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ABSTRACT

The discovery of gold and diamonds, followed by coal during the late 19th century
changed the entire economic structure of the Southern African region (Booyens,
2008:17; Van Eeden et al., 2009; Jurad, et al., 2010:78-79; Winde & Stoch, 2010;
Peatfield, 2003:355). Despite the many positive developments brought about by gold
mining, there are also a number negative aspects associated with mining. These
include environmental degradation (specifically water pollution and the dewatering of
dolomitic compartments which is strongly associated with sinkholes) as well as
health threats for local inhabitants (such radon emission, dust and exposure to
radiation).

Mining in the Far West Rand, wherein the study area falls under, occurs on dolomitic
land (Buttrick & Van Schalkwyk, 1998; Swart et al., 2003; Watermeyer, 2001;
Ngcobo, 2006). Dolomite can be defined as a soluble carbonated bedrock. Constant
exposure of dolomite to rainwater together with negative impacts associated with
human activities (such as ground water extraction, leakage from water pipes and
sewerage systems) dissolve the rock over time because these substances penetrate
through joints of the rock to form openings beneath the surface — which may result in
sinkholes (Swart et al., 2003; Kirsten et al., 2006; Zhou, 1997:50; Van Eeden et al.,
2007).

Sinkholes are likely to occur without warning, although cracks in walls are often early
signs of danger. They are either caused by the hollowing out or formation of a void
below the earth’s surface as a consequence of normal geological processes or they
may have anthropogenic causes. Anthropogenic causes such as the construction of
roads, township development and associated services, groundwater extraction and
groundwater recharge may also give rise to the formation of sinkholes (Haarhof,
2011; Buttrick & Van Schalkwyk, 1998; Ngcobo, 2006; Watermeyer et al., 2001;
Watermeyer et al., 2002; Swart et al., 2003; Gutierrez, 2006; Buttrick et al., 2011).

The Merafong Local Municipality (MLM) is located within the West Rand District
Municipality (WRDM), in the Gauteng province of South Africa. Its boundaries
enclose some of the richest gold mines such as Western Deep Levels, Driefontein



West and East, Blyvooruitzicht and Doornfontein (Van Eeden, 2006:417). In spite of
the relative wealth and economic activities generated by mines, a number of serious
environmental issues such as sinkholes in this area started to emerge at an alarming
rate after gold mines have been granted permission by the government to drain
dolomitic compartments (Van Eeden, 1997; Van Eeden, 2003; Swart et al., 2003;
Coetzee et al., 2004).

The occurrence of sinkholes in the MLM is historically associated with loss of life and
damage to infrastructure. Some of the catastrophic events associated with the
dewatering of dolomitic aquifers within the Merafong area include the following:

Sinking of the West Driefontein crushing plant as well as the business sector of

the Carletonville Township (known as Khutsong) into sinkholes;

Evacuation of inhabitants of the farm Bank due to unstable surfaces caused

by ground movement;

The death of a family of five at Blyvooruitzicht due to a sinkhole;

Drying up of boreholes used for farming activities as well as cracking walls of
local houses and the deterioration of infrastructure (Winde & Stoch, 2010; Van
Eeden et al., 2003; Van Eeden, 2006; Ngcobo, 2006; Swart et al., 2003).

Given the extent of damage caused by sinkholes due to mining and human activities,
the current study focuses on the causes and impacts of sinkholes, and also on
possible strategies that can be adopted by the residents of MLM and the City Council
in order to reduce the risks associated with sinkholes. The sinkhole risk reduction
strategy also proposes a system that will eliminate or mitigate the occurrence of
sinkholes by proactively monitoring and responding to aspects that lead to the

formation of sinkholes.
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Chapter 1
Orientation and problem statement
1.1 Introduction

The discovery of gold and diamonds followed by coal in the late 19" century
changed the entire economic structure of the Southern African region (Booyens,
2008:17; Van Eeden et al., 2009; Jurad, et al., 2010:78-79; Winde & Stoch, 2010;
Peatfield, 2003:355). Within this context, rapid expansion of the mining industry
resulted in increased industrialisation which, in turn, contributed to the economic
growth of South Africa. Gold mining has since then become the foundation of South
Africa’s economic growth. South Africa has been producing up to 35% of the world’s
gold (Peatfield, 2003; Van Eeden, 2009; Booyens, 2008:17). Despite the positive
developments brought about by gold mining, there are also a number negative
aspects associated with mining. These include environmental degradation
(specifically water pollution and the dewatering of dolomitic compartments which is
strongly associated with formation of sinkholes) as well as health threats for local
inhabitants (such as radon emission, dust and exposure to radiation) (Winde &
Stoch, 2010; Van Eeden et al.,, 2003; Van Eeden, 2006). Mining in the Far West
Rand, which the study area falls under, occurs on dolomitic land (Buttrick & Van
Schalkwyk, 1998; Swart et al., 2003; Watermeyer, 2001; Ngcobo, 2006).

Dolomite can be defined as soluble carbonated bedrock (Swart et al., 2003; Kirsten
et al., 2006; Zhou, 1997:50; Van Eeden et al., 2007). Constant exposure of dolomite
to rainwater together with negative impacts associated with human activities (such
as ground water extraction, leakage from water pipes and sewerage systems)
dissolve the rock over time because these substances penetrate through the rock
joints to form openings beneath the surface — which may result in sinkholes (Swart et
al., 2003; Kirsten et al., 2006; Zhou, 1997:50; Van Eeden et al., 2007). A sinkhole is
a depression on the ground that forms as a result of the dissolution of the underlying
soluble rocks; it may also develop when a cave roof collapses (Monroe et al.,
2007:512; Strahler & Strahler, 2005:768; Mussett & Khan, 2000). Sinkholes are
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typically cylindrical or conical in shape and may vary from 1 - 50 meters in diameter,
while the depth may also vary between 1 - 50 meters (Buttrick & Van Schalkwyk,
1998; Zhou & Beck, 2007; Buttrick et al., 2011; Li & Zhou, 1999; Watermeyer, 2001,
Gutierrez et al., 2007; Monroe et al., 2007:512; Strahler & Strahler, 2005:768;
Mussett & Khan, 2000).

Sinkholes are likely to occur without warning, although cracks in the houses’ walls
are often early signs of danger. They are either caused by the hollowing out or the
formation of a void below the earth’s surface as a result of normal geological
processes (see Figure 1) or they may have anthropogenic causes. Anthropogenic
sinkhole formation occurs under the following three conditions: the right geotechnical
conditions, inappropriate development relative to the geotechnical conditions, and
adequate rainfall (Buttrick & Calitz, 1995; Buttrick & Van Schalkwyk, 1995; Schoning,
1996; Wolmarans, 1996). Furthermore, anthropogenic causes such as construction
of roads, township development and associated services, groundwater extraction
and groundwater recharge may also give rise to the formation of sinkholes (Haarhof,
2011; Buttrick & Van Schalkwyk, 1998; Ngcobo, 2006; Watermeyer et al., 2001;
Watermeyer et al., 2002; Swart et al., 2003; Gutierrez, 2006; Buttrick et al.,
2011).The following sections will describe the geographic location of the study area

as well as the causes and impacts of sinkholes.

Figure 1: Mechanism of sinkhole formation (Adopted from Council of Geoscience, 2012)
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The Merafong Local Municipality (MLM) is located in the West Rand District
Municipality (WRDM) in the Gauteng province of South Africa (see Figure 2). Its
boundaries enclose some of the richest gold mines such as Western Deep Levels,
Driefontein West and East, Blyvooruitzicht and Doornfontein (see Figure 3) (Van
Eeden, 2006:417). In spite of the relative wealth and economic activities generated
by mines, a number of serious environmental issues such as sinkholes began
emerging at an alarming rate in this area after the government granted gold mines
permission to drain dolomitic compartments (Van Eeden, 1997; Van Eeden, 2003;
Swart et al., 2003; Coetzee et al., 2004). The government made these concessions
in the 1950s to enable mining activities to take place at deeper levels in the interest
of greater profit and increased tax revenue (Ngcobo, 2006; Van Eeden, 1997; Van
Eeden et al., 2003; Zhou & Beck, 2007; Swart et al., 2003).

The occurrence of sinkholes in MLM is historically associated with loss of life and
damage to infrastructure. Some of the catastrophic events associated with the

dewatering of dolomitic aquifers in the MLM area include the following:
e The sinking of West Driefontein crushing plant as well as the business sector of
the Carletonville Township (known as Khutsong) into sinkholes;
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Figure 2: Geographic location of Merafong Local Municipality (Adopted from Kirshner (2011:27)
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e Evacuation of inhabitants of the farm Bank due to unstable surfaces caused by

ground movement;
e The death of a family of five at Blyvooruitzicht due to a sinkhole;

e Drying up of boreholes used for farming activities as well as cracking walls of local
houses and the deterioration of infrastructure (Winde & Stoch, 2010; Van Eeden
et al., 2003; Van Eeden, 2006; Ngcobo, 2006; Swart et al., 2003).

Given the extent of damage caused by sinkholes due to mining and human activities,
the current study focuses on the causes and impacts of sinkholes, and also on
possible strategies that can be adopted by the MLM City Council and its residents to
reduce the risks associated with sinkholes. The sinkhole risk reduction strategy
proposes a system that will eliminate or mitigate the occurrence of sinkholes by
proactively monitoring and responding to aspects that lead to the formation of
sinkholes.

Figure 2: Mechanism of sinkhole formation (Adopted from Council of Geoscience, 2012)

1.2 Problem statement

The problem under investigation concerns the causes and effects of sinkholes on the
economic developmentof communities in the MLM. The study is particularly focused

on the loss of human lives and damage to property, as well as how these factors
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increase the vulnerability of affected communities. The impact of these losses on the
economic development of the area is also briefly explored. After the problem has
been investigated, the study sets out to develop a strategy aimed at monitoring
elements that contribute to the formation of sinkholes in the study area.

Twenty percent of the Pretoria-Witwatersrand-Vereeniging area of the Gauteng
Province is underlain by dolomite (Buttrick & Van Schalkwyk, 1998; Swart et al.,
2003; Watermeyer, 2001; Ngcobo, 2006). This includes most of the gold mining
areas in the Far West Rand where the study area is situated (Buttrick & Van
Schalkwyk, 1998; Swart et al., 2003; Watermeyer, 2001; Ngcobo, 2006). In order for
mining operations to be executed successfully in a dolomite area, dolomitic
compartments have to be drained with a view to ensuring the safety of workers (Van
Eeden, 1997; Van Eeden, 2003; Swart et al., 2003; Coetzee et al., 2004).
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Figure 3: Mines within the Far West Rand (Adopted from Winde & Stoch, 2010:70)

The dewatering of dolomitic compartments for mining operations led to the lowering
of water tables and excessive water seepage in a dolomitic area of Carletonville. As
a result, the impacts of sinkholes started to become visible when the West
Driefontein three-storey crusher plant disappeared into a sinkhole with twenty-nine
occupants in 1962 (Van Eeden, 1997; Van Eeden, 2003; Swart et al., 2003;
Coetzee, 2004). On another occasion, the business sector of Khutsong Township

(located near Carletonville) also collapsed into a sinkhole — resulting in financial
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losses and property damage (Van Eeden et al., 2003; Van Eeden, 2006; Ngcobo,
2006). In 1964, two houses and parts of other two houses disappeared into a
sinkhole with the loss of five lives at Blyvooruitzicht mining village. Furthermore, the
available statistics indicates that 35 people also died as a result of sinkholes (Van
Eeden, 1997; Butrick & Schalkwyk, 1998; Swart et al., 2003).

The occurrence of sinkholes did not only affect inhabitants and the surrounding
properties, but also had a negative impact on the economic growth of the MLM.
Examples include the deterioration of railway facilities at Bank farm due to the
unstable ground surface, which consequently affected the transportation of goods to
and from other towns and necessitated consumers to take their businesses to
nearby towns (Van Eeden, 2003:118; Swart et al., 2003; Watermeyer, 2001;
Ngcobo, 2006). Moreover, a number of roads were also affected by occurrence of
sinkholes. For instance, a portion of the P89/1 route to Pretoria in the Bank area was
diverted, while danger signals on the P111/1 route to Johannesburg were installed.
In 1963, parts of both roads — as well as some other district roads — were temporarily
closed due to ground instability of the areas and the occurrence of sinkholes (Swart
et al., 2003; Ngcobo, 2006; Kirsten, et al., 2006; Van Eeden, et al., 2007; Schoning,
1996; Wolmarans, 1996). Van Eeden (1997:116 - 122) further highlights a number of

impacts on the local business sector associated with sinkholes. These included:
e Disruption of town development

Cracks and damage to buildings started to occur at an increased rate, and builders
discovered subterranean caves during the construction work. These led to fewer
buildings being erected (including business units). Houses were also demolished in

Carletonville extensions no 5 and 8.
e Agricultural setbacks

Farmers were advised to evacuate rich farming areas and a number of well -
established businesses had to cease operating in the Bank area due to unstable

surfaces caused by ground movement.



The establishment of gold mines and their expansion within the boundaries of MLM
resulted in significant population growth due to the employment opportunities that
were created by the mines (Van Eeden, 1997:106 -108). However, the continuation
of mining activities always depends on the availability of gold in the mining area. In
this regard, given the realities of retrenchments and the closure of a number of
mines such as Deelkraal and Doornfontein, one can argue that — due to a lack of
income and the consequent inability of people to pay for services — many ended up
settling in the only areas they could find as a result of being financially and otherwise
vulnerable (Van Eeden, 1997:122). However, as a result of reported sinkholes
formation, one could argue that some of those areas were not suitable for human
settlement. In this context, Van Eeden (1997:116) indicates several incidences
caused by sinkholes which included loss of life (such as the death of the Oosthuizen
family) as well as damage to infrastructure (like the sinking of Khutsong’s business
section). Therefore, the problem to be addressed is the occurrence of sinkholes and
their impacts on the Merafong Local Municipality’s community members. This will be
achieved by investigating the factors contribute to the formation of sinkholes as well
as explore ways to proactively manage those factors by means of a dolomite risk
reduction strategy. The next section will describe the key research questions of the

study.

1.3 Research questions

1.3.1 What are the causes of sinkholes in the MLM?
1.3.2 How do sinkholes affect the economic development of the community?

1.3.3 How does the local/district disaster management unit currently reduce or

manage the risk of sinkholes in the MLM?

1.3.4 To what extent will proactive disaster risk planning and management contribute

toward reducing the risks associated with sinkholes in the MLM?

1.3.5 How can the community participate in the process of mitigating the risk of

sinkhole formation?

The subsequent section presents the research objectives.
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1.4 Research objectives

A number of research objectives emanate from the above questions. These are:

1.4.1 To determine the main causes of sinkholes in order to establish a risk reduction

or mitigation strategy.

1.4.2 To assess the impacts of sinkholes on the economic development of the

community.

1.4.3 To evaluate how the local/district disaster management unit currently reduces
or manages the risk of sinkholes in the MLM.

1.4.4 To determine the role of proactive disaster risk planning and management

toward reducing the risks associated with sinkholes in the MLM.

1.4.5 To explore how the community can participate in the processes of mitigating

the risks of sinkhole formation.

The next section outlines the theoretical argument of the study.

1.5 Theoretical arguments

The theoretical argument of the study is based on the priorities for action of disaster
risk reduction as outlined by the Hyogo Framework for Action (HFA). The HFA is a
global blueprint for disaster risk reduction that was adopted at the World Conference
on Disaster Reduction held in Hyogo, Japan, in January 2005. It intends to
systematically prevent and mitigate disaster risk in terms of losses in lives as well as
social, economic and environmental assets of countries and communities (Olowu,
2010: 303 & Dlamini, 2011: 37). In order to develop disaster-resilient countries and
communities, the HFA stipulates that the following five priorities for action must be

implemented in the societies’ disaster risk management units:

e Making disaster risk reduction a priority

Ensuring that disaster risk reduction become a national and local priority with a

strong institutional support for implementation.
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e Enhancing knowledge about the risk and taking action

The identification, assessment and monitoring of disaster risks and improvement

of the early warning system.

e Establish understanding and awareness

Use knowledge, innovation and education to establish a culture of safety and

resilience at all levels.

e Eliminate risk
Eliminate the underlying risk factors, and
e Be prepared and ready to respond

Strengthen disaster preparedness for effective response strategy at all levels
(ISDR, 2005; Dlamini, 2011).

The MLM should therefore ensure that an appropriate sinkhole risk reduction
strategy is developed and incorporated into its current disaster risk reduction agenda
for implementation. Furthermore, community members should be granted unlimited
access to information about sinkholes and they should be informed about possible
warning signs such as cracks on the walls as well as factors that may contribute to
the formation of sinkholes (excessive water seepage). Armed with an increased
understanding of the risks associated with sinkholes, inhabitants should therefore
also be encouraged to report factors that contribute to the formation of sinkholes.
These need to be monitored on a constant basis in order to proactively reduce the
risk. The strategy for sinkhole risk reduction should not only focus on mitigating the
risks, but should also focus on how to effectively respond to any adverse impacts
caused by sinkholes. The next section presents specific aspects related to the

research methodology of the study.

1.6 Research methodology

A qualitative research design was followed for this study, because it enabled the

researcher to collect qualitative information in order to answer the research
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guestions (Crewell, 2003:250). Qualitative research is a process of studying a
phenomenon in its full complexity, portraying its multi-faceted forms and trying to
simplify what was studied or observed (Leedy & Ormrod, 2001; Struwig and Stread,
2007). It recognises that research takes place within a specific context and
individuals are influenced by the environment in which they live. Thus the opinions of
participants should not be seen in isolation but within the context of their
environment (Blaikie, 2000: 233; Struwig and Stread, 2007: 71).

Qualitative research methodology has, amongst others, the following characteristics:

e It is able to provide a description of people’s personal experiences regarding
phenomena;

e Itis able to describe complex phenomena;

e It describes the phenomena as they are situated and embedded in local context;
and

e It is able to determine the cause of a social problem (Leedy & Ormrod, 2001;
Struwig and Stread, 2007).

Thus, qualitative approach was selected for the study because it will enable the
research, through the use of structured, unstructured and focus-group interviews, to

gather:

e The views of MLM’s community members regarding the formation and impacts of

sinkholes;

e Information regarding the existence of mitigation and response strategies for the

formation of sinkholes; and

¢ Information about the installation of water and sanitation facilities and how they

were monitored and managed in order to avoid leakages.

1.6.1 Empirical investigation

This research required information regarding the strategies currently operationalised
with a view of eliminating the risks associated with sinkholes. Therefore, semi-
structured, unstructured and focus-group interviews were conducted (Bell, 2005:90).

Semi-structured interviews enable the interviewer to tick responses on a pre-
-10 -



prepared schedule, which allows the interviewer to leave the interview with a set of
responses that can be easily recorded, summarised and analysed (Guthrie,
2010:119). Unstructured interviews enable the researcher to gain an in-depth
understanding of the subject in a conversational form (Guthrie, 2010:119). This
method is suitable for conducting an interview with an individual who can provide
factual information regarding a specific topic (Bell, 2005:159; Creswell, 2003; Berg,
2006; Greener, 2011; Guthrie, 2010). Finally, focus-group interviews enabled the
researcher to acquire individual and shared views regarding the impacts of sinkholes
on the community as well as their views on possible measures to reduce the risk
(Morgan, 1996; Langford & McDonough, 2003).

Semi-structured interviews will be conducted with officials of the Merafong Local
Municipality's Water and Sanitation Department regarding the monitoring and
maintenance of water and sanitation infrastructure. Furthermore, two unstructured
interviews will be conducted. Firstly, an official in the disaster management
department will be interviewed in order to gain in-depth information about the
mitigation as well as response strategies for sinkhole formation. The unstructured
interview will enable the researcher to gain an in-depth understanding, through the
use of follow-up questions, about strategies used to manage the formation of

sinkholes.

Secondly, unstructured interviews will be conducted with the ward councillors of
sections that were affected by the occurrence of sinkholes, in order to obtain the
views of the community on the impact of sinkholes and what they think should be
done in order to solve the problem. Ward councillors are community members who
have been elected by their communities to represent their concerns at the local
authorities. Therefore, they serve as links between the community and the local
authorities. Ward councillors will be interviewed because they work with community
members on a daily basis and are therefore likely to be aware of the interests and
concerns of the community. An unstructured interview will enable the researcher to
gain in-depth information about the communities’ perspectives of the occurrence of
sinkholes and the associated effects. In support, focus group interviews will also be

conducted with the community members to acquire individual and shared views
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regarding the impact of sinkholes on the community as well as their views on

possible measures to reduce the risk

1.6.2 Literature review

The review of pertinent literature can be regarded as the foundation of any research
because it provides the researcher with information on what has been done, how it
has been researched and what the key issues were (Booyens, 2008:27; Creswell,
2003; Berg, 2006; Greener, 2011; Mouton, 1996; Brazer, 2011). A literature study
was used as the foundation for this investigation. The following sources were

consulted in order to collect the relavent material for the purposes of this research:

» Catalogue of theses and desertions of South African Universities
» Catalogue of books: Merafong Library

» Catalogue of books: Tlokwe Library

» Catalogue of books: Ferdinand Postma Library

¢ Internet

1.7 Delimitation of the study

The outcomes of the study cannot be generalised to all areas where sinkholes occur.
This study only focused on the impacts of lowered water tables in dolomitic
compartments due to mining activities, as well as excessive water seepage in
dolomite areas — and how these factors contribute to the formation of sinkholes.
Finally, the study set out to determine how sinkholes affect the economic
development of Merafong Local Municipality. The following section explains ethical

considerations, after which the research structure is outlined.

1.8 Ethical considerations

Semi-structured, unstructured and focus-group interviews were conducted on a
voluntary basis. Before the interview commenced, interviewees were informed that
their participation was voluntary and that they could withdraw at any point during the

interview. The confidentiality of all respondents was guaranteed. The research was
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conducted in an environment that was safe and free from threats, and where the

interviewees felt comfortable.

1.9 Structure of the research

Chapter 1 provides a brief overview of the research problem, the research

methodology and discusses the tools used to address the research problem.

Chapter 2 presents an overview of the principles of the Hyogo Framework for Action

as a tool for effective disaster reduction.

Chapter 3 focuses on South African laws in terms of disaster management as well as

mining and environmental safety legislation

Chapter 4 offers an elaboration of other aspects related to the methodology that
were adopted in the process of investigating the causes and impacts of sinkholes at
MLM. In this chapter, issues relating to the qualitative research process, data

collection methods, as well as the reliability and validity of research are discussed.

Chapter 5 outlines the findings of the study based on the objectives of the research.
Themes based on the HFA priorities as indicated in the literature are used to analyse

the results of the research in order to establish risk mitigation strategy for sinkholes.

Chapter 6 presents a summary of the findings of the research and provides
recommendations aimed at assisting the municipality to address the challenge. The
themes of the main findings are used as the basis for recommendations for future

research. The following section provides a brief conclusion of the chapter.

1.10 Conclusion

Mines have played a leading role in terms of development within the boundaries of
Merafong City Local Municipality (Van Eeden et al., 2009; Jurad et al., 2010:78-79;
Winde & Stoch, 2010). Examples of these include the development of local
infrastructure and the provision of labour — both of which boosted the local economy.

However, the dewatering of the dolomitic compartments by mines has affected the
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stability of the ground surface and has given rise to the formation of sinkholes.
Sinkholes, in turn, have led to loss of lives and damage to infrastructure (Van Eeden
et al.,, 2009; Winde & Stoch, 2010). Damage to infrastructure (such as water pipes
and sewage systems) increases surface water infiltration which, in turn, increases
the probability of sinkhole formation (Van Eeden et al., 2009; Jurad et al., 2010:78—
79; Winde & Stoch, 2010).

In this context, the aims of this research were to investigate the factors that
contribute to the formation of sinkholes in the Merafong City Local Municipality, the
impact of those factors on the economic developmentof the area, and finally to
propose a strategy that could be adopted by Merafong Local Municipality and
inhabitants in order to mitigate the possibility of sinkhole formation. The literature

review as part of the research is presented in Chapter Two.
Chapter 2

International Policies that shaped Disaster Risk Reduction

2.1 Introduction

In the previous chapter, the history regarding the impacts of sinkholes on the
economic development of the MLM was discussed in detail. This chapter will briefly
discuss the international policies that shaped the development of disaster risk
reduction and present an in-depth discussion of the Hyogo Framework for Action as
the theoretical argument of the study as well as the data analysis tool. In this light,
Blaikie et al. (1994:233), indicate that towards the beginning of the 1970s, the terms
disaster prevention, preparedness and mitigation were used more frequently and
often interchangeably. This was mostly because during this period (1970s) several
major disasters, such as the north Peruvian earthquake, the Sahel drought and
famine of 1973/4, and the Tangshan earthquake claimed the lives of hundreds of
thousands of people. This was followed by even more tumultuous and deadly 1980s;
with the Bhopal chemical plant accident in India in 1984; the Armenian earthquake in
1988 (55 000 lives lost); Ethiopian famine in 1984/5; the Somali war, and the Exxon

Valdes oil spill of 1989. Together, these events led the international community to
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reconsider the manner in which disasters should be managed in future (Rosenthal,
Comfort & Boin, 2001: 319; Van Niekerk, 2005:46; Von Oelreich, 2011). The
scientific community and professional groups (NGO'’s, development agencies, donor
countries, etc.) in particular realised that there had to be a more effective method of
responding to disasters than only providing relief materials to the survivors
(Rosenthal, Comfort & Boin, 2001: 320; Comfort et al., 1999; Von Oelreich, 2011).
The events mentioned above intensified the drive towards the development of a
better global system for disaster preparedness, because a realisation had grown that
the relief mechanism was not effective in reducing the impacts of disasters.
Consequently, the international humanitarian community was motivated to develop a
more comprehensive strategy that entailed functions of preparedness, prevention,
mitigation, reconstruction and rehabilitation as an alternative to disaster relief
approach (Comfort et al., 1999; Von Oelreich, 2011). In this context, Van Niekerk
(2005: 47) argues that the use of the term ‘disaster mitigation’ signified a new
paradigm shift towards disaster risk reduction and also expanded on the ideas of

disaster preparedness and management.

As a way forward, the General Assembly in 1971 requested the Secretary-General of
the United Nation (under resolution 2816 xxxvi) to appoint an Emergency Relief
Coordinator to assist with the cases of natural disasters (Von Oelreich, 2011). During
this period the focus was placed on relief, warning systems, stockpiling and others
such as pre-disaster planning (Von Oelreich, 2011, Van Niekerk, 2005). In 1974, the
General Assembly, under resolution 3345 (xxix), requested a multidisciplinary
research body to investigate the relationship between population, resources,
environment and development with the intention to improve the strategies for coping
with disasters in the context of social and economic development. In 1987 the
General Assembly referred to the report of the World Commission on Environment
and Development, which recommended that a different approach should be adopted
in dealing with hazards that affects the environment. Therefore, the inadequacies of
the international relief system to address continuous losses due to disasters brought
with it the realisation that alternative interventions were needed (Lechat, 1990: 2;
Von Oelreich, 2011). To address some of those inadequacies, on 22 December

1989 the General Assembly of the United Nations designated the period from 1990
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to 1999 as the International Decade for Natural Disaster Reduction (IDNDR)
(IDNDR) (WMO, 1997: 1; Smith, 2002: 348; UNISDR, 2002: 17; Lechat; 1990; 2;
Van Niekerk, 2005: 53; UN, 1989).

2.2 The International Decade for Natural Disaster Reduction (IDNDR)

In December 1989, the United Nation General Assembly adopted Resolution 44/236
which proclaimed the year 1990 - 1999 as the International Decade for Natural
Disaster Reduction (IDNDR) (WMO, 1997: 1; Smith, 2002: 348; UNISDR, 2002: 17,
Lechat; 1990; 2; Van Niekerk, 2005: 53; UN, 1989). During this decade the
international goal was to ensure a shift in reactive approach towards natural
disasters to that of pro-active planning and prevention (Housner, 1989:45-46;
Lechat, 1990:2; Smith, 2002: 348). Specifically, the IDNDR envisaged that all
countries would, by the year 2000, have conducted national risk assessments,
developed national and or local preparedness plans, and implemented global,
regional, national and local warning systems (UNESCO in Van Niekerk, 2005:54).
The IDNDR had the following five main goals:

e To enhance the ability of each country to alleviate the impacts of disasters,
assist developing countries to assess the potential damage that might be
caused by disasters, as well as establishing early warning systems and
disaster-resistant buildings where necessary;

e To establish guidelines and strategies to utilise scientific and technical
information, as well as considering the cultural and economic diversity of

different countries;

e Adopt scientific and engineering endeavours aimed at gathering information
about the hazards in order to minimise the loss of life and damage to

properties;

e Distribute new and existing information regarding measures to assess,

forecast, and lessen the effects of disasters; and

e Establish measures to assess, forecast and lessen the effects of disasters
through programmes that provide technical support and transfer technology
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as well as provide education and training for specific disasters and societies,
and to assess the efficiency of those programmes (UN, 1987; Smith, 2002:
348, UN, 1989).

The IDNDR and its goals were initially influenced by scientific and technical
considerations, but the global interest in the economic and social impact of disaster
only developed as the decade progressed (Bades et al., 1991: 288-289). Blaike et al.
(1994, xiv) indicate that the emphasis that the IDNDR placed on scientific solutions,
as well as the transfer of hazard-mitigation technologies to developing countries was
mostly capital intensive and did not take the capacities of those countries into
consideration. The IDNDR was also criticised by Bates et al. (1991:288-289) for not
considering the social, political and economic dimensions of disasters. They further
indicated that it was no longer adequate to focus only on structural and technical
solutions to hazards. The IDNDR also failed to expand the concept of hazard
reduction to include technological hazards induced by human development, ii)
recognise the importance of including risk-reduction initiatives in sustainable
development programmes, iii) violated human rights in disasters, iv) a low degree of
relief coordination and collaboration, and v) difficulty in providing aid (Smith, 2002:
349; McEntire, 1997: 225; Rosenthal, Comfort and Boin, 2001). Some of the
weaknesses were also depicted during the mid-decade review and at the end of the
decade it was acknowledged that the 10-year period allocated was not sufficient to
address all the challenges identified in the international arena (Van Niekerk, 2005:
56). Another significant event which influenced the agenda of disaster risk reduction
was the World Conference on Natural Disaster Reduction held in Yokohama, Japan,
from 23 — 27 May 1994, and the subsequent adoption of the Yokohama Strategy and
Plan of Action for a Safer World (UNISDR, 2002: 18).

2.2.1 The Yokohama Strategy and Plan of Action for a Safer World

The Yokohama Strategy and Plan of Action for a Safer World was articulated in
1994, but its principles were more relevant in the twenty-first century than when they
were conceived (UNISDR, 2002: 18). Van Niekerk (2005: 58) indicates that those
principles provided the platform upon which most conceptualisation in terms of

disaster risk reduction of the new millennium was based.
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The Yokohama Strategy and Plan of Action for a Safer World (1994) emphasised
that each country is obliged to safeguard its citizens from the impacts of disasters
and that priority must be given to developing countries. It further stressed the
importance of developing and strengthening national capacities and capabilities, and
where necessary, national legislation for disaster prevention, mitigation and
preparedness, including the mobilisation of NGOs and involvement of local
communities. Finally, the strategy also emphasised the significance of promoting and
strengthening sub-regional, regional and international cooperation in prevention,

reduction and mitigation of disasters.

The Strategy was grounded in the perception that disasters continued to strike and
escalate in magnitude and frequency, but the phenomenon causing them were
mostly beyond human control (UNISDR, 2002:18; Yokohama Strategy and Plan of
Action for a Safer World, 1994). Therefore, it was crucial that societies must
strengthen their indigenous methods and consider new ways to live with risk, and
react appropriately to prevent as well as lessen the impacts of disaster (UNISDR,
2002:18; Yokohama Strategy and Plan of Action for a Safer World, 1994). During the
process of reviewing the progress made in implementing the Yokohama Strategy,
challenges to systematically address disaster risk reduction in the context of
sustainable development were identified. The review emphasised the importance of
pro-active approaches to inform, motivate and involve people in all aspects of
disaster risk reduction in their local communities in order to exploit the existing
resources and establish practices for more effective disaster reduction (Schipper &
Pelling, 2006). The IDNDR was followed by the International Strategy for Disaster
Reduction (ISDR) in 2000.

2.2.2 The International Strategy for Disaster Reduction

The International Strategy for Disaster Reduction (ISDR), as the descendent of the
IDNDR, emphasised the importance of protection against hazards, reducing
vulnerability and building resilient communities (UNISDR, 2002:19). Its goals were
firstly, to establish a multi-disciplinary approach towards disaster reduction within the
broader context of sustainable development; secondly, to increase public awareness

to understand risk, vulnerability and disaster reduction globally; and thirdly, to ensure
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political commitment to the development and implementation of disaster reduction
policies and actions by all governments, but in particular those mostly exposed to the
impacts of hazards (UN/ISDR, 2004, Van Niekerk, 2005: 60; Stanganelli, 2008).

To ensure that the objectives of the ISDR would be reached, the Inter-Agency
Secretariat for the ISDR (UN/ISDR) was established as a focal point by the United
Nation General Assembly through its resolutions 54/219 (UN, 2000a) and 56/195
(UN, 2002). The UN/ISDR was able to bring different stakeholders from different
sectors together through the Inter-Agency Task Force on Disaster Reduction
(AITF/DR). The AITF/DR, as the principal body for the development of disaster
reduction policy, established four working groups to focus on climate and disasters,
early warning, risk, vulnerability and impact assessment (UNISDR, 2004).
Furthermore, the Task Force indicated that it would also focus on additional areas
such as ecosystem management, exploring public-private partnerships, raising the
political profile of disaster reduction, land-use planning, and integrating issues of
disaster reduction into developmental planning (UNISDR, 2004). The ISDR served
as the organising body for the second World Conference on Disaster Reduction
(WCDR).

2.2.3 The World Conference on Disaster Reduction

In December 2003, the UN General Assembly adopted resolution 58/214, in which it
decided to convene the second World Conference on Disaster Reduction (WCDR)
(the first conference took place in Yokohama, Japan, in 1994 and adopted a plan of
action called the Yokohama Strategy). The second conference took place in Kobe,
Japan, in 2005 (Van Niekerk, 2005: 61). The WCDR adopted a Hyogo Declaration,
and the Hyogo Framework for Action 2005 - 2015: Building the Resilience of Nations
and Communities to Disasters, which aimed at defining a plan of action for 2005 -
2015 (UN, 2003). The second WCDR had the following five objectives:

e To conclude and report on the review of the Yokohama Strategy and its Plan
of Action, with a view to update the guiding framework on disaster reduction

for the twenty-first century;

-19 -



To identify specific activities aimed at ensuring the implementation of relevant
provisions of the Johannesburg Plan of Implementation of the World Summit
on Sustainable Development on vulnerability, risk assessment and disaster

management;

To share good practices and lessons learned to further disaster reduction
within the context of attaining sustainable development, and to identify gaps

and challenges;

To increase awareness of the importance of disaster reduction policies,

thereby facilitating and promoting the implementation of those policies; and

To increase the reliability and availability of appropriate disaster-related
information to the public and disaster management agencies in all regions, as
set out in relevant provisions of the Johannesburg Plan of Implementation of
the World Summit on Sustainable Development (UN, 2005:8).

Among others, the Conference addressed disaster reduction challenges relating to

the following thematic areas:

Governance: Institutional and policy framework for risk reduction;
Risk identification, assessment, monitoring and early warning;
Knowledge management and education;

Reducing underlying risk factors;

Preparedness for effective response and recovery.

The review of the progress made in implementing the Yokohama Strategy during the

second WCDR, identified challenges to develop systematic actions in order to

address disaster risk in the context of sustainable development. The identified

challenges were then used as a foundation to develop a framework for action for
decade 2005 - 2015 (Van Niekerk, 2005; Sorensen et al., 2006: 27 Stanganelli,

2008: 92). The section to follow will discuss the Hyogo Framework for Action as the

theoretical argument of the study in greater detail.
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2.3 Hyogo Framework for Action (HFA) inception

The HFA was conceived in January 2005, when over 4000 representatives from
private sectors, NGOs, academic institutions, and governments gathered in Kobe,
Japan, at the second World Conference on Disaster Reduction (UN/ISDR, 2005: 1;
Von Oelreich, 2011; Bhatt: 2007). At this conference, governments adopted a 10-
year plan to reduce the impacts of both natural and man-induced hazards. They
adopted the Hyogo Framework for action as guideline to mitigate the impacts of
disasters on human lives (deaths and injuries) as well as on economic, social and
environmental assets of countries and societies (Walker: 2005, HFA: 2010, Bhatt:
2007; UN/ISDR, 2005: 1). The HFA focuses on disasters that are caused by
environmental as well as technological hazards. It promotes the integration of
disaster risk reduction into developmental policies, planning and programming for
establishment and strengthening of institutions, mechanisms and capacities to
improve resilience to hazards and for incorporation of risk-reduction initiatives into
preparedness, response and recovery programmes (UN/ISDR, 2005: 1; Von
Oelreich, 2011; Bhatt: 2007).

The adoption of the HFA by the WCDR and its support by the General Assembly of
the UN (Resolution 60/1952) followed a process which started in 1990 with the
declaration of the IDNDR (ISDR, 2004:13). In 1994 the IDNDR adopted the
Yokohama Strategy, which attributed the importance of disaster risk analysis and
emphasised the role that people can play in order to reduce the vulnerability of
communities to disasters. At the end of the period allocated for the Yokohama
Strategy, the UNISDR carried out the review which identified challenges in the
following areas: governance, risk identification and assessment, monitoring and
disseminating early warning messages, information management and education,
reducing the underlying risk factors, and effective response and recovery. The
review outcomes were submitted to the WCDR and formed the foundation for the
formulation of the HFA (ISDR, 2004:13).

The HFA emphasises Disaster Risk Reduction (DRR) rather than responding to
disasters (UN/ISDR, 2005: 3; Walker: 2005; HFA: 2010; Bhatt: 2007). DRR is a
framework which intends to systematically prevent and lessen disaster risks with
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regard to losses in lives and the socio-economic assets of countries and
communities (UN/ISDR, 2005: 3; Walker: 2005; HFA: 2010; Bhatt: 2007). It takes
into account the inputs of various stakeholders (government, civil society
organisations, academic institutions, etc.), and it also outlines the basic concepts
and prescribes the expected outcomes by assigning tasks to various actors at
different operational levels (UN/ISDR, 2005: 2; Walker: 2005; HFA: 2010). DRR, as

conceptualised in the HFA, has the following three strategic goals:

e More effective integration of disaster risk considerations into sustainable
development policies, planning and programming at all levels, with a special
emphasis on disaster prevention, mitigation, preparedness and vulnerability
reduction;

e The development and strengthening of institutions, mechanisms and capacities at
all levels, especially at the community level, that can systematically contribute to
building resilience to hazards;

e The incorporation of risk-reduction approaches into the design and
implementation of emergency preparedness, response and recovery
programmes in the reconstruction of affected communities (UN/ISDR, 2005: 3-4
Walker: 2005, HFA: 2010, Bhatt: 2007).

Drawing from the conclusions of the review of the Yokohama Strategy and on the
basis of discussions of the WCDR and expected outcome and strategic goals of the
Conference, five priorities for action were adopted. The following section will present
an in-depth discussion of the five HFA priorities for action. It will also briefly highlight
the global as well as South African progress in terms of implementing the HFA as

outlined by the View of the Frontline (VFL) reports.

2.3.1 Priority for action 1 - Ensuring that DRR is a national and local priority

with a strong institutional basis for implementation

Natural and human-induced hazards damage infrastructure and essential facilities
which in turn results in loss of lives, economic and environmental disruption. They
also affect development programmes by reducing assets and interrupting the
planning process (UN, 2004). In this context, the state is primarily responsible for
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protecting people, infrastructure, economic and social assets from the impacts of
hazards (UN/ISDR, 2004:29; UN, 2004; Van Niekerk & Botha, 2013: 2). This implies
that the state has the responsibility to provide a proper and effective institutional
framework and capacity for DRR. However, this can only be achieved when there is
political commitment which translates into, the development of policies, strategies
and structures which are supported by operational legislative frameworks (UN/ISDR,
2007:07; UN, 2004).

Amongst others, formulation of legislation serves as a proof of political commitment
and government’s intention to develop policies and programmes in order to support
and coordinate disaster risk reduction activities (Chagutah, 2009:115; UN, 2004;
Poolman, 2011: 27; Kadzatsa, 2011: 48). Legislation plays a pivotal role in defining
the institutional arrangements and roles as well as ensuring compliance in the
implementation of policy and resource allocation. It ensures that all levels of disaster
risk management structures receives full benefit of its support and it also provides a
framework for accountability and the enforcement of regulations relating to disaster
risk management (Chagutah, 2009:115; UN, 2004; Poolman, 2011: 27). Policies
consist of decisions that steer the actions of government (Chagutah, 2009:115; UN,
2004; Poolman, 2011: 27; Kadzatsa, 2011: 48). For instance, disaster risk reduction
policies may address issues relating to the understanding of hazards, assessment of
vulnerability, risk evaluation and the adoption of risk reduction measures. Disaster
risk reduction initiatives tend to be more effective if they are incorporated into the
country’s developmental policy and goals (Chagutah, 2009:115; UN, 2004; Poolman,
2011: 27; Kadzatsa, 2011: 48).

Resilience towards disasters can be strengthened by mainstreaming disaster risk
reduction activities into development policies and programmes. Mainstreaming refers
to the process of modifying a specific type of work in order to accommodate
contextual changes as well as act directly upon them (Mitchell, 2003: 2; la Trobe,
2005; Wamsler, 2006: 152; Suntanta et al., 2006: 342; Poolman, 2011). Therefore,
legislation provides framework and authority for the implementation of strategies that
seek to incorporate disaster risk reduction into developmental programmes by
defining the rights and responsibilities as well as implementation, enforcement and

accountability mechanisms (Mitchell, 2003; la Trobe, 2005; Wamsler, 2006). The
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South African Disaster Management Act (57 of 2002) is an appropriate example of
this, amongst others, it emphasises the importance of integrating disaster
management into the developmental plans of local municipalities through the
integrated development plans (IDPs) in order to address disaster risk effectively (Van
Niekerk, 2006; Hoogstad & Kruger, 2008).

Although all levels of government are obligated to protect its citizens from the
impacts of natural and human-induced hazards, it is of upmost importance to discuss
the role of local government because they interact with the communities on a regular
basis (Burby et al. 2007). Since disasters occur at local level, local government
becomes automatically responsible for engaging in a pro-active disaster risk
reduction initiatives as well as providing relief to victims (Burby et al. 2007). In this
regard, the decentralisation of authority for decision making and resource allocation
is essential to ensure that effective approaches are implemented to manage
disasters and programmes take into account the community's social, cultural,
environmental as well as economic aspects. Decentralisation of authority will also
grant local governments the authority to manage their budgets in accordance with
the initiatives that are associated with risk reduction (Visser and Van Niekerk, 2009;
Doreth et al., 2011). For instance, staff members can be continuously trained to
equip them with necessary skills to implement risk reduction initiatives. However, in
practice there are budgetary constraints or “red tape” in accessing financial
resources and in most cases officials are also not skilled to effectively implement
disaster risk reduction strategies (Van Niekerk and Coetzee, 2012; Visser and Van
Niekerk, 2009; Doreth et al., 2011).

The role of local government in institutionalising disaster risk reduction is vital
because it is the unit where practical activities such as land use practices can be
regulated and safer construction methods can be promoted and enforced (Ahrens
&Rudolph, 2006; Burby et al. 2007; Suntanta et al. 2006). For instance, in the case
of Merafong Local Municipality (MLM), it is the responsibility of local authorities to
ensure that the erection of low income houses takes place in inhabitable areas and
that the installation and monitoring of water and sanitation facilities receives priority
to reduce the possibilities of sinkhole formation.
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Before discussing the global as well as South African progress with regards to the
implementation of the HFA, it is essential to briefly discuss the tool that is used to
measure such progress. After the adoption of the HFA in 2005, the Global Network
for Disaster Reduction (GNDR) was formed to support the implementation of the
HFA (Botha & Van Niekerk, 2013: 1). The GNDR developed a project called View
from the Frontline (VFL) to measure the progress of HFA implementation at national
and local level. The project is undertaken every two years and data is collected by
means of a survey (quantitatively) and as a part of the survey, participants are also
given the opportunity to comment (qualitative) (Botha & Van Niekerk, 2013: 1). In this
light, the mid-term review report (2010 - 2011) on the implementation of the HFA
reflected that several countries have established national legislation on disaster risk
management in the mid-1990s and since then there have been an increasing
number of countries that has updated their legislations in accordance with the HFA
principles. However, some of the new laws relating to agriculture, water resource
management, and green energy — as a means to address disaster risk — were not
incorporated with the existing legislative frameworks; consequently, this has direct
bearing on how effectively disaster risk can be managed (UN/ISDR, 2011:22 - 23).

The escalating number of National Platforms across the world is an indication of the
pressure created by the HFA towards an increased need for a multi-stakeholder
approach to risk reduction (UN/ISDR, 2011). The number of National Platforms
increased from 38 in 2007 to 73 in 2011. In August 2006, 63 governments had
committed themselves to designate focal points to implement the HFA (UN/ISDR,
2011:22 — 23). Furthermore, the number of focal points was reported to have
increased to 192 in 2011(UN/ISDR, 2011:22 — 23). In terms of the implementation of
disaster risk reduction policies and decentralisation of authority to local level, South
Africa obtained an average score of 1.9 out of 5. Furthermore, with regard to the
decentralisation of budget, an average score of 2.2 was obtained. In terms of
funding, an average score of 2.3 was achieved (Botha and Van Niekerk, 2013:7).
The score obtained by South Africa for the implementation of disaster risk reduction
policy and decentralisation of authority to the local government reflects that little
progress was made. And there is still a lot of work to be done in this regard. In

addition, the scores obtained for decentralising the budget and funding disaster risk
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reduction activities reflects that significant progress was achieved but there is

definitely a room for improvement, especially at local government level.

2.3.2 Priority for action 2 - Identify, assess and monitor disaster risks and

enhance early warnings

The first step in reducing disaster risk is to identify the hazard and understand its
nature, causes, severity as well as the kind of damage it does (Carreno et al., 2007,
Perez-Lugo; 2001; Forbes-Biggs, 2011:11). Knowledge about hazards and
vulnerability can be utilised to set priorities with regard to early warning systems. An
early warning system refers to a set of capabilities needed to develop and distribute
warning information to allow individuals and communities faced by hazards to act in
advance in order to reduce the possibility of harm or loss (Basher, 2006: 2168;
Perez-Lugo; 2001). However, the role of risk assessment should be considered
before early warning systems are discussed in depth, because information about risk

is required to develop warning messages (Basher, 2006: 2168).

Risk assessment refers to systematic procedures that determine the nature and
extent of hazards by analysing it and evaluate the conditions of vulnerability that can
adversely affect people, property, livelihood and the environment (Basher, 2006:
2168; Perez-Lugo; 2001; Poolman, 2011: 12; Forbes-Biggs, 2011: 13). It starts by
identifying natural or human-made hazards that have the potential to affect a society.
By identifying and assessing potentially calamitous events, risk assessment provides
governments and involved stakeholders with the basis for prioritising resources for
disaster risk reduction, improving emergency management systems, and tailor their
mitigation strategies in a manner that suits the needs and preferences of the local
communities (Perez-Lugo, 2001; Carreno et al., 2007). A comprehensive risk
assessment is the one that considers different types of calamitous events and their
underlying drivers as well as recognises the importance of indigenous knowledge
(Basher, 2006: 2168; Perez-Lugo, 2001; Carreno et al., 2007; Poolman, 2011: 13).
Indigenous knowledge is a crucial part of any risk assessment because communities
are knowledgeable on types of disasters that occur in their environment and are able
to anticipate them in some cases (Basher, 2006: 2168; Perez-Lugo, 2001; Carreno

et al., 2007; Poolman, 2011: 13).
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Risk assessment can be based on historical experience as well as current social,
economic and environmental vulnerability. However, regardless of the methodology
used, three steps must be undertaken before starting the process of risk analysis
(Van Niekerk, 2006: 103; APELL, 2010: 14; Poolman, 2011: 12; Forbes-Biggs, 2011:
13).

Firstly, the system to be studied and the objectives of the risk analysis should be
defined. An analysis can be conducted for reasons such as the identification of new
hazards, assessing the efficiency of risk control strategies, or identifying additional
measures to control the risk. To increase the usefulness of the information obtained
through analysis, it is important to understand how the information will be used and

which hazards were included and excluded during the analysis.

Secondly, the amount and type of data to be collected for performing a sound
analysis will be influenced by the objectives of the analysis, but it will also include
information on the technical, natural or social environment being studied and the
identification of possible hazards (APELL, 2010: 14; Basher, 2006; Thomalla, 2006).

Finally, the methodology for analysis must be selected, based on the objectives of
risk analysis as well as the amount of data available (UN/ISDR, 2007: 6; Van
Niekerk, 2006: 103; APELL, 2010: 14). In the case of MLM, continuous sinkhole risk
assessment is crucial because it will contribute to the understanding of risk factors
and risk information can be used to develop effective strategies to mitigate the

impacts of sinkholes.

Risk assessment requires a continuous monitoring of hazardous events, particularly
those that are dynamic in nature (Basher, 2006: 2168; Perez-Lugo; 2001; Poolman,
2011: 12; Forbes-Biggs, 2011: 13). This will assist in supporting regular reviews and
re-assessment of hazards, exposures and vulnerability as well as improving the
understanding of evolving risk landscape and risk knowledge as a result of new data.
In order to reduce the impacts of disasters, people should be well-informed about the
nature of hazards and measures they can adopt to minimise their vulnerability
(Basher, 2006: 2168; Perez-Lugo; 2001; Poolman, 2011: 12; Forbes-Biggs, 2011:
13).
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In this light, the information acquired via risk assessment can be used in public
awareness programmes with the intention of changing behaviours so that
communities can be more resilient to hazards (Chagutah, 2009: 116; Poolman,
2011: 12; Forbes-Biggs, 2011: 13). Information on hazards and vulnerability should
be communicated in a manner that the targeted group will understand and, if
possible, it should be accompanied by practical actions that can be adopted to
reduce the risk as well as the expected benefits of those actions (Chagutah, 2009:
116; Poolman, 2011:12).

As mentioned above, knowledge about hazards and vulnerability is vital to setting
priorities regarding early warning systems as well as guiding the preparation of
response activities. An early warning system is an element of disaster risk reduction
that focuses on identifying the hazard and disseminating warnings with the intention
of saving lives during a disastrous event (Sakai et al., 1999: 5; UN, 2004; Poolman,
2011: 21). Effective early warning system must be established in an understandable
manner and it must be relevant to the community which they serve (Sakai et al.,
1999: 5; UN, 2004; Poolman, 2011: 21; Kadzatsa, 2011: 53).

A complete and effective community-based early warning system consists of four,
inter-connected elements: (i) risk knowledge, (ii) monitoring and warning service, (iii)
dissemination and communication service, and (iv) response capability (see Figure
3) (Phaiju et al., 2910: 29; Basher, 2006: 2168; Kadzatsa, 2011: 53). A failure in any
of these elements could result in the redundancy of the whole warning system
(Phaiju et al., 2910: 29; Basher, 2006: 2168; Kadzatsa, 2011: 53). The purpose of a
community-based early warning system is to empower those who are threatened by
hazards to act appropriately in order to reduce the probability of personal injury, loss
of life, and damage to property as well as the environment (Phaiju et al., 2910: 29;
Basher, 2006: 2168; Kadzatsa, 2011: 53).

The mid-term review report on implementing the HFA indicated that, in 2007, few
countries had reported (through the submission of annual reports) on conducting
effective risk assessments, and even lesser reported on using risk information to
develop disaster risk reduction policies, strategies, and plans. However, in 2009 an

increased number of reports were received for conducting risk assessments, but
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they reflected that challenges were encountered in conducting assessments that
could inform policies, link warning systems with preparedness and response, as well
as guiding the local level contingency plan (UN/ISDR, 2011 :23-24; VFL, 2009).

Monitoring &
Warning Service

ek

Figure 3, Community-based warning system (Adopted from Phaiju et al., 2010:29)

A world-wide survey on early warning systems, conducted by the ISDR in 2006,
discovered that while some warning systems were effective, most of the developing
countries experienced challenges in terms of disseminating information to those at
risk (UN/ISDR, 2011:23 — 24; VFL, 2009). But in 2007, several countries reported
progress in developing warning systems (UN/ISDR, 2011:23 — 24; VFL, 2009). It is
essential to indicate that the 2011 VFL results contrast with the 2011 GAR national
level results, which revealed improvement in the 2009 - 2011 reporting cycle (VFL,
2011:21). Therefore, it is evident that the progress at national level does not
translate into effective implementation of disaster risk reduction at local level (VFL,
2011:21). This is further supported by the research conducted by Botha and Van
Niekerk (2013:7) which indicates that South Africa obtained an average score of 1.7
for gathering risk information and 1.8 for disseminating the information to societies
at-risk. Furthermore, 1.8 was also achieved for the monitoring of disaster reduction
activities. The scores obtained for gathering risk information, disseminating it, and
monitoring disaster risk reduction activities reflects that minimal efforts have been

made in this regard. This reflects a definite room for improvement.
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2.3.3 Priority for action 3 - Use knowledge, innovation and education to build a

culture of safety and resilience at all levels

According to Patel and Izadkhah (2008) the crux of developing a disaster resilient
society is heavily influenced by the success of disaster reduction education. Formal
and informal education can be used to distribute information and increase
understanding about disaster risks, teach preparedness as well as demonstrate
possible ways to react during disasters (UNESCO, 2005; Burby et al., 2007: 256;
Clerveaux & Spence, 2009: 209). Building a disaster resilient community through
formal education entails, amongst others, the incorporation of disaster reduction
curriculum or lessons in schools and post-school institutions because it is believed
that children and young people are more receptive to new information and they can
also act as a good channel to transfer knowledge to their families (Burby et al., 2007:
256; Clerveaux & Spence, 2009: 209). Another reason for including risk reduction
lessons in schools is to equip children, as the future generation, with information
because disasters can be reduced if people are well-informed about the measures
they can take to reduce the vulnerability (UNESCO, 2005; Burby et al., 2007: 256;
Clerveaux & Spence, 2009: 209).

Informal education (transmitting information outside the standard of a school setting)
can also be used to broaden the knowledge of people who are already familiar with
various risk reduction skills that they have acquired over a period of time through
experience as well as community practices (Mercer et al., 2009; Rambau et al.
2012). Informal education can be presented in various ways that seek to introduce
and reinforce important risk reduction knowledge, skills and competencies (Mercer et
al., 2009; Rambau et al. 2012; UNESCO, 2005; Pearce, 2002; Izadkhan & Hosseini,
2005; Clerveaux & Spence, 2009: 221). Amongst others, the following methods can
be used:

e Creative educational materials: using documentaries, short videos and computer

games to transmit awareness and knowledge,;
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e Cultural and performing arts: using art forms such as poetry, dance, songs, etc.
to transmit risk reduction knowledge to parents in an informal setting or during

special events;

e Disaster drills: performing simple drills to practice what to do during a disastrous

event;

e Dissemination of written materials: using posters to share risk reduction

information; and

e Contact sessions with students, parents and local government: this will contribute
to the identification of hazards, tapping into indigenous knowledge, sharing
scientific research and expertise to assess the risk and identify the solutions
(Mercer et al.,, 2009; Rambau et al. 2012; UNESCO, 2005; Pearce, 2002;
Izadkhan & Hosseini, 2005; Clerveaux & Spence, 2009: 221).

Cuba is an example of how formal and informal education can be used to increase
resilience. It has incorporated disaster preparedness, prevention and response as
part of their school curricula because of its exposure to hurricanes. The information
that children learn at school is supported by training courses and drilling for parents

as well as by radio and television programmes (Wisner, 2006: 14).

The VFL mid-term report revealed that, out of 27 countries that reported on the HFA
in 2007, the majority indicated progress in terms of developing and integrating
disaster reduction into school-based programmes as well as distributing information
to the public. However, the average global progress (as indicated by the 2009 View
from the Frontline Report) in implementing most areas of this priority was considered
weak (figure 4), more especially in terms of the development and application of multi-
risk assessments as well as developing nationwide public awareness campaigns to
promote a culture of disaster resilience (UN/ISDR, 2011:24; VFL, 2009).
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Figure 4, Views on priority for action 3: Knowledge and Education (Adopted from the Global VFL,
2009:23)

The 2011 VFL report revealed that there seemed to have been very little progress
over the two-year period from 2009 to 2011. These findings were in line with the
research conducted by Van Niekerk & Botha (2013) which revealed that South Africa
obtained an average score of 1.9 for integrating indigenous knowledge into disaster
prevention activities. An average score of 1.7 was obtained in terms of training
provided for public officials and community members involved in disaster prevention.
The importance of training cannot be underestimated as risk reduction initiatives can

be effectively implemented if people are aware of the risks they are facing.

2.3.4 Priority for action 4 - Reduce the underlying risk factors

In developing countries disasters cause serious setbacks to economic and social
development. For instance, the reconstruction costs of repairing damage to water,
sanitation, energy, telecommunication, roads and railway infrastructure — caused by
flooding in Mozambique in 2000 — was estimated to be US$ 165.3 million (Mirza,
2003:240). This example shows how disasters result in the destruction of fixed

assets and physical capital, interruption of production and trade, as well as diversion
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and depletion of savings. For developed countries, the levels of economic losses are
higher as a result of the higher density and cost of infrastructure as well as
production level, but less developed countries suffer higher levels of loss when
perceived as a proportion of Gross Domestic Product (GDP) (UNDP, 2004: 20;
Stromber, 2007; Mirza, 2003). In 1998, Hurricane Mitch caused losses and damages
in Honduras equals to a shocking 44% of the GDP (Stromberg, 2007; Mirza, 2003).
This has long-term effects and may erode the development capacity and weaken the
coping and survival skills of communities (Stromberg, 2007; Mirza, 2003).

In this light, disaster risks relating to changing social, economic, environmental
conditions, land use, and the impact of hazards associated with geological events,
weather, water, climate variability and climate change can be addressed during
sector development planning and programmes as well as in post-disaster situations
(Sakai et al., 1999; UN, 2004). Before discussing the measures to address the
underlying risk factors, it is essential to briefly describe the causes of disaster risk.
The Pressure and Release (PAR) model argues that disaster risk result when the
hazard interacts with the condition of vulnerability (Sakai et al., 1999; UN, 2004). It
further argues that the root causes of risk result from an interconnected set of
general processes (societal structures, political and economic activities) that occur
within a community (see figure 5). These general processes translate their effects
into unsafe conditions (risk), which determine the extent of vulnerability when
interacting with a hazard at a specific location. Therefore, risk can be reduced by
addressing factors (societal structures, political and economic activities) that cause
pressure on societies, or by tackling the conditions of vulnerability (Gaillard, 2010;
Cardona, 2003; Birkmann, 2006; Cannon, 1994).

Thus, to reduce the underlying risk factors, structural and non-structural prevention
as well as mitigation measures must be implemented. This means to anticipate
potential sources of risk by putting into practice procedures and other measures to
either avoid hazard or reduce the economic, social and environmental impacts
through corrective interventions (Carreno et al., 2006; Sutanta et al. 2006: 344; UN,
2004). Risk assessment should be used as a tool to determine the nature and extent
of risk by analysing potential hazards and evaluating existing conditions of
vulnerability that could pose a potential threat or harm to people, property, the
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environment, and the livelihoods on which they depend. Subsequent planning can be
used to design and implement activities that aim to reduce the risk because the
impacts of hazards can be increased by unplanned or inadequate human activities
such as development in a hazard prone area as well as inadequate safety measures
(Carreno et al., 2006; Sutanta et al. 2006: 344; UN, 2004). Effective planning and
land use management, for instance, can be used to regulate the use of land and

natural resources in a safe manner.

Land use management refers to all the activities that are associated with regulating
the use of land and natural resources (Sutanta et al. 2006: 245; Sakai, 1999). It
ensures that proper management rights, restrictions and risk related to property, land
and natural resources are adhered to since vulnerability can be exacerbated by
factors such as: (i) settling in hazard-prone areas (such as highly dolomitic areas) (ii)
weakening the capacity of the environment to withstand hazards by destroying
forests and wetlands or dewatering dolomitic compartments, (iii) building houses as
well as public facilities which are unable to withstand the impacts of hazards, and (v)
lacking social and financial safety mechanisms (Joyce, 2011; Sutanta et al. 2006).
Land use planning and management can be used as a tool for regulating the use of
land and to enforce standards and codes for buildings and other structures (Sakali,
1999; Blaikie et al., 1994; Wisner et al., 2004; Joyce, 2011; Sutanta et al. 2006: 245).
The effectiveness of this can be manifested in the case of rapid urbanisation where
housing demands exceed the capacity of local authorities to provide formal houses —
land use management can be used to restrict the erection of informal settlements in
hazardous zones such as hillsides that are prone to slippage, faulty zones (sinkhole-
prone areas), and vulnerable flood plains (Sutanta et al., 2006: 342).
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Figure 5 Pressure and Release (PAR) model: The progression of vulnerability (Adopted from Gaillard, 2010)

In light of the above, a top-down approach to reduce vulnerability to disasters has
become unsuccessful in addressing the needs of vulnerable communities. Therefore,
it is essential to adopt an approach that will involve those who are vulnerable in the
planning and implementation of mitigation measures (Ahrens & Rudolph, 2006;
Rambau et al., 2012; Lunga, 2008). A comprehensive assessment of a community’s
exposure to hazards and analysis of their vulnerabilities and capacities serve as
foundation for planning projects and programmes that can reduce disaster risk
(Lunga, 2008: 20; UN, 2004:187; Rambau et al., 2012; Chagutah, 2009: 118; Ahrens
& Rudolph, 2006). In this context it is clear that vulnerability can be perceived as a
key factor that determines the extent of risk (Basher, 2006; Mirza, 2003; Bosher
2011). Thus, the ability to measure vulnerability is a vital step towards effective risk
reduction and promoting a culture of disaster resilience. Furthermore, the underlying
vulnerabilities can be reduced by strengthening existing programmes such as the
use and management of ecosystems and natural resources (Basher, 2006; Mirza,
2003; Bosher 2011).

The 2007 VFL report on the implementation of HFA reflected that very few countries
had developed measures to reducing the underlying risk factors. Furthermore, the
report also revealed that very little was mentioned about reducing the risk through

sustainable use of natural resource as well as integrating risk reduction measures

-35-



into environmental management (UN/ISDR, 2011:27- 28; VFL, 2009). The reporting
cycle, ending in 2009, reflected that several countries experienced challenges to
address the risk factors, such as poor urban and local governance, vulnerable rural
livelihoods, and ecosystems that lost the capacity to withstand the impacts of
hazards (see figure 6). This challenge was further amplified by the initial data for the
2009 - 2011 progress report, which showed that only 28% of the reported countries
rated their progress between 4 and 5 for addressing the underlying risk factors
(UN/ISDR, 2011: 28). The reports also indicated that governance arrangements for
disaster risk reduction did not facilitate the integration of risk considerations into
development (UN/ISDR, 2011:27- 28; VFL, 2009). However, lower and middle
income countries reported most progress with regard to mainstreaming disaster risk
reduction into their development plans, climate change, and poverty reduction
policies. Nonetheless, little progress was reported in terms of integrating risk
reduction measures into strategies that address the underlying drivers of risk
(UN/ISDR, 2011:27- 28).

When assessed for reducing the underlying risk factors, South Africa obtained an
average score of 2 regarding the availability of action plans at local level and the
involvement of at-risk communities in disaster reduction initiatives (Van Niekerk &
Botha, 2013). As indicated earlier, the allocated budget did not cover risk reduction
projects; thus reducing the underlying risk factors remains a challenge, especially at
local government level (Van Niekerk & Botha, 2013).
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Figure 6, Views on priority for action: 4 Underlying risk factors (Adopted from the Global VFL,
2009:26).

2.3.5 Priority for action 5 - Strengthening disaster preparedness for effective

response at all levels

No matter how well a country or community plans to prevent disasters, there will
always be a chance of disaster striking (Tierney et al., 2001; Christoplos, 2001;
Joyce, 2011; Chagutah, 2009). This implies that not all natural hazards can be
prevented from occurring, but their impact can be reduced by equipping communities
with the knowledge and capacity to be prepared or to respond and manage disasters
effectively. In this light, the fundamental aim of preparedness planning is to

strengthen the capacity to respond to different hazardous situations that might affect
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a community by implementing a set of preparedness measures. Preparedness
measures include early warning systems, on-going risk and vulnerability
assessment, capacity building, the creation and maintenance of stand-by capacities,
as well as reserving necessary resources (UN/ISDR, 2006:15; UN/ISDR, 2008: 20;
Tierney et al., 2001; Christoplos, 2001; Joyce, 2011; Chagutah, 2009). Contingency
planning, as an element of the preparedness plan, serves as a vital component in
developing an analysis of what needs to be done and it also helps when designing,
testing and implementing response actions (UN/ISDR, 2008: 21; Tierney et al., 2001;
Christoplos, 2001; Chagutah, 2009).

Contingency planning is used as a tool to analyse the impact of potential hazardous
events so that adequate and appropriate arrangements can be developed in
advance to respond effectively and appropriately to the needs of the affected
community (UN/ISDR, 2008: 21; Tierney et al., 2001; Christoplos, 2001, Kadzatsa,
2011: 55). If based on a sound analysis of risk in a specific context, it will reflect the
nature of the hazards or threats as well as the vulnerabilities and capacities in that
particular situation (UN/ISDR, 2008: 21; Tierney et al., 2001; Christoplos, 2001,
Kadzatsa, 2011: 55). Information should be collected through a detailed vulnerability
mapping exercise to identify specific areas and communities at risk. The plan should
include information on how the affected community and key stakeholders will get
information. Furthermore, provision should be made for updated information and
local knowledge to feed back into the government system enabling people affected
by disasters to express their views and share the lesson learned. The plan also
needs to be tested and exercised by the people as well as organisations that will use
it (UN/ISDR, 2008: 22; Joyce, 2011; Tierney et al., 2001; Allen, 2006; Kadzatsa,
2011: 56).

Building preparedness capacity requires an assessment of the systems in place and
available resources. Capacity assessments can reveal hidden assets and available
resources that can be built upon to strengthen preparedness and lead to a more
predictable and efficient response and recovery process (Allen, 2006; Kadzatsa,
2011; Tierney et al., 2001). It should consider available resources, existing
capacities, operational plans and procedures, as well as communication and

coordination systems at every level to identify gaps and capacity-building
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requirements in order to plan accordingly (Tierney et al., 2001; Joyce, 2011; Allen,
2006; Kadzatsa, 2011: 54). Capacity-building activities should include measures to
analyse responses to previous disasters and to incorporate lessons learned into
future capacity-building strategies. The lessons learned can also be used as part of

the warning alert to minimise the impact of disasters (UN/ISDR, 2008: 24).

Warning alerts allow the public and emergency response teams to take preventative
action to avoid harm (UN/ISDR, 2008: 24). Warning messages should incorporate an
understanding of the values, concerns and interests of those who will need to take
action. Furthermore, warning systems must be tested to make sure that messages
are well understood and that systems function effectively (UN/ISDR, 2008:. 27;
Basher, 2006; UN, 2004: 66). Public education and awareness-raising prior to any
disaster can also be used as a platform to provide information on hazards,
vulnerabilities, risks, and how to reduce the impact of disaster on vulnerable
communities. They can also be used to enlighten the community on how warnings
will be disseminated and on how to respond to different types of hazards after an
early warning message has been issued (UN/ISDR, 2008: 27; UN, 2004: 237).

Effective emergency stand-by capacity is also a critical component of a
preparedness system (UN, 2004; Basher, 2006). Stand-by capacity should include
monitoring systems as well as human, physical and logistics resources. A
representative from organisations that took part in the contingency planning should
also participate in a stand-by roster for rapid deployment in case of an emergency
(UN, 2004; Basher, 2006). These teams should exist not only at national, but also at
regional and local levels as well. And they should have immediate access to basic
resources (such as satellite phones, vehicles, and support services) that may be
necessary for response (UN/ISDR, 2008:32).

The VFL reports on the implementation of HFA that were submitted for the 2007
reporting cycle indicated that governments had achieved the most success in
implementing this Priority for Action (UN/ISDR, 2011:30). An example of this was
reflected by the reduced mortality rate as a result of weather-related hazards in
developed and developing countries. In support of this, the data submitted for 2009-

2011 revealed that 80% of the reported countries had measures (contingency plans)
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in place to deal with disasters. However, the allocation of finances to manage

responses at local level remained uneven (UN/ISDR, 2011:30).

South Africa obtained an average score of 2.1 when assessed for the level of
expertise to implement risk reduction initiatives (Van Niekerk & Botha, 2013). In this
context, effective response to disasters requires the ability to identify the hazards,
assess the risks, and develop contingency plans. This implies that without adequate
expertise to conduct risk assessments, and develop warning systems as well as
contingency plans to strengthen disaster resilience, communities will most probably
suffer immensely from the impacts of hazards (Joyce, 2011; Allen, 2006; Kadzatsa,
2011: 54). It can be argued that South Africa has a lot of work to do towards creating

a culture of safety by means of contingency planning and simulation exercises.
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Figure 7, Views on priority for action: 5 Disaster preparedness and response (Adopted from the
Global VFL, 2009:28)

2.4 Conclusion

The aim of this chapter was to discuss the HFA in detail. It indicated that the

International Decade of Natural Disaster Reduction (1990-1999) was the first policy
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to be implemented to reduce the impacts of disasters and its goal was to shift from a
reactive approach to a more proactive planning and prevention methods. However,
the International Decade of Natural Disaster Reduction failed because, amongst
other reasons, it placed too much emphasis on scientific solutions and it also failed
to expand the concept of hazard reduction to include man-induced technological
hazards. As a descendent of the International Decade of Natural Disaster
Reduction, the International Strategy for Disaster Reduction (adopted in 2000)
emphasised the importance of reducing vulnerability and building resilient
communities. Its goals were to i) establish a multi-disciplinary approach towards
disaster reduction within the broader context of sustainable development, ii) increase
public awareness to understand risk, vulnerability and disaster reduction globally iii)
ensure political commitment to the development and implementation of disaster
reduction policies. In December 2003, the United Nation General Assembly decided
to convene the second World Conference in Disaster Reduction in Kobe, Japan.
During this conference, the Hyogo Framework for Action (HFA) was adopted for the
decade 2005-2015.

The fundamental purpose of the HFA was to assist the nations in their efforts and
endeavours to build resilient cities and enable communities to cope with hazards that
threaten their developmental gain. It emphasises Disaster Risk Reduction (DRR)
rather than disaster response. DRR is a framework which intends to systematically
prevent (avoid) and mitigate (lessen) disaster risks with regard to losses in lives and
the socio-economic assets of communities and countries. In order to systematically
prevent and mitigate disaster risk, the HFA stipulates the following five priorities of
action to be implemented by governments: (i) insure that DRR is a national and local
priority with a strong institutional basis for implementation; (ii) identify, assess and
monitor disaster risk and enhance early warning; (iii) use knowledge, innovation and
education to build a culture of safety and resilience at all levels; (iv) reduce the
underlying risk factors; and (v) strengthen disaster preparedness for effective

response at all levels.

The HFA is an appropriate framework to be applied in managing the formation and
impacts of sinkholes in the MLM because it stipulates that risk reduction activities

should be prioritised by the local authorities such as city councils. This means that
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local government should take a leading role in ensuring that risks are identified (the
formation of sinkholes) and monitored, and that warning messages are issued to the
community when necessary. The framework also ensures that community members
are informed about the factors that can exacerbate the formation of sinkholes in
order to create awareness and build a culture of safety as well as to reduce the
underlying risk factors. The framework also recognises that no matter how hard the
MLM tries to reduce the risk of sinkhole formation, they should be prepared to act
because hazards cannot be completely stopped from occurring. The following

chapter will discuss the legislative framework of the study.
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Chapter 3

Managing sinkhole risk: a review of disaster management, mining and
environmental management legislation

3.1 Introduction

This chapter focuses on South African disaster management legislation that guides
the implementation of disaster risk management activities as well as mining and
environmental management laws that regulate the activities of mining operations
which might have detrimental impacts on the environment and increase the
vulnerability of communities to hazards such as sinkholes. Firstly, it provides a
comprehensive discussion on the key performance areas (KPAs) as well as the
second enabler, as depicted by the National Disaster Management Framework
Policy, in order to highlight the statutory requirements for the implementation of
disaster risk management in South Africa. Specifically, the following KPAs will be
discussed: integrated institutional arrangement (KPA 1); disaster risk assessment
(KPA 2); disaster risk reduction (KPA 3); response and recovery (KPA 4) as well as
the second enabler, namely Education, Training, Public Awareness and Research.
This will be followed by the discussion on environmental and mining laws that have

to be taken into account in formulating a sinkhole risk reduction strategy.

3.2 Development of disaster management legislation in South Africa

According to Van Niekerk (2006: 96), South Africa did not have a comprehensive
approach to deal with disasters before 1994. Disasters were simply perceived as
unavoidable natural acts that could not be projected or prevented, as a result the
focus was primarily on response and recovery. But after the United Nations declared
the period from 1990 to 2000 as a decade to reduce the impacts of natural disasters,
all member states were encouraged to revisit their disaster management approaches
to ensure that disaster prevention, mitigation and preparedness were prioritised. As
a member state, South Africa dedicated itself to develop an approach that was in line
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with the international practice of managing disasters (Vermaak & Van Niekerk, 2004;
Munzelele, 2011: 36). As a result, the government established an Inter-Ministerial
Committee for Disaster Management in 1997, which was responsible for developing
disaster management legislation in South Africa. In the beginning of year 2000, the
South African Disaster Management Bill was availed for public discussion and in
January 2003 the new Disaster Management Act (57 of 2002) (hereafter referred to
as the Disaster Management Act) was promulgated (Van Niekerk, 2005 & 2006;
Pelling & Holloway, 2006; Ngcamu, 2011; Reid & Van Niekerk, 2008). Apart from the
Disaster Management Act, South Africa also has a National Disaster Management
Framework (NDMF) which steers the development and implementation of disaster
management approaches (Ngcamu, 2011: 122). For the purpose of this study, the
NDMF as well as its KPAs and enablers were used as a guideline for the
development and the implementation of sinkhole risk reduction strategies for MLM.

The following section provides a comprehensive discussion of the framework

3.3 National Disaster Management Framework

The National Disaster Management Framework (NDMF) is divided into four Key
Performance Areas (KPAs) — which are guided by the objectives set out in the
Disaster Management Act — and three enablers which are crucial for the successful
implementation of the KPAs (Botha et al., 2011; Van Niekerk, 2005 & 2006; South
Africa, 2005: 2). In line with the HFA'’s priorities for action (discussed in chapter 2)
(also see table 3.1), the first KPA oversees the existence of an integrated
institutional capacity for disaster risk management in all government spheres
(national, provincial and local). The second KPA deals with issues relating to
conducting disaster risk assessment in order to steer initiatives, while the third KPA
deals with issues relating to disaster risk management planning in order to reduce
disaster risks. Finally, KPA 4 deals with issues relating to effective response and

recovery from the impacts of disasters.

Alignment between the HFA's priority for action and the KPAs

HFA'’s priority for action KPAs
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Priority for action 1 KPA 1
Ensuring that DRR is a national and local | Integrated institutional arrangement

priority with a strong institutional basis for | Enabler 3 (Funding arrangements for
implementation disaster risk management)

Priority Action 2 KPA 2

Identify, assess and monitor disaster risks | Disaster risk assessment and monitoring
and enhance early warning

Priority Action 3 Enabler 2 (Education, Training, Public

Use knowledge, innovation and education Awareness)
Enabler 1 (Information Management and

Communication)

Priority Action 4 KPA 3
Reduce the underlying risk factors Disaster Risk Reduction
Priority Action 5 KPA 4

Strengthen  disaster preparedness for | Response and recovery

effective response at all levels

Table 3.1 (Alignment between the HFA'’s priority for action and the KPAS)

The three enablers ensure the successful implementation of the KPAs: the first
enabler focuses on the establishment of information and communication system,
while the second enabler deals with aspects relating to education, training, public
awareness and research (South Africa, 2004; Van Niekerk, 2011). The last enabler
focuses on arranging funding for disaster risk management. It is essential to note
that for the purpose of this study only the second enabler will be discussed, as the
aim is to develop a strategy for sinkhole risk reduction for the MLM. As a result
education, training, public awareness and research forms key components of such a

strategy. The subsequent section will provide an in-depth discussion of the first KPA.

3.3.1 KPA 1: Integrated Institutional Capacity for Disaster Risk Management

The fundamental objective of KPA 1 is to establish institutional structures to support
the implementation of disaster risk reduction initiatives in all spheres of government
(national, provincial and local) (South Africa, 2004; Van Niekerk, 2011, Ngcamu,
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2011). The NDMF indicates that the Disaster Management Act is prescriptive about
the structures that should be established at national, provincial and local government
(South Africa, 2004). The structures at national, provincial, and local levels will be
discussed will be discussed below.

In light of the above, section 4 of the Disaster Management Act indicates that the
National Disaster Management Centre (NDMC) has the highest administrative
authority in South Africa and is responsible for the establishment of institutional
structures that will guide and facilitate the development and implementation of
effective disaster risk management (South Africa, 2003). In other words, the NDMC
serves as a main unit to ensure the functionality of disaster risk management at the
national level. It is responsible for developing the disaster management policy and
legislation, provide guidance for their implementation as well as steer and monitor
the multidisciplinary disaster risk management initiatives amongst various spheres
of government (South Africa, 2005b:2). In addition, the NDMF — as aligned to the
Disaster Management Act, section 15(1-4) and 21, requires the NDMC to execute
the following functions:

e Create and sustain the institutional structures that will support the execution of
the provisions outlined by the Act;

e Execute the activities that will support the development of a progressive disaster
risk profile to guide planning and implementation of disaster risk reduction
measures;

e Assess progress with regard to the updating of disaster risk management plans
and strategies by government spheres involved in disaster risk management;

e Ensure the development and implementation of disaster risk management
strategies that will result in resilience towards disasters;

e Ensure that disaster risk reduction initiatives are incorporated into developmental
plans;

e Guide the development of response and recovery plans to ensure effective
response to hazards that could lead to disaster, and to mitigate the impact of

unpreventable disasters;
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e Support the provincial and municipal disaster management centres in executing
awareness campaigns in order to enhance disaster resilience.

e Assist with the development of an effective information management and
communication system;

e Conduct performance assessments to determine the effectiveness of disaster risk
reduction initiatives;

e Monitor the provincial and municipal disaster management centres in terms of
their compliance with the Act (especially sections 21, 56 and 57) as well as the
Key Performance Indicators stipulated by the NDMF; and

e Make recommendations for funding disaster risk reduction initiatives and oversee
that the funds are made available for disaster risk management (South Africa,
2003).

3.3.1.1 Disaster Risk Management structures in the national government

sphere

In order for the NDMC to achieve the abovementioned objectives, the NDMF — in line
with the Disaster Management Act — requires that the Inter-governmental Committee
on Disaster Management (ICDM) should be established in all spheres of government
to advise on issues relating to disaster risk management (South Africa, 2005a:8;
South Africa, 2003:10). The ICDM is a structure established by the President and it
consists of representatives from all three spheres of government. It is primarily
responsible for advising the Cabinet on issues relating to disaster risk management
and to guide ministers on the development of the NDMF. Furthermore, it serves as a
platform upon which different political representatives deliberate on disaster risk
management issues (South Africa, 2005a:8; South Africa, 2003:10). The purpose of
involving the political dimension in disaster risk management is to optimise the
possibility of disaster risk management policy and projects to be successfully
implemented. This is because in South Africa, political will often determines the
success or failure of societal programmes (Pelling & Holloway, 2006:09; Ivanova et
al.: 2001; Dollar & Svensson: 2000). In order to ensure that various organisations

partake in disaster risk management, section 5 of the Disaster Management Act calls
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for the establishment of the National Disaster Management Advisory Forum
(NDMAF).

The NDRMAF is a structure in which national, provincial, and local government, as
well as other organisations involved in disaster risk management, consult and
coordinate their strategic actions (South Africa, 2005). In addition, this structure must
also provide advises (on disaster risk reduction) to different spheres of government,
the private sector, community-based organisations (CBOs), and non-governmental
organisations (NGOs). The NDMF indicates that the NDMAF has a role to play in

each of the following:

¢ Drafting of disaster management plans;

e Promotion of joint standards of practice;

e Development of disaster management information system;

e Assist with effective communication channels;

e Making recommendations on training and advising on public awareness
campaigns;

e Reviewing of programmes and policy (South Africa, 2005:15).

The NDMF calls for the establishment of the National Interdepartmental Committee
on Disaster Risk Management (NICDRM). The NICDRM is a non-statutory structure
which is established to facilitate the interaction between different state departments
at all levels of government (Van Riet & Diedericks, 2009:5). It is a platform where
different government departments coordinate and integrate their disaster risk
management administrative activities. Furthermore, this structure also makes
provision for technocrats to compile disaster-related plans and strategies, and also
serves as an accountability platform between the different departments (Van Riet &
Diedericks, 2009:5; Van Niekerk, 2005:139). The establishment of disaster risk
management structures is further cascaded from national to provincial level. To
ensure continuation from the national level, the NDMF in-line with the Disaster
Management Act mandates the provinces to establish structures that are established
at national level in order to support the implementation of disaster risk management

plans and strategies at provincial level.
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3.3.1.2 Disaster Risk Management structures in the provincial government

sphere

The NDMF (South Africa, 2005: 12) indicates that in order to ensure integrated
disaster management at provincial level, the provincial governments should establish
and co-ordinating structures which are similar to the structures that exist at national
level. In this light, provinces are responsible for co-ordinating and facilitating the
implementation of disaster management policy at provincial level. In order to ensure
that the policy and programmes are implemented at provincial level there has to be
political support. The Premier’s Intergovernmental Forum provides a platform where
the premier of each province consults with the MECs (Members of the Executive
Council) and other decision makers in the province. The Premier’s Intergovernmental
Forum is a consultative body that consists of the premier, a member from the
executive council of the province (responsible for local government), the mayors of
district and/or metropolitan municipalities in the province, and a representative of
organised local government in the province. In line with the structure at national
level, the MEC responsible for the implementation of disaster risk management may

constitute a Provincial Disaster Risk Management Advisory Forum (PDRMAF).

The PDRMAF is a platform where provincial government and disaster risk
management officials in the province consult each other and co-ordinate their
provincial disaster risk management initiatives (South Africa, 2005a:34; Van Niekerk,
2006:107). It consists of the head of the Provincial Disaster Management Centre, a
senior representative of each department designated by the premier, the heads of
municipal disaster risk management centres in the province, representatives from
organised local government in the province, as well as members of other disaster
risk management role-players (i.e. academic institutions). It is essential to indicate
that the establishment of the PDRMAF is not a statutory requirement (Ngcamu,
2011: 125). However, should the province decide not to establish the PDRMAF, it
should ensure the establishment of an appropriate alternative structure for the
purpose of disaster risk management advisory issues. Furthermore, the provinces
are also required to develop and implement their disaster risk management
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framework. In order to ensure consistency with the Disaster Management Act and
NDMF, the Provincial Disaster Risk Management Framework (PDRMF) should
consist of the four KPAs and three enablers tailored according to the provincial
needs (South Africa, 2005a; Van Niekerk, 2006). For the implementation of the
PDRMF, the province should establish institutional support, which is the Provincial

Disaster Management Centre.

In terms of section 1.2.4 of the NDMF, the MECs responsible for disaster risk
reduction should establish the institutional capacity for the implementation of disaster
risk reduction in each province. This implies that the provinces should establish the
Provincial Disaster Risk Management Centres (PDMC) as stipulated in Chapter 4 of
the Disaster Management Act. It is of critical importance to indicate that the mandate
of the PDRMCs is similar to that of the NDRMC, but it is limited to the provincial
boundaries. Furthermore, PDRMC should establish a link between the objectives
outlined by the NDRMC and the municipal disaster risk reduction initiatives. It should
also support the municipal disaster risk management centres as and when the need
arises (South Africa, 2005a:34; Van Niekerk, 2006:107).

Another structure that can (not a statutory requirement) be established at provincial
level is the Provincial Interdepartmental Committee on Disaster Risk Management
(PICDRM) (Van Niekerk, 2005). This structure consists of senior provincial staff
members of each province as well as members with relevant technical expertise
within the province. The PICDRM has functions and responsibilities similar to that of
the NIDRMC, except that the PICDRM functions within the provincial boundaries
(Van Niekerk, 2005). The structures that are established at provincial level should
also be established at the municipal level for the sake of consistency with national

and provincial disaster risk management practices.

3.3.1.3 Disaster Risk Management structures in the local government sphere

The role of local government in institutionalising disaster risk reduction is vital
because it is the unit where practical activities such as risk reduction and land use
management can be regulated and safer construction methods can be promoted and

enforced (Ahrens &Rudolph, 2006; Burby et al. 2007; Suntanta et al. 2006). The
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establishment of disaster risk management structures at local level is essential to
ensure that strategies, policies and projects are implemented in such a way that the
impacts of hazards can be reduced in order to establish disaster-resilient
communities. For instance, the establishment of disaster risk management structures
at the MLM will ensure that when policies and strategies are developed, they take
into consideration issues such as the risks caused by sinkholes, as well as invite
various stakeholders (including community members) to serve on committees such
as the Municipal Disaster Risk Management Advisory Forums. The establishment of
disaster risk management structures and the involvement of stakeholders will create
a platform for exchanging ideas and allocate responsibilities accordingly. In the case
of the MLM, the establishment of disaster risk management structures and the
involvement of relevant stakeholders will ensure that community members report the
possible signs of sinkhole formation as well as leakages. This, in turn, will enable
municipal officials to improve their response to such hazards as well as assist them
in planning and mitigate the risk. The Disaster Management Act and NDMF indicate
that the municipal council for each metropolitan and district municipality should
establish the institutional structures to implement disaster risk management in their

areas.

Section 43 of the Disaster Management Act requires each metropolitan and district
municipality to establish disaster risk management centres in its area of jurisdiction
to support the implementation of local, provincial and national disaster risk
management strategic policies (South Africa, 2003). The district municipality should
establish disaster management centre after consultation with the local municipalities
in its area. And such a centre can be operated in partnership with the local
municipalities. It is essential to indicate that the Municipal Disaster Management
Centre (MDMC) should specialise in disaster risk issues that exist in its area and
emphasises prevention as well as mitigation of disaster risks by promoting formal
and informal risk avoidance practices by government departments, non-
governmental organisations and community-based organisations (South Africa,
2003; Van Niekerk, 2005).
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Section 43 of the Disaster Management Act further indicates that district
municipalities should consult with the local municipalities regarding the
establishment and management of disaster risk management structures, including
disaster management centres, frameworks, and advisory forums. Section 50(1) of
the Disaster Management Act stipulates that the MDMC'’s should report back to their
councils through mayoral committees on an annual basis. Institutional support
should be established at local government level for consultation between internal
and external parties on issues relating to disaster risk management within the
municipality. Section 51(1) of the Disaster Management Act (57 of 2002) indicates
that there is no statutory requirement for local municipalities to establish the
Municipal Disaster Risk Management Advisory Forum. However, district
municipalities also form part of the local government sphere and are legally obligated
(see s 7(2) (d-f), s 42(1-3), s 44(1) (b), s 44(3) (a—b), and s 47(2) of the Act) to
manage disaster risk management competencies, and have a responsibility to
establish district disaster management advisory forums. To be consistent with
national and provincial approaches, local governments should also develop a

disaster risk management framework for their area of jurisdiction.

Section 42 of the Disaster Management Act (57 of 2002) indicates that in order to
ensure an integrated and uniform approach towards disaster risk management, each
metropolitan and district municipality should establish and implement a Municipal
Disaster Risk Management Framework, which is consistent with the provincial and
National Disaster Risk Management Framework, in its area of jurisdiction. A
Municipal Disaster Risk Management Framework is a document that steers disaster
risk management activities at the local level. Furthermore, it provides operational
guidelines to statutory functionaries on the implementation of operations in the
district as well as at the local municipality, all the municipal departments operating in
its area, the private sector, and non-governmental organisations taking part in
disaster risk management (Van Niekerk, 2005). The formulation of a Municipal
Disaster Risk Management Framework, in the case of MLM, will guide the
development and implementation of disaster risk reduction strategies. In other
words, the Municipal Disaster Risk Management Framework can be used as a guide
to establish disaster risk management structures and strategies to effectively
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mitigate the risks caused by sinkholes. In order to ensure cross-departmental
consultation on disaster risk management strategies at local level, the Municipal

Interdepartmental Disaster Risk Management Committee should be established.

The Municipal Interdepartmental Disaster Risk Management Committee (MIDRMC)
is a platform where various municipal departments can consult each other and
integrate their disaster risk management activities. It is responsible for ensuring that
prevention and mitigation strategies are developed and implemented to ensure
effective response to any potential calamitous event (Van der Waldt et al., 2007:246;
Munzelele, 2011). However, if the municipality decides not to establish such a
committee, there should be an alternative structure in place to ensure that
consultation takes place between government departments as well as allow the
community to partake in disaster risk management activities. Once institutional
arrangements have been established, then disaster risk assessments can be
conducted. This is a crucial process because the effectiveness of a disaster risk
management programme is determined by the quality of the disaster risk

assessment outcomes.

3.3.2. KPA 2: Disaster Risk Assessment

Disaster risk assessment refers to systematic procedures that determine the nature
and extent of hazard as well as societal vulnerability by analysing hazards and
evaluating the conditions of vulnerability that can adversely affect people, property,
livelihood and the environment (Basher, 2006: 2168; Perez-Lugo; 2001; Poolman,
2011: 12; Forbes-Biggs, 2011: 13). Therefore, the first step in reducing disaster risk
is to identify the hazard and understand its nature, causes, severity, as well as the
kind of damage it can do (Carreno et al., 2007; Perez-Lugo; 2001; Forbes-Biggs,
2011:11). The objective of KPA 2 is to address the need for conducting disaster risk
assessment. In support, sections 20, 33 and 47 of the Disaster Management Act
further stipulate the importance of conducting disaster risk assessments in order to

guide disaster risk reduction activities at national, provincial and municipal level.

There are various methods of conducting disaster risk assessment. The choice of

method is determined by the nature of risk, the characteristics of the community at
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risk, and the infrastructure that is likely to be affected (South Africa, 2003). However,

the general disaster risk assessment process involves the following stages:

e Stage 1: Identifying the specific disaster risk to be assessed,;

e Stage 2: Analysing the disaster risk concerned;

e Stage 3: Evaluating the disaster risk to be assessed in relation to other risks in
order to set priorities; and

e Stage 4: Inform the on-going disaster risk assessment and planning processes.
This stage involves monitoring disaster risks to ensure the effectiveness of risk
reduction activities, and updating disaster risk assessment information, as well as

distribute this information to all role-players (South Africa, 2003: 28).

Risk assessment requires a continuous monitoring of hazardous events, particularly
those that are dynamic in nature (Basher, 2006: 2168; Perez-Lugo; 2001; Poolman,
2011: 12; Forbes-Biggs, 2011: 13). The assessment of risk will assist in supporting
regular review and re-assessment of hazards, exposures and vulnerability as well as
improving the understanding of evolving risk landscapes and risk knowledge as a
result of new data. In order to reduce the impacts of disasters, people should be
well-informed about the nature of hazards and measures that can be adopted to

minimise their vulnerability.

A comprehensive risk assessment is the one that considers different types of
calamitous events and their underlying drivers as well as recognising the importance
of indigenous knowledge (Basher, 2006: 2168; Perez-Lugo, 2001; Carreno et al.,
2007). Indigenous knowledge is a crucial part of any risk assessment process
because communities are knowledgeable on the types of disasters that occur in their
environment and, in some cases, are even able to anticipate them (Basher, 2006:
2168; Perez-Lugo, 2001; Carreno et al., 2007; Poolman, 2011: 13). Furthermore,
active involvement of at-risk communities in the processes of disaster risk
assessment will increase the likelihood of communities taking ownership of risk
reduction initiatives (Basher, 2006; Carreno et al., 2007; Perez-Lugo, 2001). This
can be achieved by making use of instruments like the Vulnerability and Capacity
Assessment model (VCA). This model follows a participatory and investigative

approach which assesses the risk that individuals face in their communities, the
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vulnerability that might emanate from such risks, and the capacity available to cope
with hazards (Basher, 2006; Perez-Lugo, 2001). In other words, this model seeks to
obtain the data necessary to assist people in preparing for hazards, and to prevent
them from becoming disasters, or to mitigate the impact of disasters.

In this light, the NDMF (2005: 18) indicates that in order to strategically respond to
the changing nature of disasters, all state departments must develop a monitoring
system that is relevant to their functional responsibilities. These systems play a
critical role in monitoring the effectiveness of disaster risk reduction activities and
provide up-to-date data that can be used to continually update existing disaster risk

assessments. The risk monitoring system consists of the following:

e Hazard tracking: system that monitors the physical activities that can cause a
calamitous event. They provide seasonal and early warning information on
approaching adverse weather conditions.

e Vulnerability and capacity monitoring system: Tracks the ability of areas,
communities and critical services to withstand the external threat.

e Disaster event tracking: system that monitors the changing pattern of disaster
risk. It monitors the increasing or decreasing frequencies of unclassified disaster
incidents (South Africa, 2005: 35)

In the case of this study, conducting continuous disaster risk assessment in the MLM
is essential because the nature of risk caused by sinkholes will be assessed as well
as the vulnerability of communities and infrastructure. The Information gathered from
disaster risk assessment can be used to develop strategies that would reduce the
risk caused by sinkholes. For instance, awareness campaigns can be developed
from the assessment results to inform the community about factors that exacerbate
the formation of sinkholes and measures that should be undertaken to reduce the

risks.

3.3.3 KPA 3: Disaster Risk Reduction

This KPA ensures that the development and implementation of disaster risk

management plans and risk reduction programmes are executed in accordance with
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the approved disaster risk management framework. Sections 25, 32 and 52 of the
Disaster Management Act specifies the legal requirements for the preparation of
disaster management frameworks and plans by national, provincial and local
spheres of government. It emphasises the importance of planning and integrating
disaster risk reduction principles and mitigation measures into future programmes
and initiatives. Therefore, all the government spheres and other role-players involved
in disaster management are required to develop and implement disaster risk
management plans. The NDMF indicates that, in the development of disaster risk
management plans, the Disaster Management Act (see s 25(1-2), s 38(1-2), and s

53(1-3)) takes into account the following issues:

e The unevenness in disaster risk management planning capacity and
experience across the district municipalities; and

e National and provincial organs of the state engaging in disaster risk
management for the first time should undertake a comprehensive consultation
process before developing disaster risk management plans (South Africa,
2003: 41).

To address these issues, the NDMF provides for a phased approach to disaster risk
management planning and implementation. Accordingly, planning can be used to
design and implement activities that aim to reduce the risk because the impact of
hazards can be increased by unplanned or inadequate human activities such as
development in hazard-prone areas as well as inadequate safety measures (Sutanta
et al. 2006: 245; Sakai, 1999). On this note, the NDMF outlines the following three

levels of disaster risk management plans:

e Level 1 disaster risk management plan: It focuses on establishing institutional
arrangements for disaster risk management, developing contingency plans to
respond to the threats identified during risk assessment, identifying governmental
and other role-players, and developing the capacity to generate a level-2 disaster
risk management plan. This is only applicable to national, provincial or municipal
entities that have never developed a disaster risk management plan;

e Level 2 disaster risk management plan: It is applicable to either provincial or
municipal entities that have already developed institutional arrangements and are
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working towards building the necessary capacity to execute disaster risk
management activities. It entails the establishment of comprehensive disaster
risk assessments, establishing formal consultative mechanisms for the
development of disaster risk management projects, and introducing supportive
information management and emergency communication systems.

Level 3 disaster risk management: it is applicable to the provincial and municipal
entity that has developed both the institutional arrangements for disaster risk
management and necessary supportive capabilities. It must clearly outline the
institutional arrangements for coordinating and aligning the plan with other
government initiatives and involved role-players. Furthermore, it must reveal the
evidence of informed disaster risk reduction and a continuous disaster risk
monitoring system in order to reduce the vulnerability of communities and

infrastructure from natural and developmental hazards.

Disaster risk management planning should be informed by disaster risk assessment

results in order to set the priorities for dealing with a wide range of disaster risks

(South Africa, 2003). In this regard, priorities must be set for identifying disaster

risks. Therefore, disaster risk management priorities should be arranged to mitigate

the impacts of the following disaster risks:

Wide-area events (such as severe droughts, extreme weather, floods etc.) that
are likely to affect more than one province or more than one district municipality;
Recurrent events (such as informal settlements fires, communicable diseases
that affect people and livestock) that occurs in most provinces and requires the
national interventions or that occurs in district municipalities and requires the
provincial interventions;

Rare high-magnitude disasters risk (such as nuclear accidents, earthquakes,
severe oil spills) with a potential for severe loss and which requires a certain level
of special support that might not be available within the province;

Disaster risks (unplanned cross-border movements or events that requires
humanitarian assistance) that affect neighbouring countries and have an impact
on South Africa, or that affect the province and have an impact on the

neighbouring province (South Africa, 2003).
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As indicated earlier, the effectiveness of risk reduction strategies is heavily
influenced by disaster risk assessment. This implies that for the MLM to develop an
effective sinkhole risk reduction strategy, a comprehensive sinkhole risk assessment
process should be undertaken. The outcomes of a sinkhole risk assessment will
guide the development and implementation of structural and non-structural
strategies. For instance, residential areas will have to be planned with consideration
of the structural measures (storm water drainage) to reduce the probability of
sinkhole formation. While, the non-structural measures could involve raising
awareness in the community about the risk factors that contribute to the formation of

sinkholes.

3.3.4 KPA 4: Response and recovery

No matter how well a country or community plans to prevent disasters, there will
always be a chance that a disaster will take place (Tierney et al., 2001; Christoplos,
2001; Joyce, 2011; Chagutah, 2009). This implies that not all natural hazards can be
prevented from occurring, but their impact can be reduced by developing and
implementing an integrated policy that focuses on effective response to disasters
and post-disaster recovery and rehabilitation. In this light, the objective of this KPA is
to develop and implement an effective and appropriate disaster response and
recovery approaches in a uniform manner. It also seeks to reduce the possible
impact of hazards with regard to personal injury, loss of life, damage to
infrastructure, property, as well as the environment. Furthermore, it also involves the
implementation of rehabilitation and reconstruction strategies after the occurrence of

a disaster.

According to Ngcamu (2011: 35) disaster response refers to all the actions that are
taken by institutions and communities in the face of disasters, along with the
implementation of a disaster preparedness plan and procedures. In this light, the
fundamental aim of preparedness planning is to strengthen the capacity to respond
to different hazardous situations that might affect a community by implementing a set
of preparedness measures. Preparedness measures include early warning systems,
on-going risk and vulnerability assessment, capacity building, the creation and
maintenance of stand-by capacities as well as reserving necessary resources

-58 -



(UN/ISDR, 2006:15; UN/ISDR, 2008: 20; Tierney et al., 2001; Christoplos, 2001,
Joyce, 2011; Chagutah, 2009). Building preparedness capacity requires an
assessment of the systems in place and available resources. Capacity assessments
can reveal hidden assets and available resources that can be built upon to
strengthen preparedness and lead to a more predictable and efficient response and
recovery process (Allen, 2006; Kadzatsa, 2011; Tierney et al., 2001). Capacity
building activities should include measures to analyse responses to previous
disasters and to incorporate lessons learnt into future capacity-building strategies.

In light of the above, the NDMF stipulates that, the responsibility for co-ordinating the
response to a specific disaster should be allocated to a state department which holds
expertise in that particular type of a disaster, and other stakeholders will provide
support (South Africa, 2002: 59). For instance, in the case of floods, the Department
of Water Affairs and Forestry will assume the primary responsibility. Furthermore, in
terms of integrated reconstruction and rehabilitation, the state organ tasked with the
primary responsibility must establish a project team that is mandated to assist
disaster victims in recovering from the impact and also to restore the affected
infrastructure (South Africa, 2002). During the reconstruction process, the team must
incorporate appropriate mitigation measures to reduce the impact of future disasters
and report its progress to the NDMC. It is essential to indicate that during a disaster
or when a disaster threatens to occur, the MDMC (Municipal Disaster Management
Centre) has the responsibility to guide and support the relevant stakeholders in the
case of metropolitan municipalities and local municipalities within a district.
Furthermore, it should also utilise the municipal infrastructure and other resources
available to support the local disaster risk reduction initiatives (South Africa, 2002:
14). In the case of MLM, KPA 4 implies that preparedness measures such as training
should be provided for both the community members (to enlighten them about the
signs of sinkhole formation and encourage them to report the signs as soon
possible) and officials (so they can conduct assessments and rehabilitate the
sinkhole) to reduce the risk of injury, loss of life, or damage to infrastructure. The
subsequent section will discuss the second enabler as it corresponds with the HFA's

priorities for action.
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3.3.6 Enabler 2: Education, Training, Public Awareness and Research

According to Patel and Izadkhah (2008) the crux of developing a disaster resilient
society is heavily influenced by the success of disaster reduction education. Formal
and informal education can be used to distribute information and increase
understanding about disaster risks, teach preparedness, as well as demonstrate
possible ways to react during disasters (UNESCO, 2005; Burby et al., 2007: 256;
Clerveaux & Spence, 2009: 209). In this light, section 15 and 20 (2) of the Disaster
Management Act encourages a culture of risk avoidance, promotion of education
and training, as well as research into all aspects of disaster risk management. To
achieve this, this enabler promotes a culture of risk avoidance by capacitating the
role-players through integrated education, training, and public awareness
programmes. It addresses the requirements for the development and implementation
of national education, training and research, as well as integrated public awareness
— including the use of media and the inclusion of disaster risk management in the

school curricula.

Building a disaster-resilient community through formal education entails, amongst
others, the incorporation of disaster reduction curricula or lessons in schools and
post-school institutions because it is believed that children and young people are
more receptive to new information and they can also act as a channel for transferring
knowledge to their families (Burby et al., 2007: 256; Clerveaux & Spence, 2009:
209). The NDMF reiterates this by stipulating that disaster education must be
integrated into primary and secondary school curricula and schools should be
regarded as focal points for raising awareness about disaster risk reduction.
Government officials should also receive extensive training on disaster risk reduction
and other relevant fields such as development planning, hazard identification and
assessment, and participatory rural appraisal (Mercer et al., 2009; Rambau et al.
2012). Furthermore, informal training that focuses on disaster risk awareness,
disaster risk reduction, and preparedness should also be presented to community
members. Informal training (transmitting information outside the standard of a school
setting) can be used to broaden the knowledge of people who are already familiar
with various risk reduction skills that they acquired over a period of time through

experience as well as community practices (Mercer et al., 2009; Rambau et al. 2012;
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UNESCO, 2005; Pearce, 2002; Izadkhan & Hosseini, 2005; Clerveaux & Spence,
2009: 221). In other words, training (formal and informal) can be used as platform for
raising awareness about hazards, vulnerabilities, risks, and how to reduce disaster
impacts from vulnerable communities and decision makers. It is essential to
disseminate information on hazards and vulnerability in a manner that the targeted
group will understand and, if possible, it should be accompanied by practical actions
that can be undertaken to reduce the risk as well as the expected benefits of such
actions (Chagutah, 2009: 116; Poolman, 2011:12). The NDMF indicates that the
Disaster Management Act calls for continuous research to be conducted in all

aspects of disaster risk management (Mercer et al., 2009; Rambau et al. 2012).

The NDMC is responsible for developing a disaster risk reduction research
programme which is linked to the municipal IDP process in order to effectively guide
disaster risk management planning and implementation. The NDMC must develop

the following processes in order to develop a focused research agenda:

e Consultation between disaster risk scientists and disaster risk reduction
professionals in order to identify priorities for collaborative research and
development as well as ways to implement such initiatives;

e Auditing of the existing research initiatives and programmes in order to identify
those that contribute to the understanding of disaster risk management
processes and provide insight into effective disaster risk reduction strategies;

e Consultation with national and international agencies that support research for
promoting disaster resilience and co-ordinate funding support for disaster risk
management research.

e Developing an integrated disaster risk reduction research programme as well as
the mechanisms to publicise the research results (Mercer et al., 2009; Rambau et
al. 2012).

For the MLM, enabler 2 implies that formal and informal education can be used as a
platform to raise awareness about the risk of sinkholes as well as share information
regarding measures that can be implemented to reduce the risk. It can be argued
that the incorporation of sinkhole risk reduction in MLM schools can contribute

towards building a resilient community to sinkholes because it is believed that
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children and young people are more receptive to new information and they can also
act as a good channel for transferring knowledge to their families (Burby et al., 2007:
256; Clerveaux & Spence, 2009: 209). The above section discussed South African
Disaster Management legislation and related structures in detail. It also indicated
how structures are formed and how they function in national, provincial and local

government.

Henceforth, the following section will provide a discussion regarding the mining and
the environmental management legislation that focus on regulating mining
operations that might have adverse impact on the environment (dewatering dolomitic
aquifers and compromise ground stability which may result in the development of

sinkholes).

3.4 Mining and Environmental Management Legislation

The extraction and processing of mineral resources is widely considered as one of
the most environmentally and socially disruptive business activity (Jenkins &
Yakovleva, 2006: 272). This is reflected in the context of the study area. For
instance, the occurrence of sinkholes in the MLM as a result of dewatering dolomitic
aquifers (which compromised the ground stability) by mines caused the following
catastrophic events:

e Sinking of the West Driefontein crushing plant as well as the business sector of

the Carletonville Township (known as Khutsong) into sinkholes;
e The death of a family of five at Blyvooruitzicht due to a sinkhole;
e Drying up of boreholes used for farming activities;
e Cracking walls of local houses; and

e Deterioration of water and sanitation infrastructure (Winde & Stoch, 2010; Van
Eeden et al., 2003; Van Eeden, 2006; Ngcobo, 2006; Swart et al., 2003).

Section 24 of the South African Constitution (1996) stipulates that:
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Everyone has the right to an environment that is not harmful to their health or
wellbeing; and to have the environment that is protected for the benefit of
present and future generations, through reasonable legislative and other
measures that prevent pollution and environmental degradation; promote
conservation; and secure ecologically sustainable development and use of
natural resources while promoting justifiable economic and social

development.

In this regard, several pieces of legislation (see table 3.2) were compiled to protect
various aspects of the environment. Examples of these are the National Water Act
(36 of 1998), National Environmental Management Act (107 of 1998), Mineral and
Petroleum Resources Development Act (28 of 2002), Biodiversity Act (10 of 2004),
Waste Act (59 of 2008), as well as the Environmental Realisation Act (51 of 1997).
However, for the purpose of this study the focus will be limited to the National
Environmental Management Act as well as the Mineral and Petroleum Development
Act because they focus on regulating mining operations that might adversely affect
the environment. In the case of the MLM it can be argued that the dewatering of the
dolomitic aquifers contravenes Section 24 of the Constitution because it
compromises the ground stability which then leads to the formation of sinkholes

(which means a harmful environment for the MLM residents).

3.4.1 National Environmental Management Act

In order to comply with Section 24 of the Constitution, Section 2 of the National
Environmental Management Act (107 of 1998) (NEMA) prescribes the environmental
management principles that guide the administration and execution of the
environmental requirements for current and future mining operations. In this regard,
Section 2 (4) of the NEMA outlines the following principles for environment-related

operations:

e Pollution and environmental degradation should be avoided or, in cases

where they cannot be avoided, they should be minimised and remedied,;
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e The development, use and exploitation of renewable resources and the
ecosystem should not exceed the level beyond which their integrity is
jeopardised;

e The negative impacts on the environment and on people’s rights should be
anticipated and prevented; if they cannot be altogether prevented they should
be minimised and remedied,;

e The cost of remedying pollution, environmental degradation or minimising
further environmental damage should be paid by those responsible for
harming the environment.

The environmental management principles, if properly implemented, will ensure that
mining organisations (in the MLM) do not focus on maximum production only (by
dewatering dolomitic compartments for the sake of mining operations), but consider
the risks caused by the dewatering process (compromising the ground stability)
which could pose a threat to residents and infrastructure. The environmental
management principles compel the mining organisations to anticipate the risks that
may arise as result of their operations. Furthermore, the principles indicate that the
cost of rehabilitating the environment should be paid by those responsible for
harming it. It can be argued that, since the dewatering of dolomitic aquifers by mines
contribute to the formation of sinkholes (as a result of compromised ground stability),
the mining organisations should contribute to the process of reducing the risks
associated with the formation of sinkholes in the area. For instance, by allocating a
budget that can be used for awareness campaigns and the rehabilitation of

sinkholes.

Furthermore, Section 10 of the NEMA requires each department (at national level)
involved in the protection of the environment, to prepare an environmental
management plan as well as the environmental implementation plan (South Africa,
1998). Both the environmental management plan and environmental implementation

plan can be used to:

e co-ordinate environmental policies, plans, programmes and decisions of the
various national, provincial and local departments — entrusted with powers

and duties aimed at the achievement, promotion, and protection of a
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sustainable environment — in order to avoid duplication and promote

consistence across all the spheres;

e implement the principles of co-operative government as outlined in Chapter 3

of the Constitution;
e enforce protection of the environment across the country as a whole;

e regulate unnecessary actions by provinces in respect of the environment that
are prejudicial to the economic or health interests of other provinces or the

country as a whole; and

e enable the Minister to monitor the promotion and protection of a sustainable

environment (South Africa, 1998).

In order to comply with the environmental management plan and environmental
implementation plan, every sphere of government must exercise all its functions to
protect the environment in accordance with the environmental implementation plan
or the submitted environmental management plan. Provinces must also ensure that
the relevant provincial environmental implementation plan is compiled by each
municipality within their area of jurisdiction and that municipalities adhere to the
relevant environmental implementation and management plans, as well as the

principles of developing policies and programmes (South Africa, 1998).

In the case of the MLM, the development and implementation of sinkhole risk
reduction strategies must take into cognisance the environmental plan and
environmental implementation plan in order to achieve consistence with the
provincial and national spheres of government. It is essential to indicate that the
legislation does not provide a clear guideline regarding the relationship between
environmental management and disaster management. It can be argued that when
the NEMA was approved in 1998, while the NDMA was still in its conceptual phase
(the Inter-Ministerial Committee for Disaster Management was only established in
1997 to develop disaster management legislation). The following section will
highlight the aspects of the Mineral and Petroleum Resource Development Act which
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regulate mining operations to comply with the environmental management

requirements.

3.4.2 Mineral and Petroleum Resources Development Act

Section 37 of the Mineral and Petroleum Resources Development Act (MPDRA)
reiterates that the principles of environmental management outlined in Section 2 of
the NEMA should be applied to all current and future mining operations. In addition,
Section 38 indicates that the holder of the mining right or mining permit should
investigate, assess and communicate the impact of the mining operations on the
environment, as well as the socio-economic conditions of any person who might be
affected by such mining operations. The right / permit holder will be held responsible
for any mining-related damage to the environment inside or outside the boundaries
of the area to which such right relates. Consequently, it can be argued that, in order
to comply with Section 38 of the MPRDA, the mining organisations in the MLM
should be held accountable for the occurrence of sinkholes in the area due to the

dewatering of dolomitic aquifers.

As in Section 10 of the NEMA, Section 39 of the MPDRA requires the mining permit
holders to develop an environmental management plan which establishes the
baseline information regarding the affected environment, and describe the manner in
which the operation which causes the environmental degradation will be modified or
controlled. In the case of the MLM, sinkholes should be included as part of other
environmental damages as result of mining operations and mining organisations
should describe the remedial measures for sinkholes as part of the environmental

management plan.

3.5 Conclusion

In conclusion, this chapter discussed the South African disaster management law
that guides the implementation of disaster risk management activities as well as the
mining and environmental management legislation. It specifically highlighted the fact

that South Africa did not have a comprehensive approach to deal with disasters
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before 1994 and the focus was primarily on response and recovery. In response to
the request made by the United Nations to reduce the impacts of natural hazards,
South Africa (as a member state) dedicated itself to develop an approach that was in
line with the international practices of managing disasters. As a result, the
government established an Inter-Ministerial Committee in 1997 which was
responsible for developing disaster management legislation for South Africa. In the
beginning of 2000, the South African Disaster Management Bill was availed for
public discussion and on January 2003, the new Disaster Management Act 57 of

2002 was promulgated.

Apart from the Disaster Management Act, South Africa also has a National Disaster
Management Framework (NDMF) which steers the development and implementation
of disaster management approaches. The National Disaster Management
Framework (NDMF) is divided into four Key Performance Areas (KPAs) — which are
guided by the objectives set out in the Disaster Management Act — and three
enablers, which have to be present for the successful implementation of the KPAs.
The first KPA oversees the existence of an integrated institutional capacity for
disaster risk management in all government spheres (national, provincial and local).
The second KPA deals with issues relating to conducting disaster risk assessment in
order to steer risk reduction initiatives, while the third KPA deals with issues relating
to disaster risk management planning in order to reduce disaster risks. The last KPA
deals with issues relating to effective response and recovery from the impacts of
disasters. The second enabler focuses on promoting a culture of risk avoidance by
capacitating the role-players through integrated education, training and public
awareness programmes. It addresses the requirements for the development and
implementation of national education, training and research as well as integrated
public awareness including the use of media and the inclusion of disaster risk

management in the school curricula.

In terms of regulating the adverse impacts of mining operations on the environment,
Section 2 of the NEMA stipulates that any disturbance of ecosystems, pollution, and
environmental degradation should be avoided or, in cases where they cannot be
avoided, they should be minimised and remedied. The use and exploitation of non-
renewable natural resources should be performed in a responsible and equitable
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manner, taking into account the consequences of the resource depletion. The use
and exploitation of renewable resources and the ecosystem should not exceed the
level beyond which their integrity is jeopardised. The negative impacts on the
environment and on people’s environmental rights should be anticipated and
prevented; if they cannot be altogether prevented they should be minimised and
remedied. Finally, the cost of remedying environmental damage should be paid by

those responsible for harming the environment.
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Chapter 4
Research Methodology
4.1 Introduction

The previous chapter presented the legislative framework guiding the
implementation of disaster management as well as environmental management
legislation in South African. This chapter will present in-depth discussion of various
aspects of the research methodology as they were applied in the process of
collecting data to answer the research questions. The discussion in this chapter
focuses, specifically, on an explanation of the research design and motivation for the
use of qualitative research design. Thereafter, a detailed discussion of the data-
collection methods is provided. In this study, data was collected by means of
unstructured, semi-structured, as well as focus group interviews. And the Hyogo
Framework for Action was used as an analysis tool. Issues relating to the validity and
reliability of the study are also outlined. Finally, the chapter will be concluded by

describing the ethical considerations that influenced the study.

4.2 Research design

Research design can be described as a blueprint for conducting a study in such a
way that maximum control is gained over the factors that could interfere with the
validity of the research results (Bell, 2005:159, Creswell, 2003, Berg, 2006, Greener,
2011 and Guthrie, 2010). The research design can be regarded as the researcher’s
general plan for obtaining answers to the research questions that guide the study.
Designing a study enables the researcher to plan and conduct the study in a way
that will obtain the envisaged results, and therefore increase the chances of
obtaining information that could be associated with the real situation (Bell, 2005:159,
Creswell, 2003, Berg, 2006, Greener, 2011 and Guthrie, 2010). This study utilised
the qualitative research design to gather information about the factors that contribute
to the formation of sinkholes; how sinkholes affect the economic developmentof the
MLM; and if strategies were implemented to mitigate the formation and impacts of

sinkholes.
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4.2.1 Qualitative research design

Qualitative research is a process of studying a phenomenon in its full complexity,
portraying its multi-faceted forms, and trying to simplify what was studied or
observed (Leedy & Ormrod, 2001; Struwig and Stread, 2007). It recognises that
research takes place within a specific context and individuals are influenced by the
environment they live in. Thus, the opinion of participants should not be seen in
isolation but as influenced by their environment (Blaikie, 2000: 233; Struwig and
Stread, 2007: 71).

Qualitative data consist of open-ended information that the researcher gathers
through different types of interviews with participants. Generally, questions are open-
ended in nature to keep conversation going in order to obtain more detailed
information (Pope & Mays, 2006). Specifically, open-ended questions create a
platform to gain more insight into a person’s feelings and perspectives (Pope &
Mays, 2006). Qualitative information can also be collected by observing participants
or the site of research, gathering documents from private (diaries) or public sources
(such minutes of meetings) or collecting audio-visual materials (video recordings)
(Pope & Mays, 2006). Qualitative data (words, photos, text) is analysed by
aggregating the words or images into categories of information and present the

diversity of ideas gathered during the collection of data (Creswell, 2006: 6).
Qualitative research methodology has, amongst others, the following characteristics:

e |t is able to provide a description of people’s personal experiences regarding a
phenomenon,;

e Itis able to describe complex phenomena;

e It describes the phenomena as they are situated and embedded in local context;
and

e |t is able to determine the cause of a social problem (Leedy & Ormrod, 2001;
Struwig and Stread, 2007).
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In this light, a qualitative approach was selected for the study because it would
enable the researcher, through the use of structured, unstructured, and focus group

interviews, to gather:

e The views of MLM’s community members regarding the formation and impact of

sinkholes;

e Information regarding the existence of mitigation and response strategies for the

formation of sinkholes; and

e Information about the management of water and sanitation facilities and how they

were monitored in order to avoid leakages.

The following section will provide a comprehensive discussion regarding the data
collection tools utilised for the study.

4.3 Data collection tools

A qualitative research design provides the researcher with a variety of tools that can
be utilised to achieve the research goal. In the case of this study, unstructured, semi-
structured as well as focus group interviews were selected as data collection tools.
These tools are comprehensively discussed in the section to follow, starting with a
brief description of the literature review, and then followed by the introduction of

each research tool.

4.3.1 Literature review

In order to gain an understanding of the factors that contribute to the formation of
sinkholes in a dolomitic area such as MLM, an extensive literature review was
conducted. Literature review is a process of reading, analysing and summarising the
scholarly work on a particular topic (Hofstee, 2006; Greener, 2011; Berg, 2006).
Amongst others, the purpose of literature review is to show:

e That the researcher is aware of what is going on in practice;
e How the current research fits into the research that has already been conducted;

e How the researcher’s work will lead to new knowledge; and
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e That there is a theoretical basis for the research to be conducted (Hofstee, 2006:
91; Creswell, 2003, Berg, 2006, Greener, 2011; Mouton, 1996).

For the purpose of this study, academic documents regarding the formation of
sinkholes in dolomitic areas, such as MLM, and the associated impacts were
perused. These documents were consulted to form a theoretical framework for this
research.

4.3.2 Unstructured, semi-structured, and focus-group interviews as methods of

data collection

The qualitative research design enables the researcher to utilise various types of
interviews as data collection methods. Interviews can be conducted in such a way
that interviewees feel as comfortable as if they were engaging in a normal
conversation. It is essential to note that the researcher’s role as the interviewer
determines the quality of interview and both the interviewer and interviewee are
involved in the process of answering the research questions (Rechards & Morse,
2007: 113; Greef, 2007:287; Flick; 2009). The interviewer should always be an active
listener and has to be responsive and involved without interrupting the interviewees
when responding (Rechards & Morse, 2007:113). This enables the researcher to
steer the interview in such a way that the interviewee provides as much information
as possible about the phenomenon under investigation. For this research, interviews
were selected because they would enable the interviewees to provide
comprehensive responses regarding the impact of sinkholes in MLM as well as the
strategies implemented to mitigate the risks and to recover from the damage caused
by sinkholes.

4.3.2.1 Unstructured interview

Unstructured interviews can be described as ‘a conversation with purpose’ and is
said to ‘formalise basic conversation’ (DiCicco-Bloom & Crabtree, 2006; Greef, 2007:
292). This interview method allows the researcher to identify the key members
(informants) who would be interviewed (DiCicco-Bloom & Crabtree, 2006; Greef,

2007: 292). Key members are selected on the basis of their roles in the community
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(i.e. ward councillors and municipal officials) and also their knowledge with regard to
the phenomenon under investigation (strategies implemented to manage as well as
mitigate the impact of sinkholes) (DiCicco-Bloom & Crabtree, 2006: 315).
Unstructured interviews enabled the researcher to gain in-depth information about
the community’s perspectives regarding the formation and impact of sinkholes on the
economic development (DiCicco-Bloom & Crabtree, 2006; Greef, 2007: 292).

Two sessions of unstructured interviews were conducted. Firstly, with the senior
official in disaster management department, to gain in-depth information on the
mitigation and response strategies with regard to the formation of sinkholes. The
senior disaster management official was purposefully selected as he is in a
managerial position and is therefore responsible for the development and
implementation of sinkhole risk reduction and response strategies. Unstructured
interviews also enabled the researcher to gain an in-depth understanding of the
strategies used to manage the formation of sinkholes, through the use of follow-up
guestions (DiCicco-Bloom & Crabtree, 2006; Greef, 2007: 292; Pope & May 2006).

Secondly, unstructured interviews were conducted with the ward councillors of areas
affected by the formation of sinkholes in order to obtain the community’s views
regarding the impact of sinkholes on the economic developmentand what they
thought should be done to solve the problem. Ward councillors were selected
because they are community members who are elected by their communities to
represent their concerns at the local authorities. They serve as a link between the
community and local authorities. Ward councillors were selected as a group to be
interviewed because they work with community members on daily basis, and would
therefore be aware of interests as well as the grievances of the community. These

unstructured interviews were supplemented by semi-structured interview.

4.3.2.2 Semi-structured interview

Semi-structured interviews combine two types of interview techniques, namely the
unstructured interview and the structured interview (Struwig & Stead, 2001:98;
Greener, 2011; Mouton, 1996). When conducting a semi-structured interview, open-
ended questions have to be prepared and arranged in a logical order (Rechards &

Morse, 2007:114; Pope & Mays, 2006). This interview method makes it possible to
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arrange the topics according to their interconnectedness (Rechards & Morse,
2007:114; Greef, 2007:296, Greener, 2011; Mouton, 1996). Semi-structured
interviews are flexible in the sense that they enable the researcher to gain essential
information by allowing the interviewees to be more precise with details. This makes
it ideal for studying an unfamiliar phenomenon such as water and sanitation facilities
and their effect on dolomite (DiCicco-Bloom & Crabtree, 2006; Greef, 2007:293,296).
It is also essential to note that even though the questions were prepared in advance,
the interviewer allowed the conversation to flow as natural as possible, just like in
unstructured interview, and asked questions in such a way that they encouraged in-
depth and detailed answers (Greener, 2011; Mouton, 1996).

A semi-structured interview was conducted with the senior official from the MLM
Water and Sanitation Department regarding the monitoring and maintenance of
water and sanitation infrastructure. This official was purposefully selected because
she is in a managerial position and is therefore responsible for prioritising the
maintenance of water and sanitation facilities. Thus, she was able to provide
information about the installation of water and sanitation system and how they were
managed and monitored in order to avoid leakages. Information gathered from this
interview was used to analyse the method of monitoring and maintaining water and
sanitation infrastructure in order to reduce water seepage, which contributes to the

formation of sinkholes.

4.3.2.3 Focus group interview

Focus group interviews can be defined as a tool used to collect research data from a
group which deliberates on topics delineated by the researcher (Morgan, 1996;
Langford & McDonough, 2003). It enables participants, ranging from a group of six to
ten members, to discuss issues related to the research problem under the
supervision of the researcher who steers the discussions (Morgan, 1996; Langford &
McDonough, 2003; Boeije, 2010: 64; Tong et al., 2007: 351).

Three sets of focus-group interviews were conducted with the community members
who live in the areas that are affected by the formation of sinkholes, to acquire
individual and shared views regarding the impact of sinkholes on the community as
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well as their perceptions on possible measures to reduce the risk (Morgan, 1996;
Langford & McDonough, 2003). After data collection process, the information was
analysed by using the Hyogo Framework for action to assess whether the MLM is
pro-actively managing and mitigating the impacts of sinkholes on its economic
developmentas well as explore the strategies implemented to recover from those

impacts.

4.4 Data analysis tool: Hyogo Framework for Action (HFA)

The HFA is a global guideline that emphasises the pro-active approach toward
disasters (disaster risk reduction) rather than responding to the impacts caused by
disasters. Disaster risk reduction is a framework which intends to systematically
prevent and mitigate disaster risks with regard to loss in lives and socio-economic
assets of communities and countries (UN/ISDR, 2005: 3, Olowu, 2010: 305;
Walker,2005; HFA:2010; Bhat: 2007). Since the HFA prescribes that pro-active
actions should be adopted in order to prevent or lessen disaster risks, it was
selected because its priorities for action formed applicable categories of data
analysis for this research. Its relevance stems from the fact that it seeks to
investigate the factors that contribute to the formation of sinkholes in the MLM with
the intention of developing a strategy to pro-actively prevent and lessen the impacts
of sinkholes. The HFA is also useful because it takes into account the roles of
different stakeholders in order to address the challenge. In this regard it made it
possible to capture the community members’ perspectives on formation and impact
of sinkholes, as well as assisted in exploring the strategies implemented by MLM to

prevent and lessen the risks caused by sinkholes.

The data collected was analysed by comparing the strategies implemented by the
MLM (to manage sinkholes) with the HFA priorities for action, because it would
reveal whether the process of reducing the risks associated with sinkholes was
prioritised in the MLM and whether the risk reduction strategies were developed and
implemented. It assisted in determining whether there were mechanisms in place to
assess and monitor factors contributing to the formation of sinkholes as well as
identify early warning signs. It also helped to assess whether innovation and

education were used to create awareness with regard to the factors that contribute to
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the formation of sinkholes. In addition, it was also utilised to explore the strategies
employed by the MLM and community members to reduce the underlying sinkholes
risk factors. Furthermore, it was used to determine how the MLM and the community
prepared themselves to respond effectively towards the formation of sinkholes as

well as recover from their associated impacts.

4.5 Measures to ensure reliability and validity of the study

According to Tashakkori (2009) validity and reliability are two aspects that should not
be neglected or underestimated in research because failing to do so could lead to
the results of the study being worthless and inaccurate. Validity can be defined as
the extent to which an instrument measures and reflects the real meaning of the
phenomenon under investigation (Ihantola & Kihn, 2011: 42; Golafshani, 2003: 599).
Reliability refers to the consistency of a particular instrument: meaning if the
instrument is applied repeatedly under the same conditions it should yield the same
results (lhantola & Kihn, 2011: 42; Golafshani, 2003: 599). The issues of validity as it

pertains to the study will be discussed first, then, followed by reliability.

4.5.1 Validity of the study

This section will discuss issues of validity relating to the qualitative research design.
In qualitative research, validity refers to the research being credible, trustworthy and
defensible. In this regard, data triangulation was used to ensure the validity of the
results. Data triangulation refers to the use of multiple data sources in a single study
(Johnson, 1997:289; Guion et al. 2011; Creswell et al., 2003; May, 2001; Teddlie &
Tashakkori, 2009). Data triangulation entails the collection of data from different
participants at different times with the purpose of increasing the validity of a study
(Johnson, 1997:289; Yeasmin & Rahman, 2012). Therefore, to ensure the validity of
this study, data was collected from the various participants such as senior disaster
management official, senior official at the Water and Sanitation Department, ward

councillors and community members at different times.
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4.5.2 Reliability of the research study

Reliability is a concept that is applied in quantitative research to produce consistent
results (Golafshani, 2003:601, Onwuegbuzie & Johnson, 2006; Guion et al., 2002).
However, producing consistent results in qualitative research often poses challenges
because the variables are constantly changing (Golafshani, 2003: 60; Onwuegbuzie
& Johnson, 2006; Guion et al., 2002). To ensure the reliability of research results, a
sample should consist of participants who best represent or have the knowledge of
the research topic (Morse, 2002). Sampling adequacy ensures the effective
saturation of quality data and also ensures that sufficient data is captured to account
for all aspects of the phenomenon. For this study, the research sample consisted of
participants (ward councillors and community members) who had first-hand
experience of the effects of sinkholes on the socio-economic aspects of their
communities (Morse et al., 2002; May, 2001: 93; Teddlie & Tashakkori, 2009: 168).
Senior officials from the MLM’s Disaster Management and Water and Sanitation
departments were reliable sources of information because they were directly
involved in the planning and implementation of sinkhole risk reduction strategies.
Ward councillors and community members, on the other hand, were also reliable
sources of information regarding the impacts of sinkholes on the economic

developmentof their communities.

In terms of confirming the reliability of consulted documents, instrument reliability
and analyst reliability were applied. Instrument reliability is a process of comparing
similar documents at various levels in time, while analyst reliability refers to the
process of comparing several research results at a certain level (Mogalakwe, 2006;
Morse, 2002; Golafshani, 2003: 601, Kirk & Miller, 1989; Huysamen, 1996). To
adhere to these forms of reliability, documents with different publication dates were
perused to track the occurrence, impacts as well as the factors that contributed to
the formation of sinkholes at MLM. For instance, the majority of consulted
documents constantly referred to the work of Butrick (1995, 1998, and 2011) as
essential documents in order to understand the formation of sinkholes in areas

underlain by dolomite.
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4.6 Limitations of the study

The outcomes of the study cannot be generalised to all areas where sinkholes have
occurred. This study focused only on the impacts of lowering water tables in
dolomitic compartments, as well as excessive water seepage in dolomitic areas and
how these factors contribute to the formation of sinkholes. Another aspect that
further narrowed the study was to determine how sinkholes affected the economic

developmentof MLM.

4.7 Ethical consideration of the study

Conducting social research is an ethical enterprise and research ethics provides
researchers with a guidelines on how to conduct research in a scientific acceptable
manner (Bless et al., 2006:140; Struwig and Stead, 2001: 67; Wisker, 2001: 168;
Neuman, 2006:129). The rationale behind the ethics of research is to prohibit
researchers from engaging in scientific misconduct like distorting and inventing data,

as well as plagiarising the work of others (Neuman, 2006: 129; Wisker, 2001: 168).

The researcher ensured that the research was ethically conducted at all times.
Participants were requested to sign informed consent forms acknowledging their
willingness to participate, before they were interviewed. Interviewees were also
informed that their participation would be voluntary and that they would not be
stopped from discontinuing their participation at any point during the interview. Each
respondent was guaranteed absolute confidentiality. The research was also
conducted in an environment that was safe and free from threats, where the

interviewees felt comfortable.

4.8 Conclusion

In conclusion, the goal of this research is to determine the causes of sinkholes as
well as their impacts on the economic developmentof the MLM with a view of
developing a strategy to reduce the risks emanating from sinkholes. To achieve this
objective, qualitative research design was utilised because it is able to describe the

phenomena as they are situated in the local context, determine the cause of a social
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problem, and it is also able to provide a description of people’s personal experiences

of the phenomenon (Creswell, 2006: 9).

Data was collected by means of unstructured, semi-structured and focus group
interviews with the key informants. The semi-structured interviews enabled the
interviewer to tick responses on a pre-prepared schedule, which allowed the
interviewer to leave the interview with a set of responses that were easily recorded,
summarised and analysed. Unstructured interviews were utilised to enable the
researcher to gain an in-depth understanding of the problem being investigated
(Guthrie, 2010:119). Focus group interviews were conducted to acquire individual
and shared views regarding the impacts of sinkholes on the community as well as
their perceptions on possible measures to reduce the risk (Morgan, 1996; Langford &
McDonough, 2003).

The collected data was analysed by comparing the strategies implemented by the
MLM to manage sinkholes with the HFA priorities for action, because it would reveal
whether sinkhole risk reduction was prioritised by the MLM and whether risk
reduction strategies were developed and implemented. It also assisted in
determining whether there were mechanisms in place to assess and monitor aspects
contributing to the formation of sinkholes as well as to identify early warning signs. In
addition, it helped to assess whether innovation and education were utilised to create
awareness of the factors that contribute to the formation of sinkholes. Strategies
employed by the MLM to reduce the risk factors associated with sinkholes were also
explored. Finally, using the HFA as an analytical framework helped to determine how
the MLM and the community prepared themselves to respond effectively towards the

formation of sinkholes as well as recovering from the associated impacts.

The triangulation of data helped to ensure the validity of the study. Data was
collected from a variety of participants at different times. Furthermore, Instrument
reliability and analyst reliability were also applied to ensure the reliability of the
consulted documents. To adhere to these forms of reliability, documents with
different publication dates were perused to track the occurrence, impacts, as well as

the factors that contribute to the formation of sinkholes in MLM. Most of the
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documents consulted repeatedly referred to the work of Butrick (1995, 1998, and
2011) as essential to understand the formation of sinkholes in areas underlain by

dolomite.

Furthermore, the research process remained ethical at all times and participants
were requested to sign inform consent forms before being interviewed. Interviewees
were also informed that their participation was voluntary and that they were free to
discontinue their involvement at any point during the interview. The next chapter will

present the findings of the research and utilise the HFA as an analysis tool.
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Chapter 5

Empirical findings and analysis

5.1 Introduction

The objective of this study was to investigate the causes of sinkholes and effects
thereof at the Merafong Local Municipality’s communities. A qualitative research
design was used as a means to carry out the research. Qualitative research allowed
the researcher to utilize the research instrument in the form of interviews, which
allowed the participants to comprehensively describe the phenomena under
investigation. This chapter will present the empirical findings and making use of the
HFA'’s priorities for action as an analysis tool. The following section will outline the
context of the study.

5.2 Research Context

The MLM is an area located in the West Rand District Municipality (WRDM). This
district is known to be underlain by dolomite (Swart et al., 2003; Kirsten et al., 2006).
Dolomite is a soluble carbonated bedrock (Swart et al., 2003; Kirsten et al., 2006;
Zhou, 1997:50). The constant exposure of dolomite to rainwater as well as human-
related activities (such as ground water extraction, leakage from water pipes and
sewerage systems) dissolve the rock over time as these substances penetrate
through rock joints to form openings beneath the surface which may result in
sinkholes (Swart et al., 2003; Kirsten et al., 2006; Zhou, 1997:50; Van Eeden et al.,
2007). Sinkholes are either caused by the hollowing out or formation of void below
the earth’s surface as a result of normal geological processes, or they may have
anthropogenic causes. Furthermore, anthropogenic causes such as the construction
of roads, township development and associated services, groundwater extraction
and groundwater recharging may also give rise to the formation of sinkholes
(Haarhof, 2011; Buttrick & Van Schalkwyk, 1998; Ngcobo, 2006; Watermeyer et al.,
2001; Watermeyer et al., 2002; Swart et al., 2003; Gutierrez, 2006; Buttrick et al.,
2011).
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In order to gain an understanding of the factors that contribute to the formation of

sinkholes in MLM, it was necessary to include the following groups:

e Ward councillors (in affected wards): ward councillors work with community
members on a daily basis, and are therefore likely to be aware of the interests
and concerns of the community.

e Community members (who live in areas that are affected by sinkholes): In
order to gain individual as well as shared experiences and perceptions
regarding the impacts of sinkholes and possible measures to mitigate the risk.

e A senior official at MLM’s Water and Sanitation Department (for the
monitoring and maintenance of water and sanitation infrastructure) and;

e A senior disaster management official designated by the WRDM to implement
disaster risk management services in MLM (to gain information on the

mitigation as well as response strategies for sinkhole formation).

The following section will briefly discuss the research participants.

5.3 Research participants

A total of 4 groups patrticipated in the interviews: these were the ward councillors, a
senior official at the MLM’s Water and Sanitation Department, a senior Disaster
Management official responsible for the implementation of disaster risk management
activities in MLM (from the district level), and community members (focus groups).
The ward councillors represented all six wards affected by the occurrence of
sinkholes in MLM. The MLM’'s Department of Water and Sanitation was selected
because excessive water seepage due to leaking water or sewage pipes could lead
to the formation of sinkholes, and the official’'s inputs on water and sanitation
infrastructure maintenance was required. The WRDM renders disaster management
services to all the municipalities in its area of jurisdiction, including MLM. The senior
official from the WRDM Disaster Management Department was selected to provide
in-depth information regarding the development and implementation of sinkhole risk
reduction and response strategies. Finally, the focus groups were conducted to
acquire individual and shared views regarding the impacts of sinkholes on the
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community as well as their perceptions on measure to reduce the risk. All the
interviews were conducted in person to enhance the response rate. The selected
participants formed a 100% sample, as they represented individuals who are
affected as well as directly responsible for managing the risk associated with

dolomite.
5.4 Data analysis

According to De Vos et al. (2005) and Mouton (2001), data analysis is a process of
reducing the large quantity of the collected data in order to make sense out of it. In
this regards, data was reduced by summarising the “raw” interview transcripts and
categorise the information into themes relating to the HFA'’s priorities for action. The
following section will present the empirical findings of the interviews conducted in
MLM.

5.5 Findings

The interviews were conducted with six ward councillors and a senior official at the
Water and Sanitation Department as well as a senior Disaster Management official
at the West Rand District Municipality responsible for the implementation of disaster
risk reduction in MLM. And three sets of focus group interviews were also conducted
with community members from the affected areas. The results of the interviews
conducted with the ward councillors will be presented concurrently with that of the
focus groups, followed by the results of the interviews with the senior disaster official

and lastly, senior water official.

5.5.1 Interviews with ward councillors and community members

A total of six ward councillors, whose wards were affected by sinkholes, and three
focus-groups of community members (ten per group) were interviewed. An
overwhelming majority of 100% (N=6) of councillors indicated that the community
members in their wards were aware of the formation of sinkholes. However, a
shocking 49.98% (N=3) indicated that the community members in their wards did not

know what caused / contributed to the formation of sinkholes; 33.32% (N=2)
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indicated that community members knew the causes of sinkholes; and 16.66% (N=1)

indicated that some members in the ward knew while others didn't.

By contrast, the focus group interviews revealed that the majority (25 out of 30
participants) of community members were aware of the causes or factors
contributing to the formation of sinkholes in their area. It can therefore be argued that
there is a lack of information sharing / communication between ward councillors and
community members in certain wards. This is supported by the comment made by a
focus group participant that “there are no community discussion forums regarding

sinkholes / dolomite”.

As stated earlier in the literature review, disaster risk can be reduced if the nature
and causes of hazards are identified and their impact is understood (Carreno et al.,
2007; Perez-Lugo; 2001; Forbes-Biggs, 2011:11). In this regard, 83.3% (N=5) of
ward councillors indicated that the occurrence of sinkholes in their communities pose
risk to the houses (cracking walls), whilst 16.66% (N=1) were not sure of the risks
that sinkholes posed to their community. In support to 83.3% response by ward
councillors, 27 out 30 community members also indicated that the development of
sinkholes is a hazard to houses. Moreover, the children like to play in shallow
sinkholes and they may be at risk should the hole sink further. It is evident that the
community members are aware of the formation and impacts of sinkholes in their
area but there are no community discussion forums where information can be shared
with various role-players in the area. A sinkhole risk reduction committee can provide
a useful platform to facilitate the community discussion forums (between disaster
officials, ward councillors and community members) in order to raise more
awareness about sinkhole risk reduction. If people are informed about the nature of
hazards and the measures they can adopt to minimise their vulnerability, they would
be better equipped to deal with the risks (Carreno et al., 2007; Perez-Lugo; 2001;
Forbes-Biggs, 2011:11).

An overwhelming majority of 100% (N=6) ward councillors as well as 20 out of 30
community members indicated that the government and mines should be
responsible for rehabilitating the damages caused by sinkholes in their communities.
This response is supported by various legal frameworks discussed in chapter two
(2).Specifically, the HFA indicates that the state (and by inference any of its sub-
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levels of governance such as MLM) is primarily responsible for protecting people,
infrastructure, economic, and social assets from the impacts of hazards (UN/ISDR,
2004:29; UN, 2004; Van Niekerk & Botha, 2013: 2). Also, section 43 of the Disaster
Management Act indicates that district municipalities should consult with local
municipalities regarding the establishment and management of disaster risk
management structures, including disaster management centres, frameworks and
advisory forums. Furthermore, section 2 of the NEMA indicates that the cost of
remedying the environmental damage should be paid by those who are responsible
for harming it (the environment). In addition, Section 39 of the MPDRA requires
mining permit holders to develop an environmental management plan which outlines
the baseline information for the affected environment, remedial measures, and
environmental management objectives. It can therefore be argued that the MLM
(custodian) and mines (that contribute to the formation of sinkholes through
dewatering of dolomitic aquifers) should work together to reduce the risks associated
with sinkholes as well as rehabilitate the sinkholes that have already developed in
communities. MLM and local mines should establish a memorandum of
understanding (MoU) to jointly fund the sinkhole awareness campaigns and

rehabilitation process.

66.64% (N=4) of ward councillors suggested that in order to reduce the probability of
sinkhole formation, there has to be a proper maintenance of water and sanitation
facilities and members of the community should report leaking pipes on time. While,
16.66% (N=1) of ward councillors indicated that the whole area (MLM) should be
assessed and where potential sinkholes are identified, the area should be filled.
Another 16.66% (N=1) could not elaborate on any possible ways to reduce the
possibility of sinkhole formation. Community members (26 out of 30) further indicated
that faster response to water and sewage / sanitation leakages, installation of tarred
roads and storm water drainage systems, as well as effective processes of
regulating informal settlements could also help to reduce the formation of sinkholes.

The HFA'’s priority for action one (1) as well as NDMF's KPA 1 emphasises the
importance of establishing institutional support for implementing disaster risk
reduction strategies. Therefore, it can be argued that in order to reduce the risk of
sinkholes forming in MLM, there must be structures / committees in which the senior
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disaster and water officials as well as other role-players deliberate on aspects of
sinkhole risk reduction to increase the effectiveness of existing approaches and

avoid duplication of processes.

Furthermore, the establishment of community discussion forums (including disaster
officials, ward councillors and community members) will play a critical role in
ensuring that the views of the community are taken into consideration during the
disaster risk planning process. In other words, discussion forums can provide a
mechanism by which communities can directly communicate significant detrition of

water/ sewerage infrastructure to councillors and officials.

The overall responses revealed that community members are aware of the formation
and impacts of sinkholes in their area but there are no community discussion forums
for continued sharing of information. Additionally, the findings also highlighted that
the occurrence of sinkholes was considered a potential threat to houses and the
community in general (children playing in shallow sinkholes). It can be argued that
sinkholes have an adverse impact on the social-economic development of the MLM,
as local houses lose value due to the at-risk status of the area. Besides the danger
to existing infrastructure, the area experience no further structural development due
to the inherent threat of sinkholes. Furthermore, sinkholes also affects the transport
of goods and people to and from MLM due to temporary road closures. The next
section will discuss the responses of ward councillors and community members in

line with the HFA'’s priorities for action.

5.5.1.1 Priority for action 1 - Make DRR a priority

The role of local government in institutionalising disaster risk reduction is vital
because it is the unit where practical activities such as land use practices can be
regulated and safer construction methods can be promoted and enforced (Ahrens
&Rudolph, 2006; Burby et al. 2007; Suntanta et al. 2006). The establishment of
disaster risk management structures at local level is essential to ensure that
strategies, policies and projects are implemented in such a way that the impacts of
hazards can be reduced in order to establish disaster-resilient communities. A
majority, 83.3% (N=5), of ward councillors reported that they participated in the

development of the MLM’s strategy to reduce the risk caused by the formation of
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sinkholes through the forum established at district level. Whilst 16.66% (N=1) was
unable to answer the question due to lack of information. However, 49.98% (N=3) of
ward councillors indicated that the MLM does not have a committee which is
specifically tasked with addressing sinkhole-related issues. In support, the
community members (20 out of 30) also indicated that they were unaware of such a
committee. Furthermore, 33.3% (N=2) of councillors were uncertain regarding the
existence of such a committee. Another, 16.66% (N=1) indicated the existence of a

committee, although she was not a member.

In light of the above, it can be argued that the implementation of sinkhole risk
reduction strategy developed by the district municipality will be adversely affected by
the lack of institutional support at local municipal level (the MLM). Therefore, the
establishment of a disaster risk management committee at MLM will provide the

institutional support for the implementation of sinkhole risk reduction initiatives.

66.64% (N=4) reported that the MLM does not provide ward councillors with training
in sinkhole risk reduction. In addition, the community members (30 out of 30) also
indicated that training was not provided to the community. However, 33.3% of
councillors (N=2) indicated that training was provided, but not on regular basis. The
inconsistency in responses could be caused by ineffective communication between
the municipal official, ward councillors and communities, because information on
training opportunities did not possibly reach other ward councillors or community
members. In other words, some ward councillors may not have access to information

and thus are unable to share with the community.

As already indicated in the literature review, the impacts of hazards can be reduced
by equipping communities with the knowledge and capacity to be prepared or to
respond and manage disasters effectively (Tierney et al., 2001; Christoplos, 2001;
Joyce, 2011; Chagutah, 2009). In this light, education (formal and informal) can be
used to reinforce a culture of safety (resilience) towards risks posed by sinkholes.

5.5.1.2 Priority for action 2 - know the risk and take action

Risk assessment can be used as a tool to determine the nature and extent of risk by

analysing potential hazards and evaluating existing conditions of vulnerability that
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could pose a potential threat or harm to people, property, environment and the
livelihoods on which they depend. In this light, 66.64% (N=4) of ward councillors
indicated that the MLM does not conduct regular sinkhole risk assessments in the
local community. While, 16.66% (N=1) could not respond due to lack of information

and another 16.66% (N=1) indicated that regular assessments were conducted.

The community members (19 out of 30) indicated that the MLM does not conduct
regular risk assessments, but one member indicated that a private organisation had
once been contracted by the municipality to conduct risk assessments, but feedback
was still awaited. The location of the Disaster Management Centre — approximately
50 kilometres away, in Randfontein — and lack of institutional support at the MLM
affects the implementation of risk reduction initiatives such as risk assessments,
awareness campaigns (information sharing), early warning systems, and disaster
preparedness. As a result, it led to the adoption of a responsive approach to the

management of sinkholes and exacerbates the risk.

As indicated in the literature, risk assessment requires a continuous monitoring of
hazardous events, particularly those that are dynamic in nature (Basher, 2006: 2168;
Perez-Lugo; 2001; Poolman, 2011: 12; Forbes-Biggs, 2011: 13). As a result, it
assists in supporting regular reviews and re-assessment of hazards, exposure, and
vulnerability as well as improving the understanding of evolving risk landscape and
risk knowledge as a result of new data. The information acquired via sinkhole risk
assessments can be used for public awareness programmes with the intention of
changing behaviours so that communities can be more resilient to hazards such as
sinkholes (Chagutah, 2009: 116; Poolman, 2011: 12; Forbes-Biggs, 2011: 13).

83.3% (N=5) of the ward councillors indicated that the MLM does not have an early
warning system for sinkholes, while16.66% (N=1) could not respond due to lack of
information. In addition, 21 out of 30 community members reiterated that the
municipality did not have an early warning system and followed a responsive
approach. In this light, it can be argued that the lack of regular sinkhole risk
assessments in the MLM has contributed to the absence of sinkhole early warning
system because information on hazards and vulnerabilities (obtained via risk

assessments) is not readily available to set priorities. Thus the absence of regular
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sinkhole risk assessments exacerbates the vulnerability of MLM community to

sinkholes because they are not informed about early warning signs.

5.5.1.3 Priority for action 3 - build understanding and awareness

Risk can be reduced if people are informed and know how to act during a disaster
(Chagutah, 2009: 116; Poolman, 2011: 12). In this regard, 83.3% (N=5) of ward
councillors indicated that the MLM does not conduct public awareness campaigns to
inform the local communities about the sinkhole risk reduction actions. While,
16.66% (N=1) was uncertain about the existence of sinkhole public awareness
campaigns due to lack of information. Furthermore, the community members (29 out
of 30) also confirmed that awareness campaigns were not conducted. In this light it
can be argued that the lack of risk assessments contributed to the absence of
awareness campaigns, which exacerbate the risk towards sinkholes due to lack of

risk reduction information.

66.64% (N=4) of ward councillors indicated that the sinkholes risk reduction was not
incorporated as part of the local school curriculum, while 33.3% (N=2) were
uncertain if sinkholes risk reduction was part of the local school curriculum. And, the
community members (23 out of 30) confirmed the absence of sinkhole risk reduction
as part of the local school curriculum. In support, one participant was a member of a
local school's governing body, and stated that such an approach would not be
supported as it would be considered as a waste of time. As indicated in the
literature, integrating sinkhole risk reduction lessons into the curricula of local
schools can play a critical role to invest in children as the future generation, because
it is believed that children and young people are more receptive to new information
and can also act as channels to transfer knowledge to their families (Burby et al.,
2007: 256; Clerveaux & Spence, 2009: 209). The establishment of community
discussion forums can serve as a platform to elaborate, amongst others, on the
importance of integrating sinkhole risk reduction lessons in the curricula of local

schools.
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5.5.1.4 Priority for action 4 - reduce risk factors

Disaster risks relating to the changing social, environmental conditions, land use,
and the impact of hazards associated with geological events, can be addressed
during sector development planning and programmes as well as in post-disaster
situations (Sakai et al., 1999; UN, 2004). Thus, to reduce the underlying risk factors,
structural and non-structural prevention and mitigation measures must be
implemented. This means anticipating potential sources of risk by putting into
practice procedures and other measures to either avoid hazards or reduce the
economic, social and environmental impacts through corrective interventions
(Carreno et al., 2006; Sutanta et al. 2006: 344; UN, 2004). In this light, all ward
councillors (100% (N=6)), indicated that sinkhole risk reduction is incorporated into
land use planning in the MLM, because all low cost houses being erected had
running water, flushing toilets, and dolomite-compliant foundation. In support, (27 out
of 30) community members confirmed this by adding that houses in the new
settlement (Extension 2) were fitted with different sanitation pipes. Apparently the
foundations were also built according to a new, uniqgue method and, lastly, a storm

water drainage system was installed.

All 6 ward councillors highlighted the MLM does not have a system to regulate the
erection of informal settlements in its area of jurisdiction. The community members
(25 out of 30) also confirmed this response and one member further indicated that
“the increasing number of shacks in the community was a clear indication of the
absence of a system to regulate the informal settlement”. In this light, it can be
argued that the MLM does not have an effective land use strategy because it fails to
combat further erection of informal settlements. Consequently, the formation of
sinkholes in the MLM will likely continue, as the communal taps in informal
settlements cause excessive water seepage if not properly monitored and this
remains a critical challenge. It is, therefore, critical that the MLM revise its land use
strategy to improve the regulation of informal settlements in order to reduce the risk
of sinkhole formation.
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5.5.1.5 Priority for action 5 - be prepared and ready to act

No matter how well a community plans to prevent disasters, there will always be a
chance that a disaster will take place (Tierney et al., 2001; Christoplos, 2001; Joyce,
2011; Chagutah, 2009). Although not all natural hazards can be prevented from
occurring, but their impact can be reduced by developing and implementing an
integrated policy that focuses on effective response to disasters and post-disaster
recovery and rehabilitation. In this light, 49.98% (N=3) of ward councillors indicated
that the MLM does not have a sinkhole-formation preparedness plan in place. This
response was also supported by the community members (20 out of 30). One
participant mentioned that officials take long to respond to the reported signs of

sinkhole formation, which increases the risks to people and infrastructure.

Interestingly, another 49.98% (N=3) of ward councillors indicated that the
municipality does have a preparedness plan in place. It can be argued that if the plan
does indeed exist it is not implemented, because its outcomes are not visible to

some ward councillors and community members.

49.98% (N=3) of ward councillors reported that the MLM does not have a sinkhole
recovery strategy designed to reduce the impacts of future sinkhole formation.
Another 49.98% (N=3) indicated that the municipality does have a strategy to reduce
the impacts of future sinkhole formation. Furthermore, the community members (30
out of 30) could not reply due to lack of information from the municipal officials. It can
therefore be argued that if the strategy does exist, it is not accessible to some ward
councillors and not shared with the community. Thus, reiterates the challenge of

information sharing between the officials, ward councillors and the community.

5.5.2 Interview with the West Rand District Municipality disaster official
responsible for disaster risk management at the MLM

The disaster official designated for the implementation of disaster risk reduction at
MLM highlighted that the development of sinkholes in the MLM was as a result of the
area been underlined by dolomite. Furthermore, in support to the information
provided by the ward councillors (66.64%, N=4), the poor maintenance of water and

sanitation infrastructure as well as failure by community members to report leakages

-91 -



(water and sanitation pipes) in time had exacerbated the development of sinkholes in
the area. It can, therefore, be argued that the failure of community members to report
leakages in time emanates from the poor response by officials to attend the reported
leakages. Therefore, public awareness campaigns and community discussion
forums can be used as a platform to facilitate two-way communication about the
risks caused by excessive water seepage in an area underlain by dolomite (like
MLM).

The Senior Disaster Official also added that the occurrence of sinkholes on or next to
roads affects the transportation of goods and people to and from MLM because the
road will be closed due to its hazardous nature. In addition, closure of roads affects
the economic development of the area because it delays the transportation and
delivery of business goods.

5.5.2.1 PRA1 - make DRR a priority

According to the Senior Disaster Official, the West Rand District Municipality renders
disaster management services to all municipalities within its district (Merafong,
Westonaria, Mogale City and Randfontein). The representatives of various municipal
departments, councillors, and ward councillors serve on the district disaster
management advisory forum. This implies that the municipalities within the West
Rand District do not have disaster management centres and therefore depend on the
district to provide disaster management services. Therefore, the establishment of a
dolomite committee at the MLM will provide institutional support for the
implementation of the WRDM risk reduction initiatives. Furthermore, community
discussion forums will ensure that the views of the community are taken into

consideration during the WRDM dolomite risk-reduction planning.

The Senior Disaster Official highlighted that the West Rand District Municipality does
not have a committee constitutes to address sinkhole-related matters. However, it
does have a Disaster Management Advisory Forum which addresses all hazards
within its vicinity. Given the extent of the risks and impact of sinkholes in MLM, it can
be argued that the ineffectiveness in managing sinkholes results from categorising

sinkholes as part of a generic risk rather than a priority.
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Furthermore, the district has never provided training which is specifically developed
to reduce the risk of sinkholes. However, it has provided all the municipalities in its
area with a dolomite risk strategy to effectively deal with sinkholes. Although the
inefficiencies of this strategy were highlighted in the previous section, it can be
argued that the success of such a dolomite risk reduction strategy could be
jeopardised by the lack of knowledge regarding its implementation. The failure of
municipalities like MLM to implement the dolomite risk reduction strategy can also be
directly associated with the lack of training and, possibly, failure to consult with the
community and other relevant stakeholders during the strategy development process
and its implementation. In other words, the dolomite risk reduction strategy might be
developed for all the municipalities in WRDM, but it still need to be tailored to meet
the needs of the MLM communities.

5.5.2.2 PRA2 - know the risk and take action

Risk assessment entails systematic procedures that determine the nature and extent
of hazards by analysing them and evaluate the conditions of vulnerability that can
adversely affect people, property, livelihood and the environment (Basher, 2006:
2168; Perez-Lugo; 2001; Poolman, 2011: 12; Forbes-Biggs, 2011: 13). The results of
risk assessment contribute to the development of risk mitigation measures (Basher,
2006: 2168; Perez-Lugo; 2001; Poolman, 2011: 12; Forbes-Biggs, 2011: 13).
Contrary to the response provided by the Ward Councillors (66.64%, N=4) and
community members (19 out of 30), the disaster official indicated that the volunteers
from the district municipality are deployed to conduct regular risk assessments under
the supervision of the senior disaster management official designated for MLM. With
the exception of the assessments conducted by an external company that was
contracted by the MLM, it can be argued that risk assessments (as mentioned by the
official) was either not conducted, or conducted in such a way that both ward
councillors and community members were completely unaware of any assessments
being undertaken in their community. As a result, it is evident that the ineffectiveness
of the WRDM in managing dolomite risk reduction in MLM could be rooted in the

absence of a disaster risk assessment process.
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5.5.2.3 PRA 3 - build understanding and awareness

The disaster management official indicated that awareness campaigns are
conducted in order to urge community members to report any signs of sinkholes to
the municipal offices or district disaster management centre. This response is,
however, contrary to the information provided by the ward councillors (83.3%, N=5)
as well as the community members (29 out of 30). It is evident that ward councillors
and community members in the MLM were unaware of any awareness campaigns in
their community, which could only mean that such campaigns were never conducted.
This reflects a grey area in the management of dolomite between the WRDM and
MLM in a sense that the dolomite risk reduction strategy might include component
such as public awareness but due to lack of institutional support at local level (MLM),
outputs are not visible to the community. Therefore, the establishment of a dolomite
risk reduction committee at MLM can provide institutional support for the

implementation of sinkhole risk reduction strategy in order to raise more awareness.

Furthermore, the disaster management official was unable to indicate whether
sinkhole risk reduction was incorporated as part of local school curricula in MLM. In
this light, it can therefore be argued that the abovementioned response supports the
information provided by ward councillors (66.64%, N=4) and community members
(23 out of 30), which indicated that sinkhole risk reduction was not incorporated as
part of the local school curriculum. The establishment of community discussion
forums can serve as a platform to elaborate on the importance of integrating sinkhole

risk reduction into the curricula of local schools.

55.2.4 PRA 4 - reduce risk factors

The disaster management official reported that the MLM utilises a dolomite risk
reduction strategy in its land use planning process. This response confirmed the
information provided by ward councillors (100%, N=6) as well as community
members (25 out of 30) regarding the implementation of dolomite risk strategy during
the land use planning process at MLM. However, the disaster management official
was unable to respond whether the MLM has a system to regulate the erection of

informal settlements in its area. The uncertainty of the disaster management official
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correlates with the response provided by the ward councillors (100%, N=6) and
community members, which indicated that the MLM does not have a system for
regulating the erection of informal settlements in its area of jurisdiction. As a result, it
can be argued that the dolomite land use strategy is no effective, since it does not
regulate the erection of informal settlements in all areas. Therefore, it is critical that
the land use strategy of the MLM should be revised to effectively regulate the

erection of informal settlements in order to reduce the risk of sinkholes.

5.5.2.5 PRA5 - be prepared and ready to act

The disaster management official indicated that the district municipality has a

disaster preparedness strategy in place, which functions as follows:

e During working hours, the disaster management official is notified of all
reported sinkholes that require risk assessment.

e After working hours, sinkholes are reported via the 107 Centre which is
situated at the district municipality in Randfontein. The procedure for
responding to a reported sinkhole is as follows:

0 A sinkhole is reported to the 107 Centre
0 The 107 Centre informs the disaster official, who then has to conduct
the assessments and inform the Municipal Civil Engineering
Department
o The Municipal Civil Engineering Department then contacts the council
of geo-science officials to conduct scientific assessments.
It is critical to indicate that the reporting of sinkholes via the 107 Centre is a long
process, as the 107 Centre has to inform the disaster official, who has to inform the
municipal civil engineering department. The civil engineering department has to
inform the geo-science official to conduct the assessment. This extended
communication process to the Geo-Science Council (to assess the sinkhole and
provide rehabilitation), slows down the response process and escalates the sinkhole
risk. This is supported by a comment made by one participant that the officials take
long to respond to reported signs of sinkhole formation. As a result, the risk to people
and houses increases and this reiterates the point that the municipality is following a

responsive approach to manage sinkholes.
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The disaster official was unable to respond if MLM has a sinkhole recovery strategy
designed to reduce the impacts of future sinkhole formation. In support to the
response (49.98% (N=3) provided by the ward councillors (that MLM does not have
a sinkhole recovery strategy) and community members (30 out of 30), the disaster
official was unable to respond whether the MLM has a sinkhole recovery strategy
designed to reduce the impacts of future sinkhole formation. It can be argued that
the uncertainty of the disaster official regarding the existence of sinkholes recovery
strategy to reduce the impacts of future sinkholes in MLM indicates the absence of
such a strategy because the official would be aware of its existence as it is a disaster
risk reduction function. The absence of a sinkhole recovery strategy increases the

susceptibility of the community to the impact of future sinkholes.

5.5.3 Interview with senior official: Water and Sanitation Department

The following section will present the results of the interview with the senior official at

the Water and Sanitation Department in line with the HFA priorities for action.

5.5.3.1 PRA1 - Make DRR a priority

The Senior Official at Water and Sanitation Department reported that a telemetry
meter system had been installed in all water reservoirs to monitor the quantity of bulk
water received and compare it with the quantity of water used (and paid for) by the
community. The unaccounted water was considered as a sign of water leakage on
the reticulation system or in the reservoir itself. Also, if the quantity of bulk water
received and water used by the community do not correlate, Water and Sanitation
employees are deployed to search for the leaking pipe, if it had not been reported,

and repair it.

5.5.3.2 PRA2 - know the risk and take action

According to the Senior Official at Water and Sanitation Department, the department
was aware that leaking pipes contribute to the formation of sinkholes. As a result, the
department set itself a goal of attending and fixing the leaking water and sanitation

pipes within eight (8) hours of being notified as opposed to the national requirement
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of attending the leakage within 8 hours and repairing it within 12 hours. It can be
argued that the risk of sinkholes formation can be reduced if community members
are encouraged, through awareness campaigns and community discuss forum, to

report leakages as soon as possible.

5.5.3.3 PRA 3 - build understanding and awareness

The official reported that the department was facing a challenge of community
members not reporting the leakages in time. Therefore, the department was planning
to conduct an awareness campaign in the future to inform the community about the
importance of reporting water or sewage leakages in time to reduce the possibility of
sinkhole formation. In this regard, community discussion forums can serve as a
platform for raising awareness and encouraging the community to report leakages in

time.

5.5.3.4 PRA 4 - reduce risk factors

According to the Senior Official (Water & Sanitation), in order to provide a secure
dolomite-compliant water and sanitation infrastructure in MLM, the department has
set itself a goal to fix all leaking pipes within 8 hours of receiving a natification. In
addition, broken asbestos pipes were replaced by uPVC (Unplasticised Polyvinyl
Chloride) / HDPE (High-Density Polyethylene) pipes, which are able to withstand the
shock of collapsing ground for a longer period of time.

In light of the response provided by the Senior Official (Water & Sanitation), it can be
argued that the department is following a responsive approach by depending entirely
on the community to report the leakages before fixing or replacing the pipes. A
proactive approach where the department keeps record of the lifespan of water and
sanitation infrastructure and replaces them periodically, can contribute to the

reduction of excessive water seepage from leaking pipes.
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5.6 Conclusion

This chapter presented the empirical research, findings and analysis of the strategies
implemented by MLM to deal with sinkholes. The research sample was divided into
four groups: ward councillors, senior officials at Disaster Management and the

Department of Water and Sanitation, as well as community members.

Firstly, the results of the interviews conducted with the ward councillors and
community members revealed that the MLM does not have a committee which is
specifically mandated to deal with sinkholes, even though it is prone to the
development of sinkholes. The MLM also does not provide training or awareness on
sinkhole risk reduction to the ward councillors and the community as a whole, and as
a result exacerbates the risk to sinkholes due to lack of risk reduction knowledge and
capacity. Furthermore, MLM does not conduct regular sinkhole risk assessments in
the community, and the community was not involved in the assessment process that
was conducted in the past (which raises questions to the validity and implementation
of any existing strategy). The MLM also has no sinkhole early warning system or
sinkhole preparedness plan in place, which makes the community even more
vulnerable to the impacts of sinkholes due to the lack of knowledge and capacity to
manage the risk effectively.

Secondly, the interview conducted with the senior official responsible for the
implementation of disaster risk reduction at MLM revealed that the West Rand
District Municipality renders disaster risk management services to the MLM (in other
words, the MLM does not have a disaster management centre) despite the fact that
the area is prone to the development of sinkholes because it is underlain by
dolomite. The poor maintenance of water and sanitation infrastructure as well as the
community not reporting leakages (water and sanitation pipes) in time has

exacerbated the development of sinkholes in the area.

The occurrence of sinkholes on and next to the roads causes road closures, which
affects the transportation of business goods and people to and from the MLM. Road
closures affect economic development in the area because it delays the

transportation of goods. Although the WRDM does not have a committee that
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specifically addresses sinkhole-related matters, but it has a Disaster Management

Advisory Forum which addresses all hazards (like sinkholes) in its vicinity.

The district has provided all the municipalities in its area with a dolomite risk
reduction strategy to effectively deal with sinkholes, but it has never provided training
on the implementation of the strategy. As a result, it can be argued that the success
of this dolomite risk reduction strategy will be adversely affected by lack of
knowledge regarding its implementation. Furthermore, failure of municipalities such
as MLM to implement the dolomite risk reduction strategy can be directly associated

with the lack of training.

In contrast to the response provided by ward councillors (66.64%, N=4) and
community members (19 out of 30), the disaster management official indicated that
volunteers from the district municipality are deployed to conduct regular risk
assessments under the supervision of a senior disaster official designated for the
MLM. It can be argued that risk assessment (as mentioned by the official) was either
not conducted or conducted in such a way that both ward councillors and community
members were unaware of any assessments being undertaken in their community.
As a result, it is evident that the ineffectiveness of the WRDM in managing dolomite
risk reduction in MLM could be rooted in the absence of a disaster risk assessment

process.

The disaster official indicated that awareness campaigns were conducted in order to
urge the community members to report the signs of sinkholes to the municipal offices
or district disaster management centre. However, this response contradicted the
information provided by ward councillors (83.3%, N=5) as well as community
members (29 out of 30). Therefore, if ward councillors and community members
were not aware of any awareness campaigns in their community, such campaigns

were probably never conducted.

In support to the information provided by ward councillors (100%, N=6) and
community members (25 out of 30), the disaster official also indicated that the MLM
utilises a dolomite risk reduction strategy in its land use planning process. However,
the official was unable to respond whether the MLM had a system to regulate the
erection of informal settlements in its area. This uncertainty by the disaster official
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correlates with the response provided by the ward councillors (100%, N=6) and
community members (indicating that the MLM does not have a system to regulate
the erection of informal settlements in its area). Therefore, it is critical that the MLM
land use strategy should be revised to effectively regulate the erection of informal

settlements in order to reduce the risk of sinkhole formation.

Furthermore, in corroboration of the response by ward councillors (49.98%, N=3)
and community members (30 out of 30), the disaster official was unable to respond
whether the MLM has a sinkhole recovery strategy designed to reduce the impacts
of future sinkhole formation. Therefore, the absence of a sinkhole recovery strategy
increases the susceptibility of the community to the impacts of future sinkhole

formation.

Finally, the results of the interview conducted with the senior official at the
Department of Water and Sanitation revealed that the community did not report the
water leakages in time (which increases the chances of sinkhole formation).
However, it should be noted that the reporting system might be ineffective as a result
of some community members not knowing how and where to report leakages. To
address this, the department planned to launch an awareness campaign to inform
the community about the importance of reporting water and sewage leakages in
order to reduce the risk of sinkhole formation. Furthermore, in order to provide a
secure dolomite compliance of water and sanitation infrastructure in MLM, the
department has undertaken to fix leaking pipe within 8 hours after receiving
notification (the national standard procedure aims to respond within 8 hours and
repair the leakage within 12 hours). Furthermore, the broken water pipes were
replaced by the uPVC (unplasticised polyvinyl chloride) / HDPE (High-Density
Polyethylene) pipes which are able to withstand the shock of collapsing ground due

to sinkholes.

The following chapter focuses on the conclusion of the study and presents the
recommendations to guide the development of a sinkhole risk reduction strategy at
MLM.
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Chapter 6

Conclusion and recommendations

6.1 Introduction

This chapter presents a conclusion of the study that aimed to develop a sinkhole risk
reduction strategy for the MLM. The findings discussed in the previous chapter are
briefly presented. In particular, the empirical findings will be presented in a manner
that answers the research questions to achieve the research objectives. This is
followed by the recommendations that can be adopted to develop a sinkhole risk
reduction strategy for the MLM. The following section will discuss the conclusion of

the study based on the empirical findings.
6.2 Conclusion of the study

The empirical findings revealed that the development of sinkholes in the MLM was
as a result of the area been underlined by dolomite. However, the poor maintenance
of water and sanitation infrastructure as well as the community members not
knowing where to report water and sanitation leakages has severely exacerbated the
risk of sinkholes developing in the area.

The occurrence of sinkholes on the roads affects the transportation of business
goods and people to and from MLM because of temporary closure of roads due to
their hazardous nature. As a result, closure of roads affects the economic
development because it delays the transportation business goods. Furthermore, the
development of sinkholes restricts the types of business venture because most
companies are not willing to structurally invest in the area due to its susceptibility to
sinkholes. In addition, local houses have lost their market values due to the area

been prone to the development of sinkholes.

The study also revealed that the Merafong Local Municipality does not have a
disaster risk management centre or committee for dolomite risk management in its
area. Therefore, the West Rand District Municipality renders disaster risk
management services to MLM, although it raises questions regarding the efficacy of
the service. The district municipality (located in Randfontein) has assigned an official

to oversee the implementation of disaster risk management at the MLM. However,
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the study raised serious questions about the management of the dolomite risk at the
MLM. Very few councillors or members of the community have contact with the
senior disaster management official, and almost no one has been involved in
activities such as disaster risk assessment which are supposed to be coordinated by

the official.

The district municipality does not have a committee that addresses sinkhole-related
matters, but the district disaster risk management advisory forum deals with all
hazards (including sinkholes) holistically. This is problematic because of the dolomite
risk and threat it poses to the economic development of MLM, and thus, warrants the

need for specialised and sustained attention.

Volunteers are deployed from the district under the supervision of a senior disaster
management official to conduct sinkhole risk assessments at MLM. However, the
response provided by the ward councillors and community members revealed that
such assessments and awareness campaigns were not conducted in their area. It
can, therefore, be argued that the location of the Disaster Management Centre (at
Randfontein, approximately 50 kilometres away) and lack of institutional support
(committee) at the MLM affects the implementation of risk reduction initiatives such
as risk assessments, awareness campaigns, early warning systems, and the
implementation of a disaster preparedness plan. As a result, it is evident that the
ineffectiveness of the WRDM in managing the dolomite risk in MLM could be rooted

in the lack of a community-based disaster risk assessment process.

It was claimed that the district municipality has provided all the municipalities in its
area (including the MLM) with a dolomite risk-reduction strategy to effectively deal
with sinkholes, but as indicated, no training was provided on the implementation of
such a strategy. Therefore, it can be argued that the success of the dolomite risk
reduction strategy provided by the district to the municipalities is adversely affected
by the lack of knowledge or training regarding its implementation. Moreover, the
failure of the municipalities such as MLM to implement the dolomite risk reduction
strategy can be directly associated with the lack of training and lack of consultation
with the community and other relevant stakeholders during the strategy development
and implementation process. In this light, the establishment of a dolomite committee
at the MLM would provide institutional support for training of officials (and if possible,
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some community members) and facilitate community discussion forums to ensure a

two-way communication process between the officials and community members.

It was claimed that, in order to ensure preparedness, the district municipality
developed the following procedure to report sinkholes:

e During working hours, the disaster management official is notified of all
reported sinkholes that require risk assessment.

e After working hours, sinkholes are reported via the 107 Centre which is
situated at the district municipality in Randfontein. The procedure for
responding to a reported sinkhole is as follows:

0 A sinkhole is reported to the 107 Centre

0 The 107 Centre informs the disaster official, who then has to conduct
the assessments and inform the Municipal Civil Engineering
Department

o The Municipal Civil Engineering Department then contacts the council

of geo-science officials to conduct scientific assessments.

It is critical to indicate that, despite the existence of a sinkhole preparedness plan
and leakage reporting system at the district level, the empirical findings revealed that
community members were unaware of where to report leakages (water and
sanitation) due to the absence of awareness campaigns detailing the contact and
procedures outlined above. This lack of awareness has resulted in continued water
seepage from leaking pipes in dolomitic areas. Therefore, a pro-active approach
such as the establishment of a dolomite committee at MLM and community
discussion forums would provide institutional support for the implementation of risk
reduction initiatives — such as regular awareness campaigns and risk assessments —
in order to effectively design and revise the strategies to reduce the risk and mitigate
the impact of sinkholes. The following section will look at crucial findings and

recommendations as per the HFA.

The HFA was adopted as a theoretical argument of the study because it emphasises
DRR. As indicated in chapter two, DRR is a framework that intends to systematically
prevent as well as mitigate disaster risk regarding losses in lives and the socio-

economic assets of communities. Therefore, the HFA is an appropriate framework to
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be applied in MLM for sinkhole risk reduction because it follows a pro-active
approach. It is evident from the empirical findings that the WRDM and MLM follows a
reactive approach in managing sinkholes because assessments are only conducted
when sinkholes are reported; awareness campaigns are conducted in a manner that
is not visible or noticed by the community; and no training was provided on the
implementation of risk reduction strategies. In this light, a pro-active approach could
support the establishment of a dolomite risk management committee in order to
provide institutional support for the implementation of risk assessments, awareness
campaigns, preparedness plans, and recovery strategies to effectively manage the

risk and mitigate the impacts of sinkholes.

Risk can be reduced if people are informed and know what to do during a disaster
(Tierney et al., 2001; Christoplos, 2001; Joyce, 2011; Chagutah, 2009). Therefore,
community discussion forums can be used as platform to exchange information
between officials and community members (regarding plans and envisaged
sinkholes risk reduction strategies) in order to customise the strategies to meet local
needs. In this light, community discussion forums can be used to encourage the
community to participate in sinkhole risk reduction process by reporting leakages
(water and sewage) as soon as possible, monitor communal taps in informal
settlements, and attend awareness campaigns. The awareness campaigns can be
used to enlighten and remind the community about the impacts of excessive water
seepage in areas underlain by dolomite, as well as how and where to report the
leakages in order to reduce the risk of sinkholes formations. Moreover, this could
contribute to role clarification between responsible officials and community members
in terms of reporting and response duties. The following section will provide the
recommendations that can assist in developing a strategy for sinkhole risk

management at MLM.
6.3 Recommendations

This section presents recommendations, in line with the HFA priorities for action that
can assist in the development of a strategy for sinkhole risk reduction in Merafong

Local Municipality.
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6.3.1 Priority of action 1. Making DRR a priority

The empirical findings revealed that the MLM does not have a disaster management
centre and as a result, the West Rand District Municipality renders disaster risk
management services in the area. Lack of institutional support (committee) at the
MLM affects the implementation of risk reduction initiatives such as risk
assessments, awareness campaigns, early warning system, and disaster
preparedness. Therefore, it is recommended that the MLM should establish a
dolomite committee to provide institutional support for the implementation of sinkhole
risk reduction plans and strategies. Stakeholders such the senior official in the Water
and Sanitation Department, disaster management officials, ward councillors,
community members, and representatives from the mines should serve on the
committee to ensure a joint venture towards the management of sinkholes and avoid
duplication of processes. In addition, community discussion forums should also be
established to support and facilitate the exchange of information between the
officials and community. As a result, this could address the challenge of sharing
information with the community and also provide a platform for the community to

actively participate in the sinkhole risk management process.
6.3.2 Priority for action 2: Know the risk and take action

The findings revealed that risk assessments are only conducted when sinkholes are
reported; awareness campaigns are conducted in a manner that is not visible to the
community; and no training is provided regarding the implementation of risk
reduction strategies. Consequently, it can be said that a reactive approach is the
norm with regard to managing the sinkhole risk reduction at MLM. It is therefore
suggested that a new dolomite risk assessment should be carried out to revise the
current dolomite risk reduction strategies for MLM. This new assessment should be
more inclusive than those conducted in the past and also incorporate the inputs of
ward councillors, communities and mining organisation operating in the area.
Additionally, it is recommended that MLM (in consultation with the WRDM) should
provide training to officials and community members who are involved in the

execution of sinkhole risk reduction strategies.
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6.3.3 Priority for action 3: Build understanding and awareness

As already indicated in the literature review, the impacts of hazards can be reduced
by equipping communities at risk with the knowledge and capacity to be prepared or
to respond and manage disasters effectively (Tierney et al., 2001; Christoplos, 2001;
Joyce, 2011; Chagutah, 2009). In this light, training should be based on the
implementation of disaster risk reduction activities such as conducting risk
assessments, awareness campaigns, developing early warning systems, as well as
disaster preparedness and recovery plans. In other words, the training should equip
the officials and involved community members with the skills to conduct regular
sinkholes risk assessments and use the assessment information to develop
awareness campaigns, early warning system, preparedness plans as well as

recovery programmes.
6.3.4 Priority for action 4: Reduce the risk factors

Regular community-based sinkhole risk assessments could address the challenge
revealed by the findings that the absence of awareness campaigns, early warning
system and recovery plan was associated with the lack of risk assessment because
information about the changing nature of risk was not readily available to develop
effective risk reduction strategies. Therefore, it is recommended that new information
on dolomite risk should be used for risk reduction strategies, and also be integrated
with the IDP planning procedures of the municipality. This would ensure that
dolomite risk reduction becomes an integral part of the economic development plan
of the MLM.

6.3.5 Priority for action 5: Be prepared and ready to act

In light of the above, it can be argued that regular community-based risk
assessments and the use of risk assessment information to develop and implement
risk reduction strategies such as awareness campaigns, early warnings, and
preparedness plan can result in a pro-active sinkhole risk management approach in
MLM. The following section will present a conclusion of the study.
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6.4 Conclusion

The objective of this study was to investigate the causes of sinkholes and the
associated effect on the socio-economy of communities in Merafong Local
Municipality. The empirical findings revealed that the development of sinkholes in the
MLM was as a result of the area being underlain by dolomite. However, the poor
maintenance of water and sanitation infrastructure as well as the community
members being unaware of where to report leakages (water and sanitation pipes)
has exacerbated the risk of sinkholes developing in the area.

The development of sinkholes on the roads affects the transportation of business
goods and people to and from MLM because of temporary closure of roads due to
their hazardous nature. As a result, closure of roads affects the economic
development because it delays the transportation business goods. Furthermore, the
development of sinkholes restricts the types of business ventures and most
companies are not willing to structurally invest in the area due to its susceptibility to
sinkholes. And, the local houses also lost their market values due to the area been
prone to the development of sinkholes.

The findings also revealed that the MLM does not have a disaster risk management
centre or committee in its area. However, the West Rand District Municipality has
assigned an official from its office (located in Randfontein) to oversee the
implementation of disaster risk management. As a result, the location of the Disaster
Management Centre (at Randfontein, approximately 50 kilometres away) and lack of
institutional support at MLM affects the implementation of risk reduction initiatives
such as risk assessments, awareness campaigns, early warning system, and
implementation of a disaster preparedness plan. As indicated, risk assessments are
only conducted when sinkholes are reported, awareness campaigns are conducted
in a manner that is not visible to the community, and no training was provided
regarding the implementation of risk reduction strategies. In addition, the absence of
early warning system and recovery plan was associated with the lack of regular risk
assessment because information about the changing nature of risk was not readily

available.

In light of the above challenges, it was firstly recommended that the MLM should

establish a dolomite committee to provide institutional support for the implementation
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of sinkhole risk reduction plans and strategies. Stakeholders such the senior official
in the Water and Sanitation Department, senior Disaster Management Official, ward
councillors and representatives from the mines should serve on that committee to
ensure a joint venture towards the management of sinkholes and to avoid duplication
of processes. In addition, community discussion forums should also be established
to support and facilitate the exchange of information between officials and
community members. As a result, this would address the challenge of sharing
information with the community and create a platform for the community members to

actively participate in the sinkhole risk management process.

Secondly, the MLM (in consultation with the WRDM) should provide training to
officials and community members who are involved in the execution of sinkhole risk
reduction strategies. Training should be based on the implementation of disaster risk
reduction activities such as conducting risk assessments, awareness campaigns,
developing early warning system, as well as disaster preparedness and recovery
plans. As a result, regular community-based sinkhole risk assessments can address
the challenge revealed by the findings that the absence of awareness campaigns,
early warning system and recovery plan was associated with lack of risk assessment
because information about the changing nature of risk was not readily available. As a

result, this can lead to a pro-active management of sinkholes at MLM.
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Questionnaire for Ward Councilors

1. Are community members in your ward aware of the formation of sinkholes?
2. Do they know what causes / contribute to the formation of sinkholes?
3. What kind of risks do they think sinkholes will cause in their community?

4. How does the formation of sinkholes affect the economic development of the

community?
5. Who do they think is responsible for dealing with the formation of sinkholes?
6. What do you think should be done to reduce the formation of sinkholes?

7. Do you think the community can play a role in the reduction of sinkhole
formation? If yes, which role can the play?

PRA 1: Institutional arrangements

8. Do local community representatives participate in the development of the MLM
strategy to reduce the risk caused by the formation of sinkholes?

9. Does the municipality have a committee to address the issues of sinkholes? And
do ward councilors serve on that committee?

10. Does the MLM provide training in the sinkhole risk reduction to ward councilors?
11. Does the MLM incorporate sinkhole risk reduction in its development plans?
PRA 2: Assessment and monitoring

12. Does the MLM conduct regular sinkhole risk assessment in the local community?
13. Does the MLM have effective sinkhole early warning system in place?

PRA 3: Knowledge and Innovation

14. Are there public awareness initiatives to inform local communities about
sinkholes risk reduction actions?

15. Is sinkhole risk reduction taught as part of local school curricula?
PRA 4: Underlying risk factors
16. Is sinkhole risk reduction incorporated into the MLM land use planning?

17. Does the MLM have a system to regulate the erection of informal settlement?



PRA 5: Preparedness and recovery
18. Does the MLM have sinkhole-formation preparedness plan in place?

19. Is there a sinkhole recovery strategy designed to reduce the impact of future
sinkhole formation?



Questionnaire for senior official in Disaster Management Department at MLM

1. What are the causes of sinkholes in the MLM?

a. Briefly elaborate on the history of sinkhole formation in the area?
2. How does sinkholes affect the economic developmentof the community?

3. Is there a system in place where community members can report to the local

authority the possible signs of sinkhole formation? How does the system work?
PRA 1: Institutional arrangements

4. Does the MLM allow the affected role players to participate on the development
of the strategy to reduce the risk of caused by formation of sinkholes? If yes,
which role players are involved and in what way do they participate?

5. Does the municipality have a committee to address the issues of sinkholes? And
which members serve on this committee?

6. Does the MLM provide training in sinkhole risk reduction? If yes, which members

attend?
7. Is the sinkhole risk reduction incorporated into the MLM development plan?
PRA 2: Assessment and monitoring

8. Does the MLM have system in place to regularly monitor the formation of
sinkholes?

If yes how does the system operate?
if no how does MLM deal with formation of sinkholes?
9. How frequent do you conduct dolomite risk assessments in MLM ?
a. Which Role Players are involved in conducting this assessment?
PRA 3: Knowledge and Innovation

10. Are there initiatives in place to inform communities about the risk caused by the
formation of sinkholes and how to combat the factors that contribute to the

formation of sinkholes?

11.1s sinkhole risk reduction taught as part of local school curricula?



PRA 4: Underlying risk factors

10. Is sinkhole risk reduction incorporated into the MLM land use planning?

11. Does the MLM have a system to regulate the erection of informal settlement?
PRA 5: Preparedness and recovery

12. Does the MLM have a sinkhole preparedness plan in place? If yes, briefly

elaborate the plan?

13. Does the MLM have a sinkhole recovery programme that is designed to reduce

the impact of future sinkhole formation?



Questionnaire for senior official in Water and Sanitation Department at MLM

1. Are you aware of the dolomite challenge in the MLM?
1.1 What kind of challenges does the dolomite bring to your department?
1.2 And how do you deal / overcome those challenges?
2. Is there a system in place to categorise water and sanitation infrastructure (in

terms of their years of installation) in the MLM?

3. Is there a system in place for monitoring the leakage of water and sanitation

reticulation infrastructure? And how does it work?

4. How do you prioritise services towards the maintenance of water and sanitation

reticulation system?
5. How long does it take to respond to a leaking pipe or resoviour?
6. Are there storm water drainage in all residential areas?

7. Are there initiatives in place to inform communities about the risk caused by
formation sinkholes and how to combat the factors that contribute to the

formation of sinkholes?

8. What does Water and Sanitation Department do to provide secure, dolomite

compliant of water and sanitation infrastructure in the MLM?



Questionnaire for Focus Groups

10.Do you know what causes / contribute to the formation of sinkholes?

11.What kind of risks do you think sinkholes will cause / or has caused in your

community?

12.How does the formation of sinkholes affect the economic development of the

community?
13.Who do you think is responsible for dealing with the formation of sinkholes?
14.What do you think should be done to reduce the formation of sinkholes?

15.Do you think the community can play a role in the reduction of sinkhole
formation? If yes, which role can the play?

PRA 1: Institutional arrangements

16.Does the municipality have a committee to address the issues of sinkholes? And
do community members serve on that committee?

8. Does the MLM provide training in the sinkhole risk reduction to community?

8.1 Are you able to get information about sinkholes to from their councilors, or are
they able to use the councilors as a direct channel to the municipality to inform
the municipality about dolomite risk (just to test the relationship between
community and councilors as this is an important arrangement that needs to
work for DRR).

PRA 2: Assessment and monitoring

9. Does the MLM conduct regular sinkhole risk assessment in the local community?
10. Does the MLM have effective sinkhole early warning system in place?

PRA 3: Knowledge and Innovation

11. Are there public awareness initiatives to inform local communities about
sinkholes risk reduction actions?

12. Is sinkhole risk reduction taught as part of local school curricula?
PRA 4: Underlying risk factors
13. Is sinkhole risk reduction incorporated into the MLM land use planning?

14. Does the MLM have a system to regulate the erection of informal settlement?



PRA 5: Preparedness and recovery
15. Does the MLM have sinkhole-formation preparedness plan in place?
15.1 (probing question: Were they part of the process in formulating this plan?)

16. Is there a sinkhole recovery strategy designed to reduce the impact of future
sinkhole formation?
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