response 

shows that Shanduka has not been reporting on the Carbon Disclosure Project (CDP). In fact 

there were no publicly available and accessible documents relating to the mine’s exposure, 

vulnerability and  climate change adaptations plans and actions. However, the controlling 

company, Glencore, has been reporting  and publishing its reports, but only for its New Zealand 

operations (CDP, 2015). As such, much of the mine’s adaptation plans and analysis, especially 

with regard to drought and flooding are based on the provincial authority’s and municipality’s 

reactions.  

The research made three major findings around the Spring Lake Coal Mines. The first notably 

finding is that Spring Lake Coal Mine sources its water from the municipal dam. This means that 

the municipality directly controls the mines’ water use. Furthermore, it implies that the mine is 

directly affected by water problems that affect the surrounding community. The second major 

finding is that Spring Lake Coal Mine faces the double impact of climate change relating to the 

decreases in water availability due to an overall decline in annual rainfall and frequent flooding 

from extremely high rainfall events, especially in winter. The third finding is that the most 

prominent climate-related hazard is the incidence of fire outbreaks. Fire outbreaks have been on 

the increase particularly in summer due to rising temperature and the dry environment. Details of 

these major findings and associated reactions are discussed in the following sections. 
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6.2 ANNUAL RAINFALL TRENDS IN DUNDEE 

The trend in the climate conditions in the Dundee area is not too different from those in the 

Kriel, Standerton mines in the Mpumalanga Province and the New Vaal Mine in the Free State 

Province. Figure 6.2 shows that rainfall has been on a steady decline since 1994.  

Figure 6.2: Annual rainfall in Dundee 
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 Source: Author, 2015 

The decline in rainfall has been steady, leading to the 2015/16 season being the driest in over 70 

years in this area (South African Weather Service, 2015). The declining rainfall has led to a 

decline in water levels in the various water reservoirs.  This is a cause for concern for a country 

where 77% of its water for domestic and commercial use comes from rainfall, 14% is recycled 

from water treatment plants and nine percent comes from ground water. The declining rainfall is 

threatening this water supply and indirectly, South Africa’s development efforts. The effect of 

climate change on seasonal and monthly rainfall pattern presents a dual challenge of increased 

severity of droughts and flooding from extremely high rainfall events. In the period under 

review, the Dundee area has been experiencing higher cases of droughts compared to cases of 

floods. Figure 6.3 shows seasonal and monthly rainfall analysis in the Dundee area. The summer 

season is represented by the solid bold pattern line and the winter season is represented by the 

dotted pattern line. 
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Figure 6.3: Seasonal and monthly rainfall analysis in Dundee 
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Source: South African Weather Service, 2016  
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Figure 6.3 shows that the summer season, typically the rainy season, has been experiencing 

rainfall declines over the 23-year-period under review. The summer months that have 

experienced the sharpest declines are October and November. For instance, in 1994 the month of 

October recorded 80mm of rain and this declined to only 40mm in 2015. Similarly, November 

1994 recorded 100mm of rain and only 40mm in 2015. This decline is steeper compared to the 

months of January, September and December, which have seen a slight increase in rainfall. This 

means that the slight increases have not been adequate to offset or even mitigate the sharp 

declines of October and November. The consequence is reduced water inflows into the area’s 

dams leading to water use and supply restrictions that are affecting domestic and commercial 

activities, including coal mining. 

The Endumeni Municipality is mitigating the water shortage by pumping water from other 

sources. At the time of this research, the Municipality was pumping water from the Chelmsford 

Dam into the Buffalo River, its main source of water. However, continued access to water from 

Chelmsford Dam was not guaranteed because the water levels at that dam were declining rapidly 

as it also serves the Newcastle, Dannhauser and Nquthu Municipalities in the KwaZulu-Natal 

Province. The water availability and supply problems have been worsening over the years and 

have become more pronounced during the last three years of the period under review. The 

Minister of Water and Sanitation tagged climate change as the reason for the water shortages and 

advised farmers to devise adaptation strategies in order to deal with the changes (Department of 

Water and Sanitation, 2015). The Minister’s remarks marked the first time that a government 

minister in this portfolio identified climate change as a cause for what has been traditionally 

viewed as ‘normal and natural’ changes in the weather pattern. As a result of the severity of the 

2015 drought, the Endumeni Municipality imposed water restrictions and began planning for a 

sea water desalination programme as one of the long-lasting solutions. Water desalination is a 

process of removing salt and other particles from sea water making it potable.  Additional plans 

to deal with the drought crisis include rehabilitating the old water system by repairing leaks and 

replacing some worn-out potable water pipes as well as the drilling of boreholes (Department of 

Water and Sanitation, 2015). 
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Despite the laudable intent of these plans, it is important to note that water restrictions cannot be 

a permanent nor a desired long-term solution because demand for water by water intensive 

operations such as Spring Lake Coal Mine can only intensify in dry and hot conditions. It is 

equally important to note that while water desalination is a plausible approach to addressing 

drought-induced water supply challenges, desalination is energy intensive and an expensive 

process. The drilling of boreholes also means access to limited underground water whose level 

and quantity is dependent on the amount of rainfall. Despite the plausibility of all these 

interventions that seek to address the area’s water challenges, the importance of a normal rainfall 

season remains critical. This was emphasized by the KwaZulu-Natal’s Provincial Cooperative 

governance spokesperson at the time who said; 

“Some teams have already been sent to investigate the possibility of desalination plants 

(and other solutions) that can be utilized. But we [still] need rain. The rain must fall, and 

it must fall soon” 

Another important issue to emerge from a close examination of rainfall patterns in the area is the 

increasing frequency and number of extreme low rainfall events in the 23 year period under 

review. Table 6.1 shows the trend in the parameters. 

Table 6.1 Monthly mean and extreme rainfall frequencies  

Month Mean (mm) Number of 

extremely 

high rainfall 

events in 21 

years 

Extremely 

high rainfall 

(mm) relative 

frequency (X 

% in 21 years) 

Number of 

extremely low 

rainfall events 

in 21 years 

Extremely low 

rainfall (mm) 

relative 

frequency (X 

% in 21 years) 

JAN 141 4/21 19 % 3/21 14 % 

FEB 87 3/21 14 % 4/21 19 % 

MAR 86 3/21 14 % 3/21 13 % 

APRIL 29 5/21 23 % 6/21 28 % 

MAY 13 4/21 19 % 7/21 33 % 
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JUN 9 4/21 19 % 9/21 42 % 

JUL 10 4/21 19 % 11/21 52 % 
AUG 14 5/21 23 % 12/21 57 % 

SEP 30 2/21 0.9 % 8/21 38 % 

OCT 59 5/21 23 % 4/21 19 % 

NOV 70 3/21 14 % 3/21 14 % 

DEC 115 4/21 14 % 4/21 19 % 

Total 46  74  

Source: Author, 2016 

Table 6.1 shows that the total number of extremely high rainfall events in the last 23year period 

stood at 46 and is far less than the total number of extremely low rainfall events that stood at 74 

over the same period of time. This gives the impression of a chronic drought in the area. The 

months with the highest frequency of extremely high rainfall in summer are April and October. 

Both months have a 23% chance of receiving extremely high rainfall which potentially could 

lead to flooding at Spring Lake Coal Mine. In climate analysis, this high probability warrants 

proactive adaptation planning. However, there was no evidence of such planning at the Spring 

Lake Coal Mine despite the given scenario. The Environmental Manager stated that since the 

mine has not experienced flooding, the mine management pays less attention to such 

probabilities. However, given the dynamics of climate change and the high probability that is 

shown in Table 6.1, flooding at Spring Lake Coal Mine cannot be ruled out. 

While flooding is a threat that could halt mining operations, its opposite drought, is an equally 

operations-halting possibility. An examination of the figures in Table 6.1 shows that there is a 

higher probability of extremely low rainfall compared to high rainfall extremes. The months of 

April and September with 6 and 8 incidents of low rainfall extremes during the 21 years’ review 

period show a 28% and 38% probability of low rainfall. This data suggests the need for 

appropriate water supply adaptation planning to ensure that water shortages do not affect mine 

operations as a result of reduced rainfall. Measures to this end include recycling of grey water 

and desalination of sea water. So far, these are not part of Spring Lake Coal Mine’s plans. 
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The Executive Committee Member of Cooperative Governance and Traditional Affairs stated 

that KwaZulu-Natal is facing droughts with increasing severity and frequency, and unless the 

call for coordinated water conservation is met with decisive action by all consumers, things will 

only get worse (Department of Water and Sanitation 2015). However, water conservation is only 

one part of adapting to climate change-induced drought. Integrated solutions must be sought in 

partnership with all extensive water consumers. The municipality, together with all extensive 

water users, as well as water research institutions, should partner with a vision of finding lasting 

solutions to the water problem in the region. With regard to the impact of water shortages on 

mining activities, a water resource management specialist, Naidoo (2015) stated that Prof 

Anthony Turton noted that many new mines, mainly in water-scarce provinces such as Free State 

and Kwa Zulu-Natal - and most notably in the coal sector - have been unable to progress beyond 

the feasibility study and design phase to actual production.  

This is largely attributed to the non-availability of water. This observation places the importance 

and consideration of climate change impacts on the mining industry at the exploration phase of 

the mining value chain. To intervene in the adverse impacts of water shortages in the mining 

sector, the same specialist cited a number of creative solutions that may be regarded as attempts 

at adaptation to the water scarcity problem. The solutions included the refurbishment of leaking 

agricultural irrigation systems and the recovery of grey water from sewage works inter alia.  

However, at the time of this research none of the solutions was in place. Turton (2015) blames 

this on bureaucratic bottlenecks mainly at municipal level.  Despite this, there have been some 

innovative developments such as the treatment of polluted mine water for reuse in a number of 

industrial processes (Ibid.). In winter, the months with the highest cases of extremely high 

rainfall are in May and August. August shows the highest number of extremely high rainfall 

incidents with five in the 21-year review period. This means the month has a 23% probability of 

receiving above normal season rainfall. This is a higher than normal probability for a winter 

season month. The month of May, typically a dry season had four incidents of extremely high 

rainfall with a 19% probability of the same event.  This means that the month may pose winter 

flash-flood incidents.  
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The KwaZulu-Natal Province and the Dundee area specifically, experienced flooding in June 

2015 and July 2016. Winter flooding is a new phenomenon as this season has always been dry 

with very little precipitation. The floods are often in the form of flash-floods (Marchi et al, 

2010). Sorooshian (1983) notes that flash-floods are most common in areas which have severe 

drought due to the ground being unable to absorb excess rainwater in short periods of time. As in 

Kriel, Standerton and New Vaal, floods at the Spring Lake Mine are not caused by overall or 

normal increases in precipitation, but extreme rainfall in winter. This extreme rainfall not only 

floods the mines, but gives the impression that the drought could be over. An important 

development is that the local officials are aware of this potential misconception as a member of 

the Executive Council for Cooperative Governance and Traditional Affairs in Kwa Zulu-Natal 

explained: 

The recent (2015) rainfall may give the false impression that the worst of the current 

drought is over. The impact of the current drought has been so severe that all this rainfall 

is simply insufficient to relieve even the most urgent supply of water in the most affected 

areas of the province. Our campaign to conserve water will therefore continue. 

A significant problem that the Spring Lake Coal Mine has experienced is the frequent failures of 

tailing and Pollution Control Dams (PCDs) in containing large amounts of water from extreme 

and intense rainfall. The environmental manager stated that once the PCDs overflow, the runoff 

water spills into the nearby streams causing it to contaminate these waterways. As stated earlier, 

rainfall quantities have a link to ambient temperature. Typically high temperatures result in less 

precipitation (Nicholls, 2004). This link is discussed in the next paragraphs. 

 Figure 6.4 shows annual temperature trends in Dundee. The summer season is represented by 

the solid bold pattern line and the winter season is represented by the dotted pattern line. 
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Figure 6.4: Seasonal and monthly temperature analysis in Dundee 
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Source: South African Weather Services, 2016 
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Temperature records for the Dundee region show a slight increase in the average monthly 

temperatures and seasonal temperature as shown in Figure 6.3. The figure shows that both 

maximum and minimum summer and winter seasons temperatures have been slightly 

increasing over the 21- year period under review.  In the summer season, the increase has 

been particularly intense in the months of January and February where maximum 

temperatures are increasingly reaching 30 degrees Celsius, especially from the year 2012.  In 

contrast, minimum temperatures have been relatively stable throughout the summer seasons. 

Although the temperature increases at ground level have been slight, underground heat 

increases have been significant to the extent that the mine has had to increase its underground 

ventilation capacity. One such system was in place in 2009. However, and unfortunately, in 

October 2009 the system had a malfunction in the electrical cables network resulting in an 

underground fire. The fire led to the death of one person and injuries to 18 other employees, 

and many more suffered from smoke inhalation. According to Spring Lake Coal Mine’s 

health and safety manager, solutions to this kind of fire breakout are a matter of improving 

health and safety standards and complying with safety requirements when installing new 

electrical  equipment and related components. 

Outside the mining pits the high temperatures, coupled with the increasingly dry conditions, 

render the area susceptible to veld fires. The government has programmes seeking to combat 

such fires. The Working on Fire (WoF) programme is a government-funded initiative 

focusing on implementing Integrated Fire Management in South Africa. Under the initiative, 

the northern KwaZulu-Natal areas which include Newcastle, Ladysmith and Endumeni 

Municipality are regarded as areas that are most vulnerable to veld and forest fires in the 

province. The WoF programme recorded 516 veld and forest fires between 2014 and 2016. 

Given the observed rainfall declines, the high number of incidents and the probability of 

extremely low rainfall, the area around Spring Lake Coal Mine will get drier, and 

consequently it will become more vulnerable to veld and forest fires. Although Spring Lake 

Coal Mine faces similar rainfall trends to those of Kriel, Standerton and New Vaal, the 

mine’s proximity to the lake means it is more likely to pollute this water source and the 

surrounding area during extremely high rainfall periods or incidences. The major concerns 

however, are drought and high temperatures. The municipality is already restricting water use 

and this affects the mine’s access to water. The mine’s adaptation plan for accessing water is 

mainly through boreholes and water recycling. In this regard, the mine should explore using 

water desalination and dry processing technology. High temperatures and dry conditions 



134 
 

render the mine vulnerable to fire breakouts as well as employee health and safety. The mine 

typically increases cooling in its underground mine in order to secure employee health and 

safety. 

6.3 CONCLUSION 
It emerges that Spring Lake Coal Mine is located in the drought-prone municipality of 

Endumeni. Drought is by far the biggest threat in the area, not only to the mine, but also to 

the surrounding farming community. The local authority has reacted to this threat by 

formulating and implementing a number of water shortage adaptation plans and actions.  Four 

issues emerged from the plans. The first is that they are late because the challenge of drought- 

induced water supply shortages is already a real and present danger. The second issue is that, 

the suggested plans are expensive, especially the energy intensive sea water desalination 

option.  Thirdly, even if the water shortage from the traditional source can be addressed by 

sinking boreholes, there is limited knowledge on the area’s ground water quantity and 

availability. Fourth and lastly, the respective municipality has had to impose its largely 

unpopular water-use restriction bylaws. While all these can stretch the available water 

supplies, the only viable solution is consistent rainfall, especially in summer when it is 

expected and most needed, due to high temperatures. A cause for concern is the trend that 

shows rainfall in the area to be declining annually, seasonally, and monthly over the period 

1994 to 2015. On the other hand, while drought is a major climate change-linked problem, 

occasional flooding is also a cause for concern.  Most notably is the case of winter flooding, a 

new phenomenon. Traditional flooding is expected in the rainy summer months. Winter 

floods strain the management and maintenance of flooding control mechanisms that have 

traditionally been maintained and upgraded during the dry winter months.  To sum up, the 

evidence presented in this chapter shows a need for new plans to cope with expected and 

unexpected climate change-induced extreme weather events, especially droughts, floods and 

wild fires. The season-based demarcations of these plans have to be redrawn to consider both 

established and anticipated changes.  
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CHAPTER SEVEN: SUMMARY OF FINDINGS, CONCLUSION AND 

SUGGESTIONS 

7.1 SUMMARY OF THE STUDY 

This study has sought to understand climate change vulnerability, exposure and adaptation 

measures in selected South African coal mines. The selected coal mines were Kriel Colliery, 

New Denmark Colliery and Mine X, all based in Mpumalanga Province; the New Vaal Coal 

Mine in the Free State Province; and Spring Lake Coal Mine based in Dundee, Kwa Zulu- 

Natal Province.  The research established three objectives namely: (i) to identify current and 

future climate change impacts that may affect the selected coal mines, (ii) to establish the 

nature and extent to which the mines are ready to address and implement adaptation 

measures, and (iii) to determine and document existing climate change adaptation practices in 

those mines. Accordingly, the following research questions were posed to address these 

research objectives: What are the current and possible climate change impacts that may affect 

the selected coal mines? What is the extent and nature of climate change adaptation readiness 

at those mines? 

The research adopted a multiple case study approach that employed the mixed-methods 

approach to address the research questions and meet the research objectives. The first action 

was a thorough review of literature, focusing on theories about change and adaptation in the 

mining sector in general, and coal mining specifically. The coal mining value chain formed 

the basis of tracing adaptation intervention measures. The case study mines were purposively 

sampled, taking into consideration varying geographical locations, mine designs and mine 

ownership. Geographical location was a critical element in the study as adaptation to climate 

change is a localized matter. Initially, nine mines in four provinces, including Limpopo 

Province, were requested to participate in the study. All the targeted mines in the Limpopo 

Province declined to participate in the study. Consequently, the research was informed by 

five mines from the three provinces. In addition to the five mines, the research also gathered 

data from the South African Weather Service (SAWS), which is the custodian of South 

African weather and climate data. Since the study sought to analyze the closest climate trends 

to the participating mines, the nearest weather stations were identified with data obtained 

from the SAWS which provided the requested climate information.   
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Additional data was collected from different sources, including the mines themselves; also 

from documents, local community members, climate change and mining experts from Wits 

University and the University of Cape Town. Such data was collected through questionnaires, 

face-to-face interviews, telephonic interviews, as well as from the available and accessible 

publications and databases.   

7.2 SUMMARY OF MAJOR FINDINGS 

7.2.1 Climate Change in South Africa 

As expected, the findings in each mine differed based on the climate change vulnerability and 

exposure of each mine as determined by geographic and topographic location and the mine 

design of each mine. Consequently, adaptation responses also differed based on the specific 

issues as well as mine ownership.  A notable finding was that despite the experienced and 

acknowledged adverse impacts of climate change on the overall mine, adaptation in all 

participating mines has largely remained reactive instead of proactive.  In addition, climate 

data records are not up to date and, where available, the data is limited and characterized by 

some gaps.  This makes it difficult for data users to employ the data to generate findings and 

models that could be applied to inform adaptation planning. The following section provides a 

summary of specific findings in each province and the mines.  

7.2.2 Kriel Colliery, New Denmark and Mine X 

In the Mpumalanga area where Kriel, New Denmark and Mine X are based, annual seasonal 

and monthly rainfall is declining, especially in summer when it is most expected. Although 

all three mines maintain that they are currently not affected by water scarcity due to the 

available underground water sources, all environmental managers at the mines admitted that 

this option is limited and might soon not be available if chronic droughts continue. As part of 

adapting to water scarcity, all three mines used their tailing and pollution control dams for 

water recycling, storage and reuse. However this is not a long-term solution as that water still 

has to come from rainfall. To deal with this, New Denmark Colliery was in the process of 

exploring dry processing technology for coal washing, which is the most water- intensive 

practice in the mining sub-value chain. 
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On the other hand, all three mines have been affected by flooding in the winter season when 

heavy rains are least expected. Kriel open-cast mine was flooded at one stage and the water 

pumping systems failed to drain the extra water due to extreme rainfall in the area. As a 

result, water catchment dams overflowed posing the risk of Acid Mine Draining (AMD) into 

the immediate wetlands. In addition, these mines have been affected by extensive and 

persistent mist and smog which often disrupt movements in and outside the mines. There 

were no adaptation plans in place to deal with this problem. The only advantage that all three 

mines have is that they convey their coal to the nearby power stations, an advantage 

presented by proximity. 

7.2.3 Free State:  New Vaal Coal Mine 

The New Vaal Coal Mine is located near the Vaal River and draws its water from this river. 

The Vaal River system is a key national strategic resource. The mine’s close proximity to the 

Vaal River presents both an advantage and a disadvantage. The advantage is that the mine 

does not struggle with access to water as the Vaal River supplies the mine and much of the 

Gauteng Province. The disadvantage, however, is that the Vaal River is a constant threat for 

flooding, especially in summer.  Rainfall is more sporadic and intense than consistent in the 

Vaal area, meaning when it rains, it rains excessively. The open-cast mine was flooded in 

2010 and this resulted in the mine raising its dam levee wall from the 100 year flood plane to 

a 250 year flood expectation. As a reactive adaptation strategy, the mine engineers set up a 

flood early–warning-system that triggers an alarm as soon as the flood level reaches the 

mine’s flooding threshold level.  

7.2.4 Kwa Zulu Natal:  Spring Lake Coal Mine 

Spring Lake Coal Mine is exposed to the ‘double whammy’ of climate change - drought in 

summer and flooding in winter. These conditions are exacerbated by increasing temperatures, 

especially in summer.  Although there was limited information in relation to the climate 

change impacts at the mine, the Endumeni Municipality, which supplies the mine with water 

and is responsible for water-use bylaws, has been documenting and intervening in recent 

drought incidents. These interventions, especially water-use limitations, affect the mine as the 

mine’s environmental manager stated. In addition, rising temperatures are responsible for 

hotter conditions in the underground mine, which call for the mine to install more or improve 

current ventilation and cooling systems. This has resulted in a fire breakout at the 

underground mine where one person died and many others were injured. Furthermore, Spring 
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Lake is located in a wetland and, as such, flooding events pose risk of AMD. This 

vulnerability was exposed in 2010 when the pollution control dams (PCDs) failed to contain 

extra rain water.  

Having identified these vulnerabilities, the study found that although there were some efforts 

in reaction to climate change impacts at the selected mines, innovative and proactive 

adaptation actions were limited both in policy articulation and in practice, especially in other 

areas of the coal mining value chain. Interestingly, climate change mitigation still dominated 

climate change management in all the surveyed mines. This skewed attention to climate 

change mitigation was evident from site observations, document analysis and interviews. In 

some cases, the mine respondents were unable to differentiate between climate and weather 

when responding to the question relating to climate change impacts and potential adaptation 

plans. They also did not seem to understand the concept and science of climate change 

generally. Table 7.1 provides a summary of climate change vulnerabilities per mine and each 

mine’s adaptation actions as well as suggestions for adaptation actions at each mine. 
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Table 7.1 Summary of Vulnerability and adaptation plans per mine 

 
MINE MINE DESIGN MINING 

COMPANY 

PROVINCE VULNERABILITY 

AND EXPOSURE 

IMPACT 

AREAS ON THE 

VALUE CHAIN 

ADAPTATION 

PLAN 

AREAS LACKING ADAPTATION AND 

RECOMMENDATIONS FOR 

ADAPTION 

Kriel coal 

mine 

• Open cast  

• Underground 

Anglo 

American 

(Pty) Ltd 

Mpumalanga • Flooding 

 

• Drought 

 

 

• Mist and smog 

• Production 

and closure 

• Production 

 

 

• Production 

• Water 

catchment dams 

• Boreholes 

• Partial 

adaptation plan 

• No adaptation 

plan 

• Increasing  of  water pumping capacity 

from overflowing PCD’s 

• Water recycling, dry processing 

technology. 

 

• Strategies coal  loading and 

transportation time 

 
New 

Denmark 

coal mine 

• Open cast  

• Underground 

Anglo 

American 

(Pty) Ltd 

Mpumalanga • Drought 

 

• Flooding 

 

 

• Mist 

 

  

• Production 

and closure 

• Production 

and closure 

 

• Production 

 

 

 

 

 

 

 

• Water 

catchment dams 

• RiverCAD PRO 

for flood line 

determination 

• No adaptation 

plan 

 

 

• Water recycling, dry processing 

technology. 

 

• Flood defence wall and flooding early 

warning system. 

 

 

• Shift transporting of equipment and staff 

from and into the mine. 

 

Mine X Underground Company X Mpumalanga • Drought • Production • Water treatment 

for re-cycling 

• Passive water 

treatment 

• Dry processing 

• Brine treatment 
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technologies 

 

 

• Flooding: Water pumping capacity from 

overflowing PCD’s. Flood defense wall 

or the RiverCAD PRO 

New Vaal 

coal mine 

• Open cast 

• Underground 

Anglo 

American 

(Pty) Ltd 

Free State • Flooding 

 

 

• Lightning 

• Mist 

 

• Heatwaves 

Production, 

closure and post 

closure 

• Flood defense 

wall and 

flooding early 

warning system 

• Lightning 

detector 

• No adaptation 

plan 

 

• No adaptation 

 

 

 

 

• Timing of shift change and 

transportation of equipment in and 

outside the mine 

• Increased cooling and ventilation at the 

underground mine and mine offices 

 

Spring 

Lake coal 

mine 

• Open cast 

• Underground 

Shanduka Coal Kwa Zulu- 

Natal 
• Drought 

 

 

• Flooding 

 

• Veld fires 

 

• Heatwaves 

Production • Water use 

restrictions 

(imposed by the 

municipality) 

• Tailing and 

PCD’s 

 

 

Increased ventilation 

and cooling at the 

underground mine.  

• Drought: Dry processing, boreholes and 

improvement of water storage dams  

 

• Current Tailing and PCD are not 

equipped to accommodate extreme 

(above 50 % from the mean) rainfall. 

These need to be improved 

 

 

 

Source: Author, 2016
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7.3 CONCLUSION 

Based on the key findings from this work, it can be concluded that under present conditions, 

the coal mines that informed this research are highly vulnerable to the adverse impacts of 

climate change. This could expose the country to interrupted power supplies due to the 

predicted high frequency of extreme and prolonged climate change-induced extreme weather 

events. As such, more work is required to elevate the importance of adaptation policies and 

actions in the coal mining industry. Adverse climate change induced impacts on the industry 

can largely be prevented by proactive adaptation planning and strategies. However, proactive 

adaptation requires updated and accurate climate data. Currently the limited real-time weather 

data makes it difficult to accurately advise and model future climate changes and the required 

adaptation. The reluctance to champion adaptation planning and investments in such plans is 

evident in the participating mines’ sustainability reports. 

Of all the mining companies that participated in the study, only Anglo American Coal (Pty) 

Ltd has a documented climate change management policy and strategy, which is often present 

in the company’s annual and sustainability reports.  In addition, Anglo American and Mine X 

reported their climate change impacts and adaptation plans to the Carbon Disclosure Project. 

However, although climate change adaptation is referred to in the climate change policies, 

site observations show that there is limited adaptation innovation, with the exception of New 

Vaal Mine. The mine elevated its flood defense wall and installed an early warning system to 

avoid flooding. The rest of the mines have traditional engineering and environmental mine 

designs and considerations. From preliminary discussions, these are not intended as climate 

change responses or proactive measures, rather they are seen as conventional mine design 

elements. From the document analysis, climate change narrative, policy and action plans are 

absent from all the sampled coal mines’ sustainability reports. From the selected study sites, 

it seemed evident that the mines were not ready to deal with climate change adaptation 

demands.   
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7.4 SUGGESTIONS 

7.4.1 Continuous collection and analysis of climate data 

The overarching matter with regard to understanding climate change impacts in the South 

African coal mining sector is the availability and reliability of up-to-date and real-time 

climate data in areas where the coal mines are located. The study suggests that mining 

companies partner with the South African Weather Service and climate research institutions 

to strengthen the current weather stations in all areas with mining operations. Alternatively, 

the mines could build their own weather stations and collect data and analyse (in-house or 

outsource) all relevant information for the appropriate adaptation practices.  Mine-based 

weather stations would be more precise due to their proximity to actual operations, thus 

assisting mines to develop better informed adaptation plans and actions. 

7.4.2 Development of pro-adaptation policies and action 

In principle, reliable, accurate and consistent climate data should enable all South African 

coal mines to develop climate change management policies and strategies. Given the 

identified climate change exposure and vulnerability of the profiled coal mines, the resultant 

policies and strategies should elevate the importance of climate change adaptation. Old 

policies should be amended and upgraded to meet the same goal. The major concerns across 

all the participating mines are declining rainfall and water availability. Adaptation 

technologies that hold potential for water adaptation are dry-processing technologies which 

do not require water.  The advantage of dry processing technologies is that the coal remains 

dry thus improving the heat value of the coal as opposed to wet processes where the final 

product is wet. 

The major drawback of present dry-processing techniques is the poor separation efficiency 

and the high cut-point density. As a result, it is difficult to effectively beneficiate coals with a 

high near-dense content. It is also difficult to control the quality of the product from dry-coal 

processes. Dry-processing is, however, not applicable on all mines or with all coal types.  In 

addition, the low capital and operating costs of dry-processing may be very attractive, 

especially for small mines, but may lead to unrealistic expectations. Despite these drawbacks, 

this technology needs urgent improvement and adaptation by the coal mining sector, 
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especially against the background of stretched water resources as a result of frequent and 

severe cases of droughts. While droughts are a major cause for concern, the cases of 

extremely high rainfall that lead to flooding are also an issue of note. This calls for improved 

excess water channeling and storage. This is important for avoiding the leakage of untreated 

mining waste water and its leaching into public waterways.   

7.4.3 Partner with hosting municipalities for a win-win relationship 

Coal mines such as Spring Lake Coal Mine operate within municipalities which control water 

access from water supply dams. The controls are enforced through water-use bylaws. The 

controls become tighter and stricter in times of drought and at times these measures may 

affect a mine’s access to water. To ameliorate this, mines could actively and jointly formulate 

water access laws with neighboring municipalities with the two parties proactively seeking a 

win-win solution.  Such a solution would balance the need for the mine to access water and 

so to avoid job losses and the related adverse economic and social consequences. Conversely, 

the solution should ensure that the mine’s access to shared water sources does not threaten 

community livelihoods particularly when water sources are stretched by droughts.   

7.4.4 Integration of climate change science in the current environmental and mine 

engineering formal qualifications 

Currently, climate change as a science is limited in mine engineering or environmental 

management practices. This is understandable given the fact that concerns regarding climate 

change and the science behind the phenomenon are relatively recent, compared to traditional 

environmental concerns such as soil and water contamination and air pollution. However, 

global warming and climate change and their impacts on global flora and fauna has become a 

dominant environmental concern, arguably more pressing than any other environmental issue. 

If these projected impacts are serious to mining companies, mine engineers need to start 

incorporating climate change impact scenarios in mine design in order to achieve climate 

resilient mines. 
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7.5 Contribution to knowledge 

A major contribution of this study has to be its success in using diverse coal mines in terms of 

geography, mine design and mine ownership to assess climate change exposure and 

vulnerabilities and establishing how these mines are or should respond to these impacts. 

Lessons learned in these multiple cases can be applied in the rest of the South African coal 

mines, with of cause adjustments in adaptation plans based on the unique geographical 

context. 

7.6 SUGGESTED FURTHER RESEARCH 

This research was largely confined to the production (mining) sub-chain of the mining value 

chain. A systemically adapted mining industry would require the appropriate adaptation 

throughout the mining value chain. There is a need for studies to investigate adaptation in 

other sub-chains, which may include the impact of climate change on coal transportation, 

especially by road freight and shipping as well as storage. As Prof Anthony Turton noted, 

some coal mines have been unable to progress beyond the feasibility study and design phase 

to actual production due to increasing shortages of water. These challenges needs further 

research to understand the extent to which declining precipitation affects new mine 

development and to explore alternative ways of mining in these areas. Given the fact that 

willingness to develop and invest in adaptation plans and strategies relies on climate change 

impact certainty, climate projection research needs to be improved in order to accurately 

predict the exact nature and magnitude of future climatic conditions at a given location. 

Currently, the science of climate projection is limited and, as a result, there is reluctance by 

decision-makers to invest resources in an uncertain science. Lastly, the South African coal 

mining sector can gain from the development of South African coal mining sector’s climate 

change adaptation framework.  

 

 

 

 

 



145 
 

REFERENCES 

Adger, W.N. (2006). Vulnerability. Global environmental change, 16(3), pp.268-281. Anglo 

American Sustainability report (2014) Anglo American Position Statement. 

Auld, H., & MacIver, D. (2006). Changing weather patterns, uncertainty and infrastructure risks: 

emerging adaptation. 

Auld, H., MacIver, D. & Klaassen, J. (2006). Adaptation options for infrastructure under 

changing climate conditions. Paper presented at the Engineering Institute of Canada Climate 

Change Technology requirements. Paper presented at the Engineering Institute of Canada 

Climate Change Technology. 

Babbie, E. (2001). The practice of social research. Belmont, CA: Wadsworth/Thomson Learning. 

Baxter, P. & Jack, S., (2008). Qualitative case study methodology: Study design and 

implementation for novice researchers. The qualitative report, 13(4), pp.544-559. 

Beniston, M. & Diaz, H.F. (2004). The 2003 heat wave as an example of summers in a 

greenhouse climate? Observations and climate model simulations for Basel, Switzerland. Global 

and planetary change, 44(1), pp.73-81.  

Berkhout, F., Hertin, J. & Gann, D.M. (2006). Learning to adapt: organisational adaptation to 

climate change impacts. Climatic change, 78(1), pp.135-156. 

Bernard, S.M., Samet, J.M., Grambsch, A., Ebi, K.L. & Romieu, I. (2001). The potential impacts 

of climate variability and change on air pollution-related health effects in the United States. 

Environmental health perspectives, 109 (Suppl 2), p.199.  

Berry, P., Rounsevell, M., Harrison, & P., Audsley, E. (2006). Assessing the vulnerability of 

agricultural land use and species to climate change and the role of policy in facilitating 

adaptation. Environ Sci Policy 9(2):189–204. 



146 
 

Bersin, R. L. (1987). U.S. Patent No. 4,687,544. Washington, DC: U.S. Patent and Trademark 

Office. Bjelkevik, A. (2005). Water cover closure design for tailings dams. State of the Art 

Report 

Bless, C., & Higson-Smith, C. (2000). Fundamentals of social research methods, an African 

perspective (3rd ed.). Lansdowne, South Africa: Juta.   

Brug, J., Conner, M., Harre, N., Kremers, S., McKellar, S., & Whitelaw, S. (2005). The 

Transtheoretical Model and stages of change: a critique Observations by five Commentators on 

the paper by Adams, J. and White, M.(2004) Why don't stage-based activity promotion 

interventions work?. Health education research, 20(2), 244-258. 

Borlace, S., Cai, W., Lengaigne, M., Van Rensch, P., Collins, M., Vecchi, G., Timmermann, A., 

Santoso, A., McPhaden, M.J., Wu, L. & England, M.H. (2014). Increasing frequency of extreme 

El Niño events due to greenhouse warming. Nature climate change, 4(2), pp.111-116.  

Brown, A., Dart, J., & Quesnel, J. (2006). Climate change and watershed management at the 

Hemlo Operations. Paper presented at Sudbury Restoration Workshop, Sudbury, 22 February 

2006. 

Cardona, O. D., van Aalst, M. K., Birkmann, J., Fordham, M., McGregor, G., Perez, R.,  & 

Keim, M. (2012). Managing the Risks of Extreme Events and Disasters to Advance Climate 

Change Adaptation: Determinants of Risk: Exposure and Vulnerability.  

Council for Geosciences,  (2012). Mineral Locality Maps of South Africa. 

http://www.geoscience.org.za/index.php/publication/downloadable-material. Accessed, 2 

/3/2016) 

Centre for Climate Energy Solutions (2010). Environmental Impact of coal. 

http://www.c2es.org/energy/source/coal#Impact. (Accessed, 12/10/2016). 

Commonwealth Scientific and Industrial Research Organisation.( 2011). Adapting cities and 

coasts for climate change. http://www.csiro.au/en/Research/Environment/Atmosphere-and-

climate. Accessed, 23 /7/2016). 



147 
 

Chabalala, J. (2016) 34 year-old farmer commits suicide a day before rain falls. 

http://www.timeslive.co.za/local/2016/01/02/34-year-old-farmer-commits-suicide-a-day-before-

rain-falls (Accessed, 06/11/2016)  

Chameides, W.L., Lindsay, R.W., Richardson, J. & Kiang, C.S., 1988. The role of biogenic 

hydrocarbons in urban photochemical smog: Atlanta as a case study. Science, (Washington), 

241(4872), pp.1473-1475.  

Chiotti, Q., Lavender, B. (2008). Ontario. In: Lemmen D, Warren F, Lacroix J, Bush E (eds) 

From impacts to adaptation: Canada in a changing climate. Government of Canada, Ottawa, pp 

227–274  

Climate and Development Knowledge Network (2012) Managing climate extremes and disasters 

in Africa: Lessons from the SREX report. CDKN, available online at www.cdkn.org/srex.All 

correspondence Climate Change http://unfccc.int/files/documentation/text/html/list_search. php? 

what= &val=&valan=a&anf=0&id=10. Accessed (04/09/2014).  

Coal Industry Advisory Board 2009. Plenary meeting discussions. 

https://www.iea.org/ciab/pubs.asp. Accessed (04/04/2014). 

Cobb, J.C., (2015). Industrialization and southern society, 1877-1984. University Press of 

Kentucky.  

Conference, Environment Canada, Adaptation and Impacts Research Division, Ottawa, 10–12 

May 2006.  

Cooper, P.J.M., Dimes, J., Rao, K.P.C., Shapiro, B., Shiferaw, B. & Twomlow, S., (2008). 

Coping better with current climatic variability in the rain-fed farming systems of sub-Saharan 

Africa: An essential first step in adapting to future climate change?. Agriculture, Ecosystems & 

Environment, 126(1), pp.24-35. 

Carbon Disclosure Project, (2014). CDP S&P 500 Climate Change Report. 

https://www.cdp.net/en/reports/archive. Accessed (18/9/2016). 

Couture, R., Smith, S., Robinson, S.D., Burgess, M.M., & Solomon, S. (2003). On the hazards to 

infrastructure in the north associated with thawing of permafrost. Paper presented at the Third 



148 
 

Canadian Conference on Geotechnique and Natural Hazards, the Canadian Geotechnical Society, 

Edmonton, 9–10 June 2003.  

Creswell, J.W., (2009). Research design: Qualitative and mixed methods approaches. London 

and Thousand Oaks: Sage Publications.  

Daniel, A. (2013). A mining Techie’s Story. http://agusdaniel.wordpress.com/author/agusdaniel/. 

Accessed (07/04/2014). 

Deanna, R., Allanby, B.R., & Frosch, R. (1994). The Greening of Industrial Ecosystem: 

Overview and Perspectives. In B. Allanby and D. Richards, Eds. The Greening of Industrial 

Ecosystems. National Academy Press, Washington D.C.  

Dennis Consultants (2008). First national engineering vulnerability assessment report: roads and 

associated infrastructure final report. Prepared for the City of Greater Sudbury Infrastructure 

Services Department, April 2008.  

Department of Water and Sanitation (2015) .KZN drought situation. 

http://www.gov.za/speeches/mec-nomusa-dube-ncube-drought-situation-Kwazulu-natal-18-jun-

2015-0000. Accessed (29/05/2016). 

Dyson, L. L. (2009). Heavy daily-rainfall characteristics over the Gauteng Province. Water Sa, 

35(5). 

Department of Environmental affairs. (2010). Long Term Adaptation Senarios. Together 

developing adaptation responses for future climates. Flagship research programme (ltas). ltas 

phase 1, technical report (no. 2 of 6). 

Department of Minerals and Energy (2005). Energy Efficiency Strategy of the Republic of South 

Africa/ The Energy efficiency white paper. 

http://www.energy.gov.za/files/esources/electricity/ee_strategy_05.pdf . Accessed (12/12/2015). 

Deutsche Gesellschaft für Internationale Zusammenarbeit (2013). Environment and climate 

change.  



149 
 

Douglas, P.M., Demarest, A.A., Brenner, M. & Canuto, M.A., (2016). Impacts of Climate 

Change on the Collapse of Lowland Maya Civilization. Annual Review of Earth and Planetary 

Sciences, (0). 

de Waal, C. (2001). On Peirce. Belmont, CA: Wadsworth. 
  
Eberhard, A., (2011). The future of South African coal: Market, investment and policy 

challenges. Program on Energy and Sustainable Development, pp.1-44. 

Eskom. (2012). Eskom Tariffs & Charges 

2012/13.http://www.eskom.co.za/CustomerCare/TariffsAndCharges/Documents/ESKOM%20T

C%20BOOKLET%202012-13%20FINAL%203.pdf. Accessed (22/9/2015). 

El Idrysy, H. & Connelly, R., (2012). Water-the Other Resource a Mine Needs to Estimate. 

Procedia Engineering, 46, pp.206-212. 

Ford, J.D., & Pearce, T. (2007). Planning for climate change in the mining sector. Canadian 

Mining Journal, 4 April 2007. 

Ford, J.D., Pearce, T, Prno, J., Duerden, F., Berrang-Ford, & Marshall, D. (2007). Stormy days 

ahead; weather changes pose many threats to the mining industry. Canadian Mining Journal, 

September 2008. 

Forbes Coal, (2013). An Independent Qualified Persons’ Report on Forbes Coal Dundee 

Operations in the KwaZulu-Natal Province,South 

Africa.http://www.buffalocoal.co.za/pdf/Technical%20report_NI43-101.pdf Accessed 

(15/11/2015). 

Fossil Fuel Foundation (2013). South African Coal Road 

Maphttp://www.fossilfuel.co.za/initiatives/2013/SACRM-Roadmap.pdf. Accessed (28/09/2014) 

Furgal, C., Prowse, T. (2008) Northern Canada. In: Lemmen D, Warren F, Lacroix J, Bush E 

(eds) From impacts to adaptation: Canada in a changing climate. Government of Canada, 

Ottawa, pp 57–118 

Fussel, H.M., (2007). Adaptation planning for climate change: concepts, assessment approaches, 

and key lessons. Sustain Sci 2(2):265–275.  



150 
 

Gartner, W.B., (1985). A conceptual framework for describing the phenomenon of new venture 

creation. Academy of management review, 10(4), pp.696-706.  

Glass, G. & Hopkins, K., (1984). Statistical Methods in Education and Psychology.  Allyn and 

Bacon, Boston.  

Global Energy Observatory. (2014) Current List of Coal mines resources. 

http://globalenergyobservatory.org/list.php?db=Resources&type=Coal_Mines (Accessed, 

04/05/2014).  

Greenpeace (2015), About coal mining impacts. 

http://www.greenpeace.org/international/en/campaigns/climate-change/coal/Coal-mining-

impacts/. Accessed (27/8/2015). 

Government of the Republic of South Africa, (2011). South African climate change response 

strategy. http://www.climateresponse.co.za/. Accessed (07/04/2014).  

Greene, D. & David, J.L., (1984). A research design for generalizing from multiple case studies. 

Evaluation and program planning, 7(1), pp.73-85.  

Groisman, P.Y., (2003). Contemporary climate changes in high latitudes of the Northern 

Hemisphere: daily time resolution. Preprints, 14th Symposium on Global Change and Climate 

Variations. American Meteorological Society, Long Beach, CA, CD-ROM, 4.8. 

GIZ (2013), Environment and climate change. 

https://www.giz.de/en/ourservices/environment_and_climate_change.html. 

Grothmann, T. & Patt, A., (2005). Adaptive capacity and human cognition: the process of 

individual adaptation to climate change. Global Environmental Change, 15(3), pp.199-213. 

Hayley, D., & Horne, B., (2008). Rationalizing climate change for design of structures on 

permafrost: a Canadian perspective. Paper presented at the Ninth International Conference on 

Permafrost, Fairbanks, 29 June-3July 2008.  



151 
 

Homewood, P. (2013). Germany to open six more coal power stations in 2013. 

http://wattsupwiththat.com/2013/04/23/germany-to-open-six-more-coal-power-stations-in-2013/. 

Accessed (2013/10/31). 

Houghton, J. T., Ding, Y. D. J. G., Griggs, D. J., Noguer, M., van der Linden, P. J., Dai, X., ... & 
Johnson, C. A. (2001). Climate change 2001: the scientific basis. The Press Syndicate of the 
University of Cambridge. 
 

Howden, S. M., Soussana, J. F., Tubiello, F. N., Chhetri, N., Dunlop, M., & Meinke, H. (2007). 

Adapting agriculture to climate change. Proceedings of the National Academy of Sciences, 

104(50), 19691-19696. 

Hallegatte, S. (2008). An adaptive regional input‐output model and its application to the 
assessment of the economic cost of Katrina. Risk analysis, 28(3), 779-799. 
Hulme, M., Doherty, R., Ngara, T., New, M. & Lister, D., 2001. African climate change: 1900-

2100. Climate research, 17(2), pp.145-168. 

International Council on Mining and Metals. [ICMM]  (2013). Implications of a changing 

climate for the  

International Institute for Environment and Development (2011). Least Developed Countries 

(LDC) challenges: how can SDG implementation focus on transformation? 

http://www.iied.org/climate-change (Accessed, 2/11/2016).  

IPCC (2011) Climate change 2007: impacts, adaptation and vulnerability. Working Group II 

Contribution to the Intergovernmental Panel on Climate Change Fourth Assessment Report, 

Geneva. 

IPCC (2007) Climate change 2007: the physical science basis. Contribution of Working Group I 

to the Intergovernmental Panel on Climate Change Fourth Assessment Report, Geneva. 

Johnson, W.C., Millett, B.V., Gilmanov, T., Voldseth, R.A., Guntenspergen, G.R. & Naugle, 

D.E., (2005). Vulnerability of northern prairie wetlands to climate change. BioScience, 55(10), 

pp.863-872. 



152 
 

Kovats, R. S., & Kristie, L. E. (2006). Heatwaves and public health in Europe. The European 

Journal of Public Health, 16(6), 592-599. 

Leary, N., Adejuwon, J., Barros, V., Burton, I., Kulkarni, J., & Lasco, R. (eds) (2008) Climate 

change and adaptation. 

Lemmen, D., Warren, F., Lacroix, J., & Bush, E. (eds) (2008). From impacts to adaptation: 

Canada in a changing climate 2007. Government of Canada, Ottawa, p 448.  

Le Page, M. (2016). 2016 will be even hotter than 2015 – the hottest year ever. 

https://www.newscientist.com/article/2074055-2016-will-be-even-hotter-than-2015-the-hottest-

year-ever/. Accessed, (11/ 2016)  

Lincoln, Y.S., & Guba, E.G., (1986). But is it rigorous? Trustworthiness and authenticity in 

naturalistic evaluation. New directions for program evaluation, 1986(30), pp.73-84.  

Lobell, D., Burke, B., Tebaldi, D., Mastrandrea, M., Falcon, W., Naylor, R., (2008). Prioritizing 

climate change adaptation needs for food security in 2030. Science 319(5863):607–610. 

Lok, G., (2011). Coal’s role in 2030 energymix.http://www.hatch.ca/mining_metals/coal/articles/ 

coals_role_2030_energy_mix.htm SA. Mining. Hatch, Ltd. Accessed (07/04/2014). 

Luber, G. & McGeehin, M., (2008). Climate change and extreme heat events. American journal 

of preventive medicine, 35(5), pp.429-435.  

Lehman, S. G., Badruzzaman, M., Adham, S., Roberts, D. J., & Clifford, D. A. (2008). 
Perchlorate and nitrate treatment by ion exchange integrated with biological brine treatment. 
Water research, 42(4), 969-976. 
 
Linnenluecke, M. K., Griffiths, A., & Winn, M. I. (2013). Firm and industry adaptation to 

climate change: a review of climate adaptation studies in the business and management field. 

Wiley Interdisciplinary Reviews: Climate Change, 4(5), 397-416. 

Marchi, L., Borga, M., Preciso, E. & Gaume, E., 2010. Characterisation of selected extreme flash 

floods in Europe and implications for flood risk management. Journal of Hydrology, 394(1), 

pp.118-133. 



153 
 

McCarthy, T.S., & Pretorius, K., (2009). October. Coal mining on the Highveld and its 

implications for future water quality in the Vaal River system. In International Mine Water 

Conference (pp. 19-23).  

Merz, B., Kreibich, H., Thieken, A., & Schmidtke, R. (2004). Estimation uncertaint McKee, 

2006). 

McDaid, L. 2014. The Health Impact of Coal The responsibility that coal-firedpower stations for 

ambient air quality associated health impacts. 

http://www.groundwork.org.za/specialreports/groundWork%20The%20Health%20Impact%20of

%20Coal%20final%2020%20May%202014.pdf/. Accessed ( 10/4/2014). 

Mintek 2012). The mining Value Chain http://www.mintek.co.za/wp-

content/uploads/2011/11/Page-3.Mintek-globe.-the-mining-value-chain.pdf. 

McGeehin, M. A., & Mirabelli, M. (2001). The potential impacts of climate variability and 

change on temperature-related morbidity and mortality in the United States. Environmental 

Health Perspectives, 109 (Suppl 2), 185. 

Meehl, G.A., Arblaster, J.M. & Tebaldi, C., (2005). Understanding future patterns of increased 

precipitation intensity in climate model simulations. Geophysical Research Letters, 32(18).  

Mills, B., & Andrey, J. (2002). Climate change and transportation: potential interactions and 

impacts. Federal. 

Murphy, B.F. & Timbal, B., 2008. A review of recent climate variability and climate change in 

south-eastern Australia. International journal of Climatology, 28(7), pp.859-879. 

National Aeronautics and Space Administration (2011). 2016 Climate Trends Continue to Break 

Records. http://www.nasa.gov/feature/goddard/2016/climate-trends-continue-to-break-records 

Accessed (25/10/2016).  

National Development Plan, 2011. Transitioning to Low-Carbon Economy. National Planning 

Commission. Vision (2030). http://www.nbi.org.za/Pages/Details.aspx?NBIweb=e586ac5b-

bcad-49be-ba41-81b0f1fa2ba3&NBIlist=baaa9251-7130-4824-a0e9-

0991a4bd678f&NBIitem=380. Accessed ( 03/03/2014). 



154 
 

Naidoo, S. (2015). An assessment of the impacts of acid mine drainage on socio-economic 
development in the Witwatersrand: South Africa. Environment, development and sustainability, 
17(5), 1045-1063. 
 
National Planning Commission, 2012). Transition to a Low Carbon Economy - National 

Planning Commission. Transition to a Low Carbon Economy - National Planning Commission. 

National Treasury. (2010). Carbon tax paper. Reducing Green House Gas Emissions and 

facilitating the transition to a greener economy. 

http://www.treasury.gov.za/public%20comments/Carbon%20Tax%20Policy%20Paper%202013.

pdf. Accessed (16/12/2014). 

National Institute for Disaster Management _[INGC] (2009) Responding to climate change in 

Mozambique. https://www.undp-aap.org/sites/undp-aap.org/files/INGC%20Synthesis 

%20Report%20ENG.pdf Accessed (18/8/2016). 

New Denmark (2014). Environmental Impact Assessment report and Environmental 

Management Programe report. For the Development of a coal destoning plant, discard disposal 

facility and Associated Infrastructure at the New Denmark Colliery near Standerton, 

Mpumalanga. Review period: 10 October 2015 (30 day review period). 

National Oceanic and Atmospheric Administration [NOOA] (2010) South Africa was the 

warmest year on record. http://www.noaa.gov/climate Accessed (23/12/2014).   

Newman, P., Beatley, T. & Boyer, H., (2009). Resilient cities: responding to peak oil and climate 

change. Island Press.  

Ngubo, N., Malala, R., Mabusela, X., de Coning, E., Rosenfeld, D. & Kerkmann, J. (2008). 

Hailstorm in Potchefstroom area (South Africa, 27 October 2004). URL: 

http://www.eumetsat.int/Home/index.htm Accessed (14 November 2015).    

Olah, G. A., Goeppert, A., & Prakash, G. K. (2006). Fossil Fuels and Climate Change. Beyond 

Oil and Gas: The Methanol Economy, Second Edition, 77-89. 

Onwuegbuzie, A.J. & Leech, N.L., (2004). Enhancing the interpretation of significant findings: 

The role of mixed methods research. The Qualitative Report, 9(4), pp.770-792. 



155 
 

Paavola, J. (2008). Livelihoods, vulnerability and adaptation to climate change in Morogoro, 

Tanzania. Environ Sci Policy 11(7):642–654.  

Paris Agreement (UNFCCC, 2015). Historic Paris Agreement on Climate Change. 195 Nations 

Set Path to Keep Temperature Rise Well Below 2 Degrees Celsius. 

http://newsroom.unfccc.int/unfccc-newsroom/finale-cop21.  Accesssed(14/02/2016). 

Pearce, T.D., Ford, J.D., Prno, J., Duerden, F., Pittman, J., Beaumier, M., Berrang-Ford, L. & 

Smit, B., (2011). Climate change and mining in Canada. Mitigation and Adaptation Strategies for 

Global Change, 16(3), pp.347-368.  Accessed (17/8/2016). 

Preston, B. L., Westaway, R. M., & Yuen, E. J. (2011). Climate adaptation planning in practice: 

an evaluation of adaptation plans from three developed nations. Mitigation and Adaptation 

Strategies for Global Change, 16(4), 407-438. 

Prono, J. (2008). We’re breaking up: What does climate change mean for the mining industry. 

Up Here, November 2008, pp 25–26 

Prowse, T.D., Furgal, C., Wrona, F., & Resit, J., (2009a). Implications of climate change for 

economic development in northern Canada: Energy, resource, and transportation sectors. Ambio 

38(5):272–281 

Prowse, T.D., Furgal, C., Bonsal, B. & Peters, D., (2009b). Implications of climate change for 

Northern Canada: The physical environment. Ambio 38(5):266–271. 

Rubin, H. J., & Rubin, I. S. (2011). Qualitative interviewing: The art of hearing data. Sage. 
 

Roberts, D., (2008). Thinking globally, acting locally—institutionalizing climate change at the 

local government level in Durban, South Africa. Environment and Urbanization, 20(2), pp.521-

537. 

Rosenfeld, A. H., Akbari, H., Romm, J. J., & Pomerantz, M. (1998). Cool communities: 
strategies for heat island mitigation and smog reduction. Energy and Buildings, 28(1), 51-62. 
 Sauchyn, D., Kulshthreshtha, S. (2008). Chapter 7: prairies. In: Lemmen, D., Warren, F., 

Lacroix, J., & Bush, E. (eds) From impacts to adaptation: Canada in a changing climate 2007. 

Government of Canada, Ottawa, pp 275–378. 



156 
 

 

 

Scales, M. (2006). The cost of less cold. Canadian Mining Journal April 2006. 

Schröter, D., Polsky, C., Patt, A. (2005). Assessing vulnerabilities to the effects of global 

change: An eight step approach. Mitig Adapt Strateg Glob Change 10(4):573–595. 

Sorooshian, S. (1983). Surface water hydrology: On‐line estimation. Reviews of Geophysics, 
21(3), 706-721. 
Sebitosi, A. B., & Pillay, P. (2008). Grappling with a half-hearted policy: the case of renewable 

energy and the environment in South Africa. Energy policy, 36(7), 2513-2516.  

South African Chamber of mines (2011). Coal: Key facts and figures. 

http://www.chamberofmines.org.za/sa-mining/coal. Accessed (22/6/2016). 

South African Coal Road Map, (2011) The SA Coal Industry: Present Context & Preliminary 

Future Scenarios.http://www.sanea.org.za/CalendarOfEvents/2011/SANEALecturesJHB 

/Oct18/IanHall-SACoalRoadMap.pdf. 

South African Weather Service (2012). What is Climate Change? 

http://www.weathersa.co.za/learning/climate-questions/42-what-is-climate-change.  

Steel, K. M., & Patrick, J. W. (2011). The production of ultra clean coal by chemical 

demineralisation. Fuel, 80(14), 2019-2023.  

Stott, P.A., Stone, D.A. & Allen, M.R., (2004). Human contribution to the European heatwave of 

2003. Nature, 432(7017), pp.610-614. 

Stringer, L., Dyer, J., Reed, M., Dougill, A., Twyman, C., & Mkwambisi, D., (2009). 

Adaptations to climate change, drought and desertification: local insights to enhance policy in 

southern Africa. Environ Sci Policy 12(7):748–765. 

Strydom, H. & Venter, L., (2002). Sampling and sampling methods. De Vos, A.S. 



157 
 

Tamenti, T., (2007). Feasibility study of replacing bottom dump trucks with rear dump trucks at 

Kleinkopje colliery. Journal of the Southern African Institute of Mining and Metallurgy, 107(4), 

pp.265-279.   

South African Revenue Services, (2008), South African Coal Energy Industry 2017-2021. 

http://www.reportlinker.com/marketreport/Coal/7359/Coal?utm_source=adwords4&utm_mediu

m=cpc&utm_campaign=Energy_And_Environment&utm_adgroup=Coal_Industry_Reports&gcl

id=CjwKEAjwqZ7GBRC1srKSv9TV_iwSJADKTjaDHuDrW1KhXEPBXM0zbUMStYDuJQY

URqzG9fzdd7I3JBoCJc3w_wcB. Accessed (19/10/2015). 

Tshwete, S. (2011). Three million litres of water a day through water treatment project. IMIESA, 

127. 

Turton, A.R., (2015). A southern African perspective on transboundary water resource 

management. Environmental Change and Security Project Report, (9), pp.75-87. 

United Nations Economic Commission for Africa, (2002) Sustainable Development Report on 

Africa Managing Land-Based Resources for Sustainable Development. 

https://www.google.co.za/?gws_rd=cr&ei=a6Z4UorULqil0QXJ44AQ#q=United+Nations+Econ

omic+Commission+for+Africa%2C+(2002)+Sustainable+Development+Report+on+Africa+Ma

naging+Land-Based+Resources+for+Sustainable+Development. Accessed (05/11/2013). 

United Nations, (2012) Climate change.   https://www.un.org/en/globalissues/ climatechange 

/index.shtml. Accessed (07/04.2014). 

United Nations Framework Convention on Climate Change. (2011). Implementing 

Adaptationhttp ://unfccc.int/adaptation/workstreams/implementing_adaptation/items/2535.php 

Accessed (28/09/14). 

UNEP-FI, SIWI (2005) Challenges of water scarcity: a business case for financial institutions. 

UNEP Finance Initiative, Geneva, p 32. 

Vanderstoep, S.W., and Johnston, D.D., 2009. Research methods for everyday life. John Willey.  

Van der Zwaan, B. (2005). Will coal depart or will it continue to dominate global power 

production during the 21st century? ECN, Policy Studies Department, Amsterdam, the 



158 
 

Netherlands2 Harvard University, John F. Kennedy School of Government, Cambridge, MA, 

USA.  

Viviers, G. and Chapman, V., (2008). Severe thunderstorm at Johannesburg International Airport 

(03 December 2004). URL: http://www. eumetsat. int/Home/index. htm (Accessed 14 November 

2015). 

weADAPT (2011). National Adaptation Planning. https://www.weadapt.org/knowledge-

base/national-adaptation-planning Accessed (2/09/2016).  

Wilby, R.L., & Keenan, R., (2012). Adapting to flood risk under climate change. Progress in 

Physical Geography, p.0309133312438908. 

World Energy Outlook, (2013). Energy Climate and Change World Energy Outlook Special 

Report. 

https://www.iea.org/publications/freepublications/publication/WEO2015SpecialReportonEnergy

andClimateChange.pdf. Accessed (28/04/2016). 

Winkler, H. (2005). Renewable energy policy in South Africa: policy options for renewable 

electricity. Energy Policy, 33(1), 27-38.B (2005) Emission offset projects: an opportunity for 

leadership. Coal Age 110(3). 

Yin, R.K., (2013). Validity and generalization in future case study evaluations. Evaluation, 

19(3), pp.321-332. 

 

 

 

 

 

 



159 
 

LIST OF APPENDICES 

APPENDIX 1: ETHICS CLEARANCE CERTIFICATE 

 

  

 



160 
 



161 
 

 

APPENDICES 2: INTERVIEW SCHEDULE/GUIDE FOR THE MINES 

 

Interview Schedule/Guide 

RESEARCH TITLE: AN ASSESSMENT OF SOUTH AFRICA’S COAL MINING 

SECTOR’S RESPONSE TO CLIMATE CHANGE ADAPTATION DEMANDS 

BACKGROUND 

This study will examine your mines’ preparedness to address climate change impacts, especially 

adaptation. As such, the researcher seeks to access data such as climate change policies, climate 

information collected by the mine and any interpretation of such data, climate change adaptation 

strategies and related information. Noting that climate change adaptation practices may be in 

their infancy, the research will also seek to engage the mines on future adaptation strategies 

under implementation or consideration for implementation. This study seeks to realize two major 

objectives. Firstly, to find out what the current and possible climate change impacts are which 

may affect selected South African coal mines.  Secondly, to determine the extent and nature of 

climate change adaptation readiness in the selected coal mines in South Africa. Such specific 

knowledge has the potential to assist mining firms prepare  for the impacts of climate change 

and, more importantly, remain sustainable despite some adverse impact caused by climate 

change on their operations. 

Disclaimer1 : The researcher guarantees that the information gathered through this instrument is 

for research purposes and the possible publication of academic papers. Issues of privacy and 

confidentiality with regard to respondents and data will be observed at all times during the 

research and publication process. A company and/ or representative has the right to withdraw 

from the research process at any time without giving reasons. The researcher(s) will not cause 

physical or emotional harm to research respondents. In addition, neither the researcher nor 

                                                           
1 Should you require further clarity, please contact me on 0786719232/012 433 4638 or my supervisor: Prof 
Godwell Nhamo, Exxaro Chair in Business and Climate Change, Institute for Corporate Citizenship, University of 
South Africa, P.O. Box 392, Unisa 0003; Emails: nhamog@unisa.ac.za; Tel: 012-433-4725; Fax: 012-429-6896; Cell: 
073-163-1114. 
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UNISA will take responsibility for a respondent who provides information that harms the 

reputation of their company. 

 

1. GENERAL INFORMATION  

Date………………………………………………………………………………………………… 

Name of the mine: 

……………………………………………………………………………………………………… 

Mine ownership: 

……………………………………………………………………………………………………… 

Location (Province, Municipality and GPS coordinates)  

……………………………………………………………………………………………………… 

Mine design and mining method(s) 

……………………………………………………………………………………………………… 

2. RESPONDENTS’ INFORMATION 

 

Gender  

Age ……………………………………………. 

Current employment position 

……………………………………………………. 

Number of years in current position 

……………………………………………………. 

3. CLIMATE DATA 

Is climate data critical for your mines’ operations plans?  

Male  Female 

Yes  No 
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Does your mine have a weather station from which you collect climate data? 

If the answer is ‘NO’, how and where do you collected climate 

data……………………………………………………………………………. 

If the answer is ‘Yes”, can you share data that you collected from this weather station ? 

           

  

4. CLIMATE CHANGE POLICY. PLEASE TICK THE APPROPRIATE BOX. 

 

Is your mine aware and concerned about climate change? 

If yes, what are the major climate change concerns? 

……………………………………………………………………………………… 

 

Does your mining company have climate change policy?    

 

If yes, what are the major contents? 

…………………………………………………………………………………………. 

If not, why not? 

…………………………………………………………………………………………… 

Has the climate change policy resulted in any new practices in the mine? 

…………………………………………………………………………………………… 

If yes, what practice areas follow this policy? 

……………………………………………………………………………………………… 

Yes  No 

Yes No  

Yes No 

Yes No 
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If not, why has this been the case?  

…………………………………………………………………………………………  

4.1 How is government policy on climate change management 

affecting your operations? 
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5. CLIMATE IMPACT FREQUENCY  

In this section, provide information related to the frequency of climate impacts you have 

experienced since you started operations at this mine. Rate the frequency of the weather events 

on a numerical scale ranging from one to three where:   1 means not intense 2 average and 3 

means intense. 

Code Storms Tick 

1 Nil  

2 Seldom  

3 Quite often  

 

Code Drought Tick 

1 Nil  

2 Seldom  

3 Quite often  

 

Code Flooding Tick 

1 Nil  

2 Seldom  

3 Quite often  

 

Code Mist Tick 

1 Nil  

2 Seldom  

3 Quite often  

 

Code Wild fires Tick 

1 Nil  
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2 Seldom  

3 Quite often  

 

Code Hail Tick 

1 Nil  

2 Seldom  

3 Quite often  

 

Code Heat wave Tick 

1 Nil  

2 Seldom  

3 Quite often  

 

6.  CLIMATE INTENSITY  

In this section, provide information related to the intensity of climate impacts you have 

experienced since you started operations at this mine. Rate the intensity of the weather event on a 

numerical scale ranging from one to four where:   1 means not intense, 2 average and 3 means 

intense. 

Code Storms Tick 

1 less intense  

2 No change  

3 More Intense   

   

Code Drought Tick 

1 Less intense  

2 No change  

3 More Intense   
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Code Flooding Tick 

1 Less intense  

2 No change  

3 More Intense   

 

Code Mist Tick 

1 Less  intense  

2 No change  

3 More Intense   

 

Code Hail Tick 

1 Less intense  

2 No change  

3 More Intense   

 

Code Wild fires Tick 

1 Less  intense  

2 No change  

3  More Intense   

 

Code Heat wave Tick 

1 Less intense  

2 No change  

3 More Intense   

 

7. CLIMATE IMPACT DURATION 

In this section, rate the amount of time these climate activities affect(ed) your operations. 
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Code Storms Tick 

1 Shorter  

2 Longer  

3 No change  

 

Code Drought Tick 

1 Shorter  

2 Longer  

3 No change  

 

Code Flooding Tick 

1 Shorter  

2 Longer  

3 No change  

 

Code Mist Tick 

1 Shorter  

2 Longer  

3 No change  

 

Code Wild fires Tick 

1 Shorter  

2 Longer  

3 No change  

 

Code Hail Tick 

1 Shorter  

2 Longer  
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3 No change  

 

Code Heat wave Tick 

1 Shorter  

2 Longer  

3 No change  

 

8. THE MINE’S ADAPTATION RESPONSE 

Please indicate (by ticking in the appropriate box) the kind of impact your mine has experienced 

or envisages that could affect your operation at the different stages of the mining cycle. Also 

state what measures are in place or are being developed to manage the current and envisaged 

situation. 

(a)  Storms 

Mine Value Chain Experienced 

(Please write) 

Envisaged 

(Please write) 

Adaptation action  

(to be) taken 

Exploration    

Design    

Construction    

Operation    

Closure    

 

(b) Flooding 

Mine Value Chain Experienced 

(Please write) 

Envisaged 

(Please write) 

Adaptation action  

(to be) taken 

Exploration    

Design    

Construction    

Operation    
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Closure    

 

 (c) Drought 

Mine Value Chain Experienced 

(Please write) 

Envisaged 

(Please write) 

Adaptation action  

(to be) taken 

Exploration    

Design    

Construction    

Operation    

Closure    

 

(c) Mist 

Mine Value Chain Experienced 

(Please write) 

Envisaged 

(Please write) 

Adaptation action  

(to be) taken 

Exploration    

Design    

Construction    

Operation    

Closure    

 

(d) fires 

Mine Value Chain Experienced 

(Please write) 

Envisaged 

(Please write) 

Adaptation action  

(to be) taken 

Exploration    

Design    

Construction    

Operation    

Closure    
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(E) Hail 

Mine Value Chain Experienced 

(Please write) 

Envisaged 

(Please write) 

Adaptation action  

(to be) taken 

Exploration    

Design    

Construction    

Operation    

Closure    

 

(e) Extreme heat 

Mine Value Chain Experienced 

(Please write) 

Envisaged 

(Please write) 

Adaptation action  

(to be) taken 

Exploration    

Design    

Construction    

Operation    

Closure    

 

9. CLIMATE IMPACTS ON OTHER AREAS OF MINING 

In this section identify areas that have been or will be impacted by climate change at your mine, 

identify the source of impacts, the impact, and suggest the required action which is/will be 

appropriate to deal with the impact. 

Impact area Cause of 

Impact 

Impact Required 

action 

DISTURBANCE TO MINE INFRASTRUCTURE 

AND OPERATIONS 
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CHANGING ACCESS TO SUPPLY CHAINS AND 

DISTRIBUTION ROUTES 

 

CHALLENGES TO WORKER HEALTH AND 

SAFETY CONDITIONS 

 

.   

CHALLENGES TO ENVIRONMENTAL 

MANAGEMENT AND MITIGATION 

 

   

MORE PRESSURE POINTS WITH COMMUNITY 

RELATIONS  

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

EXPLORATION AND FUTURE GROWTH 

 

  

 

 

 

Any additional comments on the subject 

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

……… 

Thank you! 
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APPENDIX 3: INTERVIEW GUIDE FOR SURROUNDING COMMUNITIES 

INTERVIEW GUIDE FOR SURROUNDING COMMUNITIES 

Research tittle: AN ASSESSMENT OF SOUTH AFRICA’S COAL MINING SECTOR’S 

RESPONSE TO CLIMATE CHANGE ADAPTATION DEMANDS 

Background 

This study will examine your mines’ preparedness to address climate change impacts, 

particularly, adaptation. As such, the researcher seeks to access data such as climate change 

policies, climate information collected by the mine and any interpretation of such data, climate 

change adaptation strategies and related information. Noting that climate change adaptation 

practices may be in their infancy, the research will also seek to engage the mines on future 

adaptation strategies under implementation or consideration for implementation. This study 

seeks to realize two major objectives. Firstly, to find out what the current and possible climate 

change impacts are which may affect selected South African coal mines.  Secondly, to determine 

the extent and nature of climate change adaptation readiness in the selected coal mines in South 

Africa. Such specific knowledge has the potential to assist mining firms to prepare for the 

impacts of climate change and, more importantly, remain sustainable despite some adverse 

impacts caused by climate change on their operations. 

 

Disclaimer2 : The researcher guarantees that the information gathered through this instrument is 

for research purposes and the possible publication of academic papers. Issues of privacy and 

confidentiality with regards to respondents and data will be observed at all times during the 

research and publication process. A company and/ or representative have the right to withdraw 

from the research process at any time without giving reasons. The researcher(s) will not cause 

physical or emotional harm to research respondents. In addition, neither the researcher nor 
                                                           
2 Should you require further clarity, please  contact me on 0786719232/012 433 4638 or my supervisor: Prof 
Godwell Nhamo, Exxaro Chair in Business and Climate Change, Institute for Corporate Citizenship, University of 
South Africa, P.O. Box 392, Unisa 0003; Emails: nhamog@unisa.ac.za; Tel: 012-433-4725; Fax: 012-429-6896; Cell: 
073-163-1114. 
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UNISA will take responsibility for a respondent who provides information that harms the 

reputation of their company. 

QUESTIONNAIRE No 

    

 

Province……………………………………………………………………………………………

………………… 

WARD 

NO…………………………………………………………………………………………………

………… 

VILLAGE…………………………………………………………………………………………

…………………. 

A. HOUSEHOLD DEMOGRAPHIC CHARACTERISTICS. 

A1. Gender of the household head 1. Male 

2. Female 

 

A2. What is the age of the household head? 1. 30-40 

2. 41-50 

3. 51-60 

4. 60+ 

A3. What is the occupation/ job of the household head? 1. Miner 

2. Retired miner 
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3. Other, please specify 

A4. For how long have you been staying in this area? 1. 0-1 years 

2. 1-5 years 

3. 5-10 years 

4. 10-20 years 

5. 20+ years 

A5. Education level of household head  1. None  

2.  Primary  

3. Secondary  

4. Tertiary 

A6. Position of household head in the community  1. Ordinary citizen  

2. Headman 

3. Religious leader 

4. Political leader 

 

B. CLIMATE CHANGE KNOWLEDGE AND AWARENESS 

B1.  Are you aware of climate change? 1. Yes 

2. No 

B2. If the answer is yes on the above, what is the source of your 

knowledge? 

1. Media 

2. Local NGO 

3. Government 
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4. Other? 

 

B3.  Do you know what causes the climate to change? 1. Yes 

2. No 

B4. Does the knowledge that you have about climate change 

influence your perception and action in anyway in your 

community? 

1. Yes 

2. No 

B5. If the answer is yes to the above question, how does climate 

change knowledge influence your perception and what have you 

done or intend to do with this knowledge? 

 

 

C. OBSERVED CLIMATIC IMPACTS IN THE COMMUNITY SURROUNDING 

MINES 

 

C1. In terms of minimum temperatures, how would you describe 

minimum temperature trends? 

1.  Increasing 

2. Decreasing 

3. No change 

 

C2. In terms of maximum temperatures, how would you describe 

maximum temperature trends? 

1. Increasing 

2. Decreasing 

3. No change 
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C3. How would you describe rainfall variability in your area? 1. Increasing 

2. Decreasing 

3. No change 

 

C4. How often do you experience drought spells in your 

community? 

1. None 

2. Seldom 

3. Often 

4. Very often 

C5. Do you share your water sources with the local mine(s)? 1. Yes 

2. No 

C6. If the answer to the above question is yes, have you had any 

water shortages due to mining activities? 

1. Yes 

2. No 

C7. If the answer is yes to C5, have you had water 

pollution/contamination in your community? 

1. Yes 

2. No 

C8. If the answer is yes to C7, what was the cause of the 

pollution/contamination? 

 

C9. If the answer to C6 is yes, what was the cause for the water 

shortages? 

1. Mine(s) needed more 

water 

2. Declining rainfall 

3. Maintenance of water 

infrastructure 
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4. Other… 

C10. How would you describe the intensity of drought spells in 

your community? 

1. Less intense 

2. No change 

3. More Intense 

 

C11. Have you experienced any flooding in your community? 1. Yes 

2. No 

C12. If the answer is yes to the above question, how would you 

describe the frequency of flooding? 

1. No change 

2. Often 

3. Very often 

C13. How would you describe the intensity of flooding? 1. Less  intense 

2. No change 

3. More Intense 

 

C14. Have you been experienced heatwaves in your community?  1. Yes 

2. No 

C15. If the answer is yes to the above question, how would you 

describe the frequency of heatwaves in your community? 

1. No  change 

2. Often 

3. Very often 

C16. How would you describe the intensity of heatwaves in your 

community? 

1. Less intense 
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2. No change 

3. More Intense 

 

C17. Have you been experienced hail storms in your community? 1. Yes 

2. No 

C18. If the answer is yes to the above question, how would you 

describe the frequency of hail storms in your community? 

1. No change 

2. Often 

3. Very often 

C19. How would you describe the intensity of hail storms in your 

community 

1. Less intense 

2. No change 

3. More Intense 

4. ?? 

C20. Have you been experienced wild fires in your community?  1. Yes 

2. No 

C21. If the answer is yes to the above question, how would you 

describe the frequency of wild fires in your community? 

1. No change 

2. Often 

3. Very often 

C22. How would you describe the intensity of wild fires in your 

community? 

1. Less intense 

2. No change 

3. More Intense 

https://www.bestpfe.com/
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C23. Have you been experienced mist in your community? 1. Yes 

2. No 

C24. If the answer is yes to the above question, how would you 

describe the frequency of mist occurrence in your community? 

1. Nil 

2. Seldom 

3. Often 

4. Very often 

C5. How would you describe the intensity of mist occurrence in 

your community? 

1. Less intense 

2. No change 

3. More Intense 

 

 

D. Any additional comments on the subject? 

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

……………………………………… 

Thank you! 
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APPENDIX 4: INTERVIEW GUIDE FOR THE DEPARTMENT OF 

ENVIRONMENTAL AFFAIRS 

 

Interview guide for the Department of Environmental Affairs  

 

a) What is the role of your department with regard to climate change and the mining industry? 

 

b) According to the department’s view, which type of mining has been or is most vulnerable to 

climate change impacts? 

 

Gold mining 

Platinum mining 

Coal mining 

Other 

 

c) What policy approaches do you have for the mining sector with regard to climate change and, 

specifically, climate change adaptation? 

 

d) Is there legal obligation for the mining sector to comply with regard to climate change 

adaptation? 
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Yes No 

 

If the answer is no to the above question, why is this the case? 

………………………………………………………………………………………………………

……………………………………………………….. 

e) Is climate change adaptation included in the environmental impact assessment of mines? 

 

Yes No 

If the answer is no to the above question, why is this the case? 

………………………………………………………………………………………………………

……………………………………………………….. 

 

f) What has the department done to encourage climate change mitigation from the coal mining 

sector? 

 

 

g) What has the department done to encourage climate change adaptation in coal mining? 

Additional notes: 

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

……………………………………………………………………………………. 
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Thank you! 

 

 

 

APPENDIX 5: INTERVIEW GUIDE: FOR CENTRE FOR SCIENTIFIC AND 

INDUSTRIAL RESEARCH (UNIVERSITY OF WITWATERSRAND/ CSIR) 

a) What is the role of GCSRI in relation to mining in South Africa? 

The GCSRI has research interest on climate change mitigation and adaptation in South African 

mines.  

b) Which type of mining has been or is most vulnerable to climate change impacts? 

Gold mining 

Platinum mining 

Coal mining 

Other 

 

c) What has the research at GCSRI observed with regard to the following climate variability in 

South African mining communities? 

Minimum 

temperatures 

Maximum 

temperatures 

Monthly rainfall 

patterns 

Annual rainfall 

patterns 
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d) What climate impacts has the GCSRI noted in the South African mining communities? 

Drought 

Flooding 

Hails storms 

Heat waves 

Mist 

 

e) What are the climate-induced incidents that the GCSRI has noted in the South African 

mining value chain? 

Value chain Impact Adaptation option(s) 

Exploration   

Design   

Construction   

Operation   

Closure   

Exploration   

 

Additional notes: 

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

……………………………………… 
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Thank you! 

 

 

 


