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ABSTRACT

This research study applies assemblage theory as a philosophical lens. It proposes a framework for
integrating contemporary and historical landscape characteristics ehposy and urban landscapes

for an integrated conceptualisation, mapping, and aisabf Gauteng, South Africa. The study utilises

a mixed methods approach, incorporating spatial anéspatial (literature and survey) data of varying
formats to identify landscape characteristics. Additionally, it appleee multicriteria decision

aralysis (MCDA) and GlISnapping techniques, employing a simplified rationale to keep its complexity

low.

Descriptive and inferential statistics were used to analyse the quantitative data, while the qualitative
data was analysed using a thematic analysis lildrature and survey analysis findings were used to
inform the development of a framework demonstrating the integration of Gautengmipiost and

urban landscape characteristics using a fuzzy overlay, weighted overlay and random forest
classification,along with an accuracy assessment of the mapped reBaléed on the proposed
framework, the mapped results' performance was evaluated through four methods: confusion error

matrix, crossevaluation, areal coverage comparison, and an image differensegsatent.

The literature and survey analysis findings, used to inform the framework, reveal that the two landscapes
consist of an assemblage of characteristics and highlight differences in the characterisation of post
mining and urban landscapes. Distinog were also apparent between literatlggved characteristics

and those identified from local experts. The local experivedcharacteristicelemonstrate context
specific characteristics of Gauteng@stmining and urban landscapét the same timethose based

on the literature emphasise a more distinct and separate portrayal-ofipiost and urban landscape
characteristics (pages 1136). The characteristics identified from local experts were less conservative
(pages 11718). They included urbarelated characteristics in the description of puosting
landscapes and minisrglated characteristics in the description of urban landscapes, presamtiag
similarities in the characterisation of these two landscapes in Gauteng. Mothevindings from

local experts also revealed that literature and other written or mapped work informed most definitions

of postmining and urban landscapes.

The framework for integrating landscape characterigpieges 124123) was spatially represented
through tke three mappipmethods, visually demonstrating several findings providing insight into the
Gauteng landscape's uniquendssst, it demonstratethat the differences in the afacterisation of

these landscapedso impact how they are spatially representThe maps of paestining and urban
landscape characteristics based on the literature presented a similar pattern to the traditional mapping
of mining and urban landscapes in Gauteng. These mapping techniques show thedliggm®across

the mining beal and at the province's core. These findings highlighinfluenceof literature on the



representation of these two landscapes, which is consistent with local experts. tapalitshree
mapping methods, the maps generated from local expert chasaiiters of posmining and urban
landscapegpresentedh larger spatial footprirthan those based on literatuterived characteristics.
This distinction was attributed to incorporating additional {moisting and urban landscape
characteristics in the majpssed on expert input and applying the three mapping techniqisasy

representation methods not commonly used in mapping these landscapes

Secondthe integrated maps of pasiining and urban landscape characteristics suggested a variance in
the presece of posimining and urban landscape characteristics across the province in the maps
generated using fuzzy and weighted overlay techniques. This indicates that some parts of the province
have a higher or lower presence of pm#ting or urban charactetiss (pages 12832). These findings

were visible in the maps generated from literature and local experts, indicating the diversity of both
landscapes and the-egistence of postining and urban landscape characteristics in the local expert
maps.This implies an intricate relationship between these landscapes, challenging the idea of them
being strictly separate, as indicated in maps presenting characteristics identified from the literature.
Furthermore, a closémspection of the areas showing the inéetn between poshining and urban
landscape characteristialso points towards the porosity of boundaries of these two landscapes and a
level of spatial overlap, organisation and arrangement, which are prevalent at varying levels ¢ages 16
168).

Third, the maps generated using literatdegived characteristics achieved higher accuracy scores,
attributed to using reference data traditionally used to map the two landscapes under investigation. This
reference data only comprised classes that claisetl the physical mining and urban classes,
consistent with those identified in the literature. Consequently, it lacked additional factors
characterising the poestining and urban landscape identified from local experts. The fuzzy overlay
maps informed P literature demonstrated an accuracy exceeding 70% fornpostg and urban
landscape characteristics. In comparison, those reported by local experts scored 64. The weighted
overlay and random forest classification resulted in accuracy rates excee#infprspostmining
landscape characteristics maps, regardless of whether literature ordepartl characteristics were

used.

Additionally, urban landscape characteristics maps achieved an accuracy of over 76%, regardless of the
characteristics used taform the mapping. These findings were attributed to the different mapping
techniques employed, with fuzzy and weighted oveutigg a gradual range scale, whdadom forest
classification employe@ binary scaleThis highlights how different mapping ethods affect the
representation of space. Additionally, it demonstrates the versatility of these mapping techniques in
mapping complex spaces such as oisting and urban landscapes. In this stutig, fuzzy overlg

accuracies exceeded 60% for all mapd @nerged atke mossuitable choicéor integrating landscape



characteristics due to its ability to represent blurred and porous boundaries between Gauteng's post

mining and urban landscapes.

In conclusion, the study challenges the notion of -pasing and urban landscapes as distinct
landscapes, emphasising the importance of considering the varying levels of spatial intersection
between these two landscapes. With the pregpsmework anthe alternative representation of these
landscapes, including ootextual information, this research provides insights into new
conceptualisations of urban, pasining landscapes and mineralised urbanisations as assemblages of
different landscapes and characteristics with porous boundaries. This enables a bettEmgnuigiof
Gauteng's pognining and urban landscapes, which could benefit the representation, communication

and management of these landscapes.

Recognising the potential applications and limitations of frameworks such as the one developed for this
study, the highlevel recommendation arising from this study suggests a need for ongoing research into
the contextual representation of landscapes and their characteristics. This can be achieved by
incorporating input from communities, conducting research cantifying intangible landscape
characteristics and developing tools that facilitate the automation and alignment of such data with
development plans.
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CHAPTER ONE: INTRODU CTION

1.1. BACKGROUND TO THE ST UDY

The discovery of gold along the Witwatersrand mining basin in 1888e Gauteng Province a
significantSouth African and global mining regid@rush, 1986; Cammarck, 1990; Phillips, 2013)
Since then, the mining activities of the Witwatersrand have been the catalyst for sustaining the economy
and infrastructure of the country (Cowey, 1994), making the Gauteng provinoauttiey'seconomic
badkbone (Bredenkamp et al., 200&)ver the yearsmining hasfuelled rapid urbanisation and
infrastructural development (Harrison and Zack, 2012). As such, Gauteng is the fastest urbanising
province in South Africaand the rest of the African continent (IHaon, 2007; StatsSA, 2011).
However, this urban landscape is characterised by prominent remnants of mining, mostiyiaipgst
physical landscape characterised by mine wistehassignificantly influencedurban development
trajectories.

Gauteng mirrcs many other urban spaces, which rose to prominence with the discovery of minerals
and the commencementmfning and otheextractive industries. Bryceson an@dKinnon (2012) call

such urbarspacegnineralisedurbanisation'depicting”the influence omineral production cycles and
commodity chains on urban growth and settlement patterns at a local, regional and natidriaDi&xel

514). These mineralised urbanisations result from mining booms and médngigration to certain
places, whicthave overtime, left lasting implications for national economies and urban development

trajectories of certain mining are@@muzeand Hauptfleisch2014)

This is particularly interesting as the development of many aities townsglobally is due to the
discovery of minerals. For example, in America, San Francisco developed from the Californian gold
rush (Walker, 2001; Brand2002 in Bryceson and &tKinnon, 2012) Many African cities such as
Accrain Ghana have developediue tomineral discoveries.Johannesburg and Kimberlyn South

Africa alsoarose fromdiscoveringgold and diamonds, respectiveany mineralised urbanisations

do not survive the discontinuation of mining activities (Fafchamps et al., 204i€)) resuls in post

mining landscapes chacterised by degraded landscapes (Kivinen, 2017: 1). This often letds to
immediate or gradual abandonment of some accompanying urbanisations within these regions
(Fafchamps et al., 2017), such as that observémtiirban sprawl in America amdovingfurther away

from mining and industrialisation (Berger, 2006).

However, some of these urbanisations have persisted, forming big urban agglomerations (Berger, 2006;
Bryceson and MacKinnon, 2012; Fafchamps et al., 20bRannesburg in the Gauteng proeinehich
has seen consistent urban growth over the ysaascase in poinfrhese mineralised urbanisations are

characterised by the @xistence of conflicting poshining characteristics, secondary and tertiary
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economic activities and the landscapesminating from the associated urbanisation processes.
Bryceson and MacKinnon (2012) argue that despite the role of minindewloping these
urbanisations, most discussions on mining activities are on their implications for restructuring the
economies ofAfrican cities The discussions rarely consider the underlying relations between
urbanisation and mining activities, let alone theireg@stence. More specifically, the role played by
mining in shaping urbanisation at different scales is unknown, whiglarigcularly important for
understanding and managing mining landscapes and their associated impacts at different scales.

1.2. RESEARCH MOTIVATION

Sincethe 1980s, there haséna global shift towards investigating the sustainability of mining actsvitie

and the emerging question of incorpangtpostmining landscapes into future urban development
(Berger, 2006; Lorandelle and Haase, 2012; Lei et al.,)2Btyceson and MacKinnon (2012) suggest

that adequate responses to the sustainability challenges presented-ijnpastandscapes lie in a
deeper understanding of the complex relationship between mining and urbanisation processes.
According to Harrisonrad Zack (2012), this is essential to adequately respond to various urban and

societal pressures in Gauteng and other similar contexts of mineralised urbanisation.

In the context of Gauteng, this could also be aided by a better understanding of how ndninigaan
processes interact spatially. Although several data on mining and urban land uses exist, mainly in the
form of land cover otanduse data, point and areal data, these data have their limitations in terms of
their representation of thearth'ssufface, which is often oversimpliied (Sui, 1994; Pickles, 1999;

Kwan, 2002 and Mackenzie et al., 2017). Additionally, several studies in this context have argued that
a lack of data, particularly baseline data, on miniggted activities has significamhplications on the
management andubsequently, the understanding of mining landscapes in Gauteng. GDARD (2009,
2012) and Bobbins and Trangos (2018) argue that a better understanding of the Gauteng mining
landscape requires the availability, accessibiihd integration of various minirglated data for

further analysis. Similarly, Heath (2009) and the Centre for Environmental Research (CER) (2012) note
the inaccessibility of miningelated data aa concern. According to Watson and Olalde (2019), this
accompanies the lack of communication among various data custodians of-reiaitegl data, which

leads to duplication of efforts, namomparable data, and data veracity issues. This results in the siloed
analysis of data and decistiomaking, which does natonsider all available data and characteristics of

the Gauteng landscape in their entirety and adds to the challenge of managing and understanding mining
landscapes. These studies, therefore, point towards the need for an information system thatenables t
integration of various data on minkinglated issues to facilitate communication and knowledge sharing
amongst stakeholders, data interoperability, more detailed analysis, and better understanding and

management of the mining and pasining and urbadandscapes.



Some studies, such as Harvey (2018), have argued that the fourth industrial revolution presents a unique
opportunity for adopting new technologies, such asgeaphidnformationSciences (GIS) including

Artificial Intelligence (Al) and machie learning,which arevital for managing miningand urban
activities andlandscapes. GIS has been widelged in spatial planning,combining geospatial
information indifferentwaysi usingsymbolsationor layers andgenabling the visual extraction and
communication ohew information. GIS has a powerful capacity and great potential to support land use
planning. GIS allows for capting, storing managing manipulating visualsing and analysing
information onthe earth'ssurface(Burrough and McDonnell,998; Goodchild, 2007). While initially

based on empirical foundations, GIS has since evolved to incorporate geographically referenced
information into conceptual frameworks used in the social sciences (Goodchild and Janelle, 2010). This
provides a framewdrfor integrating multiple layers and variablegjich isessential for gaining new
insights into spatial relations and historical and morphological conditibptaces(Page and Ross,
2015). Thus, Gl$ased tools and framewaorks are especially usefgions with a rich and complex
spatial history, where sudpatialcharacteristics and patterns can be unified (Hillier, 2010; Alp and
Guchan, 2017).

Several studiesuch adHe et al.(2015 andSang and Piova(2019, have used GIS frameworks for
documenting and analysing urban landscapes. Most of these frameworks help investigate individual
landscapes and integrate data on a particular aspect of the landscapagthe environment, culture

or heritage. According t&iebert (2000) and Page and Ross (2015), a greater understanding of the
underlying historical contexts of urban environments is achievable through harnessing the power of
GIS to document, visualise and analyse the spatial history of urban regions. @iebeytlso notes

that integrating various sets of historical and contemporary data in GIS gives insight into underlying
relationships of social, demographic, economic, political, cultural, physical and other phenomena
defining a landscape. Some otherdsts have investigated the applications of GIS frameworks in
culture conservation and heritage management. He et al. (2015) use a GIS framework to record and
analyse physical and cultural heritage across different scales. At the same time, other stadies ha
investigated the applications of GIS frameworks in improving planning effortshandonising
relations between various spatial features. Page and Ross (2015) argue that GIS frameworks are not
only crucial for understanding the pasitare also an intaable tool in contemporary planning efforts,

in particular for improving accessibility as well as the quality of urban space. For example, Wang et al.
(2015) use a GFpased framework to assess land use suitability and support sustainable planning in
urban renewal. Such frameworks would be applicable in the context of Gauteng, where there is a need
for an integrated understanding of the landscape as a whole, considering both the urbarmainchgost
characteristics of the landscap&erefore, the propodestudy seeks to respond to the abmentioned

gap by developing a GiBased framework for the integrated visualisation, conceptualisation and

analysis of all characteristics, data and intersectiorGapiteng'sirban and poshining landscapes.
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This stug uses academic literature, historical and contemporary data, documentation, legéstation,

survey data to interrogate Gauteng as exhibiting-pdsing and urban landscape characteristics.

This research studg based on the tenet that some of thelehgkes faced by tharbanlandscapeof
Gauteng result from a lack of understanding of Gauteng as more than an urban lanascsapgost
mining landscape or a combination of urbanisation andmposhg. This is attributed to the limited
evaluation othe intersection between urban and puosting landscapes in Gauteng. Even more so in
Gauteng, where postining, mining, and urbanisation -@&xist, further blurring underlying
relationships.

Postmining, mining and urban landscapes are complex, and swkehen they cexist. This ce
existencepresents new challengeend new dynamics manifest. In addition, data inaccessibility and
norrcomparable data provide a limited regulatory framework to inform deeisaking on managing
mining-related activitiesri urban Gauteng, which has implications for informing the management of
the postmining landscape, mining activities and future development in the province. This research
study use assemblage theory as a philosophical lens and the concepts -ohipogt and urban
landscapes and GIS as analytical frameworkéntegratingdata onco-existinglandscapesrThis isto
develop a framework for exploring the past and present characteristics and intersections of urban and
mining landscapes and provide a more emgassingrepresentation othe Gauteng landscap€éhe
framework is expected to contribute to knowledge by providisgght into a better understanding of
postmining and urban landscapes in Gauteng by proposing practical tools for desgdiong and

policy development, with potential societal implications tietllenge theonventional representations

of these landscapes. Additionally, it has policy relevance by offering insights into the complex spatial
relationships between mining and urbanisation iau®ng and potentially influencing their

management in similar contexts.

1.3. RESEARCH SCOPE

Landscape characterisation and conceptualisation, integration of landscape characteristics; and GIS
based tools arhe mainelements in this researchhis research notes that thesmceptsover a wide

range of topicswhichis beyond the scope dfis research

The main contribution aheresearchs the proposal of a framework for integrating characteristics of
theprovince'postmining and urban landscapes to understand Gautengpasténedpostmining and
urban landscape. Ehesearcltonductedcontributes to further knowledge of pestning landscapes
in three ways. First, it builds on the existing discourse oniposhglandscapes by investigating the
contextual differences in the characterisation of and their impact on the conceptualisation and visual
representation of peshining landscapes. Second, it critically engages with historical and contemporary
documentationdeographical, spatial, technologicaic.) of miningrelated activities and urbanisation
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in Gauteng. It also assesses their influence @ethrdscapegurrent understanding and management

Third, this researcproposes ramework for the integratembnceptualisation and visualisatiapétial
representationof postmining and urban landscape characteristics, allowing the exploration of their
linkages and relationships. By integrating text, spatial dataey datamaps, anether forms oflata

that are seldom analysed together in the same framewaglietearchcontributes materially and
theoretically to a better understanding of the josting and urban characteristics of the Gauteng
landscapeA better understanding of the underlying relatiopsdmd ceexistence ofGauteng'post

mining and urban landscapes is pertinent to respond to the unique sustainability and societal challenges
and dynamics presented by the-eogstence of these two landscapes. Moreover, the integrated
understanding ofsaueng'spostmining and urban landscapes is important for understanding the

province'suture developmental trajectories.

1.4. RESEARCH QUESTION, AIM AND OBJECTIVES

The overarching aim of this studyas to propose and develop a Gb&sed framework for
concepualising, integrating, analysing, visualising and managing the historical and contemporary
characteristics dbauteng'sirban and postining landscapes.

The specific objectives of this study are:

w To identify and critically analyse local expert knowledg®l literature (including historical and
current documentation, legislation and mapping of miméigted activities) to ascertain their role
in the conceptualisation of Gauteng as an urban anehfiogig landscape;

w To propose and design a Gih&sed frameork for integrating historical and contemporary data to
conceptualise the Gauteng landscape as a-faaltted urban and pestining landscape;

w To test the usefulness of the proposed framework in informing the representation and
conceptualisation of mining and pestning landscapes in urban development using different
mapping techniques. From this to see whether it meessutlg'sprimary objetive, i.e.'to develop
a tool in the form of a framework for integrating the complex urban anehingtg characteristics

of the Gauten¢andscape'

Based on the researdtope andmotivation describedibove this research aied to address the

following research question:

What are the potential applications and limitations of the proposeeb@& framework using
literature and expederived landscape characteristics in conceptualising, integrating, analysing and
informing the ommunication and management of the historical and contemporary characteristics of

Gauteng'sirban and postining landscape?



1.5. THE RESEARCH PROCESS

The research process followed to investigate the research question and achieve tbd Igsaefich
objectives is outlined below. There atieree phases in the research process: Resededinition
(Chapterl), Literature review Chaptes 2, 3 and 4),and framework developmenand validation
(Chaptes 5 andb).

Phase onef this research process entdilthe propositionof the research question and specific
objectives The research question and objectives were propussed on a comprehensive literature

review and document analysis.

Phase two entat the consultation of literature andentifying the rdevant theory to serve as a
philosophical lensand suitable mapping techniquekrough which theresearch mentioned above

guestion and objectivegere approached.

Phasdhreeentaiedthe processs undertaken idevelopinghe framework, includingdentification of
landscape characteristics, data collection and development of databases, datacgssng,
conceptual framework development, mapping and validation of the proposed framievaehktifying
landscape characteristj¢entative charactistics often considered in describing poghing and urban
landscapes and their data sources were identified based oalegptlinliterature review and document
analysis.The framework was practically developasinga case studgf Gauteng, a developadban
area characterised bygtive mining angbostmining landscape characteristitsthe case study, several
surveys were conducted to determine the contextual characteristics ofipivgf and urban landscapes
in Gauteng. Meanwhile, required data weolected, processed and analysed to establish a supporting
database for mapping and validating dtearacteristics ofhese two landscapes. The steps taken to
develop the framewor&nd mapped results and accuracy detaig®utlinedin Chaptes5 and 6.

1.6. STRUCTURE OF THE THESIS
This thesiconsists okight chapters.

Chapter 1 introduces the research backgromnudivation andscope proposes a researgnestionand
objectivesto be investigatedand outlines the rearch processThe chapter endwith outlining the

thesis structurand providing the key terms used in the study.

Chapter 2 provides a comprehensive background of the study area, Gauteng, covering several topics:
regional setting and location of the case study area, mining actiwiiieisg and development, mining
regulation and legislation, negative impacts and reclamation efforts. The review involves a mass of
literature on the unique situation of the case stadgracterised blgoth urban posinining and urban

landscape.



Chapter 3introduces the theoretical and philosophical lens ulsdbiis research. This chapter also
introduces the two landscapes under investigation within this stindychaptemresers assemblage
theory,consideringkey qualities of assemblages and their dimerssidhis is followed by an outline

of the genealogy of the landscape, ultimately introducing it as a unit of study. The chapter then discusses
urban and postining landscapes, both globally and localiie assemblage theory is discussed using

the landscape analogy, drawing on the qualities and dimensions of assemblages as discussed in earlier
sections of the chapter.

Chaptes 4 and Sdetailthe methodological strategynd processf the research arjdstify the methods

adopted. Chapter 4 first introduces GIS and its applications in framework development. Chapter 5
outlines the specific methods employed within the research and the steps undertaken. The research
methods include document analysis, survey dataeatmn and analysis, case study and experimental

study. These methodgere usedo answer the research question aotlieve the objectige

Chapter 6 illustrates the development process of the framework using Gauteng province as the case
study. This chater startdy analysing the documentary and survey data to identify key characteristics

of urban and poshining landscapes and the required d#tadevelopsand visually illustrates a
framework demonstrating the relations between the two landscapeswarigdy ceexist. The chapter

then demonstrates how three mapping techniques can integrate the identified characteristics. The
mapping results are presented, along with the results from validation exdforsegsscussion in
Chapter 7.

Chapter 7 discussethe results presented in the previous chaptertlaid relations tahe broader

theoretical and thematic literature consulted.

Chapter 8 concludes the thesammarisinghe mainresearch findingsThis chapter also highlights
theresearch contributisswhile also explaining the research limitatioRnally, recommendations for

further research amresented

1.7. KEY TERMSUSED IN THIS STUDY

LandscapeThis study considers the landscape as a unit of stodynvestigatingthe complex

relationship biveen mining and urbanisation in Gauteng, South Africa.

Urban landscape characteristics: Refers to characteristics most associated with urbanisation. These

characteristics are identified from the literature and local experts.

Postmining landscapeharacteristics: Refers to characteristics associated wittpiostg and mining

activities and processes. These characteristics are identified from the literature and local experts.



Local experts: This refers to the surveyed participants in this sthéyeBearch participardseexperts

or have extensive experienaithin the research area mpic.



CHAPTER TWO: OVERVIEW OF STUDY AREA: GAUTENG AND ITS URBAN AND
POST-MINING LANDSCAPE

2.1. INTRODUCTION

Gauteng has similar characteristics to manyrathigan spaces emerging after the discovery of minerals,
where there is limited understanding of the ongoing relationship between the two landscapes. Therefore,
familiarity with this regioris mining activities forms a necessary background for understaring
relationship between mining, pesiining and urban landscapes and how the characterisation of these
processes can be integrated for a holistic understanding of the landscape in dlieistionapter is

divided into four partslt starts witha generbhoverview of the studyfollowed byanintroduction to
urbanisatiorand mining activitiegn Gauteng antdroaler South Africandadiscusgn o how mining

has influenced developmeintthe region

2.2. REGIONAL SETTING

Gauteng is the smallesf the nine provinces1 South Africa (Bredenkamp et al., 2006), covering a
landmass of 1876 square kilometres (km3he provinces of Limpopo, Mpumalanga, Free State and

North Westsurround Gautengs shown in Map.1
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The province comprisasne local municipalitiegncludingthree metropolitan municipaliti€the City

of Johannesburdhe City of Ekurhuleni andhe City of Tshwangandtwo districtmunicipalities. The
two district municipalitiesare Sedibeng District Municipality (including Emfuleni, Lesedi, and
Midvaal) and West Rand District Municipality (including Mogale City, Rand West City, and
Westonaria)Mkhize and Khanyile2020)

The provnce is at the core of the Gauteng @Rggion (GCR)bottom inset in Map }1 which is made

up of an interconnected collection of municipalities, conurbations and city hubs that collectively make
up the economic nucleus of the country (Gauteng-Région Observatory(GCRO) 2015). It
incorporates smaller centres in Gauteng and its surrounding municipalities. The GCR is geographically

poly-centric in shape and is anchored by the three metropolitan municipalities (Wray, 2010).
2.2.1. Topography

TheGautengprovinceis locatedover the interior plateau of South Africaitiva height of 1500netres

(m) above mean sea level (Grobler, 2006; Dyson, 2009). However, altitudes vary from 1081m to 1899m
above sea level. For example, Johannesburg is characterised by gently rolling topography, with gentle
hills to the west, east and soulihe Witwatersrandon the other handwhich straddles the centre of

the province, lies at 1700 and 1800m above mean sea denthe elevation decreases towards the
northernmost parts of the province (Dyson, 2009).
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Map 2: Elevation map of Gauten@ouce: Author (2023).

10



2.2.2. Geology

The Gauteng province is famous for the scores of ridges forming the outcrops of the Witwatersrand,
which camento existence 2970 million years ago, with its accumulated sedimights Witwatersrand
supergroup (Suttor2012). The geology of the study area mostly consists of quartzite, conglomerates,
and shale of the Witwatersrand supergr@eigure 1) The Witwatersrand supergrougompriseshe

Central Rand Group and the West Rand Grdime.soil in the province has a clay contentl@f-30%
(Grobler, 2006).This supergroup characterises th®autengmunicipalities, namelythe City of
Johannesburg, Ekurhuleni, atet West Rand District, along with smaller urban centres (Mubiwa and
Annegarn, 20&). Despite this,le physical geography of Gautdmas been reported ssmewhat stable

T except for the disruptions that result from the impacts of decades of mining, such as acid mine drainage
after gold mining, wetland degradation and sinkhole formafidabin, 2013), which continue to alter

the physical geography tfe province

g,

b ik
[/ Carletonville
L) /

Johannesburg

—t 27°S+

Lithological Legend:

1 - Welkom Witwatersrand Supergroup:
) ot
&2 :‘L‘rii‘;g;’\rﬂlk \ | Central Rand Group
3 - West Rand PR West Rand Group
5 - Central Rand
6 - East Rand :] Dominion Group
7 - South Rand : =
8 - Fvander Kaapvaal Craton:

l:] Archean granitoid

\ [ Archean greenstone

0 50 100 km / Major Fault
—_

Figure 1: Geology ofthe Witwatersrand supergrotiSource: Zhang et al. (2023).

2.2.3. Climate

Gauteng falls in theountrys summer rainfallclimatic zone regionthe Moist Highveld Grassland
(Dyson, 2009). This climatic region is characterised by warm to hot temper&@uaré®e one hand, the

maximum temperatures (Figuza)averag 22.4°C in the south and 25°C in the north (Taljaard, 1996

1The cover sagencing of the Ventersdorp and Transvaal supergroups were removed in this illustration
of the geology of the Witwatersrasdpergroup (Zhang et al2023).
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South African Weather Services (SAWS), 2DZ3n the other hand, the lowest temperatures average
10.9°C in the south andi1.9C in the nort{Figure 2b)(SAWS, 2023).

Under this climatic region, most parts of the province receive summer raisfedlather systemare
conducive to convective development (Gijben, 2012). The elevated parts of the province receive 700
millimetres (mm) of rain per annunwhile areas of decreased elevation inrtbeh of the Magaliesberg
receive 600 mnper annumAccordng to SAWS(2023), Gauteng has experienced normal rainfall in

the past seven years (Figwte). In contrastJohannesburpas had an average of &8n daysand
Pretoria65 between 1991 and 2020.

Maximum Temperature (°C) overview for some long-term climate stations for 2022
Rank |Highest Annual Av- | Lowest An- | Highest Daily - | Highest " Lowest
Stati fverage] Normal (Highest erage nual Average 2022 Daily Lowest Dally -2022 Daily
ation .
since
1991- o 4 i i
2022 (2020) 1951) (since 1951) | (since 1951) (Date) ‘f;';ﬁf (Date) g’;gf)e
Gauteng
IOR Tambo (Jhb) 224 225 25 24.2 (2015) 21.5(2001) | 32.4 (2022-10-04) | 36.2 11.7 (2022-06-15) 25
a) JUP Exp Farm (Pta) 255 251 17 27.6 (2015) 243 (1955) | 34.3 (2022-10-06) | 40.1 14.2 (2022-05-12) 6.8
Minimum Temperature (°C) overview for some long-term climate stations for 2022
Rank | Highest An- |Lowest Annu-| Highest Daily - Highest iy - Lowest
Station Avnge;| ‘Nomal (Highest [nual Average| alAverage 2022 Daily SomesDally 202 Daily
since
1991- i &
2022 ‘2020) 1951) | (since 1951) | (since 1951) (Date) ‘;},‘;ﬁf (Date) Q’;’;ﬁ)e
Gauteng
OR Tambo (Jhb) 10.9 10.2 15 11.6 (2019) 8.0 (1951) 19.0 (2022-02-03) 23 -2.3 (2022-06-16) 97
b) UP Exp Farm (Pta) 11.9 1.7 7 12.4 (2019) 8.0 (1951) 18.9 (2022-10-13) 257 -1.6 (2022-06-16) 64
Gauteng - Annual Rainfall (% of Normal) - 1921 - 2022
Normal Period: 1991 - 2020
Red bars indicate dry years (< 75% of Normal) and blue bars wet years (> 125% of Normal)
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Figure 2: Simplified Gautenglimate data (adapted from the South African Weather Ser(Bzed/S)
2023). a) Maximum temperatures in Gautenddinimum temperatures in Gauteng&uteng annual
rainfall statistics- based on average rainfall.

However,despite the variations in thegioris topography, rainfall and temperatures, the province
experience similar climatic characteristics for the most pakithough recent years havecorded
gradualtemperature and rainfall pattechangegEngelbrecht et al2015) thesechanges, conibed

with rapid urbanisation, population growth and poorly planned settlements, pose significant disaster
risks for the province.
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2.2.4. Hydrology

Gauteng lies within a major watershed dividasitsonan escarpmenforming a draining ridge of three
major rivers: the Crocodilé@lifants, and Vaaland their related water management argesOlifants
catchment, the Crocodile West Merico Catchments and the Vaal Catghfslemivn inMap 3).
Consequentlywater flows ait of Gauteng (Parker et al., 201&% a result, Gauterig one of the largest
urban areas in the world without a major water source netimeby receiving water from Lesottm
sustain the demand and supply in the regdcKenzie and Wegelin, 2009aFker et al., 2017)

Presently, most of the water in the region is supplied by Rand Water, whicts getter from the Vaal
Dami transporting itover a network of over 3500 km of pipes to 58 mes&s across the province,
while smaller quantities ohe region'swater supplyare from Magalies Water (Muller et al., 2018).
Nevertheless, recent decades have seraasedlemand for wateio meet economiand urban needs,
suggesting thawater security is a critical strategic consideratiotihe region(McKenzie and Wegelin,
2009;Muller et al, 2018) Moreover, minimalocal water sources mean that Gauteng can never take
its water security for granted (Parker et al., 2017).
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Map 3: Hydrology and water supply in Gauterfspurce: Athor (2023).
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2.2.5. Vegetation

Apart from the hydrological and physiological considerations o

and far north of the city tend to be sandy, owing topttmincés h

f the province, the soils to the far south

istory as a grassland biorimethe

south and savamanin the north (Map 4) (Kgatla et al., 2022). Tfrevince'sgrassland and savanna

biomes support variougrassland speciesiall trees, bushes and bulbous pléBtedenkamp et al.,

2006)
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Map 4: Vegetation distribution itcauteng Source: Author (2023).

Additionally, Gauteng was predominantly a farming and pastoral area before the discovery of gold. The

discovery of gold ha®ver time resulted in a sharp decline in agricultural lamew primarily located

at the peripher of the province and converted from a pastoral

economy into an industrial one. The

remaining agricultural land availability is plagued by many concerns, such as encroachment by other

land uses, unsustainablarming practices,safety and security, andoncerns around their water

requirementgStorie, 2014Maree and Khanyile, 2017
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23. SOCIO-ECONOMIC CONDITIONS

2.3.1. Social conditions

As the economic hub of South Africa, Gautesghe most populous province in the country, boasting

a population ofl5.1 million people (StatsSA, 283. However, while the long history of human
habitation in the region is often traced back to the formation and inhabitation of Johannesburg, Pretoria,
and the surrounding areas, archaeological evidence of hominin labg#itches back millions of

years in the ridges and valleys characteristic of the province, predating European settlement in the
region (Mabin, 2013).

The province has experienced significant population growth over the past few years, with an estimated
2.6 million more residents in the last five years (Gauteng Provincial Government (GPG), 2023). The
national populationgrowth rate in South Africa has been estimated at 1v#fe that of Gauteng
consistently exceedhis at2.5% (GPG, 2023; StatsSA, 2@23

This high growth rate, leading to a substantial increase in the population, is attributed to natural growth
processes and an influx of migrant workers coming to the region from outside the province in search of
employment opportunities (StatsSA, 2022)cording to theGCRO'sQuality of Life (QoL) SurveyV
(2015/16), as many as 18% of those who come to the province in search of job opportunities eventually
reside in informal settlements (Culwicknd Dawson 2016). Informal settlements mprise
uncoordirated and fragmeatl housing developments (Kilian et al., 2D0Ehese informal settlements

are primarily located on the urban fringe, where economic opportunities are accessible in proximity
(Hamann et al., 2018However residents also face challengesessing the job market (Culwieid
Dawson 2016).Hamann (2008, 2003 states thatost informal settlements lack basic services such

as water, sanitation, and electricity, rendering their residents vulnerable.

Despite the province being the economic lfitsouth Africa, it is characterised by high levels of
poverty. According tale Kadt et al. (2021), 36% of Gauteng households live below the poverty line.
Additionally, unemployment in the province has increased to 34.4% (StatsSA)2023

2.3.2. Economiconditions

Gauteng province gained prominence through the discovery of gold along the Witwatersrand basin in
1886, with the initial mining activities concentrated in the City of Ekurhuleni, the City of Johannesburg,
and the West Rand Distridiunicipality (Harrison and Zack, 2012). Subsequently, this region
underwent rapid development amdbansationafter the gold boom, establishing itself as the economic
hub and the fastegrowing province in South Africa (Harrison, 2007; StatsSA, 2011).
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Nonetheless, thmining industry experienced a declineghe 1970swhich led to increased exploration

of various minerals and commaodities across the province, moving further away from theninitigl

areas (Harrison and ZacR012). This expansion introduced smatt@ning towns and communities,
moving away from the mining belt and, over time, coming together to form an agglomeration of urban
space (Bryceson and MacKinnon, 2012) at the core of the province, radiating outwards on either side
of the Witwatersrand belDespite this decline in mining activity, Gauteng remains the economic
stronghold of South Africagwingto the diversification of its economy into more secondary and tertiary
activities (Bryceson and MacKinnon, 2012).

The province is thenost significahcontributor (33.1%) to the South African econgmmith the highest

growth ratereportedn 2022 (StatsSA, 202B). With the continued decline of mining in the province,
themost significahcontributing sectors are finance (31%)anufacturing17%), trade (13%), personal
services (11%), government (10%), transport (8%), and other (9%). As such, the province attracts a
significant portion of the workingge populatio(15-64 year¥ in search of employment (StatsSA,
2022).

2.3.3. Landuse

Severl maps depict land use lkandcover in Gauteng. This study uses the latest available land cover
and data from the Department of EnvironmeW#ifihirs websité. GeoTerra Image (G7lcreated the

data,classified from 2020 imagery

The abovamentioned lad cover oland use data comprises 72 land cover classes and can be broadly
classified into nine broad categorigsvhich are Forestefi Shrublané Grasslant Waterbodie$

Wetland$§, Barren land$ Cultivated® and Builtup and Minesindquarries The areal coverage of each

2 Land cover is that which can be observed from satellite imagery, while land use refers to the actual
use of the land regardless of the formal categorisation (Hamann and Ballard, 2022), which also implies
the transformabn of the natural environment.

% https://egis.environment.gov.za/

4 Class comprises contiguous forest (low contiguous, dense, thicket, woodland, plantation sparse, open
and temporary unplanted).

® Class comprises shrubland (low).

¢ Class comprises grassland (natural and sparsely wooded).

" Class comprises natural pans (flooded at observation times), artificial dams (including canals) and
artificial sewage ponds.

8 Class comprises herbaceous wetlands (currently and previously mapped)

9 Class comprises natural rock surfaces, dry pans, eroded lands, bare riverbed material and other bare.
10 Class comprises cultivated commercial permanent orchards, commercial annual crops pivot irrigated,
commercial annual crops nquivot irrigated, comrarcial annual crops raifed / dryland, subsistence /
smallscale annual crops, fallow land & old fields (trees), fallow land & old fields (bush), fallow land
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of these land cover danduse categories is presented in Table 1. Table 1 shows that the land cover or
land use characterising most of the land in Gauteng is grassland (32%). Hamman and Ballard (2022)
argue that 86.2% dbautndsland cover otanduse falls under the neurban category. Thus, a large
amount of land categiged as grassland indicates that some parts of Gauteng have not been converted
to urban land usgslamann and Ballard, 2022}rassland as the dominantdarover or use in Gauteng

is followed by cultivated land (27%), builp land (22%), and forested land (13%), with the remainder

of land cover or use classes (shrubland, wetlands, waterbodies, mines and quarries and barren land)

occupying less than 3% ainld each.

Tablel: Areal extent of land cover ¢and use classeas at 2020Source: Author (2023).

LAND COVER/ LAND USE THE AREAL PERCENTAGE (%) OF THE
EXTENT IN KM 2 PROVINCE COVERED BY LAND

COVER/USE CLASS

Forested land 2397.78 13.20

Shrubland 9.73 0.05

Grassland 5872.02 32.32

Waterbodies 134.53 0.74

Wetlands 458.05 2.52

Barren land 148.18 0.82

Cultivated 4852.20 26.70

Built-up/urban 4086.91 22.49

Mines and quarries 211.08 1.16

Total area (km?) of province 18170.49 100%

This research is interested in the land covdand uses related tGautenés postmining and urban

nature. According to this data, only 22% of Gauteng province is characterised fphuiltirban land

cover oflanduse. By contrast, only 1% tife Gauteng landscape is characterised by mines and quarries.
An advantage of using this data is that it is serial data, which enables a time series or lamdaoger

use change analysis of the data, and using the older layers provides some insigstiointal mining

and urban land cover/use. However, it should be noted that there are some limitations to using this data.
For example, while mines and quarries comprise 1% of the Gauteng areas;nelatied buildings are

not included in this 1% asdly are recorded in the builp class and classified under urban. This shows

the extent to whiclkauten¢s urban and miningandscapeareintertwined Additionally, this data only
considers the surface characteristics of mining, while most of the macingties in Gauteng have

been underground

& old fields (grass), fallow land & old fields (bare), fallow land & old fields (low shrub) afdvi
land & old fields (wetlands).
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Moreover, another limitation ahainly relyingon this éta as a proxy for mining and urban landscapes
is that this data uses lesglution satellite imagery, where the resolution is not as high as ideal, which
affectsthe classification of land cover/use classes. Moreoverdtis only considers the visuahd
physicd manifestations of posnining and urban landscape characteristiss sich, most of the

underground mining that characterised this region initially is not included in classifications.

24. URBANISATION IN GAUT ENG AND SOUTH AFRICA

According to Mukoko (1996} complex issue with South African urban landscapdleir dualistic

nature, owing to their colonial and segregationist past. In this context, urban development is associated
with the apartheid segregationist regime from 1948 to 1981re noAwhite population groups were

forced to live in peripheral areas. Thgweripheral areas had limited access to basic seruchgere

far from economic opportunities and other amenifids has had a lasting yet unequal impact on
Gautents urban spatial form. In democratic South Africa, these apartheid planninghéawesed to
institutional fragmentatiomnd settlemerg with distortedpatterns and spatial inefficiencies (Pillay,
2008; Napier, 2009; Turok, 2012; Cilliers et al., 2014). Mahows the urban land uses, showing the
increase in the spatial footprint of urdand in the provincelheprovince'score is indicated in a dotted

line on the map

Urban land use and land cover in Gauteng Z\ rt

Urban-related land uses (1990)
Urban- related land uses (2000)

| Urban-related land uses (2010)
Urban-related land uses (2020) \.,r"
:::I Urban core and periphery line

f_—z Gauteng provincial boundary
{

o
e ]

4 - Soshanguve
7

/
N .
] 4
flon ¢ )
p. ¥ R D . .
2 o e L) 1N iMamelodi
\ W& pretoria 3
«~Atteridgeville’ vE "
{ 5 N Lo
) 3 /“’,\ .‘..Bronkhorst?prult
%Y < TiCenturion” 1\ e ]
- F R ERY
Xy NN {
R’ Y i
|drﬁg\i! ~ e /
o
: ot LAY g
/ e -“E—Kru’g?(élforb A‘Ie?(andrg'r,‘ . ,\/’:\.‘«\‘ -3
— o T TA7% T Randburg 2% &, gpaveyton
i & aur R ~ o N Bendni
A 4 P Johannesburg L
=i W &3 Sy R T !
1 ‘.\,./Soweto: o, \‘{ LSprings..._
L R K ety e
" Khutsong §O0 oy % P E -
s 4o B M il Tsakane- ~
4 “i4 /0 Carletonville k. \ Katléhong [R50
i JAC I Bhe: LR
1. A
A F o e Y
\ oo
i 5. ¢ Heidelberg [
2 S : [y
| | {
- - Yo \

,.—3‘ Data sources: Municipal Demarcation Board (MDB)
(2011) Gauteng boundary; GeoTerra Image (2021)
Land use data

0 15 30 60
[ e——— Nl

Map 5: Urban land use and growth in Gauterfpurce: Author (2023).
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Since 1994urban planning has been characterised by ambitions of enhancing equity by providing basic
infrastructure and services (Turok and Parnell, 2009; Culwick et al., 20h8%e ambitions are
primariy driven by the urgent need tedressnequalityand injustces ofthe segregationigpast. This

has been dorgy removing restrictions on freettlemenandmovementre-engineering the urban form
through the spatial development framework (SDF), restricting urban sprawl through infill pregchms
removing housig segregation based on ethnic idenfiyarais and Ntema, 201Ruhiiga, 2014,
Culwick et al., 2019)

According to Pillay et al. (2006), Soutkrica's urban development policies, as they appear in the
governmeris white paper (Department of Housing, 1997ghlight four types of urban areas, namely:

a formal urban areayral formalor commercial farming areasibal areasand an informal urban area.

These include urban areas that are centres of urban governance in the form of metropolitan governments
and economic and social opportuniti@uhiiga, 2014). Cilliers et al. (2014) describe these urban
landscapes as areas characterised by rich biodiversity, cultural diversity and steeszaoainic
gradients. Additionally, the rate of expansion and udaiun within these urban areas has taken place
unevenly across the country, with the fastest increases noted in Géh&esetting for this studynd

Cape Town (Turok and Bor8aladin, 2014).

Gauteng is the economic halb South Africa and the Africamontinent, owing to its industrial and
economic development (Chakwizira et al., 2018). phizvincésindustrial and economic development

has been characterised by employment opportunities and access to essential services, contributing to its
rapid urbarsation and migration (Nhamo et al., 2021). However, according to Hamman and Ballard
(2022), the extent to which parts of Gauteng are urbanising is a significant policy concern, as the
province now faces several challengssch aspopulation growth and enomic pressures driving
excessive land transformation. This transformation is evident in the distribution of the population across
the province (Bobbins and CulwicR016) and numerous land cover changes, such as a decrease in
water, smallholdings and agulture within the province, while also pointing towards an increase in
degraded land. On the one hand, the bulk of the land transformations within the prarngnce
characterised by settlement expansion atptie@inces core. These findings mirror thoséthin the

South African Environmental Outlook Report (SAEOR)EA, 2017) which suggests that the
provincial population and household numbers risimg, the latter being attributed to fewer people

living in each household.

On the other hand, according B&EA (2017), over 55% of provincial land has been transformed for
economic and consumerist activities such as mining, agricultural practices and food production, as
noted in Chakwizira et a(2021). While important catalysts for sustaining thevince'seconomy,
these activitiegre often irreversible, permanently rendering some parts of the province unsuitable for
human occupatiorDEA, 2017) This in turn, continues to drive the demand for human settlehaexoit
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and indirectly contributes to the loss of biodiversity and continued pressure on available and potentially
environmentally sensitive ecosystems such as wetlands and indigenous grasslands. Moreover, rapid
urbanisation highlights the spatial inequality im&oareas within this region, challengithg potential
implementatiorof sustainableontemporary urban planning and environmental management practices

in the province.

25.  THE MINING ACTIVITIE S OF GAUTENG

The Witwatersrand basin ike oldest largescak mining arean South Africa, owing tahe discovey

of gold in Langlaagte in 1886 (Crush, 1986; Cammarck, 1990; McCarthy; P@ftlet a|.2013. The
Witwatersrand gold comes from a-Biometre (km) rocky outcrop extending eaststerly across the
certral GCR (Trangos 20)8lIt cuts across therovinces West, Central, and East Rand regi@dap

6). The initial mining activities of the Witwatersrand were located on proclaimed mining grounds in the
City of Ekurhulenithe City of Johannesburg, and the West Rand District Municipality (Heath 2009),
asshown by thelark redoutline on Magb. Gold prospection in the regigmoducesa 100 knphysical

belt calledthe Witwatersrand mining belt (Heath, 2009)

The Witwatersrananining basin has yielded over 52 kilotonnes of gold since its discovery in 1886, a
significant increase in gold production compared to 523 tonnes of gold extracted in the region's first
year of gold mining (Robb and Robb 1998; Stafford, 2@08.§. Gold poduction in the province has
played a significant role in making South Africa the leading producer of gold for over a century, with
an estimated contribution of between 3340% of world production (Stafford2015 20189.
Furthermore, at the local lev&auteng is the most productive producer of gold and other commodities
in South Africa (Cowey, 1994; OECD, 2011) and the fastest urbanising province in South Africa and
the rest of the African continent (Harrison, 2007; StatsSA, 2011).

Early mapping of th region in 1956 by Fair et al. (1990) shows that just a few settlements accompanied
these mining activities on either side of the mining grounds to make commutes shorter for labour
(Harrison and Zack, 2012). However, contrary to the early mining daybgii880s), where gold

mining along the Witwatersrand was undertaken using picks and shovels to reach-thesagoigl gold

ore, new techniques were introduced and adopted in the 1960s to increase gold extraction to meet the
global demand and significantimpacted the rate of extraction (Heath, 2009, Robb and Robb, 1998).
Currently however(as also demonstrated in MBp miningrelated activities are no longer limited to

the central parts of the province, and large mitéage areas¢ncessionsare inthe far south (around

Heidelberg) and in the northern parts of the province (Trangos and Bobbins, 2018).

These miningoncessionshatched on Ma) are managed by large mining corporatidaasing the

area for a defined period from the mineral rightéder andprimarily responsible for mining and-re
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processing gold ores. Mdppresents a picture of the mining activity in Gauteng and shows that the
province is characterised by abandoned (this includes ownerless and derelict mines) and active mines.

Additionally, the province is characterised by mine wéaatéiscussed in subsequent sections.
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Map 6: Mining activity in GautengSource: Author (2023).

Recent studies (Harrison and Zack, 2012; Spay, 2014; Marais, 2018) iradabatae in themining

i ndustryo6és contr i $iurow only canshitutes la emalé pereenta@do) of the
provincial Gross Domestic Product (GDhe Real Economy Bulletjr2016) However, despite this,

the mining sector maintains its importance to the regional economy as the mining of gold, diamond,
and coal production still occurs here aadbtill the most significant contributor to foreign exchange
revenue. Thus, mining acttiés along the Witwatersrand continue to benefit the state through
considerable revenue and specific individuals by providing some of the unemployed with ways to earn
money. According to Cowey (1994), the revenue generated from employment in the mines and
supporting industries alone has bearessentiaatalyst for sustaining the economy and infrastradtur

development in South Africa
25.1. From mining to postining landscape

Much of the gold mining ceased in the 1970s as mining operations started digging deeper, and the

production of gold became unprofitable, leaving more than 270 tailing dams covering over 400 square
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kilometres (k) in the surface area around the Witwaterdrhasin (Stafforet al.,2015 Stafford,
2016 Bobbins, 2018). As a result, a large acreage of prime Gauteng land is characterised by mining or

remnants of mining activities such as abandoned mine ghaftshown irFigure3) or mine waste.

Figure 3: A boy playing close ta discontinued mine shaft in EkurhuleBiource Heath(2009).

Mining activitieshavevariousvisible impacts on the environment, such as tailings,dsspllacement
changes in land used for agricultupalrposes, increadéoss of biodiversityanddegradation of water

source quality through Acid Mine Drainage (AMByhich contaminateboth surface and groundwater
sources (Martin et al., 2014; Moncur et al., 2014; Stafford et al.,; Z&ford, 2015 There is also a
considerable presence of overburden materials in the form of rocks and soil that were removed to gain
access to ore deposits along the Witwatersrand, sometimes stored in dumps (Festin et al., 2019).
Additionally, mining also results in wastiumps, which are made of heterogeneous cgaaseed rock

usually stored at the mine site, and they are an environmental concern because of AMD3}Figure

However, some waste rocks can be stored in tailing dams to pg&MEn(Rankin, 2011}

11 Acid mine drainage is created when mining waste comes into contact with water and oxygen and

releases acid, sulphates and metals (Ashton et al., 2001; Sheoran and Sheoran, 2006).
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Figure 4: Iron hydroxides precipitating into a river in Ekurhule®ource:Sutton(2012).

These posmining landscapes are a crucial signifier of the lax legislation that has characterised the
mining industry in South Africa (Mhlongo aémponsakDacosta, 2016), which is attributable to the
part gold and mining played in the expression
the mining sector being plagued by regulatory uncertainty, which undermines the positivetrole tha
mining can play it h e ¢ odevelopmegnd Bhe following sections discuss the different aspects of
Ga ut e n gmining lpndssape. Starting with a discussion of the regulation of the mining sector,
followed bythe negative externalities of mining aeniding with the discussion of its rehabilitation and

economic prospects.
2.5.2. Regulation and legislation of mining activities and resultant waste in Gauteng

The severe landscape damage from mining activities was recognised/eamniyheMines andWorks

Act (27 of 195%6) was enactedAs the impact of mining became apparent, more laws were introduced
to regulatethe activity within the region. However, these were also closely linked to apartheid
legislation at the timeFor example, the Mining Rights A¢RO of 1967)led to therehabilitation of

mining grounds near settlement areas and the allocation of this land for the settlement of African,
Coloured and Indian population groupdagubane, 197&ilian et al., 2005; Mubiwa and Annegarn,
2013).

The lax legislation around mines and mine waste was replaced by the endorsement of the Minerals Act
(50 of 1991), which aimed tensurehatthe state and mining company responsibilities to communities

surrounding mining activities were met (Mhlongo and pamsakDacosta, 2016). Until then, mines
23
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could abandon their operations without much consequence once unprofitable. The Minerals Act
changed this when it required mining companies to provide an environmental management programme
and a rehabilitation plaripulating postmining provisions associated wighological liabilities (Swatrt,

2003). Consequently, South Africa has close @0@ derelict and ownerless mineSA( Auditor
General, 2009; Durand, 2012)many of which are under extended maintenance \ahititing closure
certification (Watson and Olalde, 2019; Miralas et al., 203dne authorgarguethatthisis deliberate

to avoid the assumption of rehabilitation responsibilities by the statee the early 1990sthe
regulations and legislation ofining activities have seen several revisions, with the democratisation of
the countryand the ascension of the new South African Constit{\ah108 of 199" bringing with

it more sustainable thinking in all spheres of government and the corponatg sectoi(Republic of

South Africa 1996 One such regulation that has been introduced since thdre iMineral and
Petroleum Development Act (MPRDA) (Act 28 of 200@hichfurther reinforced closure legislation
(Watson and Olalde, 2019) and madeuredtresources a collective resource of the people and the state.
According to the Act, miningampanies are expected to meet the requirements for mine management

closure

Unlike in currertday practices, where mines are designed with mitigation plans (Mdnenirez et

al., 2001), proper mine closure was not a priority for mine management with the initial establishment
of mines. Therefore, current mining legislatgals vith ongoing and abandoned mining activities and
seekdo create a legal framework that uphotdsnan rightconcerningdevelopment and the hazards
associated with active mining, mining waste, and pollutitmerefore,despite theMPRDA, mine

closure legigdtion is part of environmental, water, and pollution legislation. The implications are that
all spheres of government are effectively responsible for administering the legislation and regulations

of mining activities and resultant waste (Bobbi2315).

The implications of this are that while the Chamber of Mines of South Africa is recognised as the
authoritative voice of the mining industry in South Africa, other government departments also regulate
mining activities These includéhe Department of Minat Resources (DMR)heDepartment of Water
Affairs, the Department of Environmental Affairs, and the Department of Agriculture, Land Reform
and Rural Development. Under the DMR, mining activities are regulated WMRIRDA (Schutte,

2 However, there are significant dispencies in the estimations of how many derelict mines exist in
South Africa, with some researchers suggesting that it is around SO0t (AfricanAuditor General,

2009). Noting also that there have not been any recent abandoned mine audits.

13The South Arican Constitution stipulates that everyone has the right to a healthy environment that
does not cause them any harm. Moreover the Constitution also states that mining must be conducted in
a manner that is sustainable for present and future generd@i®As1996, CER 2014).
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2014), amended in 2014 give the department control over mining operations (Kings, 2014). The
Department of Water Affairs is regulated by the Water Amendment Act (58 of 1997) and National
Water Act (36 of 1998) and seeks to maintain water quality intéfyrifthe Department of
Environmental Affairs is regulatedylihe National Environmental Management Act (107 of 1998),
which aimsto manage environmental impacts and promote environmental protection (B&aib)s,

In addition, mining activities are also governed by the Minaltdeand Safety Act (29 of 1996), the
Atmospheric Pollution Prevention Act (45 of 1965), the Nuclear Energy Act (46 of 1999) and the Fanie
Botha Accord instigated in 1970.

Additionally, the mandate for environmental health, emergency services, andrdisaségement lies
locally, as stipulated under the Spatial Planning and Land Use Management Act (16 of 2013), as the
level of government directly impacted by mining wastkated issues. However, the local government

is often not equipped with the necegsakills, capacity, and knowledge to deal with these issues
(Bobbins 2015), and the appropriate skills in the context of mine closure are often lacking (Miralas et
al., 2014; van Druten, 2017; Watson and Olalde, 2019). Consequently, mine waste andnemééaon
wasterelated issues are split between different stakeholders, leading to a fragmentation of

responsibilities and various interpretations of the legislation.

Another issue, although less often spoken about, is the general lack of informationeomisxmg
activities. Several forms of legislation in South Africa regulate data on mining activities. For example,
the South African Space Affairs A3 of 1993 is a regulatory frameworor outer space data and
observationThe Spatial Data Infrastructure A&4 of 2003 makes prescriptions regardifagilitating

the sharing of spatial datAdditionally, the MPRDA, which urges information to be made available
voluntarily through regional managesdso expects holders of niiig rights to provide annual reports
detailing accurate information and daggardinghe mineral reserves and resources within the mining

areas.

Nevertheless, data on mining activities is mostly not readily available. Several regional studies have
repoted on the inaccessibility of data on mining and the resultant waste. For example, data
inaccessibility has been widely reported in many publications, such as GDARD (2009, 2012), Heath
(2009), CER (2012) and Watson and Olalde (2019). GDARD (2009, 2018)eimstudy of mine
residue areas (MRAS) and their suitability for reclamation, argue that a lack of data, particularly baseline
data, on miningelated activitieshas significant implications on the management and, subsequently,
the understanding of mimg landscapes in Gauteng. Additionathe failure to provide information on

the general functioning of mining activitieghich in most instances is neither incriminating nor

¥ Mining is a water intensive economic activity. Moreover, mining has an impact on surrounding water
quality (Gunson et al. 2012).
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controversials upports existing suspi ci onssltwihfappropriatt ng ¢ o
community members and circumvent environmental impact assessments. This issue is of great concern,
mainly since these mining activities occur close to areas zoned for human settlement. Data
inaccessibility highlights the lack of congrhce by mine management or organisations. It violates the
Promotion of Access to Information A€ of 2000, which gives effect to the constitutional right of

access to any information held by a public or private body required to protect any rights.
2.5.3. Negative externalities of mining activities in Gauteng

A complex governance landscape informs the responsibility taken for the hazardous impacts of mines
around Gauteng, often deflected onto surrounding communities. These negative impatis issse t

of the spatial relationship between mining areas and human settlements in the GCR and change over
time (Fair et al., 1959; Mabin, 2013; Khanyile, 20B6bbins and Trangos, 2018

2.5.3.1. Environmental challenges driven by minietatedactivities

For a long time, the environmental impacts culminating from the mining activities of the Witwatersrand
were overlooked as the benefits of economic development were often more immediate to the
surrounding communities, and the impacts appearagldfter mining had ceased (McCarthy, 2010).
Thus, it has taken a long time to develop an environmental agenda within the mining sector in South

Africa.

Severe impacts on public health are associated with living near active and discamticlosddnines.
According to Festin et al . (2019: 382), fiin th
metalliferous mine tailings, and overburden materials pose serious hazards to human health and
agricultural productivity through surface or groundwater poltytiaff-site contamination via aeolian

di spersion and water erosionéo. He arinngjwastesncer ns
include vulnerability to diseases such as asthma, bronchitis and pneumonia. For example, in
Roodepoort, there is an old aabdandoned gold tailings storage facility adjacent to the community of
Davidsonville with unmanaged runoff, seepages and contamination of water sources by acid mine
drainage (Trangosn Bobbins and Trango2018). Similarly,the Tudor Shaft informal setment in

Mogale City is located on land contaminated by mining waste dulmesresidents are exposed to
radioactive dust that emanates from these dumps (BolbiBsbbins and Trango2018).A similar

case can be seen in Figure 5, which shows the destbetween residences and mining operations

somewhere in Springs, in the East Rand.

Another example ithe infamous case of Riverlea (a township built during the apartheid era) and DRD
Gold. Minorities were forcibly moved and relocated to Riverlea, andose to an abandoned mine

dump, which started being a problem when DRD Gold started removing the vegetation over the mine
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dump in pursuitof remaining gold. The dumpeportedly producediigh dust levels affecting the
surrounding community through noipellution andincreasedust particulatedeadingto respiratory
problems (Kings2013).

Cloople

Figure 5: Google Earth image of the distance between mining operations, waste, and residential area

in Golden Springs in the EaRand.Another residetial area, 700 Schem&pring3, is located to the
west.Source: Google Earth Imagery (2014)

Another study by the Benchmarks Foundation (2017), investigating the impacts of mine tailings and
abandoned mines on adjacent communities, sugtiegtthe coincidence of gold and uranium within

the Witwatersrand has exposed a considerable amount of radioactive rock. These radioactive rocks are
expected to culminate in several radiation risks which manifest in several ways, including unfenced
mine waste, particularly slimes tailings accessible to the unknowing public; informal settlers residing

on abandoned mine sites; people stripping radioactive materials from abandoned mine sites and uranium
processing plants and selling this to scrap metdedegeople using tailings sand as a building mix

for concrete, cement, and plaster to build houses; dust from slimes/tailings dams and people inhaling or
ingesting the dust; runoff of mine water from tailings dams, or seepage into groundwater and plants
absorb radioactive substances from the soil on which they grow (Benchmarks Foundation, 2017). They
are also toxic for present and future use, meaning that most of this land is excluded from urban
development planning and has not been considered for tire fKpansion of the province.

Nevertheless, Bobbins (2018) argues that while there has been a surge of scientific findings to confirm

the impact of mining on the environment, this did notimmediately flag the need to act, thus perpetuating
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a culture of on-compliance. Ultimatelythe issues surrounding mining waste have become interwoven
with those of fundamental human rights and institutionalised poverty, forcing the shift towards more
decentralised environmental governance and the broader participdtioonprofit organisations
(Bobbins, 2018; Crous et al.,, 2020). Thus, by the e2090s, at least from a legal perspective,
environmental rights discourse was infused with environmental justice, promoting a culture of
inclusivity and engagement in environmental decisi@king. With this, the government was forced

to reconceptualise itapproach to environmental management. At the same time, mining companies
became legally bound to consider all the potential impacts of their activities and take reasonable
measures to ensure ecologically sustainable mining activityet®emtattempts otlined in the latest

Draft Mine Closure Strategy (2021). As such, mining operations must have proper mitigation plans that
ensure that environmental impact assessments (EIAs) are carried out reg¢hutdohpader mining
industry is working towards sustainle growth, and economic development does not severely degrade
the surrounding environment. Nonetheless, considerable work is left to entrench this discourse in

practice.
2.5.3.2. Socieeconomic challenges driven by miniredated activities

Mining activities have played an essential role in the province's economy. However, mining also brings
many social problems despite its wealth. Mine closure andmpiogtg landscapes increase the
complexities of these social problems. Because of the sixeemining wealth, imagining a time
without mining is challenging. Mining makes many communities dependent on it. They introduce jobs
and significant infrastructural development in some communities and provide fast ways of securing an

income when odd joldo notoffer a sustainable living for many (Cowey, 2004).

However, thigrimarily concerns operational mines, as abandoned mines often cease to exist along with
their benefits. The consequence of this is major secamomic problems in communities swumaling

mines that have ceased to operate, including unemployment, limited job mobility, a decline in economic
activities, alcohol and substance abuse, and depression in their communities (Crous et al., 2020).
Similarly, Marais et al. (2022)ave demonstratl the positive impaaf miningon crime levels using

the example of an analysis of thiéme statisticseleased by th8outh African Police Serviceshich

showed decreased crime levels as mining giidvey argue that crime originates from the inabtiity
rehabilitate land and mining sitéshibiting economic development. However, Bobbins (2018) states
that, on the other hand, the cessation of mining activities and mine closure has resulted in the
development of distressed mining settlements charaeteby primarily informal sources of income to
sustain livelihoods, thus creating miegoonomies. For example, this can be seen in tegpiwitation

of some mine dumps by smaltale artisanal gold miners (also knowrzasazama$ and reselling

any findings from their diggings, which has benefited these communities (Bobbins, 2018).
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2.5.4. Reclamation efforts of minifimpacted areas

As heaps of mine waste characterise the Gauteng landscape, the possibility of reprocessing the mining
waste has been dta forefront regarding thinking about what to do with puosting landscapes in the

region. Several studies (Stafford et al., 2015; CSIR, 2020) suggest thatipivgf landscapes can

deliver positive benefits through regional economic development arabtinfctural gains. Most of

Ga ut e n gniining lpndssapes are considered a health and safety hazard, which has heavily
influenced current urban planning, legislation, and the management of these landis¢bpgsocess,

this hasinvariably led to the exclusion of this land from urban development planning and left out of
future expansion plans for the province, despite the increasing demand for prime land with access to
services and job and educational opportuniti&svever, in &ceptional cases, some rock dumps can
contain traces of gold that can be recovered through rewoiKiigihas been the remaining mine heaps

by mining corporations or zameamas, who often rexploit orphaned abandoned derelict mines.
According to Siegelrad Veiga (2010: 275in Chipangyea0 1 9) , fAé t he-salemiding of t h
economy in developing countries is an emerging professional and academic field whose terrain is

| argely unmapped and hard edges still being det e

Additionally, there las been a continued expansion of residential areas onto mining grounds in recent
years for example, through efforts to-ocempact the city by bridging the norslouth divide left by the

mining belt. Many new areas are not yet well integrated into then dalaic and are characterised by
substandard infrastructure and poor service delivery (Winde and Stoch, 2010). Trangos and Bobbins
(2018) suggest that the reprocessing of mine waste @sdidt in reconnecting the socially and
economically fragmented gitand address the so@oc onomi ¢ vul nerabilities |
unequal society. Thus, considering these lands for future development is pivotal and can be achieved
by embracing active restoration, rehabilitation, and reclamation ofngiogig landscpes (Festin et

al., 2017). Moreover, Bobbins (2B)largues that effective restoration and reclamation efforts require
the active involvement of the mining industag well as a shift in the operational focus of mining
companies where they shift from actiméning to property developmerdllowing derelict land near

mining waste or proclaimed mine lands to be reclaimed and redeveloped.

Sever al remedi al approaches have been-mipnigoposed
landscapes into the urban framwerk. In 2015, the Council for Scientific and Industrial Research (CSIR)

came up with a proposal to assess the opportunity of creating stone paper from waste rubble and mine
tailings found in Gautendstone paper is a papbke product that uses waste hie or mine tailings

for manufacturing stationery, leaflets, posters, books, magazines, bags, adhesives, plates and containers
(Stafford et al., 2015 Kumar et al ., 2020) . This proposal t

economyo pr i n cthepnbtien thapno easte sheuttl beowasted by designing innovative
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and sustainable recycling initiativeSuch innovations haveeen reportedn several international
studies(Haibin and Zhenling201Q Pauli 201Q Smith-Godfrey, 2016 and local studiessuch as
Stafford et al. (2015). The advantage of using mine waste in making stone paper is that it reduces
rehabilitation costs of previously mined and marginalised land, creates jobs and makes the rehabilitated
land available for other developmertt®wever, there are some challenges in reworking these affected
pieces of landespecially in those areas where such pieces ofHamd beemepurposed fodisposal

sitesfor municipal wasteand sewagéStaffordet al, 2015.

Trangos and Bobbins (2018) argtlet postmining landscapes should not be merely treated as
wastelands but should be considered spaces of considerable prospects with opportunities to regenerate
urban environments. Thereforhie regeneration of these pasining landscapes is expectediie
accompanied by an endowmentegbnomic ecological, and social value to communities living close

to abandoned mines along the Witwatersrand mining bBslrbins 2015) argues that while the land
affected by these hazards may be dangerous, the &tral@gement of mine residue areas provides an
opportunity to remediate welbcated land for future development close to the city centre. At the same
time, MRAs may relieve the pressures on the natural environment by providing alternative positions for
the densification of industries, other than pressurising the existing open spaces and green networks.
Similarly, the extraction and treatment of AMD can provide potable water for future regional residents

if adequately remediated, although evidence of sadhitiative in Gauteng could not be located.

As such, a few critical rehabilitation efforts have been made in the recent past. For example, MRA
remediation and new developments have been in Stormill, Robertville, NASREC, Aeroton, Ormonde,
Crown, Selby, ad Heriotdale. Once remediated, these areas provided opportunities in the form of
muchneeded residential space in the ¢Bymons and Karam, 20Q8furthermore, Bobbins (261

argues that adopting a green infrastructure approach, such as introducifig @pgetation, can also

reduce the seepages of acid mine drainage and the overall spread of contaminants into the surrounding
land. Another example of how land characterised by mine dumps was converted into urban houses can
be drawn from formal spatiakgtelopments of lowecost housing in Soweto between 1990 and 2000 to

ease pressure and demand for land in Johanne€hbuntgn et al., 2006)However this has not been

without its challenges, mainly owing to most tailings in the regigingfrom goldmining and thought

to be radioactive.

However, several hurdles still haunt rehabilitation efforts. Key concerns relate to the lack of funds to
roll out remediation and treatment options and the existence of derelict and ownerless mines. The
contaminated sband water contain heavy metals and may be radioactive, thus toxic to humans,
animals, and the ecology. Moreover, in some cases, these impacts worsen over time. For example,

although the land area is relatively small, dffect of the mining hazards sgnificantregardingthe
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pollution downstream, with suburbs such as Davidsonville, Fleurhof, and Riverlea facing major

environmental health concerns directly (Benchmarks Foundation, 2017).

Another major challenge for the government is the abandonmermes$ and mining waste by bankrupt
mining compani€s. In the DMR Annual Performance Plan {@013/14, the government announced

an internal programme in which thirty mining rehabilitation projects had been prioritised and funded
by the governmenfThis pogrammewas expected tallow at least fifty ownerless and derelict mines

to be rehabilitated yearly (Trangos and Bobbins, 2018). However, most of these plans did not
materialise. Trangos and Bobbins (2018) argue that this is due to complicated andidieidsts at

the national level that diminish the incentive to rehabilitate ownerless and abandoned mines. This
creates challenges at provincial and local levels where smaller projects fail due to a lack of interest and
support from the national DMRAt the same time, the commercial mining sector also bears much
responsibility for the current situatioiowever, this results from centuries of mining efforts by
hundreds of companies, many of which no longer exist, while others continue their activitigg thro
subsidiaries. It is, therefore, impossible to hold them responsible for addressing these issues (McCarthy,
2010).1t is important to note thahinesnow defunct have primarily funded the infrastructure Gauteng
residents enjayAs such, McCarthy (2010) suggests that the bulk of the bill must come from national

budgets and existing mines that continue contributing to the problem.

2.6. MINING AND DEVELOPME NT IN GAUTENG

The influence of the mining sector on Gauteng over tg@vident throughhe increased exploration

of various minerals and commaodities across the provihkis shift occurred as the mining activities
startedmoving further away from the initial mining grounds with the depletion of mineral reserves
(Heath, 2009Robb and Robb, 1998%imultaneouslyit ledto the emergenocaf smaller mining towns

and communities away from th@ditionalmining areasSome of these mining towns have succumbed
to the gradual decline of the South African mining indusinyile othe's continue to thrivgHarrison

and Zack 2012; Fafchamps et al., 2017). Bryceson armdKkihnon (2012have also referred to these

citesandtownsad mi ner al i sed ur banisationd6 spaces

With the development and growth of Johannesburg as the core ecdndmpcospective mine labour
migratedfrom other provincesind counties, contributing to thedevelgppment ofan array of mining
settlements and village@arrison and Zack, 2012). The Masters and Servants(¥cbf 1856

obligatedrural inhabitantsiearmining townsto provide labour tothesenew mining townsimposing

15 According to theSouth AfricanAuditor General (2009), there are approximately 6000 ownerless
mines inGauteng alone, which consequently become the responsibility of the government (Benchmarks
Foundation, 2017).
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compulsorycashtaxeson males. This forced rural dwellers to seek employment iméighbouring
mines and supporting industries, furtlaceleratinghe influx of labourers to themergimg mining
industry andestablishinga mining camp in 1886This in turn, led to population growth in the
Witwatersrand (Mubiwa, 2013). The influx of labdato neighbouring mine camps rdpi evolved
theminto village-type settlemeistas thedemand fogold startedleclining and new economic activities
were introducedeventuallygrowing into towns, cities, metropolises, and finally, the Gautény-
Region(GCR)® (Beavon, 2001; Bryceson and MacKinnon, 2012).

Map 7 shows that this region's urban andrastructural development is centrally located at the

province's cag, radiating outwards on either side of the Witwatersrand belt. Today, this is also
coincident with the location of formal residential areas (Khanyile, 2016; Rubin and Harrison, 2016).
However, some parts of the mining belt are now characterised by informality (Rubin and Harrison,

2016; Marais et al., 2018).
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Map 7: Urban and mining activities in Gauteng§ource: Author (2023).

The mining activities of the Witwatersrand, despite their declining contribution to the economy in the
past three decades, have been the most significant catalyst for sustaining the infrasingcture

influencing industrial development, rate of urban demelent and urban spatial patterns within the

18 The agglomeration of Gauteng and surrounding urban areas (Mabin, 2013).
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province(Cowey, 1994). As a result, 14.8% of the province is characterised by urban characteristics,
comprising residential areas (9.5%), commercial and industrial areas (1.2%), institutions (0.8%) and
utilities and other areas (0.7%) (GTI, 2020). However, a large acreage of prime Gauteng land is also
characterised by mining or remnants of mining activities, which still significantly influence urban

development trajectories.

2.7. SUMMARY OF THE CHAPT ER

This chapér has introduced the Gauteng province as the smallest province in South Africa. The chapter
discusse how thediscovery of gold in 1886vas a significant turning point for the historical
understanding of the provinc€his chapter introduckGautengas the fastest urbanising province in
South Africa discussing urbanisation in the country and Gauteng and further discussingelpite
urbanisation, the province is alsbaracterised by mining activities and their resultant-puosing
landscapesThe mining activities in theregion were discussd, as well ashe regulation of these
landscapes and their negative externalities, particularly the environmental andcaimic impacts

of mining Theco-existence of urban and mining processes in the pceis discussedalong withthe
reclamation and rehabilitation plans for the redgiointegratethese landscapes into the urban frame
The chapter ends with a discussiothafrole that mining has played in the development of the prqvince
which is preently characterised by rich and diverse history, cultures, diversified economies and

infrastructural development
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CHAPTER THREE: CONCE PTUAL AND THEORETICA L DEVELOPMENT

3.1 INTRODUCTION

This thesis integrates three main areas of knowledge retating

1. Assemblage theory;
2. Urban landscapes; and

3. Postmining landscapes

This section provides a theoretical and thematic background that helps define the critical theory and
literature guiding the thinking in this study. Although not formalisedbileuze and Guattari (1987)

as a theory, this thesis is guidedthg Assemblage theonAccording toDeleuzeand Guattari (1987),

atheoryis a relay between practical fields to overcome batrriers. In this dassemblage thedby

(Deleuze and Guattarl987) will be employed in this chapter to traverse and bring together the two
landscapes of interegtamely,urban and pognining. These landscapes are characterised by historical
relations, social power, tangible and intangible characteristics, chadgeoaplexity. Deleuzand

Guattard §1987)ontology will be employed as a philosophical lens to help combine these concepts
under a single framework and propose a unified vocabulary to understand and describe Gauteng and
similar landscapes. Theintroducon of t he two | andscapes foll ows t
and -mposhgd | andscapes to critically evaluate an

used in the regional context and how they have evolved.

3.2. ASSEMBLAGE THEORY

This section discusses the main guiding theory applied within this researchastugdivided into
three parts. The first part gives an overview of assemblage thpsoticularlyits establishmenand
applicationby otherscholars.The second part dissses the key qualities of assemblage theory. The
third part discusses the dimensions of assemblage theory.

3.2.1. Overview of assemblage theory

Based on a relational ontologgssemblage theory expands upon the existing body of ontological
knowledge(Anderson, 2012 in Woods et al., 2021). While Deleuze and Guattari (1987) pioneered the
concept of assemblage theory, they never formalisasl & theory bunstead use it ad hoc in their

research to describe relationships and connectivity amongst reten®pecifically, Deleuze and
Guattari s work uses the term O6constellationsé

constituent parts. Their work provides a concept for describing the parts and relationships between
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them where parts need to yieddwhole with properties of its own and be reducible to qualify as an

assemblage (McGowan, 2019).

In A Thousand Plateaus: Capitalism, Schizophrenia (19&8®leuze and Guattari developed
assemblage theory by incorporating systems theory, encompassaiglsaiistic, and philosophical

systems. They view the world as composed of rhizomatically interconnected elements, although not all
connections are visible. The theory has been tra
Aarrangisngiassaenmiblaageo by Massumi in the | ate 1¢
t heory considers the notions of heements beqg@inai ty b
state ofbecoming,providing a populartheoretical foundation for understangiand working with

complex dynamic systems (McGowan, 2019).

Since its inception,ssemblage theory has been interpreted andadtiin various wayssuch as in the

context of networks, multiplicity, emergence, and indeterminacy. There is no one right adgpt

this term, as demonstrated by various scholars (Wise, 2005; De Landa, 2006; Dovey, 2010; Anderson
and McFarlane, 2051 Kamalipourand Peimani, 2015; McGowan, 2019). De Landa (2006) is among

the leading interpreters of this theory, using it tareine the complexity of society. De Landa also
proposes that space is composed of diverse elements and can only be understood by considering the
role of these heterogeneous components in shaping the emergence of space.

Similarly, Wise (2005) views assemfgiaas a process of reordering and oiggtion Other scholars

like Massey (2005), Dovey (2010), akdmalipourand Peimani (2015) argue that assemblages are not
pre-existing and are instead constantly being constructed through the interplay of diffeiahaisd
material phenomena, power dynamics, exploitation, ideologies, and inequalities within a space. As
such, assemblage theory empbes the importance of heterogeneity, diversity, and connections
between elements instead of differences. Moreoveenalslage theory operates at multiple scales and
can examine urban issues and relationships at various levels (Wise Kad®&jpourand Peimani,

2015; McGowan, 2019). Visual aids such as diagrams illustrate the relationships between the various
elements bspace. These visughtiors can provide insights into the spatial manifestation of different

city interactions (De Landa, 200&amalipouret al., 2014).

Assemblage theory offers a unique way of understanding change in complex systems like cities by
highlighting the dynamic nature of relationships between heterogeneous elements. De Landa (2006:
132) notes the importance of focussing on wnédsitionships between the heterogenemusporents

of a phenomenon such as a city, saying:

ifToday we nditmeonaturé fordities are in harmony, that is, in a static state of
equilibrium. Both natural and social structures emerge in a complex dynamic process, which

may involve changes from one stable state to another, from a Stedully state to a cyclic
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stable state, to a more chaotic stable state. Cities are unstabgystmos far from

equilibrium.d

Assemblage theory offers many concepts for comprehending, expressing, and adapting to complex
changes. According to De Landa (2006), assemblages are gd\mrithe principle of multiplicity and

can exist simultaneously in a stable and constant state of becoming. This is because Deleuze and
Guattaris ontology (1987)is based on the perpetual evolution of entities that are different from their
parts, the rection of the parts' independent existence, the ongoing interaction of natural and biological
forces that never reach stability, and the changing relationships between bodies (McGowan, 2019). The
concepts of difference and evolution are understood thradegs that explain the circumstances,
situations, and timing of events, how things are, how they change, and how spatial elements occupy
space (Anderson et al., 2012). Sect®.2.discusses the essential qualities of assemblages based on

assemblage then
3.2.2. Key qualities of assemblages

Assemblages are complete entities that arise through the interaction of their constituefthparts.
source of these entities is their heterogeneity, diversity, relations and linkages, where the driving force
of the® entities is not their unity but rather their differences (Deleuze and Guattarj,19&anda,

2005; Rutzou and Eldérass, 2018 According to De Landa (2006 ssemblagesan be part of larger
assemblages in a ndmerarchical relationship, where cooments from different assemblages can
influence one anotherFor instance they canboth restrict and provide opportunities to their
componentsTheemergence, relationality, and selganisation principleguide the influence between
assemblages armbngituting parts (Spies and Alff, 2020As such, he significance of assemblage
theory in comprehending complex systems, such as urban contexts and theiersomaimental
transformations, becomes apparent. Importantly, assemblages are not predetermined parts randomly
assembled butonstellations of dierse components (including territories, structures, individuals, and
identities) that come together and create new modes of functioning (McGowan, 2019). Thus, an
assemblage cadrive the amalgamation, organisation, and operation of institutions, spaugs, a
ecologies (De Landa, 2006, 2011).

All these "structures” hold relevance in understanding urban andniisty landscapes. This thesis
specifically focuses on the @xistence of urban and pewsining landscapes in Gauteng and the
integration of their tinctive characteristics. Hence, the concepts formulated by Deleuze and Guattari
(as discussed by De Landa, 20@B0; McFarlane, 2009; Brenner et al., 2011; De Landa, 2011,
Brenner et al., 2013; Peimani, 2015; Dovey and Pafka, 2018) assume centra@ricgm this thesis,
serving as a theoretical and philosophical framework for investigating the-eogironmental

attributes of the landscapes under examination.
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McFarlane (2011a, 2011b), in their exploration of the relationship between assemblagesiaind
environmental systems, propsskat assemblages can be viewed as constructing urbanism rather than
being static outcomes (McFarlane, 2011a). They advocatedopting"assemblage thinking" to
conceptualise the city, emphasizing thas not a fxed entity but an ongoing and dynamic process of
"making urbanism" through historical and potential relationships. From this perspective, an assemblage
is not defined by the properties of its components but by the interactions and collaborative functionin
of these elements, which contribute to the stabilizing or destabilizing dynamics of the urban system
(McFarlane, 2011b).

The assemblages examined in this thesis, namely urban andipow landscapes, are sogiaterial
assemblages composed and defimggdeople as actors and the urban and-piiging environments as
territories. The components characterising both landscam@srate across various scalesnilar to
assemblagesvhich can be regarded as 'abstract machines' embodying a broader awagtioing
(Wise, 2005)At the same time, these landscapes are constantly changing, siraaetoblagethat
are continuously emerging and becoming, with some parts exisiogethe whole and the whole
generating other parts, necessitating a 'mulésaxplanation (De Landa, 2008amalipour and
Peimani, 201p

It is alsoessentiato consider that emergent wholes are characterised by dynamic relations rather than
synthetic totality and organisation rather than organisms. This implies that theraytohdiverse

parts is not forfeited when they come together to form an assemblage, even if the assemblage
disintegrates (Brown, 2020). De Landa (2005) argues that parts losing their identity when fused into a
wholecontradictedtvidence observed in comnities, where individuals can join an assemblage, retain
their identity, and depart from the assemblage while maintaining their individuality. This research
demonstrates a similar phenomenon through the distinct characteristics of th@npoegtand urban

landscapes cexisting within the same space, forming a posting urban landscape.
3.2.3 Dimensions of Assemblages

With an understanding of the definition of assemblages, this thesis is interested in how the two
landscapes under study are interlinked. Deleuze and Gug@i®7) identify two key dimensions
describing assemblages. The first dimension defines the rfodewities in an assemblaga contrast,

the second describes how assemblages may change arsdtaetieis process as territorialisation,
deterritorialisation, and reterritorialisation. In their description of the first dimension, i.e. the roles of
entiies in an assemblage, Deleuze and Gudit887)state that the role of an entity is determined from

one dimension or role, be it material on the one hand or purely expressive on the other (De Landa, 2006;
Dovey, 2010; Faas, 2010Kamalipourand Peimani2015; McGowan, 2019). McGowan (20X2)ys

that a given component may play a mixture of material and expressive roles by exercising different
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capacitiesFor example, a component can engage with giaeisof an assemblage at the molecular
level while atthe same time setting as a source of limitations and opportutit@é assemblage
componentsThis can be seamhen a community constrains its members by enforcing communal norms
(Woods et al., 2012

Similarly, De Landa (2006) argues that assembtaggponents can practice or assume roles in different
capacities due to assemblage components not having fixed identities or functions within assemblages.
The implication, therefore, is that assemblage components can have relationships with multiple
componats (Woods et al., 2012). These components can be heterogeneous, reserving their autonomy
while being affected by the whole (Brown, 2020). While the first dimension opposes and connects
materiality to formal expressiomtoth distinguish and connect flowadainteractions of bodies and

things in space to expressions of meanings (Dovey, 2010).

Moreover Dovey (2010) argues that the second dimension defines the processes in which assemblage
components become involved, stabilizing the identity of an assembjagereasing its degree of
internal homogeneity or destabilizing it. Similarly, Wise (2005) and De Landa (2005) argue that
assemblages can be made and unmade throughisstiduil (territorialisatior) and destahigation
(deterritoriaisatior) or reterrforialisation According to Dovey (2010), these processes are concerned

with the formulation and erasure of assemblages.

According to De Landa (2011), territorialisation is mainly concerned with the structure of the
assemblage and the relations that sliafigeleuze and Guattari (1987) argue that assemblages at their
core are territorial, which can be spatimnspatial and highly territorialised. De Lan(2D11)argues

that there is also reterritorightion where assemblage components are more rigid (McGowan, 2019).

Firm boundaries characterise these territorialised assemblages, accompanied by strong homogeneity,
limiting an assemblage’'s dynamism (Woods et al., 2012). At the sameatoweding to De Landa

(2006) deterritorialised assemblages are characterised by heterogeneous components and greater
mixing and interaction between assemblage components. Strong assemblages have porous borders and
internal heterogeneity and undergo cycles of territgadibn, deterritoriaisation and
reterritorialsation(Woods et al., 2012; Buchanan and Parr, 200Gamalipourand Peimani, 2015).

However, even though assemblage thinking allows for recognizing various relations in urban spaces, it
has critics. Som#heorycritiquesargue that it does not consider that spatial relations are changing with
rapid urbaisationrates and urbanisation processes. For example, significant changes in the geographies
of urbanisation blur the lines between urban and rural (Brenn&B).ZDhe evolving positionalities of

cities and urban spaces question the applicability and the adequacy of concepts such as assemblage

theory, arguing that they are using territogahtric methodologies rooted in outdated research agendas

38



and so fail tgrasp the complexities of urban spaces in the present (Brenner et al. 2011). In light of this,
some research argues that the dynamic nature of urban spaces requires a change in the understanding
of urban spaces (Brenner et al., 2011) and a more exghtinalion between urban and rarban

spaces (Harvey, 1976; Castells, 1977; Harvey, 1989). In addition, some other studies (e.g. Jervis, 2016)
argue that urban research should move from defining characteristics of urban as they take different
forms basedn different contexts and that efforts should focus on understanding the interactions and
processes defining urban spaces. Additionally, despite its apparent value, the actual application of
assemblage theory to urban studies (in theory or practice) itedinThis is often attributed to the
relatively complex nature of the theory, which has since been interpreted into a multitude of approaches
to assemblage thinking, including assemblage theory,-aetarork theory, and nerepresentational

theory (Thrit, 2004; Latour, 2005; De Landa, 2006; Buchanan, 2017).

Consequently, there has also been a rise in alternative urban theories meant to address this gap, such as
critical urban theory, which Brenner (2009) and McFarlane (@04dggest stems from assengda

theory and political economy thinking. Research informed by critical urban theory argues that cities are
spaces resulting froshorttermandlong-term (istorica) social power relations, ideologies, injustices,
exploitations, and equities in citiesin®arly, Brenner et al. (2011) argue that assemblage theory
ignores the context and the other broader ptpeeific and general structures in place. Moreover,

Farias (2011) argues that assemblage thinkargursmore empirical than theoretical analysss it

incorporates agency and arrangement.

Nevertheless, the work of Deleuze, Guattari, and De Landa, as presented in their writings and
subsequent studies (McFarlane, 2009; Brenner et al., 2011; Brenner et al.Ka68ipour and
Peimani, 2015; Doveyral Pafka, 2018), is critical to this thesis, both in terms of providing a
philosophical lens and a theory. This thesis applies assemblage theory in a new way, specifically to
propose the integration of Gauteng's pogting and urban landscapes, demonisigan unclear
boundary between the two. Thalowing sectiondiscusses the history of the concept and examines

postmining and urban landscapes.

3.3. THE QUESTION OF THE LANDSCAPE

The concept of the landscape emerged during the Renaissance areldheddernity in 15titentury

Europe (Cosgrove, 1984; Antrop, 2013; Berque, 2013). It is a complex notion that arises from the
interaction of humans with the environment, culture, politics, and academia, leading researchers to
employ different approachas their understanding and discussions of the landscape (Swaffield, 1991;
Angelstam et al., 2013; Plienenger et al., 2Kshtkaran, 2019).
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Scholarsproposevaried interpretations of the landscape (Johnson, 2@@&prding to Rodaway's
compilation, oneesarly descriptiorcomes from Relph (197622), stating thatthe landscape is not
merely an aesthetic backdrop to life; instead, it is a setting that both expresses and influences cultural
attitudes and activities. Significant changes to landscapestgresuible without major shifts in social

attitudes. Therefore, landscapes always carry meanings from how and why we perceive them."

Another definition, not included in Rodaway's list, by Crumley and Marquardt {¥3R@lescribes the
landscape astlie s@tial manifestation of the relations between humans and their environment. It
includes the study of population concentrations of all sizes, from isolated farms to metropolises, as well
as the roads connecting thenThis notion is further elaborated on Bplke (2016), stating that

landscapes are soegzological systems where humans and nature interact and are intertwined.

As such, the term "landscape" is highly complex, and considerable slebdse regarding its
understanding. Landscape research is contyrdivided into two traditions: a) a biophysical approach

to landscape characterisation rooted in the natural sciences, and b) a landscape character assessment
tradition rooted in arts and humanities (Antrop, 2000; Brabyn, 2009). Physical geographers and
landscape ecologists primarily adopt the former, defining landscape units as tangible areeartinsthe
surface Landscape arecomposed of natural elements like mountains, waters, fields, and plants, and
artificial elements encompassing buildingsgests, structures, squares, green spaces, gardens, and
environmental enhancements (Cosgrove, 1984; Wang et al.,, 2012; Marot and Harfst,TAG21).
tradition considers the physical manifestation of the interface between nature and society (Burgi et al.,
2004). This tradition aligns with the German meaning of the word "Landschatft,” which describes the
physical content of an area (Antrop and Van Eetvelde, 2017). This relates to how the landscape exists
within the territorial system that gives rise to it, extmily multiple functional and hierarchical
structures and characteristicBhese contrasting definitions result in various perspectives on the
challenges associated with human and natural interactions with the environment, such as climate
change, social mnation, environmental degradation, biodiversity loss, and heritage destruction.
Furthermore, there is an ongoing debate about the origins and intended use of the concept at its

inception.

The term has evolved, as depicted in Figiynehich outlines theoncept's evolution. Initially, it served

as a foundational aspect of geography, providing systematic descriptions and often associated with vast

land areas or welllefined territories visually characterised by distinct physical features (Tuan, 1979;

Porteous, 1990; Swaffield, 1991; Antrop, 2013). The complex patterns that define landscapes have led

to new opportunities for understanding them and claagdifferent scales. For example, geography

has focused on the morphological analysis of landscapesjrerg their spatial organisation, such as

regions, relative locations, orientations, or elevations (Hoskins, 1977 in Johnson, 2007). While most

uses of the term "landscape” emphasise its morphological analysis, particularly the spatial arrangement
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of an aea, some interpretations view it in a political con{®énier et al., 2015After World War I,

landscape research primarily concentrated on classifying landscapes, including their chronology,
typology, and genesis, to establish regional identitiesrérand Van Eetvelde, 2000; Krause, 2001;
Jensen, 2005Antrop, 2013). Although the initial conceptions of the word "landscape" have been
abandoned, the practice remains to consider the landscape as a reference point, concept, or stage for
examining phenmena or human interactions with the physical environment (Palka, 1995; Antrop,
2013; Gerber and Hess, 2017), making it applicable to several disciplines (Antrop, 2013).
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Figure 6: Evolution of the conceptualisation thie landscapeSource:Antrop (2013).

As a conceptijt is multi-layered and broad, including various objective, subjective, collective, and
individual issues (Antrop, 2000; Naveh, 2000; Crow et al., 2006; Naveh, 2007). It cannot be limited to

a collaborativeeffort between disciplines such as geography, architecture, sociology, and ecology. The
landscape comprises physical reality and other dimensions, such as social, mental, and cultural
properties (Doevendans et al., 2007; Kaplan, 2009). The word "land$eepaiultiple meanings and
practical applications and is translated into several languages. Some scholars have defined landscapes
as an "identifiable tract of land" (Cosgrove, 1984:.1Ghers have chosen more encompassing
definitions, focusing othephysical makeup (Zonneveld, 1995; Krause, 2001; Lérzing, 2001; Thomas,
2001; Donadieau, 2013; Opdam et al., 2018 and Marot and Harfst, 2021), use and functionality (Bender,
2002; Willemen et al., 2008) or as a system in movement grge® (Appleton, 1975; Witert, 2013;
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Lowenthal, 2007Karro et al., 2014 in Watson, 202Uhelandscape describése spacesherepeople

make theithomes, work, liveanddream. Similarly, through an alternative lens, others have resorted to
defining landscapes as natyratultural landscapes (Antrop, 2013), historicabr physical
representations. Quite interestingly, despite the varying definitions, several themes emerge from all
these definitions of landscapes, such as human perception, outdoors, natural and culturahohixing a
change, and the notion of a passage of time (Bender,; Bal@ng, 2010 On time, Roymans et al.

(2009 in Watson, 2020) and Marcucci (2000) state that landscapes are transformative and sequential
and reflect past and present practices. Meinig (197#9Pafang (2010) further note that landscapes are
continuous and, therefore, characterised by transitional boundaries.

A further theme emerging from the broad literature is Bwatlscapes arennatural and constructed
spaces resulting fromccumulatingadivities, relationships, interactiomddisconnectiongver time
(Corner, 1992; Gosden and Head, 1,994rro et al., 2014 in Watson, 202@nuch like the postining

and urban landscapes investigated in this study. Many authors have used Deleuzetarits @oak

to understand landscapes, including Brenner et al. (2011) and Muminovic (2015). While this thesis
references some of this work, these works are primarily for indicating the applicability of landscape as
a concept of study across several disegd and drawing relations with the theoretical base of this

thesis.

This thesis adopts the definition of the landscape from the European Convention on Landscape (Council
of Europe 200Q 9), which considers it a%&n area as perceived by residentswvisitors, that changes

over time due to the influence of both natural forces and human activities". Understood in this sense,
which, at its most basjaefers to a spatial unit characterised by regipacific elements, subjects, and
processes reflectingné immobile structure (Krause, 2001; Maciocco, 208)can be considered a
conceptual and physical assemblage. On the one hand, the concept of the landscape is synergistic, multi
disciplinary, has multiple meanings and therefore challenges researcheisdatiduals to think
differently about their surrounding$drina, 2000;Howard et al., 2013). On the other hand, the
landscape is an assemblage characterised by various physical components, such as rocks and rivers, and
the interaction between its nadliland human systems (Barad, 2007). Therefore, this thesis considers
the landscape as a unit of study and integrative confelifferent landscape characteristiatthough

notingits complexities, using the example of the complex relationship betwegngw@ind urbanisation

in Gauteng, South Africa.
3.3.1. Landscape research studies

Due to the intricate nature of landscape conceptualisation, there has been a growing focus on landscape
character studies. These studies have garnered increasing attemtiopldnners, researchers, and

decisionmakers in recent years, leading to continually evolving research outcomes (Carlier et al.,
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2021). Landscape character studies play a crucial role in understanding the essence of landscapes and
aiding decisiormaking pocesses. With a long history, these studies primarily revolve around various
perspectives. One key aspect is the identification and classification of landscape ch@taaterg et

al., 2022). Such classifications hold significance in landscape resesatiohy provide a framework for

researchers to communicate and compare their work (Brabyn, 1996).

Given the multidisciplinary nature of landscape research, multiple systems and methods exist for
identifying and classifying landscapes. These approachesateel in various traditions and disciplines

such as history, geography, geology, ecology, geomorphology, landscape architecture, and archaeology.
Depending on their scientific background, these systems and methods emphasise different aspects of
the landsape and address variations in landscape properties at various spatial and temporal scales
(Simensen et al., 2018However, all these classification approaches are artificial, as they draw
boundaries in a continuous environment characterised by constmeshin the composition of
landscape elements. As a result, various characterisation methods have been introduced over the years,
with varying levels of accuracy, suggesting that landscape classifications are not inherently right or
wrong but rather apppriate or unsuitable depending on specific contexts. Therefore, the choice of
characterisation method and spatial resolution should be based on user needs and the availability of

comprehensive area coverage for the study area (Simensen et al., 2018).

Amongthe existing landscape characterisation methods, the Landscape Character Assessment (LCA)
is the most widely used in landscape character studies. Developed in the United Kingdom (UK) and
France in the 1990s, LCA aims to identify, classify, and undertdaddcapes and people's perceptions

as part of spatial planning and development frameworks (Van Eetvelde and Antrop, 2009). While many
perceptiorbased approaches explicitly focus on identifying landscape values, LCA differentiates
between two stages: thelatively valuefree process of characterisation and the subsequent judgment
and value assessment based on knowledge of landscape character (Simensen et al., 2018).
Consequently, landscape characterisations offer a practical assessment to identify distinc
characteristics that can be applied in landscape planning, conservation, and management (Zhuang et al.,
2022).

In the LCA framework, landscape character types and landscape character areas are distinguished.

Landscape character refers to the unique atistfeatures that differentiate one scene from another

within specific time and space ranges, expressing the distinct aesthetic qualities of landscapes (Wang

et al., 2012). On the other hand, landscape character types represent relatively homogeseapssand

with similar combinations of geology, topography, drainage patterns, vegetation, and historical land use

and settlement patterns (Swanwick, 2002 in Van Eetvelde and Antrop, 2009). Meanwhile, landscape

character areas are defined as discrete geagedpineas of a particular landscape type, each possessing

its distinct character and identity while sharing general characteristics with other areas. This distinction
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is reflected in their nomenclature: landscape character types have generic namesrliedpbateau

and river valley, whereas landscape character areas are named after specific places. These character
types and areas are defined at different hierarchical scale levels, aligning with the hierarchical approach
of the holistic method (Van Eetlde and Antrop, 2009).

However, starting from the 1970s, there has been an increasing demand for a new holistic and inclusive
approach to understanding landscapes. Landscape characterisation and related studies emerged in the
UK, expanding beyond the coiefe protection and management of the most valuable landscapes
(Dabaut and Carrer, 2020). Adopting a holistic approach to defining landscape units allows for
integrating and interpreting physical and cultural landscape components based on spatial tongigura

of landscape types (Van Eetvelde and Antrop, 2009). Nevertheless, there is no singular preferable
holistic concept for planning landscapes universally. Consequently, only partial attempts have been
made thus far to combine physigaographical andumangeographical perspectives (Dabaut and
Carrer, 2020). Groom et al. (2006) reviewed several European landscape classifications and concluded
that most classifications were expdriven and developed tegown. Automated derivations of
landscape charactdypes and areas were limited and often required expert interpretation of the

computerigdresults.

This research recognises the need for a holistic understanding and conceptualisatidanitehg
landscape, encompassing allgtgaracteristicsincludng its seemingly contrastingiining and urban
characteristics. It aims to achieve a more comprehensive understanding-ofingogt and urban
landscapes and their associated characteristics. Additionally, it considers how these characteristics can

be intgrated. The following sections discuss the two landscapes under investigation.
3.3.11. Urbanisation and the urban landscape

The term "urban landscape" originated during the late 19th century with Frederick Olmsted, the
renowned landscape architect ofteferred to as the father of landscape architecture (Olmsted, 1863,

as cited in Kreshtkaran, 2019). The concept of the urban landscape has long been intertwined with the
city itself, therefore, much of the literature on the urban encompasses discussionsciibs.
Consequently, understanding the genealogy of this concept requires exploring disciplines such as
urbanism, urban design, architecture and landscapes, urban planning, geography, and geology
(Kreshtkaran, 2019).

The urban landscape is a comple@ncept that arises from the interaction between humans and the
environment, influenced by society, culture, and economy (Kaymaz, Zld8larly, Lindholm (2012)
argues that the urban landscape serves as a medium through which individuals comprehgnd the c
they inhabit. Urban landscapes are humade environments charagsedby physical, cultural, and

spiritual dimensions (Zhang, 2014). Golkar (2008) further highlights that urban landscapes encompass
44



various aspects, including urban design, urbannian urban management, and the recognition of
individual goals and responsibilities. Consequently, urban landscapes exhibit a diverse range of
characteristics (Lingfeng and Xilong, 2009) and can carry different meanings depending on disciplinary

perspecties, often grounded in fundamental dichotomies like "urbaal", "constructedndigenous,"

or "culturatnatural" (Lindholm, 2012).

The term "urban landscape" consists of two words, "city" and "landscape,” both of which carry
contradictory meanings (Kretdaran, 2019). Studies by Cullen (1961), Golkar (2008) and Kreshtkaran
(2019) have revealed that these meanings vary depending on interpretations of the city and landscape
as separate concepts and the researcher's approach, which can be objectivdive sGojesequently,

due to these diverse understandings, the urban landscape can be viewed as a paradigm encompassing
concepts, theories, rules, patterns, tools, and practices. It can be approached through four main
perspectives aimed at comprehending tinean landscape: the Artistic, FunctionBlerceptual/

contextual, andmore recently, the Sustainable approach (adapted from Kreshtkaran, 20197Figure

Transition of urban landscape approaches

Artistic Functional Perceptual/ contextual Sustainable
approach approach approach approach

Aesthetics (objective) Aesthetics Aesthetics Aesthetics

(objective) (objective & subjective) (objective - subjective)

Function

Function Function Function

Meaning Meaning

Culture Identity Culture Identity
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. g ’ ’ Sustainable Socio — Spatial
Urban Fagade Spatial Structure Socio- Spatial Structure N G ¥
Structure

Transition of urban landscape concept

Figure 7: Genealogy of the concept of the urban landsc&oeirceKretshkaran(2019).

In Figure 7, the evolution of the concept dfe urban landscape is depicted, highlighting different
approaches theorists use to describe and undergtaimitially, theorists such asitge (1945) and
Gibberd (1970) adopted an Ariistapproach where the aesthetics of the urban landscape held
paramount importance for urban planners and practitioners. The urban facade received significant

attention, while the function was considered secondary. On the other hand, theorists like lseeCorbu
45



(1920 in Kreshtkaran, 2019) and others embraced a Functional approach, giving less importance to the
urban facade and focusing more on functionality, stamsktidn and effective urban planning. Le
Corbusier proposed four main areas for a city:deasial, industrial, commercial, and transportation
infrastructure. This Functional approach, rooted in architectural and urban planning traditions,
examined the physical aspects of built infrastructure within urban landscapes to evaluatedbdityliv

(Stokes and Seto, 2019).

As the concept of urban landscapes evolved, some themrisisling Lynch (1960) and Kaplan (2009),
adopted a Perceptual or Contextual approach. This approach moved away from a conservative
understanding of the urban landscapel alaced greater emphasis on sespatial structuresnd
historical and cultural references. Lynd@®60)introduced the idea that the city is not just a collection

of individuals and their social amenities but an integral part of the social proces@nigvits
inhabitants. He described the urban landseagt@ndmarks and nodes, edges and pathdareas and
buildings, all contributing to creating kable public spaces. The Perceptual or Contextual approach
also highlighs the role of urban places fostering social diversity and ethnic differences, leading to
either unification or differentiation among the people of a region or their differentiation from others
(Kruit and Hendricks, 2004 in Kreshtkaran, 2019).

By the 1970s, the sustainabilityiented approach gained prominence in describing urban landscapes.
While still embracing a less objective perspective, this approach eisgiithe environmental role of
urban landscapes and the need for sustainable-spai@l structures. The work of thedsidike
McHarg and Mumford (1969) exemplified this approach. Since the introduction of sustainability by the
World Commission on Environment and Development in 1987, this approach has greatly influenced

recent research on related topics (Stokes and S¥i8).2

The concept of urban landscapes is multidisciplinary, encompassing various sciences and disciplines.
Liu and Lin (2014) define "urban land" asnaetropolibn area within a defined geographical or
administrative boundary, including towns, cities, an@urbs. Urban areas are charastefby high

levels of development and a dense concentration of hunaale structures such as houses, commercial
buildings, roads, bridges, and railways (Bidandi and Williams, 2020). Urban areas can be defined based
on thiee dimensions: populati@ize population density, and building structure (Wu, 2014). However,
urbansation processes in Western and African countries differ significantly due to contrasting
development trajectories (Bryceson akthcKinnon 2012). Urbanisation in this context is still
primarly characterised by poor governanaehich contributes to the proliferation of informal

settlements and sprawl, urban primd@nd challenges to provide basic urban services (Guneralp et al.

17 Urban primacyrefers to the process where one city is characterised pypulation densities,
governance structures and political powers and economic activities that far surpass the next largest city
(Guneralp et al. 2023
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2017). Moreover, urbanisati in African contexts is stilargelyunplanned and has been exacerbated

by colonialism and apartheid legacies in the South African context, which have contributed to weaker
planning systemsParnell and Pieterse, 201Ruhiigg 2014). Therefore,a broad genealogy of the
concept does naxplicitly address how these definitions of urban landscapes manifest in the African

and South African context, considering the country's history of apartheid.

3.31.2. From mining and industrialisation to pestining landscapes

Two main land uses arassociated with mining: the natural landscape beéoteactingmineral
resources and the pasining landscape that emerges a#igtraction(Lorandelle and Haase, 2012).

Apart from the natural landscape transformatitiese landscapes can have various environmental
impacts, including topsoil destruction, erosisedimentatiorduring storms, and soil contamination

from hazardous substances (Kuter, 2013). Additionally, conflicts may arise impusg landscapes

due b the degradation of the natural landscape and its cultural values, exploitation of indigenous groups,
disputes over access to natural resources, conflicts with other land uses such as forestry, and social and
environmental impact assessmerBsyant and Riley, 1997; Horowitz, 2010Burton et al., 2012;
Kronenberg, 2013; Spiegel, 2017).

The mining life cycle is typically divided intbve phases: exploratiorsite design and construction,
operationalmining, final closure and decommissioniagd postmining (postclosure) [nternational
Council on Mining and Metals, 2008 in Watson, 2020he postmining phase, often the least
understood of the three, refers to the open spaces, degraded green areas, or abandoasichtpes

after mining activiies conclude (Marot and Harfst, 2021n the past, the mining industry primarily
focused on the firshteephases of the cycle, as they were the most profitable in the market. As a result,
once mineral reserves were depleted or deemed unprofitables mare often abandoned, leaving
behind degraded postining landscapes. Historically, little consideration was given to the potential
environmental and social impacts of mining, and responsible mining entities faced minimal
repercussions for their actiofKivinen, 2017; Kretshmann, 2018). Consequently, jpaising sites

frequently contain varying levels of toxic mine waste.

Numerous scholareave examined the outcomes of structural changes in old indgstfiatgions
worldwide, with mining industries @ standing out due to their significant physical impacts on
landscapes and townscapes (Hassink and Shin, 2005; Morgan, 2013; Bungart and Huittl, 2001; Marot,
2006; Bohm et al., 2011; Fischer and Stranz, 2011)-rRiwshg landscapes differ considerablyrfro
premining landscapes in terms of surface structure, resource availability, and settlement patterns
(Larondelle and Haase, 2012), presentmyironmental qualitychallenges for local communities.
Therefore, the literature often describes puosting landscapes based on their resulting environmental

impacts and pollution, such as acid mine drainage, which is chéseadtby the yellowish colar
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observed in many rivers across Gauteng (Kuter, 2013). ®gocioomicchallengesalso charactése
these landcapes, and conflicts with other land uses can arise, espagthalyt adequate poshining

or mine closure strategies (Horowitz, 2009; Burton et al., 2012; Kronenberg, 2013; Spiegel, 2017).

The implementation of mine closures varies depending on t#is@gea and initial mining activities.

Mine closure practices initially developed in the 1970s in countries with advanced economies and
mature mining industries, such as Canada, Australia, and the United States of America. More recently,
mine closure rgulations have been influenced by sustainability considerations, emphasizing the need
for mining operations to be sustainable and considerate of all phases of the mining life cycle, along with
their associated economic, societal, and environmental imghbtied Nations Development
Programme (UNDP)2018; Asret al., 2019; Burton et al., 2012). However, since mining inevitably
entails some degree of impact, efforts must be made to mamnmmgative consequences (Kretshmann,
2018). This reasation has ledto increased research and changes in the governance ohipox
landscapes. Studies now examinestlee | a n deshoicalp ecalofjical, and social dimensions to
restore and stalisethem, aiming to approximate their pmgning state and provide new mgrtunities

for futureland use (Limpitlaw and Briel, 2014).

While much of the literature on pestining landscapes focuses on the technical aspects of
rehabilitation, such as water retention, biomass testing, soil reclamation, and geothermal conversion,
some argue that the use of these landscapes can lead toistgjorand neglect, as development tends

to move away from such areas (Berger, 2006). However, other studies highlight the opportunities for
urban regeneration and the understanding of spatidl cultural development presented by these
landscapes (Berger, 2006; Esterhuysen et al., 2018; Bobbins and Trangos, 2018). Despite the growing
interest in the reclamation of pesiining landscapes, their management remains challenging, as the
methods emplyed depend on the characteristics of the mining activities (Kuter, 2013; Hattingh, 2018).
Furthermore, even with rehabilitation efforts, the rehabilitated-pasng landscape remains distinct

from the premining landscape in terms of surface, resouncailability, settlement patterns, and
aesthetic and visual representation, which can significantly influence how these landscapes are
perceived (Lorandelle and Haase, 2012; Sklenicka and Kasparova, 2008; Svobodova, 2012; Kivinen et
al., 2018).

3.31.3. Mining activity and urbanisation

While mining and urban landscapes often conflict, some mining activities may result in urbanisation

processes. Urbanisation driven by mining activities manifests in several ways. Bryceson and

MacKinnon (2012) divide urbanisati from mining activities intdndustrial centres and settlements.

On the one hand, industrial areas maintain the same commercial activities and have little economic

heterogeneity (Bryceson and MacKinnon, 2012). On the other hand, mining settlementshare fu
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broken down into cities, communities or towns. Mining cities, while dominated by mining and
extractive industries, often develop th&imancial and entrepreneurial capacity and persist despite
changes in mining dynansic(Bryceson and MacKinnon, 201RlartinezFernandez et al., 2012).
Examples of such cities include San Francisco, which benefitted the most from the Californian gold
rush of 1848 and had transformed into a burgeoning town by 1853 (Bryceson and MacKinnon, 2012)
and Johannesburg, whichpsialised on the mining activities of the Witwatersrand (Harrison and Zack,
2012). Mining communities or towns are mainly located at the periphery of economic and metropolitan
areas and are characterised by housing for mining labour located adjateatriiming activities
(MartinezFernandez et al., 2012). These areas heavily depend on the mining activities that brought
them to existence. They often do not develop their own financial or entrepreneurial capacity and
thereforedo not survive past the datinuation of mining activities (Fafchamps et al., 2017).

However, Bryceson and MacKinnon (2012) argue th
results from mining activities. These mineralised urbanisations result from mining booms and mining

led migration to certain places, which hawer time, left lasting implications for the national
economies and urban development trajectories of certain mining areas. They continue to thrive and
expand despite the declining profitability of mining and the discontinuation of mines, e.g. Johannesbur

and Kimberlyin South Africa, Accran Ghana, etc.

Most of these urbanisations have persisted, forming big urban agglomerations (Berger, 2006; Bryceson

and MacKinnon2012; Fafchamps et al., 2017). Regions with high population densities, like Asm, Lati
America and some parts of Africa, are a case in point. For example, the Xuzhou region in China is
highly urbanised, characterisedbypost ni ng remnants of the countryods
2018). In Latin America, Chileexhibits arother examle of the ceexistence of postining and
urbanisation. Most urbanisation in Chile owes much of its existence to diamond and copper mining
(Phelps et al., 2015). Cities such as Copiapo and Antofagasta in Chile are characterisethinnpst

features, wth Copiapo alone scattering over 30 mine tailings dams (Carkovic et al., 2016). More locally,

the Gauteng province, South Africa, is characterised as primarily urban land use (StatsSA, 2011;

Harrison, 2007). Yet, much of this is on or adjacent to the giaativities of the Witwatersrand.

Therefore, investigating both these landscapes through an assemblage theory lens provides the much
needed opportunity tanalysethe Gauteng landscape. Investigatitsgmany characteristicandthe
relations between tihe with particular emphasis placed on the puosting and urban landscape

characteristics.

3.4. SUMMARY OF THE CHAPT ER

This chaptemasintroducel and expaneéd onthe theoretical framework underpinning this research
study, assemblage theoryncluding its characteristics and dimensions. Assemblage thieasybeen
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introduced agproviding a wide range of concepts that offer uniqgue and powerful ways of understanding,
expressing and adapting notions of imminent change and complaritythus its application®if
understanding landscapdhe chaptehas alsantroducel the concept athe dandscapé |, noting th
this study operationalises the landscapssa unit of studwlbeit comprising many characteristics
Landscapes have been introducedhasing many definitions and interpretations. The review of
landscapes is followed by an outline of the genealogy of the two landscapes of interasinipgst

and urbaandscapesThese two landscapes are discussed generally, followed by a contextual overview
of pog-mining and urban landscapes in GauteRgstmining, mining and urban landscapes are
complex, and more so when they-&dst. This ceoccurrence presents new challenges and new
dynamics manifest. This chapter also introduces, through the discussiostofiping and urban
landscapes in Gauteng, the@&dstence othesetwo seemingly conflicting landscapes. By so doing,

this chapter sets the stage for the next chapter, which discusses Geographic Information Systems (GIS)
and their applications in simildandscape research, which is sometimes faced with the challenge of
integrating contrasting landscape characteristics.
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CHAPTER FOUR: OVERVI EW OF THEORY AND APP LICATIONS OF GEOGRAP HIC
INFORMATION SYSTEMS

4.1. INTRODUCTION

This study aims to devegp a Geographic Information SystemlS)-based framework for
conceptualising, integrating, analysing, visualising and managing the historical and contemporary
characteristics o6 a u t eurbané@rsd postiining landscapes. Thus, this chapter introducesas|&

leading technology applied in many studies to integrate and visualise spatial characteristics. This
chapter starts by interrogating the history of GIS, howweald abstractions are represented and the
critiqgues of representations of space in GASliscussion of the applications of spatial multicriteria
decisionmaking and Gl$ased spatial framework in integrating various data for the integrated
visualisation, analysis and storage of spatial data follows this. This is followed by a discussion of
practical examples of the applications of integrated spatial frameworks in general and studies related to

urban and posmining landscapes.

4.2. GEOGRAPHIC INFORMATI ON SYSTEMS

Before the advent of GIS in the 1970s, the manipulation, synthesiseresdentation of geographic
information were limited to manual mapmaking on paper, lacking interactivity (Luaces et al., 2004).
The emergence of computeased technologies, coupled with the growing demand for interactive
manipulation and analysis of gaaghic data, necessitated the development of GIS (Luaces et al.,
2004). While traditional cartography relied on paper maps as aredagabases (Marble 1990), GIS
surpasses that role, offering extensive capabilities beyond paper map production (Labc26G@t).

GIS is a computebased system with a walkefined management structure encompassing software,
hardware, procedural mechanisms, processors, peripherals, and georeferenced spatial data. It enables
the visuaikation analysis, manipulation, storage, and management of spatial data related to geographic
phenomena (Burrough and McDonnell, 1998; Salap, 2008). Theseamaterucialin addressing
complex humaselated issues (Ahmed et al., 2021).

GIS consists of four suflystems: data entry, data storage and retrieval, data manipulation and analysis,
and visuabkationand reporting (Marble, 1984). The data entry-system facilitates the translation of
location attributes into geographic coordinates, maintaining irdrsjadtial relationshipséuget and
Marble, 1990 Al-Shuhail, 2002). The data storage -syktem efficiently structures the database for
data retrieval (Marble, 1984). The data manipulationssigbem transforms data into usable formats,
enabling analysi®r providing an interface for analysis (Marble, 198@)e data visu@ation and
reporting subsystem allows for the visual representation of different models, employing- multi

dimensional and diverse approaches to data interpretation.
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GIS is highly effedte in creating maps that display the geographic locations of spatial features like
rivers, parcels, or political boundaries. Moreover, it adds value by mapping multiple characteristics of
spatial locations into thematic mapgBsplayingfeature variationsacross space (Hillier, 2010). GIS
encompasses various analytical tools, s@sgessing or quantifyingelationships between spatial
features, setting it apart from graphics softwgeeerated illustrations produced individually (Hillier,
2010). GISis thefoundation for comprehensive interventions in an area, offering tools for ongoing
planning, monitoring spatial evolution, evaluating the effectiveness of existing measures
(Giannopoulou et al., 2014), and making predictions based on current and higiaritiges. In this
regard, GIS provekelpful in analysing and managing natural or humiacluced hazards, assessing
changes in land characteristics &huhail, 2002), supporting land restoration decisi@king
(Duzgan et al., 2011), predicting futuradause based on historical data-@luhail 2002), monitoring

ecosystems and the environment, and managing properties and assets

Additionally, GIS provides a mechanism for making informed decisions regarding the remediation of
environmental issues assatgd with mining and related activities (Duzgan et al., 2011). Consequently,
GIS enables a more exploratory mapping process (Hillier, 2010). It has evolved from asggkcial
technology primarily used in the military to a versatile tool with applicatioressa various disciplines.

As a result, the functional requirements for GIS are extensive and exceed those of traditional

information systems like Oracle and Microsoft Access (Luaces et al., 2004).

4.3. GIS REPRESENTATIONS OF REAL-WORLD ABSTRA CTIONS

Spatid knowledge exists in our minds from dealing with space and spatial relationships. It represents

one of the most basic facets of any human society (Peuget and Marble, 1990). The only way of
understanding it is through external content, such as the dpatialiour of objects and using spatial

languagé usi ng del i berate |l anguage t o. THie detiberatd e one
description of the physical surroundings can, for instathesgribehe locationsize shape, orientation

of objects andlaces, as well as the distance, direction, and movement. For a long time, human societies
have desired to communicate their accumulated spatial knowledge (Peuget and Marble, 1990). As Tsai
and Lo (2013) note, researchers and human societies have useshtiffethods to externalise human

spatial knowledge, most commonly through the use of maps (Peuqget and Marble, 1990), which reached
their peak as a social investigation tool in the 1880s (Vauy@18).

Spatial knowledge and the representation of geograplphenomena can take many forms.
Cartographyflourished in the 18and 17" centuries ands defined as the art, science, and technology
of making and using maps (Ricker et &020) It has been at the forefront of representing spatial
phenomena, repducing spatial knowledge, and familiarising the world (Krupar, 2015). Maps are

produced following a cartographic workflow and use various representation and visualisation
52



techniques capable of persuasion, description, and projection, simplifying andicmaiting complex

spatial phenomena (Desimini and Waldheim, 2016). Maps depict complex spatial characteristics such
as landscapes and societies (Crampton and Krygier, 2005; Barton and Irrazaval, 2014; Desimini and
Waldheim, 2016)In some casemaps araised forstrategiqourposes such as navigation, planning and
executing war, locating valuable resources, collecting taxes, declaiming territoriegeatidg and
recognisingterritories and propaganda (Krupar, 2015). Maps make it easier for individuals to orient
themselves geographically to natural features using a compass.

During the 18 and 17 centuries, initial maps were haddawn and were more figurative and pictbria

to convey the landscape's shape and pattern. However, these maps are considered less precise, symbolic,
or lovely pictures (Vannieuwenhuyze, 2019). Receattgurate mapping techniques, such as E8e
beenused to create maps and conceive space assamblage of independent objects (Gold, 2005).

GIS technologies use two fundamental conceptions of space (Brown et al., 2005): raster and vector data
structures. Raster data maps represent space as a continuously varying distribution of geographic
varialdles using pixels with discrete attribute values anddiviging themregularly (Yuan, 1996;

Brown et al., 2005). Maps using vector data represent spatial features as discrete entities, which have a
location, a spatial extension and attributes, such as,linoundaries, discrete attribute fill (such as
polygon classes) or continuous fill (such as smooth topography) (Krupar, 2015). Although some
phenomena may be represented using a raster or vector, smdelgeographic phenomena have field

and object chacteristics in some casand might require a combination of these views (Brown et al.,
2005). As such, reaborld objects inGIS are represented in several ways to represent the dynamic
character of landscapdr example, by taking advantage of the tama size colour value, texture,

colour intensity, orientation, and shape (Desimini and Waldheim, 2016; Mackenzie et al., 2017).
Moreover, GIS makes it easier to layer data on different themes, periods, and geographic scales (Hillier,
2010).

Additionally, the representation of spatial features is a rdifitiensional issue (Kemp, 1993). Most

GIS packages are based on #hmensional (2D) geometric representations (Li, 1994), where the

location of a spatial feature is based on two independent coordi@aldsZ2005). These maps represent

the spatial area as a flat surface with a set of adjacent polygons or a network of lines (Gold, 2005).
However, the representation of the earth on a f|
spherical shapelhe representation of tHearthon a 2D, flat surface is distorted in representing the
Earthoés true ar ea, @Lij 1994;Gold, 2005) di st ance and shape

Nevertheless, these inaccuracies can be alleviated through projection, a mathematical atgatrithm
defines how to take a threlmensional representation feature and represent it on-ditmensional

surface (Janssen, 200®lthough several projection systems exist, their applications depend on the
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spatial features the user wants to emphasisgplications of the map or the region being represented.

On the other hand, spatial features can also be mapped usinglithessional (3D) geometric
representations, initially used in Compufdéded Design (CAD) and Computer Graphics systems (Li,
1994) Using 3D, spatial objects are simplified and represented as points, lines, and polygons in vector
data structures or by pixels in raster data structures. In contrast, terrain models are represented by grids
and Triangulated Irregular Networks (TIN) (L1994 Merlo, 201§. The main advantage of 3D
representations of tHearthis thattheyrequire less human information processing as there is no need

to construct the third dimension to have an accurate mental modehbasf thd sarface (Janssen, 2009).
However, Kemp (1993) argues that no matter how well a spatial data model represents reality, it has
limitations. This can be seen in hpdespite the applications of GIS in the representation of spatial
phenomena, it has been critiqued for many reasons

First, for a long time, maps were believed to be objective depictions of poesegieographical
conditions and accurately represent the earthos
2021). However, maps are social constructions (Desimidi\&aldheim, 2016). Their precision is

based on their scale, underlying data, editorial choices, and representational method (Desimini and
Waldheim, 2016), such as the class intervals chosen in a choropleth map. Kurgan (2013) notes that
another distortionrad source of error in maps may stem from data from many sources and times but
represent the space as if the underlying data were uniform. In addition, maps may also be influenced by
human factors. For instance, Crampton and Krygier (2005) argue that niagrsakware is now
available to anyone with a home computer and an internet connectiotrddder availability of
mapmaking software has been seen as an assumption of power and resistance to hegemony, providing
the platform to rework the meaning aag@plications of geographical knowledge (Del Casino and
Hanna, 2006; Vaugim, 2018; Ricker et al., 2020). However, Kim (2015) argues that this demands
greater reflexivity from new cartographers about their power positions in socidtyearidfluenceon

the critical map project

Similarly, Hill et al. (2016) call for more examination of data to uncover hidden details within them.
Thus, there has been an increase in the push for transparency in governmental data, particularly spatial
data. Ricker et al. (20) argue that access to open data would offer opportunities to analyse data used
by decisiommakers, produce maps that display data in different ways, and communicate with eecision
makers in a visual language they already understand. More so, opentactzasor mapping would

allow for identifying gaps by a critical mapader (Ricker et al., 202@For example, recent years have

seen the establishment of the Google Earth Engihieh has been widely used since the early 2000s,
allowingcitizensto be more spatially aware of their physical and social surroundings through the digital

representation of the earth (Liang et al., 2018).
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Second, scholars such as Kwan (2002) and Lesh (2016) argue that GIS is limited in its applications for
critical human geographic research, such as feminist research approaches, as it does not consider power
imbalances between research and subjghbtle maps can be helpful in advocacy (Peuqget and Marble,

1990) feminist scholars argue that GIS and cartography are authoritative and unquestionable when the
map-making process is filled with decisianaking and uncertainty (Ricker et al., 2020). Similarly,

Kelso (1999) and Elwood (2002) also review Gl8se of vision and visualisation as the primary mode

of knowledge production and disseminatidiney argue that maps, despite other factors informing

them, are primarily technocratic and benefit mostly those agttess to technology. In GIS, there is

also a tendency to map features ushgrpand hard boundaries. Points, lines, and polygons are given
coordinates and timstampgo showstartand endoints (Mackenzie et al., 2017), oversimplifying the

e ar t tiabesThis ia deeply problematic when paired with the perception of maps as accurate and as
creating rather than merely representing place and space, as this gives maps a form of power, often
enforcing existing power relations (Sui, 1994; Kelso, 199%I€id 999). Similarly, Harley (199237)

argues that the steps included inthesmep ki ng process include fAsel ecti
classification and the creation of hierarchies, and thereforgstmbolisation' are all inherently

rhetoricab, andthisis a form of power.

Third, other studies (e.g. Sui, 1994; Pickle, 1999; Kwan, 2002) @iGd4B based orits representation

of space. These studies argue that GIS is inadequate in its representations of space as it uses reductionist
ontologies of spatialism. Sui (1994) and Kwan (2002) argue that this is because GIS does not recognise
the natural and anthropogenic processes that shape landscapes, therefore making it challenging to model
urban geographies on a simple digital platform as arrastector (Sui, 1994; Kwan, 2002). Similarly,

the flat nature of mapdoes notaccurately represent that all existing objects are itileensional

(Laurini and MilleretRaffort, 1992 Merlo, 2016. Moreover, Desimini and Waldheim (2016) argue

that mapsare also inherently static and eaftdate. Peuquet (2002) suggests that the focus of data
models in GIS has been on spatial, at the expense of temporal dimensions, proposing extensions to
existing spatial data models to provide richer representationmefand space (Brown et al., 2005;
Mackenzie et al., 2017). This is to say that when spatial features of the real world are translated to a
projected image, there is a tifamseandtheear t hds surface has already ex
(Desiminiand Waldheim, 2016)n the rare inclusion of temporal referencing or tinased attributes,

some data models have not included explicit representations of the processes (i.e., sequences of
operations) by which spatial features change and move, focusiegdhon representing the changing
structure of the phenomena (Brown et al. 2005). GIS is essential for understanding a territory's past
spatial conditions and potential (Desimini and Waldheim, 20IbY)s, efforts have been made to
simultaneously represespace and time (Aigner et al., 2011). Time on maps is represented through

experimentation with line weight, tonal change, and applying different levels of dethdlifferent
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conditions- from past to future (Desimini and Waldheim, 2016). Time can ladsmepresented using
overlays or a graphical hierarchy, resulting in a composite image where multiple periods can be
visualised simultaneously (Desimini and Wadidn, 2016). Yuan (1996) also net¢hat other
techniques for visualising space and time re@®that time can be invoked in the layers, and temporal

constructs can be incorporated into GIS data models.

Fourth, the representation of spatial features in cartography and GIS generally follows a mostly
Eurocentric understanding of the world. Mappings halways been a crucial tool for European
imperialism, its popularity peaking in the"8entury during speculations regarding the expansion of

their respective empires in Africa despite the existence of local mapping practite$Oslender,

2021), withthe perspective and worldview of space continuing to be that of colonial powers in the
present (Bellonet al, 2020). Allthe while, indigenous concepts of space and time are inadequately
represented and explored in the mapping (Mackenzie @04l7). Mackenzie et al. (2017) suggest that

western mapping employs more precise boundaries, such lakélsbore. However, Lefebvre argues

that space is not concrete, lacks territorial contiguity, and is socially constructed (Larsen and Beech,
2014) as evidened by indigenous mapping practices, where areas are often literally ambulatory and
relative For example, the location of a herd or following natural features. Réing et al. (2021) suggest

t hat spati al realitiesl@ady ( bxpeltknpwedge ssredrempbodingu s i n g
more gener al |l andsc@lp®d prwliiec® na e & andampey uges off it c i p
dependent methods). Howeverany elements of ambiguity and dynamism in spatial represeraagion

important to include in mador accurate reflection of local realitieor instance using both hard and

softGIS methods to account for both an expert view complemented with a subjective view (Rding et

al., 2021). However, as Ricker et al. (2020) note, honouring all viewpoiatsiitgle map may not be
entirely possible. Do6lgnazio and Bhargava (2020)
connecting data to their contextsunderstand bettaheir limitations, ethical obligations, and how

power and privilege may sbure truths. Thus, several researchers have suggested moving towards more

18 Participatory Geographiclnformation SystemgPGIS) refers to the public participation practice
entailing the use of community mapping practices to generate spatial information (Brown et al. 2018).
PGIS has been particularly useful for enabling communities to map theirrstinngs landscapes and
resourcesSomestudies, such as those by, Fagerhaird Kayhko (2009), Hessel et al. (2009), Brown

and Weber, 2032Brown et al. (20122018), and Fagerholm et al. (2018mploy PGIS mapping
methods to assess landscape services and utilzedta for various GIS analysétowever, only a

limited number of studies, including those by Harmsworth (1999), Fagerholm and Kayhko (2009),
Hessel et al. (2009), Brown et al. (2012, 2015, 2018), and Fagerholm et al. (2012), explore the practical
integration of both tangible and intabl aspects of a geographic area.
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critical approaches to GIS (Oslender, 2021), stemming from the same critical philosophy as critical

cartographif.

4.3.1. Critical cartography

As narrowly understood amongadlemic geographers and cartographeniical cartographyis a
relatively recent academic phenomenon. According to Rogers et al. (2015), critical cartography does
two things simultaneously: critiques cartography and seeks to practice criticahabang. Criticism

has been part of mapmaking from its earliestsgdayiven mainly by the purposes for which they are

used (Rogers et al., 2015). Criticism is inherent in mapmaking to settle conflicting reality claims
(Rogers et al., 2015; Wood et al., 2020). Thus, critical cartographic studies have come to be understood
as paying close attention to the work behind maps and mapping (Wood, 2010), emphasising human
labour and social practices behind amapking as social actors and groups engage cartographic objects,
practices, and spaces. Critical cartography challengetemia cartography by considering spatial
information through a lens cognisant of political influences and power on spatial knowledge production
(Crampton and Krygier, 2005ritical cartographyalso considers mapping a method for redoing a
place whose effcts can be recognised and challenged (Rogers et al., 2015). It seeks to use maps as an
active intervention for furthering the spatial justice agenda (Antunes et al., 2020). Critical cartography
confronts the associations between cartography and theipneaisd definitude of the map. Critical
cartography goes beyond the mere visualisation of space by cawapping spacandquestioning the
underlying intentions of the map.ccording toCattoor (2019)countermappingis calledcritical re

mapping This expandghe spatial imaginatioandaugments the capacity of designers, stakeholders
and social groups to engage constructively with the environmBmis process encompasses
decolonising maps of the privileged worldviews projected in and through magsasfbrming the
authority to write the earth (Antunes et al., 208@lerman et al.2021). Critical cartography calls for

aspecificform of reflexivity or relentless recognition of the manufacafrmaps(Rogers et al., 2015).

Thus, a critical GIS wdd overlap but not necessarily coincide with critical cartogr&phiyhile
stemming from the same critical philosophy described above, critical GIS refers todiad
implications of GIS software arfthrdwaran mapping and represémg spacg Crampton ad Krygier,

2005). A critical GIS would then reveal the space between representation and intervention and bring

19 A philosophy combining mapping technologies and cartographic tools and increasingly allows for
wider creative access as well as a critical perspective on the politics of space and place (Crampton and
Krygier, 2005).
20 Critical cartography is broader referring to maps, mapping as well as the mapmaking itself (Crampton
and Krygier, 2005).
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forth methods for addressing and mediating the effects of mapping while remaining attentive to the
more technical decisions of map production |8, 2015). Similarly, Carrion et al. (2009) argue that

the rise of digital cartography has called for the increase of data archival practices using many structures,
such as geographical databases. This move is instrumental not only for having das strolcivires

andfor developing representation rules but also for integrating a variety of data that can be used to
critique and compare how space ipaticulararea is represented. Nevertheless, despite the critiques

of GIS in its representation of g it is still commonly used to represent space and the resultant
landscapes.

4.4. GIS AND MULTICRITERI A-DECISION MAKING

Multicriteria DecisionAnalysis(MCDA), also known as Multicriteria Decisidvlaking (MCDM) and

used interchangeahlys a widelyused approach that evaluates and compares alternatives based on
multiple criteria (Roy, 1996; Belton and Stewart, 2002). MQBcognises that decisianaking often
involves multiple objectives or factors that a single criterion cannot adequately capierefore, in

these situations, the multicriteria analysis provides a structured degiaking method to synthise

and combine different criteria with supportjreyaluating and selecting alternatives (Roy, 1996) and
their interrelationships. By doing sMCDA helpsto understand the tradsfs involved in decision
making and supports the selection of alternatives that best meet the objectives (Roy, 1996).

MCDA is used in land use planning, particularly in suitability stydiased on the premise thahd
use suitability analysis is an appropriate means of quantifying featlires, constraintsand
opportunitiesTherefore, land use suitability analysis studiesmainly employedo identify the most

suitable locations fopresent anéuture land useCollins et al., 2001Malczewski, 2004).

MCDA?Z and an analytic hierarchy process (AHRJre commonly applied in land use suitability
assessments (Banai, 2005). An analytic hierarchy process (AHP) is a mathematical method developed
by Saaty (1980 in Saaty2008) Using multicriteria decision analysis effectively quantifies the

importance of all considerations in a model or process (Tablei®) decisiormaking technique in a

21 Roy (1996) defines MCR as atool, allowing the evaluation of different alternatives or scenarios
according to many criteria (oftenmticting), in order to guide the decision maker towards a sensible
choice. MCDA thus assists decision makers in the osgbdon and synthesof large amounts of data
(Belton and Steward, 2002:2). Spatial maliteria decisioamaking refers to the agpation of MCDA
in a spatial context, where the elements involved in the decision making process have specific spatial
dimensions (Chakhar and Mousseau, 2007).
22 A particular strength of AHRpertains to its ability to handle quantitative attributes as all
gualitativeonesThus AHP has wideanging applications in a multitude of decision situations, such as
business, government and education (Bagab5) In this research study, AHP is employed to
determine the relative importance of poshing and urlan landscape characteristics.
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structured format based on the hierarchical framework using pairwise coomgariEhis is done
mathematically to derive weights for every decisimaking criterion from the pairwise comparisons

of importance between two criteria and is repeated until all the criteria are compared (Banai, 2005;
Malczewski, 2004).

Table2: Scale for pairwise comparisosource:Saaty(1980 in Saaty2008).

DEFINITION INTENSITY OF IMPORTANCE

Extremely more important

©

Very strongly to extremely important

Very strongly more important

Strongly to verystrongly more important

Strongly more important

Moderately to strongly more important

Moderately more important

Equally to moderately more important

| N W | O] O N| ©

Equally important

Applying these two methods is crucial for examining all facadfascting the feasibility of a plams it
enables a comprehensive assessment of multiple criteria (Wang, Blot&ver, MCDA is also a
widely used framework in GIS studies, where spatial data plays a crucial roleAM@Brs a
systematic and transpareinamework for evaluating alternatives based on various spatial criteria.
According to Malczewski2006) survey of the literature relating to @&sed multcriterion decision
analysis, GISVCDA approaches are popular in addressing land suitability prabl&ost of these
land suitability assessments focusiadentifying the most suitable arabddfor agricultural purposes

However,other land uses and specific sites in urban areas have also been the subject of several studies.

MCDA techniques in GIS feer numerous benefits in spatial decisimaking processes. It allows
decisionmakers to consider and evaluate multiple criteria, considering their interrelationships
explicity. MCDA facilitates a systematic approach to decigimaking, providing a straared
framework for evaluating alternatives and understanding the-oféslénvolved. It also allows for
incorporating expert knowledge and preferences into the deceisding process, enhancing the
reliability and transparency of the decisions made. éi@rsomeauthors (Malczewski, 2004; Cilliers
2010; Ulla and Mansourian, 2015) have noted several proldatied toapplying MCDA techniques

in GIS. These problems range from inaccuracies in the pet#ication of the applied methods,

standardsation of criteria, etc.
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Nevertheless, recent years have seen the increasing adoption of multicriteria analysis, with AHP also
being combined with GIS technology to develop what has been termed the Spatial AHP (SAHP) method
for spatial multicriterion analysis. A particular strength of the methodtss ability to deal with
guantitative and qualitative attributes. AHP has several advantages over standard techniques as it relies
more on expert opinions than the completeness of data; it allows plandenthan stakeholders to
provide their views in making land use suitability measurements. Additionally, AHP can set the criteria

of landuse planning in a structured way based on availableasi@tatandarise the criteria with its

simple mathematical opdrans. When data cannot be quantified objectively, AHP allows subjective
judgments consistenthGIS-based AHP can overlay all the standsed criteria that help to make
rankings on a locational basis (Ullah and Mansourian, 2015)., B has been usetd guide

multicriteria decision analysia variousdecisiors, such as business, government and education.

Several studies have been relevant to this research, all looking at an urban landscape or development
aspect. For example, Aly et al. (20@&velpeda GISbased model that incorporates suitability factors
such as land use or cover, types of daitst feature distributia fracture densities, slopes, distances

to significantfaults, streams and road network, and city boundadieshe other handai et al. (2008)
evaluated the suitability of industrial land use in the planning of industrial cities based on ecological
suitability evaluations-urtherstudies by Soltanmohammadi et al. (2009), Bielecka andioaizak
(2010),Krél-Korczak and Brzghczy (2019)Sitorus et al. (2019) and ArratBolar et al. (2022uggest

that MCDA has also been widely used in the various stages of mingiggding mine closure. However,

there are limited studies on their applications for clositr¢he same timeRoy (1996) argues that in
situations with contrasting characteristics, MCDA is required to combine all characteristics. In a spatial
context, spatial muktriteria decisiormaking is appliedandthe elements involved in the decision

making process hawspecific spatial dimensions (Chakhar and Mousseau, 2007).

Multicriteria analysis typically involves several key steps, represented graphically in Biglihe
decisionmaking process is divided into three parts, nameput, MCDA, and output (EImahmoudi et

al., 2018). The first part entails problem formulation, which includes clearly defining the decision
problem and identifying the objectives aderia, where one criteridaregarded aanaffecting factor
consideed in the decisiomaking procesccording to Wong (2006}he criteriashould be identified

based on existing literature from planning theories andrexgerviews from planning pcdice Then

this is followed by the criteria selection, where reldéveniteria for evaluating the alternatives are
identified. Data collection involves gathering the necessary data for each criterion, followed by criteria
weighting, which assigns relative importance or significance to each criterion. Theories should guide
the quantitative or qualitative measurements or weighting of the criteria. The steps taken in weighting

criteria are discussed below (Wong, 2006). ik part entails data analysis and modelling to generate
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decision outcomes. Finally, decision synthesisbines thanalysis resutto provide a comprehensive

evaluation, selection of alternatives and recommendations (Belton and Stewart, 2002).

Collect data from alternatives

INPUT < l,

Each alternative will have a criterion.

MCDA \ 4
Combine different criteria and
3 compare solutions.

N

OUTPUT

Y 1

Figure 8: Multicriteria decisiormaking processSource Elmahmoudi et al(2018).

Multicriteria decisioamaking in GIS provides a powerful framework for evaluating alternatives, spatial
data, and interrelationship analysis, enabling decisiakers to address complex spatial problems,
optimiseresource allocation, and support sustaiea@velopment. MCR in GIS is an essential tool

for tackling the challenges of today's spatial decisi@mking processes. Several methodologies and
techniques are employed in M@LQvithin GIS(Malczewski 2006, Wang 20133ome of the commonly
used ones, dibugh not an exhaustive list, include Geographical Weighted Regression (GWR), Analytic
Hierarchy Process (AHP) (Saaty, 1980), Fuzzy Logic, Weighted Overtene of the most popular
MCDA methodologies along with predictive methodologies such as Randorestoclassification

(Belton and Stewart, 2002) he latter three are applied in this research and are discussed below.

4.4.1. Fuzzy Overlay

Fuzzy overlay is a multicriteria analysis technique incorporating fuzzy logic principles into GIS
operations (Malczwski, 1999). Fuzzy overlay is based on fuzzy logic, a mathematical framework
based on fuzzy set theory. Zadeh (19a%) the foundations for fuzzy set theory, and since tien,
hasbecome an area gfowing research interest, especially with the devakaqt of GISThistheory
provides a mathematical framework fimvestigatingconceptual phenomerthat are imprecise
Fuzzy overlay usea generasation approach,using weighted membership with more than two

elements rather thaa binary choice of two elements. This membership weighting allows a
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continuum of possible choices that can be used to describe imprecise terms (Zimmermann, 2010).
Thus fuzzy overlay enables the representation and manipulation of imprecise or uncertain
information by employing fuzzy sets and membership functions. Fuzzy overlay combines multiple
spatial data layers by assigning fuzzy membership values to each layer based on their relevance to
the decisiormaking criteria. Fuzzy membership values representddgree of suitability or
membership of each spatial unit (e.g., grid cell, polygon) in the layers. A total fuzzy overlay output

is generated by overlaying and aggregating fuzzy membership values, representing the overall
suitability or decision surface (N&zewski, 1999).

Fuzzy overlay is helpful as a multicriteria decision tool as it considers that some spatial features,
such as buildings and electric transmission lines, have hard physical boundaries. However, not all
spatial features have such hard bames. Most spatial phenomena have attributes and extents that
vary according to location and definition. According to O'Sullivan and Unwin (2010), these spatial
features would be termed as having fuzzy boundaries, where fuzziness is a way of reprasenting
gradational property of spatial phenomena, such as soil, which varies across its boundaries and
transitioning from one type or category to another over a distance. Such spatial features seldom have
precise definitions and comprise a combination of tholglsbalues. As such, working with these data

may be difficult as they do not fit binary logic. However, fuzzy overlay techniques are advantageous
because the analysis uses continuous datasets that are difficult to divide into binary suitability classes,

swch as continuous data.

Fuzzy overlay analysis is conducted in two phases. First, the criterion used in the analysis must be
converted to fuzzy membership values using the fuzzy membership fundtadis 8,Figure8 and

Figure 9), a host of which can b®und in Esri's membership tool (Rosenbery, 2019). Fuzzy
membership functions examine the range of values in the fuzzy dataset and assign a fuzzy value
ranging from zero to one (Rosenbery, 2019). According to Bielecka andirotak (2010), fuzzy
membeship functions are also useful for converting linguistic descriptions from experts into values
usablefor computers. Common membership functions can assign high tanembership or
membershipcentred on an ideal value (Rosenbery, 2019). These functi@refdre, operate by
favouring criteria in a dataset along a continuous scale instead of creating discrete binary categories
of suitability (Mitchell, 2012), preventing the creation of unnecessary or inaccurate binary
relationships in the analysed dataeTihembership value scale is from zero to one, where zero is
non-membership, and one has a full membership status, while the infinite valoesvieen have

likely or partial membership. Most data points fall between zero (0) and one (1).
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Table3: ESRI fuzzynembership function descriptiariourceRaines et al(2010).

Membership Function | Description Definition
Linear A linear.increasing or u(x) = 0ifx< mm.,u(x) = 1if x > max,
decreasing membership G — i)
petwgen two inputs. A otherwise ulx) = - :
linearized sigmoid shape. ) (max —min)
where min and max are user inputs
Large Sigmoid shape where large 1
inputs have large membership ulx) = -k
1+5
f
where user inputs f; is the spread and f, is the midpoint
Small Sigmoid shape where small 1
inputs have large membership ulx) = xh
1+ 7
where user inputs f, is the spread and f; is the midpoint
MS Large Sigmoid shape defined by the . bs ) ) )
mean and standard deviation | 4(x) =1- oL hs if x > am otherwise u(x) = 0
where large inputs have large
memberships. where m = mean, s = standard deviation and b and a are
multipliers provided by the user.
MS Small Sigmoid shape defined by the . bs
mean and standard deviation, |xlx) = if x > am otherwise pu(x) =1
X x—am+ bs
where small inputs have large
memberships. where m = mean, s = standard deviation, and b and a are
multipliers provided by the user.
Near A curved peak of membership 1
over an intermediate value. | #¥) = T x-fa)
where user inputs [, is the spread and f, is the midpoint
Gaussian A Gaussiaq peak of ulx) = o hx(x— E)Z
membership over an ] ) ) =
intermediatavaliie, where user inputs f, isthe spread and f, is the midpoint

As demonstrated in FiguB a mathematical or logical function determines the relationship between
the observed values and the membership values creatgdylling the dataset distribution between
membership and nemembership. Assigning a fuzzy membership value to the observed data can
manifest through various relationships (Table 3). Fi@yeesents plots of how the above functions
work. For examplea linear relationship (E, in FiguB occurs when full membership is assigned to
large or small observed values, and the rate of change tmaomership is consistent. The smallest

or largest observed values in the linear function can be altered te tmestholds called minimums

and maximums. These thresholds are helpful for completely excluding large or small observed

values.

On the other handgmallor Largefunctionscan be used to create nlimear relationships between
the datasetsThe Small fction (B) gives membership preference to small observed values, and the

Largefunction (A) does the opposite. A rate of change can be manipulated to alter the nature of the
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function's spread. Additionally, a midpoint can be stipulated in the observediuata the fuzzy

membership value will equal 0.5 (the midpoint between membership andhembership).

Although less commonly used, other relationships are possible with fuzzy membership functions,

such as the Gaussiab)(@nd the Near function®j. The Gaussian membership function assigns full

membership based on the mean value and standard deviation from it. In contrast, the near fuzzy

function relies more on mathematical relationships, commonly chosen over expert opinions. It is

therefore not reporteah, as they were not applicable in this study using literature for guidance.
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Figure 9: ESRI fuzzy membership function pl&surce:lESRI(2016a). A=Large function, B= Small

function, C=Gaussian, D= Near function and E=Lindanction The different coloured lines moving
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away from the graph indicate a decrease in membership or spféadegends next to each graph
indicate the input values, noting that a decrease in the input value affects the membership

Phase two of the fugzoverlay process entails overlaying the individual criteria layers (with fuzzy
membership applied) using a fuzzy overlay operator (Rosenbery, 2019). The function and the order of
fuzzy overlay operations (Table 4) used is one of the most influential caanfzoof the analysis, as it
drastically affects the outcome. The method of operations determines the degree to which each
membership layer contributes to the result, often referred to as the weight of its contribution (Mitchell
et al., 2012). Th&ND opemtor returns the minimum value of the factors at the cell's locationrORhe
operator does the opposite and returns the maximum value of the factors at the cell's location. Other
overlay operators available depend on mathematical operations, includingtgaod sum, but are not
particularly relevant to this analysis. TRRODUCToperator multiplies the values of each factor at the
cell's location. However, it is not applicable in situations where it would return extremely small values.

The sum operator ad the values of each factor at the cell's locaimthoveremphases values.

Table4: Fuzzy overlay approach and metho8surce:Adapted fronESRI(2010, 2016).

MEMBERSHIP APPROACH METHOD

Fuzzy And Returns the minimum value of the sets to which the ¢
location belongs. This technique identifies the least
common denominator for the input criteria’'s overall
membership.

Fuzzy Or This approach returns the maximum value of the set:
which the cell bcation belongs. This technique
identifies the highest membership values for individu,
input criteria.

Fuzzy Product This approach will multiply each of the fuzzy values f
each cell for all input criteria. The resulting product w
be less than anyf the inputs, and the value can be ve
small when a member of many sets is input. It is
difficult to correlate the input criteria's overall product
to the values' relative relationshiphis option is not
used often.

Fuzzy Sum This approach adds the fiyzvalues of each set to the
cell locationto whichit belongs, resulting in an
increasing linear combination function based on the
number of criteria entered into the analysis. Adding 8
the membership values in a fuz2YManalysis does
not mean the Iation is more suitable than others. Thy
fuzzy SUMoption is not commonly used.
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Fuzzy Gamma This approach uses an algebraic product of fuzzy
PRODUCTandSUM, both raised to gamma's power. |
the specified gamma is 1, the output is the same as
fuzzy SUM if gamma is 0, the output is the same as
fuzzy PRODUCT Values in between allow the
combination of evidence between these two extreme
possibly different from fuzzRor fuzzyAND. Fuzzy
GAMMA compromises fuzzy SUM's increasing effect
andfuzzy PRODUCTSs decreasing effect.

Overlay analysis, which originated from lan McHarg's overlay maps theory in GIS, is the most
widely used function for characteglated research. The landscape types or units are generated from
the overlay of various landscaplkearacter variables (Simensen et al. 20i&)st of the data in this
analysis are continuous datasets without mutually exclusive groupings. Fuzzy overlay as a
methodology is, therefore, integral to this analysis because it is particularly well suitedsfdinat

is continuous, difficult to define, or derived from expert opinion. Additionally, a fuzzy methodology

is suitable for this research because the fuzzy approach was successfully used in studies such as
Gopal et al. (2016) to map urban landscapepatet al. (2016) argue that a fuzzy approach is useful

for mapping urban characteristics as these seldom have precise definitions. Instead, they may
comprise a combination of threshold valuésfuzzy approach allows focombiningall these
threshold valas and provides greater flexibility to charaigerthe many facets of the urban
landscape

Owen et al. (2006) used fuzzy clustering to derive eight urban classes in an urban landscape in the
West Midlands (UK) (Van Eetvelde and Antrop 2009). A fuapproach has also been used to
support posmining region restoration in Bielecka and kikdbrczak (2010). This study suggests

that while posimining restoration can be algorithmic, many characteristics of anpiogtg
landscape do not follow a twaluedlogic systemOn the other hand, studies such as Arr&titar

et al. (2022) demonstrate the applications of MCDM in assessing potential alternatives to post
mining landscapes by proposing a conceptual framewbigh combines spatial and sod&chnical

data to support decisiemaking. Additionally, other studies (Bielecka and KiK@rczak 2010, Krél

Korczak and Brzychczy 2019) demonstrate the applications of fuzzy overlay in mining reclamation

processes.

Thus, a fuzzy overlay approach is well suitedtfos research as it provides flexibility to determine
favourability in the analysis for handling continuous datasets ornpiogtg and urban landscapes.
Additionally, fuzzy overlay helps demonstrate this research’'s novelty in enabling the representation
and manipulation of imprecise or uncertain information, in this,dageposimining and urban

characteristics of the Gauteng landscape.
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4.4.2. Weighted Overlay

A weighted overlay is a widely used multicriteria analysis technique that involves assigitghgs

to criteria and combining them to generate an overall suitability or decision surface (Malczewski,
2006). This is done by calculating a composite score for each cell or spatial unit in the study area
by multiplying the value of each criterion big irespective weight and summing the results. The
resulting composite scores represent each cell's relative importance or suitability based on the
criteria (Malczewski, 2006). As such, weighted overlay is one of the most commonly used functions
when solvig overlay functions with multiple criteria (ArcGIS Weighted Overlay function, 2020)
and isespecially applied in land suitability studies (Lodwick et al., 1990; Baidya et al., 2014).

A critical component in weighted overlay analysis is the determinatitayer weightsbeforethe

overlay process (Carver, 1991). The combination of multiple datasets is complicated not only by
the selection of the spatial data but also by how the criteria are weighted in the overlay process,
thus using a weighted overlay appch (O'Sullivan and Unwin, 2010; Rosenbery, 2019).
Weightings reflect the relative importance or significance assigned to each criterion in the analysis
andrepresent the decisiemaker's preferences and priorities. Therefore, the layer weights represent
the relative perceived importance of the overlay components (Carver, 1991). The primary purpose
of weighting is to leverage the relative influence of individual criteria against each other. This
becomes especially critical when considering a hierarchympiortance concerning criteria
(Rosenbery, 2019). Thus, weighted overlay analysis provides a better approach to criteria that
include many conflicting attributes or objectives (Carver, 1991; Rosenbery, 2019). However, the
defined relative importance of teria should be founded in sound ddtaven reasoningistead of

ad hoc estimation (Malczewski, 2000). To this end, the importance of the criteria is determined
through a process of data interrogation and evaluation, which also employs a prasiestto
hierarchy of importance within the criteria considered (Rosenbery, 20rednt weighting
methods can be used in the weighted overlay depending on the decision context and available
information Standard weighting methods include equal weightimk cadering, AHP, and data

driven methods. Each weighting method has its assumptions, advantages, and limitations, and the

choice of methodequirescareful consideationbased on the specific context (Malczewski, 2006).

Although GIS and MCDA are indepemnmdesystems, Malczewski (2010) notes that they have been

combined over the years. As such, weighted overlay in GIS can be accomplished in multiple ways
and entails several steps. First, as weighted overlay entails the overlay of multiple criteria, these
criteriaareseldom present in the same scale or range of classification. First, they must clearly define
the decision problem and identify the criteria relevant to the analysis. This step involves engaging

stakeholders and expertsdeterminethe criteria hat best represent the decision context. Next,
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decisionmakers must collect or acquire the necessary spatial and attribute data corresponding to
the selected criteria. Hence, once the data is gathered, daniskans must assign weights to each
criterionto reflect their relative importance to proceed with the overlay. The weighting process can
be subjective, where decisiomakers assign weights based on their expertise and judgment, or it
can be derived from quantitative techniques such as the AHP tlavén pairwise criteria
comparisons to determine their relative weights (Saaty, 1980). After assigning weights, decision
makers apply the weighted overlay operation in GIS to generate the composite scores or suitability

surface

The criterion layers mudte reclassified to standardscale using a reclassification tool (Samhita,
2020). This involves multiplying the value of each criterion by its respective weight and summing
the results for each spatial unit. The resulting composite scores can besedsasla continuous
surface, enabling decisianakers to identify areas with higher suitability or preference for the
desired purpose (Malczewski, 2006). For example, the scale ranges flomviierein a value of

4 is preferred twice to 2 (ArcGIS Weight&derlay function, 2020). Once reclassified, the criterion

layers are then multiplied by weight to assign relative importance to each:

Y B 0z

Wherein:

S= Land user suitability
i= layer number

n= number of layers

0 & weight of layer i

U& value of layer i

*= symbol for product)

Figure10graphically explains how th&/eighted Overlajunction works. All criterion layers have
individual pixel values. The whole layer has an overall weight. The score for a pixel x across
multiple layers will be the sum of the value of x on each layer multiplied by the weight of each
layer (Weighted Ovealy, 2020).
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Figure 10: Representation of background workings of the weighted overlay funStiamce:ArcGIS
Weighted Overlay functiof2020).

Thus, weighted overlay offers several advantages in multicriteria deamgikimg in GIS. First, it
provides a transparent and quantitative approach to decigikimg by explicitly considering the
relative importance of criteria. This allows decisioakers to communicate and justify their decisions
based on objective measures. Secorgigited overlay enables the incorporation of expert knowledge
and preferences into the decisimaking process, capturing the nuanced understanding of the decision
context. Third, it facilitates the generation of comprehensive suitability or decisionesyrfmoviding

a holistic view of the spatial variations and trauts involved.

However, there are considerations and limitations to be aware of when using weighted overlay. The
weights assigned to criteria represent the decisiaker's preferences angriorities and can
significantly impact the outcomes. Therefore, the weighting process should be cautiously approached
and involve stakeholders' input and consensus. Additionally, the weighting method can influence the
results, and decisiemakers should arefully select an appropriate method based on the decision

context and available information (Malczewski, 2006).
4.4.3. Random Forest Classification

Random Forest (RF) classification, a classification method that Friedman independently described, is
an ensemble learning method used for classification and regression. In a standard tree, each node is
separated using the best separation score considaltimgyedictor variables. Howevensing an
ensemble learning method in a random foreacth node is divided using theost desirablescore

between a subset of predictors randomly selected atremsiode. Ensemble classifiers use randomly
chosernsubsetof training dat& and features$o generate several regression classifiers and aggregate

the predictions of individual trees to make a final classification decision (Friedman, 1976; Breiman et

23 The training process involves selecting relevant features from the dataset, dividing the dataset into
training and validation subsets, and constructing multiple decision trees based on random subsets of the
training dataEach decision tree is trained independently using a different subset of features and data
instancesT he trained model can then classify new data and generate a spatial output representing the
relative suitability or predicted surface (Fisher and Cuti@202.
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al., 1984; Quinlan, 1986; Breiman, 2001; Misra and Li, 2822@ach decision tree independently
assigns a class to a cell (i.e. each tree has one vote), and the majority of votes defines the final class
(Breiman, 2001) using voting or averaging techniques to generate the final dudlgyiction of how

RF works is icluded in Figurell.

EAEAENEANA
a1 b1 caa d1 1
a2 b2 c2 a2
a3 b3 3 d3
ad b4 4 da
a5 bS5 ¢5 ds5

Training dataset

] N = e~

ESESEANA EAEREAKA EAEARA

als Ve idl oy bl c1 di 1 a2z b2 2
BOolSUaD' BEntowiiirsres z  OrosseoasesPe®  Lvaeis
a2 2 d2 2 b3 3 d3 1 a3 b3 1
as ¢ ds5 2 b4 c4 d4 1 as bs 2
| | |
o) 0 9
Ensemble o 0O o Ko BNEEEIEEE 0o O
of trees Pacy
O O~ O 00 ©° _~ 0 Q
By l - S ©
Aggregation Maijority decision |

Figure 11. Implementation of RF classifier on a dataset thatfioas input variables (X1, X2, X3, and
X4) and predicting Y, which has two clasfésl and 2) SourceMisra and Li(2020).

RF classificatioruses several aggregation techniques to aid the prediction of individual trees. However,
the two besknown methods applied for the aggregation of values are boosting and bagging of
classification trees. In the boosting aggregation technique, consecetiseatld extra weighg to the
pointsthat previous predictors incorrectly predieind upon completion, a weighted vote is used for
prediction.For bagging (bootstrap aggregating, proposed by Breiman (1996), used in RF classification,
a random forest treis constructed using a bootstrapped data set. It includes randomly selected cases
(cells) from the training data set introduced independently by Ho (1995), Ho (1998) and Amit and
Geman (1997), allowing replacement and duplicates. However, thipraigioles for constructinga
collection of decision trees with a controlled variation. Thus, subsequent trees do not depend on
previous treeseachis independently constructed using a bootstiapa set samplé his technique uses

a simple majority vote predictn, providing extra randomness to bagging. Apart from the creation
process (each tree uses a different bootstrap sample of therdat®ym forests use different tree
construction method#Naidoo, 2017Misra and Li, 2020).

24The combination of multiple decision trees improves the accuracy and robustness of the classification
model.
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This leads to uncorrelated trees with reduced computational capacity (Gislason et al., 2006). The default
value for mtry is the square root of all variables (Breiman, 2001). Random forest uses the Gini index to
measure impurity and select each node's dyaiting feature. Typically, approximately twhirds of

the data is used for building the trees (Liaw and Wiener, 2002), and the remainifirdifde"out

of-bag" (OOB) samples) may be used to validate the random forest (Breiman, 2001). At eaeh node,
random subset (mtry) out of all variables M (i.e., bands) is considered to split data, whereby all trees
are fully grown without pruning as a default approach. The decision trees can also be pruned to limit
their depth (Breiman, 2001). OOB samples dowerg tree, which they were not previously part of,
revealing the OOB error (crosslidation) and the proportion of OOB samples incorrectly classified
(Gislason et al., 2006). Therefore, it is possible to identify the best ntree and mtry combinatibe with t
lowest error rate (Adam et al., 2014). Compared to other ensemble classifiers, for example, those using
boosting, random forest is computationally simple and rapid while achieving similar accuracy. It can
handle large numbers of variables without exjrgndhe computation time required (Rodriguez
Galiano et al., 2012). RF is also advantageous as it does not overfit data and is relatively robust to
outliers, missing values and noise (Breiman, 2001; Rodri@aano et al., 2012Random forest is

also vey userfriendly as there are only two tuning parameters (ntree and (higgy and Wiener,

2002) It can thus be used to estimate variable importance (Liaw and Wiener, B00@ver |t is still

a blackbox model (Gislason et al., 2006). Furthermaging the random forest classifier has received
increasing attention due to the excellent classification results and processing speed (RGalignez

et al., 2012; Du et al., 2015). While recognised as a machine learning technique, it has also been used
for multicriteria analysis in G by training the algorithm on a labelled dataset (trained dated) that

includes spatial and attribute data.

The end product of an RF is a classification map that shows the predicted class for each cell based on
the majorityof votes. As a byproduct, it also generates a probability map for each class, which indicates
the likelihood that each cell belongs tepecificclas® for example, a high prediction rate results in a
high-class probability and vice versa. Thus, informatiegarding the uncertainty of the classification

is also provided (Sideris et al., 2019). Furthermore, this classifier can successfully select and rank those
variables with the greatest ability to discriminate between the target classes. This is taninasset

given the high dimensionality of data such as remotely sensed datasets, which makes selecting the most
relevant variables timeonsuming (Korting et al., 2013), erfprone, and subjective tasks (Belgiu et

al., 2014). Nevertheless, while the dam forest classification has proven its capacity to deal with large

datasets and ndmear relationships and interactions amongst criteria (Fisher and Cutler, #020),

25 Several studies a used RF classification and a MCRéchnique. For example, Aramberi et al.,
(2019),use RF classification together with logistic regression and boosted regression to model erosion
susceptibility.
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remairs unstable with the introduction of small disturbances in training data. Dineyefome studies
have introduced fuzzy logic to random forest classification due to its intrinsic elasticity, which further

offers a solution to the instability mentioned above (Bonissone et al., 2010).

4.5. GIS-BASED FRAMEWORK APPLICATIONS IN URBA N AND MINING -RELATED
RESEARCH

Over the years, fundamental advances have ineeletowardsintegrating various data and GIS. While
initially based on empirical foundations, GIS has since evolved to incorporatetspaageographic
information (Goodchild, 2012)ral geographically referenced information into conceptual frameworks
used in the social sciences (Goodchild and Janelle, 2010). Harvey (2018)atids fourth industrial
revolution makes adopting technologies, such as GIS, all the more important tfal gl@aning.
Spatial planning encourages the rational organisation of activities associated with various facilities. It
involves planning land use, determining conditions for arranging and locating activities, and identifying
methods for improving existg and planned physical structur@his provides a framework for
integrating multiple layers and variableghich is essential for gaining new insights into spatial
relations and places' historical and morphological conditions (Page and Ross, 2015)sihg@&S-

based frameworks is beneficial in regions with a rich and complex spatial history, such as mining and
urban landscapes, whesach spaces' characteristics and spatial pattan beunified (Hillier, 2010;

Alp and Guchan, 2017).

Several studieasse GIS frame&orks to integrate and document spatial features (He et al., 2015; Sang
and Piovan, 2019; etc.peveral frameworksprovide guidelines for the development of spatial
frameworks at different scales. Existing frameworks were reviewed to #dssemgps and or suitability

for diverselandscapesprimarily using the research objective of the study. Carrion et al. (2009)
developed a framework for Land Planning and Management activities in India, incudigg variety

of datasets of heterogeneous typology, fundamental for diversified queries. Spaliviero et al. (2019)
discussa Spatial Development Framework (S€velopedspecifically toserve countries with weak
planning systems facing rapid urbanisafimm 2010 to 2011. The SDF was applied in Daffuwdan)
between 2011 and 2013 and later improved and appliedvanda for the first time between 2014 and
2016.The study demonstrates the applicability of an SDF for analysing a system of human s&tlemen
in a given territory, evaluating the spatial structure of such a territory that empirically emerges from the
analysis, and formulating strategic spatial planning recommendations or development actions according
to the identified priorities. A study by &jens et al. (2003) describes a ®&sed support tool, the
Strategic Tool for integrating Environmental aspects in Planning Procedures (STEPP), developed for
the Netherlands that incorporates environmental aspects in local spatial planning processé&s. The

based STEPP tool aims to improve the coherence between spatial and environmental policy at the local
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level by stimulating the exchange of relevant information among involved disciplines and decision

makers while also providing a means for explorinigrahtives.

However, most of these frameworks are useful in investigating individual landscapes and integrating
data on a particular aspect of the landscape, such as the environment, culture or heritage. Several studies
(e.g. Harmsworth, 1999: Hessel &t 2009; Brown et al., 2012; Brown and Weber, 2012; Fagerholm
etal., 2012; Klug, 2012; Brown et al., 2015; Wang et al., 2015; Brown et al., 2018) consider the practical
integration of the tangible and intangible characteristics of a space. For exaapieswarth (1999)

uses a GIS framework to integrate indigenous knowledge systems with biophysical information to
inform environmental planning efforts. While other studies (Hessel et al., 2009; Brown et al., 2012;
Brown and WebeR012; Fagerholm et al., 2Q; Brown et al., 2015; Brown et al., 2018) use community
mapping approaches to incorporate community knowledge systems into land use and zoning planning.
Klug (2012) uses the Leitbiftimethodology as a framework to integrate the natural, social, economic
and political characteristics of a landscape for a model of an aspired future landscape, which can be
represented in GIS. Jackson et al. (2G8) developed a GIS framework to explore spatially explicit
synergies and traeaffs amongst ecosystem servidessupport a multfaceted landscapealled a

6 p ol y dnctheip study, Jackson et §2013)develogd a multicriterion GIS usg participatory
mapping to assess laide suitability and support latnude planning (site level) from five perspectives

of land attributes: physical, locational, social, economic, and environmerial.frameworks
mentioned abovand applications of GIS would be applicable in the context of Gauteng, where there
is a need for an integrated understanding of the landscapetasdes considering both the urban and

postmining characteristics of the landscape.

4.5.1. Applications of Gi8ased frameworks in urban landscapes studies

Several studies have used GIS frameworks for documenting and analysing urban landscapes. For
exanple, Siebert (2000) documents and visualises the spatial history of Tokyo usingbadsetb
framework. Sieber2000)finds that although sometimes objective, GIS is effective for the integration

and visualisation of the characteristics of spatial feathresigh time. According to Vannieuwenhuyze

Z®AA Leitbild (pl. Leitbilder) is a summary stat
for a specific issue or spatial unit, iwh takes account of the primary objectives and drivers in a holistic
and integrated way. All present knowledge is used to balance future constraints and demands from
social, economic, cultural, political and environmental perspectives. Therefore, a dgracuepted
Leitbild projects a specified trajectory for the future spatial structure, distribution, utilisation, condition
and development of the soamatural system. It provides a set of guidelines that shape actions, and a
framework within whichtheimact of particul ar developments <can
(Klug, 2012 617).
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(2019), when seeking to understand their urban past better, most scholars cénseitttds/ cadastral

maps. Similarly, Siebe®000)also notes that integrating various sets of historical and contemporary

data in GIS gives insight into underlying relationships of social, demographic, economic, political,
cultural, physical and other phenomena defining a landscape. Some other studies have investigated the
applications of GIS frameworks in culture conservatiod heritage management. For example, Alp

and Guchan (2017) have investigated the benefits and drawbacks of using GIS frameworks in
documenting and analysing the conservation of cultural properties of heritage 8tesa, Turkey

Alp and Gucharf2017)reported challenges such as data incompatibility, data gapsgraitalytical

findings andtechnological shortcomirsgoreventingcapturingall historical contentTherewere also
advantagesssuch as the framewor kds appnalysis afbheritaige y 1 n

interventions.

Similarly, Giannopoulou et al. (2014) use an integrated GIS environment to link spatial data of the
urban context together with the nepatial features of the Old Town of Xanthi, Greece, to enrich the
existing methods sl to model the urban process and its impact on heritage regions. This study found
that using an integrated GIS environment improves the quality of research and offers the possibility of
continuously updated information and monitoring of the factorsthti uence devel opmen:
implementation Adopting an alternative lens, He et al. (2015) use a GIS framework to record and
analyse physical and cultural heritage across different scales. The findings from this shedehceh

for demonstrating #incorporation of intangible and historical spatial phenomena into such models by
defining relationships and connections between different levels of the underlying dafiivaisely,

other studies have investigated the applications of GIS framewonkgioving planning efforts and
harmonizing relations between various spatial featlfes examplePage and Ross (20183e GIS
frameworks to investigate the state of American cities befor@@eentury. They argue that GIS
frameworks are not only ingptant for understanding the past but are also an invaluable tool in
contemporary planning efforts, in particular for improving accessibility as well as the quality of urban

space.

Furthermore, other studies use GIS frameworks to inform urban plannisgdec\Wang et al. (2015)

use a Glshased framework to assess land use suitability and support sustainable planning in urban
renewal The framework proposed by Wang et (@015) effectively supported land use planning in
urban renewal, as it provided aamtitative approach to suitability analysis and incorporgeatral

information into laneuse decisiommaking’. While other studies (Hessel et al., 2009; Brown et al.,

2"However, Wang et al. (2015) also note that the proposed framework also had some limitations as not
all the factors identified for incorporation could be quantiied socieeconomic information was not
incorporated into the framework.
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2012; Brown et al., 2018; Fagerholm et al., 2019) use participatory geographic tidarsystems
(PGISY® mapping approaches in their evaluation of landscape services and the integration of these data
for various analyses in GIS. Another stumyHarmsworth(1999) uses a GIS framework to preserve
Maori traditional knowledge systems in N&waland. Harmswortf1999)integrates Maori values and
biophysical information as an environmental management and planning tool. The findings of these
studies indicate the applicability of PGIS in informing land use planning, zoning and valuing exercises.
A recurring theme withinhtese studies is the need to integrate ecosystem values into land use planning
support (Brown et al., 2015).

4.5.2. GIS frameworks in pestining landscape studies

Similarly, the mining industry saw an increase in the use of various digital technotagiess spatial
mapping and electronic data collection tools for modelling the prospectivity of minerals, made easier
by the availability of GIS software in the 1980s. Toddne mining sector faces many more digital
advancements in the advent of the fbumdustrial revolution (Harvey, 2018). GIS is becoming
increasingly important for spatially varying activities such as mining and related activities as it can be
used not only to provide answers on ongoing benefits of mining activities but also to pndidgegons

as to where and when mining activities are most beneficial across space and time (Swetnam et al., 2011;
Choi et al., 2020).

While most studies use GIS to manage mining environments (Antwi and Weigleb, 2008; Karan et al.,
2016), other studiesuch as Choi et al. (2020), focus on investigating the impact of mining on the
surface or how they can inform the restoration of mining areas to their original states. Computers and
related software have also beeniséid in the mining industry as toolsifinformation dissemination,

learning, collation and storage, strategic planning, networking (Pert et al., 2015), analysis of mining
dataandf aci |l itating the design of mine operations (
such as Dixon (1999) Di di er (2008), and WwWinUyk et al. (2015
areas have focused on integrating various spatial data for informing decisions on safety and risks in
mining and urban environments. Dixon gathers data and investigates thigapéae developing a GIS

system for the Lime Creek mining region in Canada to assist in analysing and compiling safety reports.

Di dier (2008) i nvest i gmibhirgsmanagemment Effoksnand potSntight e 6 s
applications of a database thattcaps and gathers data (locality, ownership and technical information)

for use in screening risk and informing urban planning efforts. However, despite the use of spatial data

28 pGIS refers to the public participation practice entailing the use of community mapping practices to
generate spatial information (Brown et al., 2018).
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and the availability of computer software within the mining industry, furtheeldpment or use has

been restricted by the availability of such data.

Gauteng is a case where such advancements in available software and data applications are still lacking.
Dataon urbarrelated concepts is most widely accessible, for example, throeghi@l land use data

from the Departmentof Environmental Affairsand other data custodians who makepublidy
accessible through online platforms. However, while sa@a@ on miningelated aspects of the
Gauteng landscapes &vailable from land useath, mostare inaccessible The inaccessibilityof
mining-relateddatahas been widely reported in many publicati@fisath 2009 CER, 2012 GDARD,

2009 2012;Bobbins and Trango2018 Watson and Olalde2019 Crous et al.2020); this study
responds to thgap mentioned abovey proposinga framework for the integrated analysis, mapping,

visualisation and conceptualisationté characteristics of Gauteng's posining and

4.6. SUMMARY OF THE CHAPT ER

This chaptehaspresentdthe findings of a survey of literature conducted to gain an overview of GIS
and its applications inrban and mining landscape reseaiidie chapter introdudesIS as aressential

tool for the representation and visualisation of spatial information, also my&lls as a versatile tool
with applications across various disciplines. This chapter then disctissecritiques of GIS,
demonstrahg that an integrative GIS could be more critical and act as more than a tool, ling ptay
essentiatole in the produion of space and hovis understood. This was done to establish a context
for this research project, which interrogates the representation of Gauteng'simpngtand urban
landscapes. The chapter then discddd€DA and its applications in a spatiadrdext. The chapter
noted the different methods used in multicriteria analysis and tHeirctured approaches and
applications in spatial problems such as land use suitability. This chapter then dissi%based
frameworks and their applications li@presentingpatial featureslt alsooutlined the applications of
integrative frameworks in studies related to urban andmposhg landscapes. GiBased frameworks
were revealed to be useful not only in the storage of integrated data but also sth@wrsesul in the
management of areas under study. This chasehighlightedthe need for an integrative framework
for the postmining and urban landscapes in Gauteng, echoing other studies referencing limited data

availability and the potential applitans of an integrated framework.
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CHAPTER FIVE: RESEAR CH DATA AND METHODOL OGY

5.1. INTRODUCTION TO THE METHODOLOGICAL APPRO ACH

This chapter introduces the methodological design and specific research methods adopted in this study.
To achieve tts study's main aim and research objectiths chapter introduces the process followed

in the framework developmengsearch process, and the selection of research methods. This research
chooses six main research methods, including documentary and camgysis, an online
guestionnaire survey, a case study, GIS data collection and experimental studies by applying different
multicriteria mapping techniques. Among them, literature and document review and survey results
analysis are used to achieve Objeetl; literature, document and survey results review and GIS and
experimental study are used to achieve Objective 2; and findingsdbpastives 1 and 2are used to

inform and achieve Objective 3.

5.2. FRAMEWORK DEVELOPMEN T PROCESS

The design of the proped GlSbased framework follows a systematic approach comprising several
key steps outlined iRigure 12. Broadly, the development of the framework was divided into two main
parts: the first part pertains to the conceptual development of the framewothkgas®tond part was
the testing and validation of the framework.

The conceptual development stage entail@entifying objects and settinglear goals for the
framework. The identification of objectives was followed bycamprehensive literature review t
gather knowledge and insights fromisting studies and frameworks, followed thetanalysis and
organisation of emergent thentesdentify sharecconceptsand characteristics and the development of
aconceptual framework outlimg the core components and relationshipthe frameworkThe testing
and validation stage of the framework development had four phai®s. Starting witldata collection

to acquire relevant spatial amn-spatial data, ata processing and analysis toragt meaningful
information from the collected data, the developmerd pfactical framework incorporating tools,
methodologies, and guidelines for GIS implementaéind the validation of the framewgrénsuring

its effectiveness and efficiency throutgsting and evaluation. Finally, the framewar&sfinalised,

considering insights from validation and making necessary adjustments.
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Figure 12. Framework development processes followed in this study.
5.3.  RESEARCH DESIGN

The esearctentailedseveral research methods to meet the study's main aim and objdatithés
research study, a methodologpsdesigned and employed &equirean integrated understanding of
Gauteng's urban and pasining landscape. Specifically, an dipd spatial framework using GIS
technologieswas conceptualised, developed, and validated to offer a flexible tool to support the
integrated mapping of urban and poshing landscapes in Gauteng. Given the nature of the
methodological paradigm, empirical approaches used in the social sc{enchsassurveys, case
studies, and experimentsing statistical and spatial agpsis and machine learnipgre applied to this

research.

This researclaimedto quantitatively analyse and support the holistic conceptualisation and mapping
of the Gauteng landscape: fill the gaps identified by the literaturelowever, this subject is highly
related to the social and environmental sciences and urban development, where the qualitative
description of planning and development challenges is indispensable to reflplarthimg goals of

social and environmental interests. Therefore, this studyaus@xed research methodology approach,
including quantitative and qualitative method®e data collection procedures of each research

approach are outlined in Talie
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Table 5: Data collection methods in quantitative, qualitative and mixed methods res&uoulte:
Adapted from Creswell (2003).

RESEARCH METHOD

DATA COLLECTION AND ANALYSIS ASSOCIATED WITH THE
RESEARCH METHOD

Qualitative Research 0 Emerging methods
Methods 0 Openended questions
0 Interview, observation, document, and audisual data
0 Text and image analysis
Quantitative Research 0 Predetermined
Methods 0 Instrument based questions
0 Model performance, attitude, observational, and census data
0 Statistical analysis
Mixed Research Methods | 8 Both predetermined and emerging methods
0 Both openand closeended questions
0 Multiple forms of data drawing on all possibilities
0 Statistical andext analysis

Qualitative research approachase subjective and collect data in the form of written and spoken

language and observations recorded in a language that is analysed by identifying and categorising

themes (Creswell, 2003). A qualitative rasbeapproach was followed in this research in the collection

of survey data from local experts and content anafysia various documents. Despite the possible

limitations that come with the use of these data, such as responsiftaeemtperceptiongrom people,

timeous data collection and inaccurate information collection (Halperin and Heath, 2016), they were

chosen for use because they provide researchers withdingttimeseries, and thoughtful information

that does not require time or money faanscribing (Creswell, 2003). The collection and analysis of

the survey data using qualitative methods are discussed in sgetidnldentification of posnining

and urban landscape characteristics

Quantitative research approaches abgective collect data in numbergnd adopt statistical data

analysis (Halperin and Heath, 2016his research method was used through the applications of GIS to

map the landscape characteristics under investigation and in the validation of mapping results. The

methods used for the mapping and validation are discussed in seégdohsDevelopment of practical

framework: Methods used to map pashing and urban landscape characteristaosd 5.4.3 Testing

and validation othe proposed framework

5.4. RESEARCH METHODS AND INSTRUMENTS ADOPTED

Each research method and instrument adopted within this research study are discussethiselow.

section is divided intbourp ar t s, guided by the studyobs

resear ch
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process for identifying landscape characteristics ofpiising and urban landscapes. The second part
discusses data collection thahsused to map the identified landscape characteristics ofhfiostg

and urban landscapes. The third part discussasstd Gauteng as a case study
5.4.1. Identification of pognining and urban landscape characteristics

The first objective of thistudywas to identify and assess various types of literature and data for their
role in the conceptualisation of Gauteman urban or pestining landscape. e key characteristics

of these two landscapes were identified from the literature and archival material, including legislative
and policy documents, to understand how Gauteng's-mpiogtg and urban landscapes are
conceptualised

Both landscapesahdscape characteristics were identifisthgprimary and secondary data sources.

The data required for this study have been acquired in several ways. First, the secondary data was
collected through the review of docume(inh the form of literature, maps, legislation, etc.) and content
analysis. This was followed by collecting primary data through an online questionnaire survey explicitly
developed for this research study. Both of these data collection steps are diselmsed

5.4.1.1. Documentary and content analysis

Document analysis is a kind of archival research where the data sources are various types of
documentation, such as academic papers, policy and legislation documents. Archival research entails
any reseafttt where a public record is a unit of analysis (Dane, 1990) and attempts to interpret the
research problem by investigating a portion of the continuously recorded information they create, such
as written, graphic and audigsual materials. A comprehensiveview of multidisciplinary literature

on postmining and urban landscapes, in the form of academic papers and official documents such as
legislation, including relevant policies on mining regulations, urban development, administrative

regulations, and pfaing standards and guidelines, was conducted in this research.

The literature consulted was in English and obtained from the Web of Science, Science Direct, JSTOR,
Wiley Online Library, Google Scholand Google Searadlsing key terms: 'Poshining landsapes',
'Poste x t r g dUtbanv lan@iscapes', 'GIS', 'Geographical Information Systems', Mapping' and
'‘Characteristics'. This established the existing research body and provided a strong foundation for this
review. These keywords helped identify relevétgrature to achieve the objective of thstudy.
Initially, 493 potential literature sources were identified, followed by a selection process of the relevant
material. From the identified sources, 317 were excluded from the study whemfuwefticienty to
operationalise th&eywords mentioned abov©f the remaining 176 articles, 23 were removed for
duplication. The last steprfincluding and excludingdentified sources entailed reading abstracts and
skimming through the remaining articles, where \86re removed. The remaining 146 sources
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comprised academiapers, books, conference papardustry research reporgmlicy and legislation
documents and spatial datiad were read in full and applied in the documentary analeide6 shows
that 134academic papers were identified and consulted in addition to two conference papers, eight
historical maps, ten industry research reports, six policy and legislation documents and 12 spatial
datasets. Careful attention was pidheir descriptiongaind rg@resentatiorof postmining and urban

landscapeand their characteristics

Table6: Quantity of documentary sources consulted and reviewed.

SOURCES CONSULTED COUNT
Academic paper/book 134
Conference paper 2
Historic map 8
Industry research report 10
Policy and legislation document 6
Spatial data 12
Total 172

The documentary analysis of the literature review material was used to identify emergent themes (Miles
and Huberman 1994). Miles and Huberman (1994) suggest coldengemergent themes using
gualitative research tactics to generate meanings from different texts. Key themes can be simplified
through coding and identifying independent concepts (Jabareen, 2006, 2009). Keywords and the
characteristics used to describestgmining and urban landscapes were recorded for each reading on

separate Excel worksheets for poshing and urban landscapes, respectively.
5.4.2.0nline surveyand interviews with local experts

According toDane (1990)an interviewis a structured aoversation based on an underlying survey,
where the survey devises the structure of the converdatimilectdata. Interviews can be conducted
through various meanimcluding inpersonby telephone oemail. One of the mogirevaleninterview
types & the expert intervieweaturing individuals whare expertin aresearch area or have extensive
experienceaelevant to the researghoblemstackled ina study This study makes use of local experts
to inform the study'Local expert" in this researchtgdy refers to academics, environmentalists and

planning practitioners with experience or related research on urban asndipiogt landscapes.

A surveywith local expertswasconsideredhe main research instrument its efficacy in collecting
in-depth, practical and djp-date information.Survey research is universal in that respondents are
asked questions directly. The questions may be raised in an interview or presented as a questionnaire

(Dane, 1990; Halperin and Heath, 2016). In questibarsairveys, participants are asked to complete a
81



guestionnaire by answering questiofise sirveyswere employed to collect qualitative data thauld
be quantified andsed for statistical analysas alaterstage This research method was applieddtbect
the initial expert responses describing characteristics of urban andmipisy landscapes for

guantitative and qualitative analyses

The questionn the surveyaimed to get insights into the conceptualisation of-pusing and urban
landscapeswhere these conceptualisations come from, andctiieeal issues with the current
conceptualisation of postining and urban landscapésiditionally, the survey(andlaterinterviewg
conducted with local experts wenelpful ininvestigating how urbaand postimining landscapes are
characterised in Gautendentifying existing problems in the conceptualisation practices and helping
identify key factors/criteria affecting the characterisation and conceptualisation ehipdisg and

urban landscapes.

5.4.1.2.1. Designing the questionnaires

The survey taken bipcal experts was developed online using Godglems and a consent sheet was

made available on the survey. The participants signed and uploaded the consent sheets to the survey
document.The surey was conducted electronically duethe South AfricanCOVID-19 lockdown
regulationsHowever, later in the data collection, interviews were also introduced. As such, data was
collected in two ways, using a Google Forms survey and laterietesgonducted with five additional

local experts when the response rate wag®lovihe interviews with experts were conducted when
participants experienced technical issues or could moplegethe questionnaire online. Consent for

the interview input was acged verbally and recorded, after which participants were sent transcriptions

of their responses and a consent form to fill in and send back. This was required for comparison with

the key characteristics tentatively identified by the literature review.

The survey was divided into two sections, one more general, requiring information on the participant,
and theothercomprising research questioitiesurveywasfurtherdivided intoquestions of a spatial
nature, aimed at experntdth spatial and GIS knowtige andhosewith mining or posimining and

urban landscape knowledgis such thesurveyalso allowed the experts to skip some questions that
did not apply to theniThesurveyaskedparticipants whether or not thegeGlIS in their line of work.
Although the questions are similar, participants indicating that they work with GIS received more
technical questions than those who reported riog@lS. The questionnaire was senfiipotential

participants in local municipalities, government agencies,eaw&dand relevant research spaces.

Before the survey was administerdide pilot survey was sent to folocal experts, two with GIS

knowledge and two without. The main aim of the pilot survey was to identify the following:

29 The responses from thesspendents were then transcribed in the format of the survey responses.
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(@]

The duration of theurvey

(@]

The clarity of theénstructions and questions and;

(@]

Issues or angbjections to any of the questions asked.
Therespondents' comants wereonsidered before the questionnaire's finalisafitie questionnaire
sample is available in Appendix 1

The questias in the questionnaire were opemded, so the responses were as close as possible to

participants' perceptions. The questionnaire survey comprised questions covering the following topics:

0 Conceptualisation (characterisation of pwshing and urban landscapes in Gauteng with an
emphasis on existing historical and contemporary documentation);

0 Cartographic representations of mining, pm&ting and urban landscapes;

0 Influence of mining angostmining landscape mapping on surroundings and urban

development trajectories.

The questionnaires were submitted to the University of the WitwatetsssndHu man Resear ch
Committee (NorMedical) for approvalbeforethe commencement of the reseastidy. The ethics

protocol numbewas H20/06/15(seethe ethics certificate iAppendix2).

5.4.1.2.2. Sampling and distribution of questionnaires

The second, a snowball sampling technjoguas usedvherethe approached participant referred to
another potential participantwo sampling methods were employed to identify participants for the
study. Participants for this study were selected using convengentcenowbalsampling methods
First, a conveniensampling technique, where participants were identifiased on knowledge of
similar work or research. Some participants were identified from workshopsnalar research or
references from other participangsdesktop studyvas conducted toollate cortact details for each
identifiedparticipant particularly email addresses. Emails were sent to the identified individuals, with
the survey link attached and a proposed completion @t survey responses were automatically

uploaded onto &oogle Dive folder online, along with the participant consent forms.

The survey was sent to participants over three months in @@RIfpllow-up questionsecessarin

July 2022. The survey was run in two sets, first from 01 to 15 July 2021, where the survey was sent
to four participants, and a preliminary analysis of responses was conducted. Afterwards, the survey
was sent to more participants from 01 August to&t&nber 2021. However, the sureeynpletion

was relatively low during the second royadd some responses could not be uSedrall, the survey

and the interviews yielded 26 responses from local experts (Tathlat could be used

Most participant§10) were from academic institutigrfollowed by eight from the private sector and
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four from a local or provincial government department ather sectors

Table7: Participant profile ofexpertsand theirindustries.

TYPE OF ORGANISATION/INSTITUTION NUMBER OF SURVEY PARTICIPANTS
Local or national government department 4

Academic institution 10

Private sector 8

Other 4

Total 26

Although this wasa small sampleize, there was a good spread of participants spanning different
sectors, including those working in/for government, academia and the private sector, giving a fair
representation of stakeholders and experieéfoe .experience of the local experts varied, wheost

had over five years of experience working in related fields, while the least experienced had a little
over three years of experience.

Figure 13 shows participants with experience in environmental studies, architecture and urban
planning, and socialra heritageelated work participated. Figud8 also shows that most of the
participants (38%) were from academia, followed by environmental practitioners (19%), participants
with a planning background (15%), engineering (12%) and participdnatsvorkedin advocacy and
social impactelated industrieé8%).

Participant department or sector of employment

Engineering
Advocacy work

8%
. = Environmental officer/practitioner
= Architecture/planning
= Academia/research
= Social/heritage research practitioner

Figure 13: Participant industry or sectoof employment.
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5.4.1.2.3. Analysis of data collected for requirements identification

The data acquired from documentary sources tanoligh the online questionnaire surveys were
analysed using Microsoft Excel® software (2016)ereinExcel The questionnaire survey responses

were downloaded online as an Excel spreadsheet listing participants' responses. The Excel spreadsheet
was formdted so that each question could be considered as a variable and could be analysed. Several
guestions were examined in frequency tables; for example, the participant information irv,Table
participant industry information in Figure And questions rela specifically to the characterisation

of postmining and urban landscape characteristics were analysedresultsof the analysisare
presented in Chapter 6. The identified characteristics were used to inform spatial data collection for
mapping and maglling these landscapes.

5.43. Case Study

The case study is a valuable research meteidan accommodate many investigations (Tellis, 1997a;
Halperin and Heath, 2016). Case studies emphasise the context of a limited number of events or
situations and their relationships, bringing out the details from tdepth investigations with a full

circle on the selected cases by using multiple sources of data (Tellis, 1997b). Yin (1994) suggests that
a case study has four stages: 1) its design, 2) its conduct, 3) the analysis of evidence, and 4) conclusions
developed from the case study, recommendatend implications. He also identified three types of

case studies: exploratory, explanatory and descriptive. As a research tool, a case study of Gauteng
province was used to practically develop a framework consisting of three major components: a
conceptal model, a GIS model and an accompanying databased on the framework's structure
conceptuased previously. The case study application in this research can be ¢sdggoto the

6exploratory case studies c atheecgse stydy of Gauterg) toi s b e
investigate the merits of integrating its pashing and urban landscape characteristics. Actual spatial

data on Gauteng and practical concerns (acquired from questionmagres)volved in the case study,

which aims to preent the whole research process of a real case and demonstrate the merits and

limitations of the proposed framework.

55. FRAMEWORK CONCEPTUAL ISATION AND DEVELOPM ENT

Roy (1996) argues that MCDA is required to combine all characteristics in situaftbnsontrasting
characteristics. In a spatial context, spatial muriteria decisiormaking refers to the application of
MCDA in a spatial context, where the elements involved in the deaisaking process have specific
spatial dimensions (Chakhar aMdusseau, 2007). As mentioned above, three mapping methods using

a spatial multicriteria approach have been selected to evaluate the integration of landscape

characteristics: Fuzzy overlay analysis, Weighted overlay analysiRamdom forest classificatio
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Other steps in the framework development have already been discussed in previous sections, namely:
the identification of research objectives in Chapter 1, the review of the literature and user needs, the
analysis and organisation of landscape charatitesj data collection and data processing and analysis

in Chapter 5. However, more details on the landscape characteristics are discussed in Chapter 6. This
section discusses the development of the conceptual framework, data processing, data analysis and

mapping, framework testing and finalisatigarther discussed in Chapter. 6
5.5.1. Development of the conceptual framework

The development of the conceptual framework entailed the analysis and organisation of themes and

characteristics emerging from tdecumentary and survey analysis and then making sense of it in the

study contextAll three mapping methods selected for implementing the proposed mapping framework

entail breaking down characteristics and groupiregnas indicators or criteria for analgsTo develop

the proposed framewarkhe criteria vereidentified basean existing literature from planning theories

andthe survey datiiom local expers. The processes used in this study to identify criteria are discussed

in section %.1.1. Identification of criteria or characteristics for mappin$.5.1.2. Spatial data

collectionand 55.1.3.Data preprocessing and transformation

55.1.1. Identification of theriteria

The characteristics identified from the literature are listed.?il. Contentanalysis: Literature,

legislation and other archival material, while the characteristics identified from local experts are listed

in 6.2.2. Content analysis: Questionnaire evaluation: conrsgdcific conceptualisations of urban and

postmining charactestics These characteristics were used to identify criteriacthiald be mapped

andget a sense of thhrequired data; after that, the spatial daiasidered most relevant or related to the

characteristic was identifiedhe identified requed spatial d& based on the characteristics associated

with postmining and urban landscapes, layers for model input or mapping and the processing

techniqueswere used to create the required landscaparacteristic{Table 8) Definitions of the

broader ladscape chacteristics are in ppendix33-37.

Table8: Landscape characteristics and spatial data requirements.

N| BROADER PROXY CHARACTERISTI SPATIAL LAYER
O| LANDSCAPE C FOR MODEL RELATED TO
CHARACTERISTIC INPUT/MAPPING LANDSCAPE
CHARACTER
1| Artificial 0 Land cover/fuse| 6 Mining-related | 6 Land cover/use
change cover/use change data
0 Built 0 Mining-related Land cover/use
infrastructure built-up areas data
2| Assemblage 0 Land cover/use| 6 Mining-related Land cover/use
change cover/use change data
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POST-
MINING
LANDSCAPES

Transformation

Land cover/use
change

Mining-related
cover/use
(1990
Mining-related
cover/use
(2020)

Land cover/use
change data

Isolation and
inaccessibility

Accessibility

More than
500mfrom
roads

More than
1000m away
from the
railway

Buffer of roads

Buffer of
railway

Density

Population
changes

Low
population
density

Population datg

Social impact and
justice

Unemployment

Unemployment
rate

Unemployment
data

Economic

Business/econg

Low business/

Business and

development and mic activity industry industry
decline concentration location data
Abandoned Abandoned Abandoned
mines mines mines data
Economic Lack of Active mines
diversity economic data
diversity
Naturalresource use Land Land Low NDVI
and degradation degradation degradation values
Land cover Land cover

data: change to
eroded, barren

Integrative Rehabilitation Mining-related Land cover/use
rehabilitation and land cover/use data: change
management from mining to
urban and othe
classes
Mine waste Activity within Activity and
waste buffers development
within waste
buffers
Artificial Land cover/use Urbanrelated Land cover/use
change cover/use change data
Built Urbanrelated Land cover/use
infrastructure built-up areas data
Assemblage Land cover/use Urbanrelated Land cover/use
change cover/use change data
Transformation Land cover/use Urbanrelated Land cover/use
cover/use change data
(past)
Urbanrelated
cover/use
(present)
Mutual mobility and Accessibility Less than Buffer of roads
accessibility 500m from
roads
Less than Buffer of
1000m away railway
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URBAN from the

LANDSCAPE railway
5| Density 0 Population 0 High 0 Populationdata
density population
density
6| Social impact and 0 Inequality 0 Unemployment| 8 Employment
justice rate data: high
unemployment
7| Economic 0 Business/ 0 High business/| 6 Business and
development and economic industry industry
opportunity activity concentration location data
0 [Economic 0 Higheconomic| 8 Land
diversity diversity cover/use:

Commercial/in

dustrial data

0 Employment 0 Unemployment| 8 Employment
opportunities rate data: low

unemployment

8| Natural resource use| 8 Pollutionand | 8 Pollutionand |8 Land

and degradation waste waste cover/use:

Sewage/landfill

data

55.1.2. Spatial data collection

Several studies (CER012; GDARD 2012; Bobbins and Trangos, 2018) have highlighted the limited
accessibility of miningrelated data. Therefore, this study uses primary and secondary data to develop
a GIS framework for integrating Gauteng's urban and-mising landscapes' historical and
contemporary data and characteristics. The collection of spatial data identified in the requirements
entailed several steps. All data used for this purpose was publicly available data. The data collected are
presented in Appendix 2 and comprilifferentdatasets, such as historical maps, spatial data on mines,
shafts, voids or any recordings of operational and discontinued mining opéefafitese data were

used due to ease of access but also so that the exercises carried out within this reseamhidshely ¢
replicable.This research utdes both primar§* and secondary data. The data was collected per the
characteristicand representational requirements identified as descriptive of the urban andrpogt
landscapes outlined in Tal8eThe secondary data was collected through a web and manual search for
geospatial and negeospatial data on pestining and urban landscapes and is presented in Bable

30 These were supplementary sources of information collected for this research's purposes, mainly used
in identifying mining characteristics and not used in the actual mapping.
31 Primary data was collected through a google forms questionnaire and interviews with industry
experts. The results are presented in seé@idr2. Content analysis: Questionnaire evaluation: context
specific conceptualisations of urban and pwshing characterists.
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Table9: Spatial data collected for this research study.

NO.

SPATIAL
LAYER

DATA
FORMAT

EXTRACTED CLASSES / DATA

DATA SOURCES

Abandoned
mines and
shafts

Point/ Vector

Locations of abandoned
mines/shafts

CGS (2013)
SAMINDABA,
DMR(2009)

Active mines

Point/ Vector

Locations of active and
abandonednines/shafts

DMR (2004, 2011, 2014,
2018)

SA NLC 2020

Raster

Artificial flooded mine pits,
Artificial sewage ponds, Land
fills, Residential formal,
Residential informal, Urban
recreational fields,
Commercial, Smallholdings,
Industrial, Roads and rails
(major linear)

DEA/GTI (2020) 2020
SANLC

SA NLC 1990

Raster

Urban builtup, Urban
township, Urban sports and
golf, Urban smallholding,
Urban residential, Urban
informal, Urban school and
sports ground, Urban
industrial, Urban commercial,
Mines 1 bare, Mines 2 semi
bare, Mines water seasonal,
Mines water permaneritjine
buildings

DEA/GTI (2020) 1990
SANLC

SA NLC 1990
T 2020 Class
change

Raster

Changed from mines to barre
land, changed from mines to
built-up commercial, changed
from mines to buikup
industrial, changed from mine
to built-up residential all,
changed from mines to builp
smallholdings, changed from
mines to commercial annuals
non-pivot, changed from mine
to commercial annuals pivot
irrigated, changed from mines
to cultivated subsistence,
changed from mines to erode
lands, changed from mines tg
grasslands, changed from
mines to natural wooded land
changed from mines to plandte
forest, changed from mines tg
shrubland, changed from min
to thicket / dense bush,

DEA/GTI (2020) 1990
2020 Land cover and land
useclasschange data
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changed from mines to
waterbodies, changed from
mines to wetlands
Commercial, Industrial,
Education, Healthcare
Hexagon Facilities, Institutions,

GTI (2020) Hexagon

summary area Tourism, Community Serviceg
Vector : summary aredased land
based land Cluster housing, Formal
. . cover and land use
cover housing, Informal housing,

Recreation & Leisure, Utilities
Transport, and BudUp

census Population statistics per smal

5 population data| Polygon/Vector P P StatsSA (2011)

area
per Small Area
Census
I Empl isti

5 employment Polygon/Vector mployment statistics per StatsSA (2011)
data per small small area
area

7 Gauteng main Line/Vector Main roads CSIR (2018)
roads

8 G"."“te”g Line/Vector Railway lines CSIR (2018)
railway

9 Mine residue Polygon/Vector Logatlon and area of mine GDARD (2009)
areas residues
Gauteng Mine dumps, slime dams,

10 | pollution Polygon/Vector| general waste, general sewag GDARD (2016)
buffers hazardous waste

Once collected, the secondary data was stored in a geodatabase created for this study. The database
used for storing data in this research was built in the environmexrc @S 10.3. The collected data

were processed in one software modulercMap. The database was created as a File Geodatabase in
another software modylArcCatalog. All datasets were stored in a File Geodatabase created in ArcGIS
(seeAppendix4).

5.5.1.3. Data preprocessing and transformation

Considering the integrative nature and analysis methods identified for application within this study, the
data processing required in this study included three steps: (1) projection to the relevant coordinate
system, (2) format and scale conversion and q@atial analysis and mapping of landscape
characteristics in ArcMap 10.3ll data used in this study was projected to use the WGS 1984 UTM
Zone 35S projection. Next, the format and scale of the data were converted so that all the data conformed
to the sane format and were, therefore, comparable. When presented wispabaldata, the data

was joined to a shapefile using a common field identifiable in both the shapefile and the Excel table
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using the 6Joi n f The tHathdithi@ thistpdy was ef vasyingn sgaleShaso this

had to be changed to make the data comparable and fit for integfuime. scholars (such as Van
Eetvelde and Antrg2009 and Lit and Nijhaus2020) suggest converting data into a standard format
with similar units of study. To standardise the scale of analysis, all the data utilised within this study

needed to be converted into a grid cell format.

First, a gridof 1 x 1 (1km?) wascreated covéng the study aréa The grid cell was created on ArcMap

10. 3 usCGreatg Fishigie Gde o pr o ¢ &acend, thg datadnod vector format, such as
populatiord?®, businesses, industries, unemployment rate, and abandoned and active mines, were created
through a spatial join counting the sum of features per grididedllayers of locational attributes, such

as distance to roads and railways, were vector layers, and the distéweernroads and the railway

was cal cul aMdtidRing Buffed ge@arobessingitool. The resultant buffer ringsre
intersected with the fishnet grid, using tlmt€rsect Geoprocessing tool, and laterjoined to the grid

using the cells as the common field. Oncgoieed, the fishnet grid was converted to a rakignat

Uusi ndeature® Rastdr Conver si okm?ctelbsé. , with a 1

Following this,the raster dateextracted from théand cover/usg classes, such as the buih class,

were resampleédto the same resolution as the 1 km fishnet grid usindRlees a nbath madagement

tool. Theland cover and land use classes were extracted from the landacoNand use data using

t h Extratt by attributé Spat i al analyst tool . Similarly, a
(NDVI)* (seeAppendix 5) vas created and resampled. The lowest scores from this NDVI calculation,

bel ow 0.5, wer eExtagtbyratribute® dSpat ingl tAraliyst tool . T
Conversion tool converted all the extracted raster classes to vectdorluatanverted raster data were

simplified and merged toedu@ pr ocessing time and | Dissov® attri
Geoprocessing toolhe converted data walsenintersected with théishnetgrid using thelhtersect
Geoprocessing tool, joined using tBpatial Jointo the fishnet grid and converted to raster using the

Feat ur e CanverBandoblewithda specified resolution Hin? so that the data could be

32 This resolution was used as some of the data used in the study had a resolukion of 1
33 Population density was derived from census population data and therefore contained the statistical
information of population density per small area using a small areas layer.
34The land cover/land use data was created from imagery acquired in 1990 anthée two layers
were also accompanied by a change detection layer created using image differencing.
% Noting that although it has become conventional to resample data with different native resolutions to
a common resolution, this has important drawbaekich include introducing uncertainty in the model
and sacrificing detail about the independent variables (Dixon and Earls, 2009).
%6 This was generated using a simple calculation on Raster Calculator, where the values of the Near
Infrared band were sutaicted from the Red band and divided by the same. The data was generated
using data from Lanads$ 8 from 2021, as it had the least cloudcover for the study area.
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comparable to thékn? fishnet gridand all the otheprocessed datall datasets were saved a

geodatabase (refer to Appendix

5.,5.1.3.1 Reclassification and ranking of data for this study

Once converted into a grid format and rasgek;, all postmining and urban landscape characteristics
datawee r ecl assi Raclesdsifp uSpagi aheafnal yst tool, using
AHP. In this scaling, 1 indicates the least important value of the data, and 9 is the most important. The
reclassification values were adopted from literatwrsing literature guidance to distinguish whether

some characteristics are present in ymoisting and urban landscapes and to what scale. For example,
while urban landscapes are accessible and should have higher access to roads and the railway, post
mining landscapes are not generally associated with accessibility. They are thus interested in those areas
furthest from the road. Once all data had been reclassified, it was saved in a specific geodatabase (

to Appendix6). Table10 presents how the clamteristic layers were reclassiffédThe reclassification

levels noted in TablelO were used to reclassify the characteristic layers in ArcMap 10.3. The
reclassified characteristic data were used to map the landscape characteristiemofipgstnd urbn

landscapes in sectidh4. Mapping postining and urban landscapes

Table10: Reclassification scales of landscape characteristics.

NO. | CRITERIA LAYER NAME LANDSCAPE
(POST)>MINING URBAN
1 Business count per Km 0- 10businesses (9) N | 21-120 businesses (9)
N | 117 20 businesses (8) 11- 20 businesses (2)
217 120 businesses (1) 0- 10 businesses (1)
2 Industry count per ki 0- 10 industries (9) 21- 654industries (9)
N | 117 20 industries (8) - 11- 20 industries (2)
217 654 industries (1) 0- 10 industries (1)
3 Unemployment rate per Km 40- 100% 40- 100% unemployment (1)
N | unemployment (9) - 207 39% unemployment (5)
207 39% unemployment 1-19% unemployment (9)
(8)
1-19% unemployment
(2)
4 Active mines count per kin | N | 1-10 businesses (9)
117 20 businesses (8) | -
2171 22 businesses (1)

%" The levels of the reclassification were identified subjectively, guided by the charactédistitified
from the literature. For example, several studies noted that urban landscapes and urban areas were
characterisetly high accessibility, thereforgccessibility (access to roads and rail) had a high ranking
By contrast, studies suggested thmistmining landscapes were physically isolated, as such
accessibility had a low ranking in mapping poshing landscapes. The references used to inform the
characterisation of each of the landscapes are listed in Appendix 33 and 37.
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5 Distance to railway per ktn | N | Not within 2000m of the| N | Within 1000m of the railway
railway 0-1000m away from the
0-1000m away from the railway (9)
railway (1) 1001- 2000m away from the
1001- 2000m away from| railway (6)
the railway (3) 20017 3500m away from the
20017 3500m away railway (5)
from the railway (5) 3501- 5000m away from the
3501- 5000m away from railway (3)
the railway (6) 5001m+ away from the railway
5001m+ away from the 1)
railway (9)
6 Distance to roads per Km N | Not within 500m of the | N | Within 500m of the road
road 0-500m away from the road (9)
0-500m away from the 501-1500m away from the road
road (1) (8)
501-1500m away from 1501 2500m away from the
the road (5) road (6)
1501 2500m away from 2501- 3500m away from the
the road (6) road (5)
2501 3500m away from 3501m + away from the road (1
the road8)
3501m + away from the
road (9)
7 Historical land cover/use N | All mining-related N | All urbarrrelated categories (9)
(1990) per krh categories (9) [urban builtup, urban
[mine water (seasonal), residential, urban sports and
mine water (permanent) golf, urban commercial, urban
mines 1 (bare), mines 2 formal, urban informal, urban
(-semibare) and mine school and sports grounds,
buildings] urban township]
8 Present land cover/use (202 N | All mining-related N | All urbanrelated categories (9)
per kn? categories (9) [artificial dams, residential
[mines: surface (formal), residential (informal),
infrastructure; mines: artificial sewage ponds,
extraction pits and commercial, urban recreationa
quarries; mines: tangs and landfills]
and resource dumps; an
artificial flooded mine
pits]
9 Land cover/use chand&990 | N | All mining-related N | All urbanrelated categories (9)
2020) per krf categories (9)
[Increase and decrease
mining-related land
cover/use]
10 Abandoned and derelict ming N | 1-23 (9)
locations per krh -
11 Population density per kin N | 07 1000 people (9) N | 5001 66609 people (9)

1001i 5000 (8)
50017 66609 (1)

1001- 5000 people (5)
0-1000 people (1)
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12

Mine residue and other
pollution sources per kin

Radioactive mine residu
(9)

Other metals and
precious stones (8)
Other(1)

Urban waste per kfn N | Sewerage
Rehabilitation per ki Changed from mines to | N | Changed from mines to barren
barren land (9) land (9)

changed from mines to
built-up commercial (9)
changed from mines to
built-up industrial (9)
changed from mines to
built-up residentia(9)
changed from mines to
built-up smallholdings
9)

changed from mines to
commercial annuals nen
pivot (9)

changed from mines to
commercial annuals
pivot irrigated (9)
changed from mines to
cultivated subsistence (¢
changed from mines to
eroded lands (9)
changed from mines to
grasslands (9)
changed from mines to
natural wooded land (9)
changed from mines to
planted forest (9)
changed from mines to
shrubland (9)

changed from mines to
thicket / dense bush (9)
changed from mines to
waterbodies (9)
changed fronmines to

wetlands (9)

changed from mines to builtp
commercial (9)

changed from mines to builip
industrial (9)

changed from mines to builip
residential (9)

changed from mines to builtp
smallholdings (9)

Based on the content analysis and local exipgut three mapping techniques were used to get a

general picture of integrating pesiining andurban landscape characteristics. The results from these

5.5.2. Development of practical framework: Methods used to mapmioshg and urban

landscape characteristics

mapping exercises were used to gather insight into the integration @hipast) and urban landscapes
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and what a potential framework for their integration would enfdie visual representation dfie
proposed relations between the pwshing and urban landscape characteristics in Gauteng is presented

in Chapter 6. This section discusses how the identified landscape characteristics data have been
integrated using three mapping methods and how tineseods were assessed for their applications

and limitations. The section is divided into three pd&ts2.1. Fuzzy overlay analysis of pasaining

and urban landscape characteristics,52.2. Weighted overlay analysis of posining and urban
landscapeharacteristics and 5.2.3.Random forest classification of posining and urban landscape
characteristics.

55.2.1. Fuzzy overlay analysis of pastning and urban landscape characteristics

Fuzzy Overlayas the first method explored in mapping urbastypaning and urban characteristics

It allowsthe analysis of the possibility of a phenomenon belonging to multiple sets in eritatia
overlay analysis. Fuzzy Overlay aldetermines the relationship between different sets of criteria.
Fuzzy overlay as described isection4.4.1was chosen as the analysis method because it allows

consideration of each criterion without arbitrarily limiting values.

This research studytegratessauteng's pognining and urban landscape characteristics. This section
outlines the approaches to combining criteria building up to the finahgiogtg and urban landscapes

fuzzy overlays in section5.5.2.1.1. Fuzzy overlay of pestining landscape characteristicand

55.2.1.2. Fuzzy overlay analysis of urban landscelparacteristics while the results are presented in
sections6.3.31.1. Fuzzy overlay of pestining characteristicand6.3.3.1.2. Fuzzy overlay of urban
characteristics.The integration of poghining and urban landscape characteristics was undertaken in

two steps for each landscape. First, the landscape characteristics identified from the literature were
integrated and mapped. Second, the landscape characteristics identified by the local experts through the

online survey wereombiredand mapped.

Fuzzy werlay analysis was conducted in two steps. First, edtgdrion under studywasconverted to

fuzzy membership values using fuzzy membership functibaisle 3) Standard membership functions

can assign high membership to low, high, or values centred ioieal valugRosenbery, 2019 hese

functions, therefore, favour desired criteria in a dataset using a continuous scale rather than creating
discrete binary categories. Using a graduated scale prevents the creation of unnecessary or inaccurate
binary rdationships irthedata A val ue-mefmbé®&8 hi o, nowhi |l e 0616 sign
status of a specific criterion, and the infinite valuebétween have likely or partial membership.
Therefore most data points fall between 0 andMitchell, 2012) The linear fuzzy membership

function is applied in this study as it enables the inclusion or exclusion of minimum and maximum
values in a data set. This was especially useful as the data had been reclassified mapping of

postmining and urln landscape characteristics favoured low or high values in some criteria. The linear
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function enabled the inclusion or exclusion of low or high valuHsereafter the collapsed
characteristics of poshining and urban landscape characteristics weretodatbrm the combination

of the identified data into the required criteria presented in TaBte 10

5.,5.2.1.1. Fuzzy overlay of pestining landscape characteristics

Table 11 presents the criteria and membership assigned for each characterigtistofining
landscapes based on the characteristics identified from the literature. Before creating fuzzy membership
layers for each criterion, each had been reclassified and assigned scores ranging from 9 to 1, based on
the AHP method, to make assigningmbership easier. Once the fuzzy membership was applied per

the specifications in Table 18hd 11 maps of each membership layer were created using a uniform
symbology, enabling comparability.

Table1ll: Membership conditions @ostmining landscape characteristics from literature.

CRITERION | MEMBERSHIP | FUNCTION
Economic decline and lack of economic diversification:

Business count per Km Favour low values Linear
Industry count per ki Favour low values Linear
Active mines pekm? Favour low values Linear
Unemployment per ki Favour high values Linear
Abandoned mines per Km Favour high values Linear
Population declineand collapse:

Population per ki Favour low values Linear
Integrative rehabilitation and management:

Postmining land uses per kKm Favour high values Linear
Development within mine dumps buffer perkm Favour high values Linear
Development within slimes buffer per Rm Favour high values Linear
Social impact:

Proportion of population within proximitgf mine dumps per kfn | Favour high values Linear
Proportion of population within proximity of slimes per km Favour high values Linear
Unemployment per ki Favour high values Linear
Inaccessibility:

Road accessibility (not within 500m) per km Favourlow values Linear
Railway accessibility (not within 2000m) per km Favour low values Linear
Abandoned mines and infrastructure:

Abandoned mines per Km Favour high values Linear
Mining-related buildings per kfr(1990) Favour high values Linear
Mining-related buildings per kfr(2020) Favour high values Linear

% Most of the data @re used to create complex criterion that could not be represented by only one
spatial layer. Howevenot all criteria needed to be represented by multiple spatial layers and could be
represented by individual spatial layers. For exanguie¢he one handhe population data was included
in the combindon used to create the social impact criteria, where population data was added to
represent the social injuse associated with staying in close proximity to mine wasas this is a
possibility. On the dter hand, the population dalaw population was usedo create a standalone
criterion as posinining landscapes are said to have low population densities
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Mining -related land transformation:

Historical miningrelated land cover/use (1990) perkm Favour high values Linear
Presentlay miningrelated land cover/use (2020) perkm Favour highvalues Linear
Natural resource use and degradation:

Low NDVI values per krh Favour low values Linear
Mine residue areas per Rm Favour high values Linear
Mines to barren/eroded per km Favour high values Linear

After assigning different membershipnctions for each criterion, the fuzzy membership layers were
combined to create a fuzzy overlay result favouring abandoned mines, mining leases and proclaimed
land, miningrelated land use or transformation, rehabilitation, and mine residue areastiBgtcoms

overlay disfavours areas with businesses, industries, population, and access to roads and railways per
km?. Table12 below presents, in no particular order, the different fuzzy overlay approaches applied to
the criterid®. The fuzzy membershigf each was created using the linear function for minimum values.
The low count of businesses and industries pet, mative mines and high unemployment per?km
create a fuzzy membership raster for economic development and decline using the fuzzy ©ORerator
Using the fuzzy operator AND, a fuzzy overlay raster of minglgted land transformation was created

by combining the miningelated classes from the 1990 and 2020 land cover/use data. All the mining
classes in 1990 had changed to another use in 20@0vere combined using a linear function to
generate an overlay for rehabilitation using the fuzzy operator OR. The proximity of a proportion of the
population to slimes and mine dumps and a high count of unemploymentp&ag&msed to generate

a proxyfor social impacts using the fuzzy operator AND. Mine buildings and abandoned mine€ per km
were combined toreatea proxy for abandoned mine infrastructure using the fuzzy operator AND. The
combination of the distance from roads and railways pégkmerates an inaccessibility fuzzy overlay

raster using the fuzzy operator OR. The natural resource use and degradation fuzzy overlay was
generated by combining areas with low NDVI values, mine residue areas, and areas previously occupied
by miningrelated lad uses that had been replaced by barren or eroded land using the fuzzy operator
OR. The final overlay was created by combining all criteria using the Fuzzy operator OR.

Table 122 Membership approaches used to generate fumzgrlay of posmining landscape
characteristics from literature.

CHARACTERISTIC APPROACH | REASON

Economic decline and lack of economic diversification: Allows the combination of
Low business count per Km industries, businesses, actiy
Low industry count per kfn mines, high unemployment
Active mines per krh OR and abandonenhines.

High unemployment per kin

Abandoned mines per Km

*These tables were created prior to the elimination of any factors and with the intergioniding
weight to the analysis using a combination of logic operators as in Qiu et al. (2014).
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Population declineand collapse:

Low population per krh

No combination required

Integrative rehabilitation and management: OR Allows the combination of
Postmining land uses per km the areal extent of post
Development within mine dumps buffer perkm mining land uses and
Development withirslimes buffer per ki develqpment within dumps
and slimes buffers.
Social impact: Allows the combination of
Proportion of population within proximity ahine dumps OR the areal extent of the
per kn? population proportion per
. —— — . km? within proximity of
Proportion of population within proximity of slimes per kn . . .
i mine dumps and slimes, hig
High unemployment per kin unemployment and
population per krh
Inaccessibility: O0ANDOG is | i mi
Low road accessibility (not within 500m) per km O00ORO6 and 6GAN
AND overcompensate. Also, pest
Low railway accessibility (not within 1000m) per km mining landscapes have
limited accessibilityd A N D
is the preferred operator to
use as it returns the
minimum value of the sets
the cell location belongs to.
Abandoned mines andnfrastructure: Allows the combination of
Abandoned mines per Km OR the areal extent of both the
Mine-related buildings per kf(1990) abandoned mines and the
Mine-related buildings per kA(2020) mine buildings
Mining -related land transformation: Allows the combination of
Historical miningrelated land cover/use (1990) perkm AND all mining-related cover/use,
Presenday miningrelated land cover/use (2020) per’km even land rehabilitated and
replaced by other nen
mining uses.
Natural resource use and degradation: Allows the combination of
Low NDVI values per krh the areal extent of low NDVI
Mine residue areas per km values, mine waste and
Mines tobarren/eroded per Km OR residue areas and land

degraded to a barren or
eroded state.

A composite of the criteria listed in Tall@is presented in Ma. The scale used to map the resultant
overlay values ranges from 0 to 1, with 1 being the highest fuzzy overlay and, therefore, the
favourability scoreA score of 0 represents the lowest score, and the area in question has limited post

mining landscape characteristics. The maps use a graduated colour ramp, indicating the highest fuzzy

membership values in orange and red. In contrast, lower fuzzy membeats are indicated in

shades of blue to yellow. The final overlay, combining all the fuzzy membership rasters presented in

Map 8, was created to present a map of the -pusing landscape characteristics identified in the
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literature. The results are gented in6.3.31.1. Fuzzy overlay of pestining characteristicsThe

ArcGIS model of these processes is presented in App&ndix

Population collapse and decline Inaccessibility
Fuzzy membership of

post-mining
characteristics

(literature) Natural resource use and degadauon

- - High Mine buildings and infrastructure Integrated rehabilitation and 1 nent

B _Low

Social impacts

Mine-related land transformation Economic decline and lack of diversity

Data sources: DEA / GTI
(2020); StatsSA (2011);
GDARD (2012, 2016);
Landsat (2016): CSIR (2018):
CGS (2013); DMR (2004,
2011, 2014, 2018)

Map 8: Fuzzy membership and overlay used to créagdinal overlay ofthe postmining landscape
usng characteristics from literaturé@efer totheenlarged map imA\ppendix8).

Following the assignment of the fuzzy memberships and the combination of theipiogt landscape
characteristics identified from the literature, the same process was follosiregl the posmining
landscape characteristics identified from local experts. By contrast, this overlay favours areas with
businesses, industries, population, and access to roads and railways?pandk@ linear fuzzy
membership function was used for k@t them, favouring the maximum values of each. The low count
of businesses and industries perkattive mines, high business count pef &nd high industry count
per knt create a fuzzy overlay raster for economic development and decline using thegarator
OR. Using the fuzzy operator AND, the minirglated classes from the 1990 and 2020 land cover/use
layers generated a fuzzy overlay of miniegated land transformation per knThe two informality
classes from 1990 and 2020 were combined ¢ateran informality fuzzy overlay using the fuzzy
operator AND. The proximity of a proportion of the population to slimes and mine dumps, a high count
of unemployment per kfrand informality were used to generate an overlay of social impacts using the
fuzzy operator OR. Mine buildings and abandoned mines were combined to generate a fuzzy overlay
using the Fuzzy operator OR for abandoned mine infrastructure. The fuzzy layer of natural resource use
and degradation was generated by combining areas with lowl N&lMes, mine residue areas, and
areas previously occupied by mininglated land uses replaced by barren or eroded land and waste (per
km?) using the fuzzy operator OR. The fuzzy operator AND combined the-vel&tad classes from
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1990 and 2020 land cewuse data per KmThe combination of roads and railway access generates a

high access fuzzy membership raster using the fuzzy operator OR.

The tables demonstrating the assignment of fuzzy membership tmpast) landscape characteristics
from local eperts are presented in Appen@ixwhile a table demonstrating the resultant fuzzy layer
combination approach is presented in Apperfixand a fuzzy membership map of pashing
landscape characteristics is presented in Appendfx 11

55.2.1.2. Fuzzypverlay of urban landscape characteristics

Table 13 presents the criteria and membership assigned for each characteristic of urban landscapes
based on the characteristics identified from the literature. Before creating fuzzy membership layers for
each crierion, each had been reclassified and assigned scores ranging from 9 to 1, based on the AHP
method, to make assigning membership easier. Once the fuzzy membership was applied per the
specifications in Tabld0 and13, maps of each membership layer wereatad using a uniform

symbology.enabling comparability.

Table13: Membership conditions of urban landscape characteristics from literature.

CRITERION | MEMBERSHIP | FUNCTION
Economic development and diversity:

Business count per Km Favour high values Linear
Industry count per ki Favour high values Linear
Unemployment rate per Km Favour low values Linear
Mobility and accessibility:

Railway accessibility (most favourablevithin 1000m) Favour high values Linear
Roadaccessibility (most favourabtewithin 500m) Favour high values Linear

Population density:

High population count per kin | Favour high values | Linear
Inequality:

Unemployment rate per Km Favour high values Linear
Population density per km Favour highvalues Linear
Urban-related land transformation:

Historical urbarrelated land cover/use (1990) perkm Favour high values Linear

Presenday urbarrelated land cover/use (1990) perkm | Favour high values Linear
Urban-related built infrastructure:

Urbanrelated builtup areas per kf{1990) Favour high values Linear
Urbanrelated builtup areas per ki{2020) Favour high values Linear
Informality:

Informal dwellings and residential areas perrKa®90) per| Favour high values Linear
knv?
Informal dwellings and residential areas per?{2020) per| Favour high values Linear
knv?

Natural resource use and degradation:
NDVI values per krf

Favour low values | Linear

40The ArcGIS model of these processes is presented in Appendix 12.
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Urban to barren/eroded per km Favour high values Linear
Waste per krh Favour highvalues Linear

The fuzzy membership layers are based on the groupings in Tablée fuzzy membership layers

were combined with the ultimate goal of a fuzzy overlay result favouring all webated land
transformation and use, urbeglated natural mource use and degradation, areas with high businesses,
industries, unemployment and population pef kamd high access to roads and railways. Tadlle

below presents the different fuzzy overlay approaches applied to the criteria. For the mapping of urban
landscape characteristics identified from the literature, the fuzzy overlay favouring alreldzal

land transformation and use, urbatated natural resource use and degradation, areas with high
businesses, industries, unemployment and populatiohighdiccess to roads and railways pet,loh

which a linear fuzzy membership function was used to generate individual fuzzy membership for each.
Using the operator OR, high businesses, commercial land use class, and industriescpeatena

fuzzy ovetay of economic development and diversity. The udmated classes from the 1990 and
2020 land cover/use data were combined to generate an overlay ofreidiad land transformation

and use per kfnusing the operator AND. Using the operator OR, a wasélay was created by
combining general waste, sewage and hazardous waste pedsimg the operator OR, the natural
resource use and degradation fuzzy overlay was generated by combining areas with low NDVI values
and waste per kinThe combination ofriformal dwellings from 1990 to 2020 (per Wngenerates an
informal fuzzy overlay using the operator AND. Another combination of high population,
unemployment, and informality generates a fuzzy ovesfagequality using the operator OR.

Table14: Membership approaches used to generate fuzzy overlay of urban landscape characteristics
from literature.

CHARACTERISTIC APPROACH REASON
Economic opportunities and diversity: Overcompensates and allows the
High business count per Km OR combination ofndustries, businesses
High industry count per kn and low unemployment
Low unemployment rate per Km
Mobility and accessibility: Overcompensates access as urban arg
High railway accessibility (most favourable OR are supposedly encouraging mobility a
within 1000m) per krh accessibility.

High road accessibility (most favourable
within 500m) per krh

Population density: No combination required

High population count per kin

Inequality: OR Allows the combination of the

High unemployment rate per Km unemployment rate and high populatio
High population density per Km counts.

Urban-related land transformation: Allows the combination of all urban
Historicalurbanrelated land cover/use (199 related cover/use.

per knt AND

Presenday urbamrelated land cover/us
(1990) per krh

Urbanrelated built infrastructure: Allows the combination of all urban
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Urbanrelated builtup areas per ki{1990) AND relatedbuilt infrastructure

Urbanrelated builtup areas per kh{2020)

Informality: Allows the combination of informal
Informal dwellings and residential areas(194 dwellings from 1990 and 2020.
per kn? AND

Informal dwellings and residential are
(2020) per kA

Urban-related natural resource use and Allows the combination of low NDVI
degradation: OR values and land that urban activities ha
Low NDVI values per krh degraded

Urban to barren/eroded per km

Waste per krh

Map 9 below is a composite of the different combinations of fuzzy membership, as presented in Table
14. The resultant overlay maysed a scale and colours identical to the afmogetioned The ArcGIS

model of these processes is presented in Appei@dix

Fuzzy membership of Economic development and diversity Urban building infrastructure/density

urban characteristics
(literature)

Informal dwellings and residential areas

| High High population Natural resource use and degradation

B Low

Inequality

Mobility and accessibility Urban-related land transformation

Data sources: DEA / GTI
(2020); StatsSA (2011);
GDARD (2012, 2016):
Landsat (2016); CSIR (2018);
CGS (2013); DMR (2004,
2011, 2014, 2018)

Map 9: Fuzzy membership and overlay used to crebeefinal overlay ofthe urban landscape
characteristics fronliterature (refer tothe enlargedmap in Appendix14).

Following the assignment of the fuzzy memberships and combinatiaiheofurban landscape
characteristics identified from the literature, the same process was followed using the urban landscape
characteristics identified from local experts. The fuzzy overlay favoured all -vetsied land
transformation and use, urbaglated natural resource use and degradation, areas with high businesses,
industries, unemployment, high population and high access to roads and railways?patsém
including some posmining characteristicduzzy membership layers were created using thealfi
function favouring high valueshis was done so that each of the resultant fuzzy membership layers

highlighted the cells with the highest values to demonstrate the high rate of economic development
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characterising posnining landscapes in this conteXhe fuzzy operator OR was used to overlay
unemployment, businesses and industries pétdreate a fuzzy overlay for economic development

and diversity. The urbarelated classes from the 1990 and 2020 land cover/use data were combined
using the opextor AND to generate an overlay of urbatated land transformation and use. The
operator OR generated a waste overlay, combining general waste, sewage and hazardous waste per km
Using the operator OR, the natural resource use and degradation fuzlay evas generated by
combining areas with low NDVI values and waste pef.kcombination of informal dwellings from

1990 to 2020 (per kfpwas generated using the operator AND. Using the operator OR, another fuzzy
overlay combines high population, unemployment, and informdlising the operator OR, the
combination of roads and railway access pef ganerates an access overlay. The twormality

classes from 1990 and 2020 were combined to create an informality fuzzy overlay. The proximity of a
proportion of the population to slimes and mine dumps, a high count of unemployment?@rckm
informality were used to generate an overlay aiadmpacts using the operator OR. Mine buildings

and abandoned mines were combined to generate a fuzzy overlay for abandoned mine infrastructure
using the operator OR. The fuzzy overlay of natural resource use and degradation was generated by
combining, using the operator OR, areas with low NDVI values, mine residue areas, and areas
previously occupied by miningelated land uses replaced by barren or eroded land and waste {per km
The final overlaywas generated using the operator OR, combining all athevementioned

characteristics

The tables demonstrating the assignment of fuzzy membership to urban landscape characteristics from
local experts are presented in Appentlbx while a table demonstrating the fuzzy membership layer
combination approach {@esented in Appendik6, anda fuzzy membership map of urban landscape
characteristics is presented in Appendi%*17

5.5.2.2. Weighted overlay analysis of posining and urban landscape

characteristics
The second mapping technique investigated to demonstrate its capacity for integrating urbar and post
mining characteristics igVeighted Overlay, discussed saction4.4.2. Weighted overlayVeighted
overlay is an approach that reclassifies the values@fies of input rasters to a specified scale, weights
the importance of each, and generates and performs acnitdtia analysis of all weighted layers that
prioritises certain aread/eighted overlay analysis was used in this study because of itg ttbiiandle

conflicting criteria, such as the characteristics used to characterismipo® and urban landscapes.

“1The ArcGIS model of these processes is presented in Appendix 18.
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This approach differs from fuzzy overlay, which defines the possibility of membership to sets, making

it more flexible, while weighted oviay uses a relative preference scale.

The weighted overlay approach applied to the-pusing and urban landscape characteristicthe
Gauteng landscape is presented belowsections5.5.2.2.1. Weighted overlay of pesining
characteristicaand5.52.2.2.Weighted overlay of urban characteristicecomparison, the results are
presented in sectiol@s3.3.2 1. Weightedverlay of postining characteristicand6.3.3.22. Weighted

overlay of urban characteristics.

The weighted overlay analysis was danted on ArcMap 10.3, and similar to the integration and
mapping of postmining and urban landscape characteristics conducted using fuzzy overlay analysis,
the weighted overlay analysis was undertaken in two steps for each of the landscapes. First, the
landscape characteristics identified from the literature were integrated and mapped. Second, the
landscape characteristics identified from the local experts through the online survey were integrated and
mapped. While weighted overlay depends on the weiglafirige input criteria, equal weighting was
applied where possible. In cases where there was an uneven number of variables, equal weighting
randomly assigned a higher weighting to any of the laly¢ingss was changed so that more weighting

was given to théayers most appropriate to the variable, for example;posng land uses were given

a weight of 34 and the other two comprising the combination, values of 33.

55.2.2.1. Weighted overlay of pastining landscape characteristics

Table 15 presents the variables for the weighted overlay for each of the characteristic criteria of post
mining landscapes based on the characteristics identified from the literature. Similar to the fuzzy overlay
analysis, each variable had to be reclassified asiy@ed scores ranging from 9 to 1 to make the
weighting of the variables easier. As in the fuzzy overlay analysis, some data (column two in the table)
were combined to generate the required weighted overlay variables. Combinations of variables are
presengd in the second column, and the influence weight of the variables is indicated in the third
column. The weighting influence applied in the generation of the final weighted overlay is indicated in

the last column.

Tablel5: Weightel overlay criteria used to map peasiining landscape characteristics from literature.

INFLUENCE OVERALL INFLUENCE
VARIABLE \CIZVIT\I’EII'SEHR-I;ED DUSRLY WEIGHTING VARIABLE WEIGHT %
% WEIGHTING
Natural NDVI low values per krh 33
resource use and| Mines to barren/eroded per km 33 100 11
degradation Mine waste and residue per km 34
Integrated Postmining land use per kin 34
rehabilitation Development and use in slimes pe
and km? 33 100 11
management Development and use in dumps pi
km? 33
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Mining -related Mining-related land use per Km
land (1990) 50
transformation Mining-related land use per Km 100 13
(2020) 50
Economic Low business count per Km 20
decline and lack | Low industry count per ki 20
of economic Abandoned mines per Km 20 100 13
diversity Active mines per krh 20
High unemployment per kin 20
Social impact Population near slimes per Km 33
Population near dumps per kKm 33 100 13
High unemployment per kin 34
Population Low population per krh
decline and 100
100
collapse 12
Inaccessibility Low road accessibility (not within 13
500m) per ki 50
- — 100
Low railway access (not within
1000m) per kr? 50
Abandoned Mine-related buildings per kin
mine (1990) 50 13
infrastructure Mine-related buildings per kf 100
and buildings (2020) 50
100%

The combinations of the pestining landscape characteristics based on literature using a weighted
overlay are presented in M. Each of the mapped variablisamapped using a graduated scale for
comparability. The highest weighted overlay values atic@ted in orange and red. In contrast, lower
weighted overlay values are indicated in shades of blue to yellow. The ArcGIS model of these processes

is presented in Appendito.

Population decline and collapse Inaccessibility

‘Weighted overlay of
post-mining
characteristics

(literature) Natural resource use and degradation

Mine buildings and infrastructure Integrated rehabilitation and management

| e
Social impact

Niine relted bind fransformation Economic decline and lack of diversity

Data sources: DEA / GTI
(2020); StatsSA (2011);
GDARD (2012, 2016);
Landsat (2016); CSIR (2018);
CGS (2013). DMR (2004,
2011, 2014, 2018)

Map 10: Weighted overlays of pestining characterists from literatureg(refer totheenlarged map in
Appendix20).
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Once the weighted overlay analysis had been applied to thanpdag landscape characteristics
identified from the literature, the same process was followed using thempusg landscape
characteristics identified from local experts. The tabled mapdemonstrating the weighting of the
variables of posmining landscape characteristics from local expgepresented in Append&1 and

22. At the same time, the resultant weighted overlay from the combination of weighted overlay layers
of postmining landscape characteristics identified from local experts is also presensedtion
6.3.3.21. Weighted overlay of pestining characteristicg.

5.,5.2.2.2. Weighted overlay of urban landscape characteristics

Tablel6 presents the input variables for the weighted overlay of urban landscape characteristics. Some
of the data were combined to generate the required weighted variablesl@ptdsents the varitds

for the weighted overlay for each characteristic criterion of urban landscapes based on the
characteristics identified from the literature. Similar to the weighted overlay analysis -ohipogy
landscape characteristics, each variable had to bessdi®d and assigned scores ranging from 9 to 1.
Some of the variables had to be combined to create some of the variables, as in the fuzzy overlay
analysis. Combinations of variables are presented in the second column, and the influence weight of the
variables is indicated in the third column. The default overall weight of 10% was applied for each
variable for the final weighted overlay result.

Table16: Weighted overlay criteria used to map urban landscape characteristicdifesature.

OVERALL
\C/)V\I;ZIIEC;HLliD WEIGHTED OVERLAY wI'E:IIEBUHIE'I'I\IINC(E WEIGHTED | INFLUENCE
VARIABLES CRITERIA % OVERLAY l//\:EIGHTING
Natural resource NDVI low values per krh 33
use and Urban to barren/eroded per km 33 100 12
degradation Wasteper kn? 34
Urban-related Urban land classes per k1990) 50
land Urban land classes per k(@020) 100 12
transformation 50
Economic High business per kin 34
development High industry per krh 33 100 13
Low unemployment per kin 33
Inequality Low unemployment per kfn 50
High population count per kin 50 100 12
High population High population per kih
density 100 100 12
Accessibility Roads (within 500m) 50
Railway (within 2000m) 50 100 12
Urbanrelated buildings per kfn
(1990) 50 100

42The ArcGIS model of thee processes is presented in Appendix 23.
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Urban-related Urbanrelated buildings per km2 13
built (2020)
infrastructure 50
Informality Informality per kn#(1990) 50
Informality per kn# (2020) 50 100 12
100

A composite of the urban landscape characteristics variables listed inlbableresented in Mapl.
The maps use a graduated colour ramp, with the highest weighted overlay values indicated in orange
and red. The ArcGIS model of these processes isrgesbe Appendix4.

Weighted overlay of

Economic development and

urban characteristics diversity Urban building density
(literature) ?’
:’4* % fig‘, &

Informal dwellings and residential areas

High population Natural resource degradation

B _Low

Inequality

S
R e

5
3

Mobility and accessibility Urban-related land transformation

Data sources: DEA / GTI
(2020); StatsSA (2011);
GDARD (2012, 2016);
Landsat (2016); CSIR (2018):
CGS (2013); DMR (2004,
2011, 2014. 2018)

Map 11: Weighted overlays used to cre#itefinal overlay otheurban landscape characteristics from
literature (refer tothe enlarged map in Apendix25).

Once the weighted overlay analysis had been applied to the urban landscape characteristics identified
from the literature, the same process was followed using the urban landscape characteristics identified
from local experts. The tablasd maplemonstratig the weighting of the variables of urban landscape
characteristics from local expedsepresented in Appendi®6 and 27 At the same time, the resultant
weighted overlay from the combination of weighted overlay layers of urban landscape characteristics
identified from local experts is also presentedsiction 6.3.3.22. Weighted overlay otirban

characteristic¥’.

43The ArcGIS model of these processes is presented in Appendix 28.
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5.5.2.3. Random forest classification of pasining and urban landscape

characteristics
Random Forest classification is the third mapping technique explored for mapping the integration of
urban and pognining landscape characteristics in GautdRgndom forest is a technique used in
modelling predictions and behaviour analysis built on datiseesThe relevant task in this research
was the application of random forest classification in integrating severatngiogtg and urban
landscape characteristics. Random forest classification was applied to the data as a comparative method
to the oher two mapping methods using overlay techniques. Random forest in this study was used to

predict an area's characteristics based on similar landscape characteristics.

Data processing entailed first the creatiortraining datafollowed by the test datdhe training data

was created in Excel ammbmprisedfour hundred (400) data rows for edaehdscapéo be classified.

Once the Excel sheet had been created, the attribute information of 400 (of the 18851 grid cells
comprising the fishnet grid) of eaghlriablewas extracted from th&ttribute table- usingCopy select.
Thevariables' attribute informatiovalue$*associated with each landscaperecopied onto the same

Excel sheetAfter that the cumulative value of urban or posining characteristicaas calculated by

adding all the reclassification values of all variables within a grid cell and then dividing by the total (in
this case, each predictor variable range from 1 to 9) and nedtipy 100 to get a percentage score.
Gridcellswereclassifk as-mémo atgd or bdburbandé i f more than 40
comprised the grid cell area for the charastiors directly adopted from the literatéteThe random

forest classifications of the pestining and urban characteristic§drmed by expert input were less
conservative, as the grid cells with a cumulative percentage of 30% were considered here. In some grid
cells, only a few characteristics considered ymoisting or urban were presefibr example, some grid

cells with mine vaste and close to roads, but away from businessekigingopulation densitié%

However it was important to demonstrate theedstence of these two landscapes for this study, hence

the 30% thresholdrhe presence of either urban or poshing charact r i st i ¢cs was i ndica

44 Similar to previous models, the model was generated based on a grid and used the reclassified data.
More information on how the data was reclassified is presented in Table 10 in $28i®:2.
Reclassification and ranking of data
4 This was adopted taccommodate those cells where the characteristics of urban landscapes such as
economic development and diversity, high population, accessibility, informality and waste were
present.
4 These grid cells contained some mining characteristics in the fornmefiwaste and were included.
In addition, local experts identified mining as one of the urban characteristics; however, some areas
only had mining characteristics. These areas would have been excluded from mapping aaiqpst
or urban. Therefore, a #mshold of 30% was considered in these areas, and this change was introduced
so the additional predictor variables could be picked up in the model.
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the absence of urbanorposi ni ng characteri st i allsofthveatepsoutinédd c at ed

had been completed, the Exspreagdheets wersaved as training data for each landscayer study.

A test dataat was created by creating two nExcel spreadshediles, each with 18851 rows (the same
as the fishnet grid)lhe variable values for all the characteristics associated witlmpostg and urban
landscapes were extracted onto the two Excel files creatthe previous step for the test data and
saved.

Random forest classification was undertaken using R (a programming language for statistical
computing and graphics), version 4.2.2 and RStudio (an integrated development environment (IDE) for

R). Beforethedataanalysit he necessary | i br aandomFeresiveaoaktd o ade d,
which provided the required tools. Thereaf@erandom forest classifier was created, specifying the
locations of the training data (predictor variables) and variables.number of trees and features
considered at each tree node split were gimrified to train the random forest classifier. Otiee

model had been trained, predictions were made on the test data using the training data (predictor
variables). This process was followed twice to make predictions fomgiastg and urban landscape
characteristics, usingoth the literature and expetérived landscape characteristi@&th models'

resuls were exported into separ&iecel spreadshediles for each landscape.

Data manipulation was conductedExcel, where thabovementioned thresholfts predictingpost
mining and urban landscape cheteristics were applied and then visualised on ArcMap 10.3. The

Excel spreadsheets presenting all these workings are in Ap208e82).

The analysis of urban and pasining landscape characteristics using the Random forest classification
method is otlined in section$.5.2.3.1. Random forest classification of pasihing characteristicand
55.2.3.2. Random forest classification of urban characterisfidge results from the random forest
classification of posimining and urban landscape charactmssare outlined irsections6.3.33.1.
Random forest classification of pasining landscape characteristi@d 6.3.33.2. Random forest

classification of urban landscape characteristics.

5.,5.2.3.1. Random forest classification of pasihingcharacteristics

The predictor variables considered for the modelling of-pising characteristics, as identified from

the literature using a random classification, are listed in TAhl€©n the other hand, the predictor

variables considered for modelj postmining landscape characteristics, as identified by local experts,

are presented in Append2and30 Gr i d cel |l s weamieaimlgds diff ineod ea st h¢

the area of each grid cell had pashing characteristics. The results from thendom forest
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classification of posinining landscapes are presentedéntion6.3.3.3.1. Random forest classification

of postmining landscape characteristics.

Table 17: Predictor variables used for the random foretassification of posimining landscape

characteristics.
CATEGORY PREDICTOR VARIABLE TYPE
NDVI low values per krh Binary
Natural resource use and degradation Mines to barren/eroded per km Binary
Mine waste and residue per km Binary
Postmining land uses per Km Binary
Development and use in slimes pe Binary
Integrativerehabilitationand management km?
Development and use in slimes pe Bi
e inary
N | Ill/lr:]r;mg-related land us€1990 per Binary
Mining-related &nd transformation Mining-related land USE2020 per o
KiT? inary
Low business per kfn Binary
Low industry per krf Binary
Economic decline and lack of economic diversi| Abandoned mines per Km Binary
Active mines per ki Binary
High unemployment per ki Binary
Population near slimes per kKm Binary
Social impact Population near dumps per km Binary
High unemployment per kin Binary
Low population Low population per ki Binary
Inaccessibility Roads per ki Binary
Railway per km Binary
Mine-related buildings per kfn Bi
- . (1990) inary
Abandoned minénfrastructure and buildings . —
Mine-related buildings per kfn Binary

(2020)

55.2.3.2. Random forest classification of urban characteristics

The predictor variables considered for modelling urban landscape characteristics, as identified from the
literature using a random classification, are listed in TaBldn contrast, the predictor variables of
urban landscape characteristics identifietbloal experts are presented in Apperéiband 32 In both,

the cumulative value of urban landscape characteristics per grid was added, divided by #mal total

mul tiplied by 100

t o

get a percent agensSoof e .

Gr

the area of each grid cell had urban landscape characteristics. The results from the random forest

classification of posinining landscapes are presentedention6.3.3.3.2. Random forest classification

of urban landscape characteristics.
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Table18: Predictor variables used for the random classification of urban landscape characteristics.

CATEGORY PREDICTOR VARIABLE TYPE
Low NDVI values per krh Binary
Natural resource use and degradation Urban to barren/eroded plem? Binary
Wasteper knt Binary
Urt;anrelated land use (199QFr Binary
Urbanrelated &nd transformation km
Urbanrelated land use (202@gr Binar
km2 y
High business per kin Binary
Economic developmerind diversity High industry per krh Binary
Low unemployment per kn Binary
Inequality Low unemployment per kn Binary
High population count per kin Binary
High population density High population per ki Binary
ibil Roads (within 500m) per kin Binary
Accessibility Railway (within 2000m) per ki Binary
prbanrelated buildings and Binary
Urbanrelatedbuilt infrastructure infrastructure per k.ﬁ'(1990)
_Urbanrelated buildings and Binary
infrastructure per ki(2020)
. Informal land use (199@er kn? Binary
Informality .
Informal land use (202Qer knt Binary

55.3. Testing and validation of the mapping of landscape characteristics

This research used foperformance evaluation exercisestest the feasibility of integrating pest

mining and urban landscape characteristics. First, this research evaluates the mapped results using a
confusion error matrixparticularly user accuratiyand producer accuraty This research uses a
hexagonal lad use data sét 2021 GTI land cover comprising miningelated and urban land use
classes as the reference data. Mining and urban land use classes were extracted from the data using the
Extract bSpatial Artalyst tdol Ttheexticted datere used as the validation layers against

all three models and were expected to have high accuracy across all three models as it is the closest to
ground truth data. This particular data set was selected as a suitable validation layer for several reasons
It was not used in any of the prior mappings, it had relevant land use classes to the phenomenon studied
in this research, it was a recently created data set, it was in an easily accessible formatcisgide

and it had a high resolution of 400n@0m. The accuracy evaluation of the data entailed the creation

of 50 reference pointfrom the hexagonal mining and urban land use data, which was done using the

47 Errors of commission, which typically occur when a pixel is incorrectly included in a category being
evaluded.

48 Errors of omission, which occur when a pixel is left out of the category being evaluated.

49 25 of the points were created using the extracted mining land use class, while the other 25 were
created using a shapefile of Gauteng as the referencasamewas done for the urban land use class.
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A

Cr eat e r arSgatananaystitoallth €Bx6t r act v a tool @ Spatialdnalpsbwasit s 6
used to extract the pixel values at each point. Once this was done, a frequency was used to isolate the
frequency values for the resultant maFpeguercphd r ef e
t ool i n 606Anal ysciys wlacso Isso.r tTehde bfyr erguunen® inwo tainTpd bvloe 6 |
Data Management Tool s), and t(Thad | @¢a ttimColtarsioad Xpor t
Tools. Once in Excel, the following calculations were made in additiorosztimentioned abe:

a) Total reference points = sum of all reference points for each land use class

b) Total classified points = sum of pixels classified for that land use class

c) Total correct reference points = sum of pixel values correctly matched divided by taeaefgoints

d) Total Atrueodo reference points = sum of the toao

e) Percent Accuracy = [tot al correct reference ¢p

Second, two intentional point sample sete r e cr eat ed fr om t hHeatureéf er enc
point Conversion tool, one for mini ngwith2®pahtsuse an
Additionally, 20 r ando mCregate randors powte rteo oclr,e agoeidc hu swe
used to crossvaluate the dataThird, the areal extent of pestining and urban landscape
characteristics Batr @ vl hbpatigkddalystiobl to gxeaitlare cafculate

areas of positnining and urbanisatioff.he proportiom of model values that meet the following ranges:

071 25%, 26- 50%, 50- 75% and 76 100% of the highest possible value for each mapping result.

Fourth, a change detection anal§sigas conducted through image differencing against the results of

each maping technique to identify any discrepancies. Hére difference between the maps derived

from postmining or urban landscape characteristics identified from the literature and those derived

from local experts were calculated by finding the difference between each pixel in each image and
generatinganimge based on the result. The image diff e
calculatoré6 Spatial Analyst tool in ArcMap. Thes

the limitations of each mapping technique and limitations and merit moaélir

The attribute information was edited to reflect the presence (1) and absence (0) of mining and urban

land use.

%0 Change detection is the measure of thematic change information within a predefined period (Ernani

and Gabriels, 2006). When change is assessed, four aspects are focused on, namely: detecting the
change, the type of change, the distribution and quantifying the intensity of the change, assessing the
trends before and after the changes (Macleod and Qongdl998). This study applies the post
classification change detection method, which is the most common technique based on classifications
used in most studies, especially when data from different sensors are compared (Ahlqgvist, 2008). This
techniqugpr ov ifraimea® ® nf or mati on of di fferent classes (|
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56. SUMMARY OF THE CHAPT ER

This chaptehasdescribe and justifia the design and methodoieg employedo achieve the research
objectives introduced in Chapter A.mixed methodology approackas carefully designed for the
study,combiningqualitative and quantitativenethodologies and dataeveratesearcliechniques were
adopted to accomplish the aim of the study, includimgument analysisurvey case studand spatial
analysis The chapter also focussed on explainihg tata collectionprocessingpreparationand
analysis measures applied in the stutdglso demonstratithe complexities of working with diverse

data formatand their integration. The main focus of this chapter has been the comprehensive discussion
of the developmentfahe proposed framewarkvhich entaileddetails on the criteria, analysiand

implementation, along with the discussion of the investigating steps undertaken to verify the findings.
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CHAPTER SIX: ANALYSI S OF LANDSCAPE CHARACTERISTICS T A CASE STUDY OF
GAUTENG

6.1. INTRODUCTION

This chapter presents the key characteristics identified in the characterisationswihpagand urban
landscapes. First, the chapter starts by presenting the findingshiediterature, followed by findings

from the survg conducted with local experthis is followed by apresendtion of theproposed
conceptual and spatial frameworks based on the key landscape characteristics for integrating post
mining and urban landscape characteristics in Gautemgrésultsculminaing from the mapping

results generated from the three muatiteria mapping method$uzzy overlay, weighted overlay and
random forest classification, applied to integrate and map-mpioghtg and urban landscape
characteristicsare presentedrhe mappingalidation results are also presented and discussed in this
chapter. Starting with a presentation of the confusion error matrix results, then the results from

evaluating the areal coverage and concluding witlintlage differencingesults.

6.2. IDENTIFICATION OF LA NDSCAPE CHARACTERISTICS

Once the key characteristics in the literature related to-mpivéhg and urban landscapes were
identified, they collapsed and were catégmt based on their similarities. Each of these critical
concepts wreddfined to identify similarities in the definitions and applications of the concepts. Post
the definition of the concepts, the landscape characteristics used to descrilmenpusiandscapes

were collapsed into nine characteristics and the characteristicsto define urban landscapes were
collapsed into eight. Altogethehe characteristics identified as being descriptive of both landscapes
are artificial, assemblage, natural resource degradation, economic decline and collapse, sustainable
development lcallenge, economic development and opportunities, social justice, culture and heritage,
integrative rehabilitation and management, population decline, spatial and temporal. Complete tables
of the identified descriptions of these two landscapes are at{athed with how they collapsdkefer

to Appendix33-37), includng the definitions of the characteristics ahd sources they were identified

from.

6.2.1. Content analysis: Documentary analysis of conceptualisations of urban and post

mining characteriscs

Figure 14 shows the nine themes from literature, archival material and policy docucoeied from
the characterisations of pasining landscapedMost descriptions (32%) of pestining landscapes
concern natural resource exploitation and pollutgaclh as mine dumps, acid mine drainage, tailings,

slimes, etc.) This isfollowed by the impact of mining and its resultant waste on the surrounding
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communitiesandrelated conflict culminating from disproportionate costs and risks (1F&tjrteen
percentof postmining landscape descriptions focused on the changes that come with and remain long
after ceasing mining activities. Some 11% of descriptions ofmoshg landscapesainly relate to

the economic development and deelthat mining brings Thesedescriptions also sometimes
mentioned thelependenciesreated by mining otheregionaleconomy and societgspecially where
mining towns/communities fatto develop and diversify their economies beyond the mining activity
Eight per cenand 7% of decriptions relate to rehabilitation and pasning landscapes being artificial,
respectively. These characterisations of {mosting landscapes mainly describe poshing
landscapes aswanmade andinnaturalto the point of being incompatible and neegdrehabilitation
alsohighlightingabandoned mines and infrastructurecomparison, only 2% of characterisations of
postmining landscapes describe pasining landscapes as assemblages comprising a mix of
characteristics and wid@anging interrelatedrss or in terms of the population changes that come with
mining. While in the active stage of mining, mining attracts much labour. However, mining labour
leaves due to mine downscaling and eventual closure of a mine, which leads to population changes in

mining areas.

Postmining landscape characteristics identified from literature

Isolation and inaccessibilityll 1
Transformation I 14
Rehabilitation I S
Population changesil 2
Natural resource use and degradaticn—— 32
Economic development and declinElims 11
Abandoned mines and infrastructurelmms 7
Social impact I 17
Assemblage Il 2
Artificial I 7

0 5 10 15 20 25 30 35

Percentage (%)

Figure 14: Postmining landscape characteristics identified from the literature.

Figure 15 presents the emerging themes from keywords and characterisations of urban landscapes as

found in literatureand other documents. These themes were identified from the grouping of similar

keywords and characteristics. The definition of keywords was collapsed into eight themes: Artificial,
115



assemblage, natural resource use and degradation, economic development and st
impact and conflict, mobility and mutual accessibility, density and transformation. Most descriptions
(20%) of the consulted literature omrban landscapes concern economic development and
opportunities. This is followed by 19% of descriptiarighe urban as an assemblage, consisting of a
range of activities, such as diverse economic opportunities, culture§estenteen pecent of the
characteristics of urban landscapesrelated to societal issues, such as inequality and political issues
Sixteen pecentof characteristics of urban landscapes focused on the landscape changes that come with
urbanisation and the unprecedented expansion and sprawl! of urbanFargésen percentof the
identified characteristics of urban landscapes alaee to the use of resources and the resultant
pollution from urban processeSeven pecentof keywords used in describing urban landscapes related
to density, be it population density or building densidnly 3% of keywords related tarban
landscapebeingartificial and marmade andheaccessibilityof arange of services.

Urban landscape characteristics identified from literature

Assemblage NN 19
Transformation NN 16
Social impact and conflict IEEGEGGGEE— 17
Natural resource use and degradatiGRlIN 14
Mobility and mutual accessibility I 3
Economic development and opportuniticSEI 20

Density N -
0 5 10 15 20 25

Percentage (%)

Figure 15: Urban landscape characteristics identified from the literature.

6.2.2. Content analysis: Questionnaire evaluation: corsprrific concepialisations of

urban and postnining characteristics

Following the evaluation of the characterisation of urban andrmimshg in literature, data collected
throughthe GoogleFormssurvey and interviews were analysed using frequencies and percentages to

determine whether literatureharacteristicshave any bearing on how the Gauteng landscape is
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conceptualised as urban or pashing. Figurel6 presents findings from the questionnaires from local
experts regarding what constitutes a pusting environmentMost (32%) ofthelocal expertsin the

study identified postmining landscapes as being defined by natural resource use and degradation
mosty citing mine waste and contaminatiofhis is bllowed by derelict infrastructure and laadd

social impactgboth at 17%)economic development and economic decline (10%), rehabilitation (8%),
infrastructural development (6%), pastning landscapes aatificial andthe leading cause of land
transformatior(bothat 4%) and high population density (2%).

Postmining landscape characteristics identified from local experts

Artificial [N 4
Derelict land and infrastructurd . 17
Economic development and declinElllll 10
High population density [l 2
Land transformation N 4
Infrastructural developmen il 6
Natural resource use and degradatiGRlIEEEEEE— 32
Integrative rehabilitation [INNEGEEN S
Social impact NG 17

0 5 10 15 20 25 30 35

Percentage (%)

Figure 16; Postmining landscape characteristics identified from local experts.

Similarly, Figurel7 presents theharacterisations of the urban landscape in Gapgangentified from

the survey sent to local experthirty percentof characteristics characterising urban landscapes are
related to infrastructural development, followed by economic development elimted@1%), natural
resource use and degradation (11%), informality, assemblage (both 8%), artificial (5%), economic
decline, fragmentation, high population density, inequality, mining activity and integrative

rehabilitation (3%respectively.
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Urban landscape characteristics identified from local industry experts

Integrative rehabilitation Il 3
Natural resource use and degradati GRS 11
Mining activity Il 3
Infrastructural developmenti— 30

Informality IS 3
Social Impact Il 3
High population densitiesllll 3
Fragmentation Il 3

Economic development and declinElimmmm. 21
Assemblage I S
Artificial NG 5
Accessibility Il 3
0 5 10 15 20 25 30 35

Percentage (%)

Figure 17: Urban landscape characteristics identified from contextual local experts.

When questioned on where their definitions of gosting emanated, 22% of the local experts
participating in the studyeported that itstens from literaure, 22% reported that it came from
geological surveys and surveyor plans, and 22% reported that it came from historical maps. Only 11%
reported that iemanatefrom the legislation. Additionally, 22% reported tliair references to a pest
mining landscape came from combining all four above sour8awilarly, when asked the same
guestion, although on urban landsca@88s of the local experteportedhat their references urban
landscapesomefrom policy andlegislationdocuments22% reportd it came from literaturegand22%
reported that it came from maps and surveyor plans. In comparison, ag8¥heeported that it

emanatefrom a combination of all mentioned reference sources.

However, while these experts agreed tligrature and othrearchival material influenced their
conceptualisations of these landscapes and their charactessties, further noted that these were
insufficientto representhe Gauteng landscape. Tati@presents the information identified by local
experts as migsg from the definitions, conceptualisations and mapping of urban, mining and post

mining landscapes in Gauteng.
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Table19: Missing information immappingpostmining and urban landscapes in Gauteng.

MISSING INFORMATION FROM POST-MINING AND URBAN PERCENTAGE
CHARACTERISTICS (%)

Lack of contextual data 24
Lack of information on the restoration of lagghts of humans and nemuman ecologies 5
Lack of information on mining progression 10
Lack of information on stakehold@put and engagement 10
Lack of information on sustainable development 15
Lack of information on transdisciplinary land uses (pogting, mining, urban) 14
Lack of socieeconomic characteristics 10
Nothing missing 14
Total 100

Table 19 shows that24% of local experts answered that urban and-pasihg maps and their
respective characterisations lack contextual information, with some respondents citing the unique
political history of South Africa. On the other hand, 15% indicated a lack of infiaman sustainable

development. A statement by one respondent and academic supports this view:

AMi ning maps, and town planning

sc-hemes

these are either to support mining profits or property development. Whiledtheapis

and 1:50 000 topographic series did sometimes mark other features including
indigenous structures, or water and wetlands, they were not aimed at any sort of
sustainable development or restoration of lost rights of humans orhme@n
ecologies. Nodid they include temporal spaces such as ritual, animal migratory or
ephemerally occupied sites. For the purposes of@asactive life, or to limit sprawl,

it is necessary to include data that notes and can be used to protect the remaining
ecology ofte ar e a i ( R,decpl expaitgugust2021).

As recorded in Tabl&9, 14% of responses indicated a lack of information on transdisciplinary land
uses, stating that it was hard to distinguish between mining and urban. An issue that some respondents
highlighted as being a key issue contributing to this was how the two landscapes are represented on
maps. Additionally, some respondents suggested that some mining activities are on the subsurface. This
contributes to the lack of clear boundaries of whitee urban ends and peasining and mining

activities start. Anotherespondent states:

AfLandscapes change along with changing
when mining ends and peasiining starts, and similarly where mining stops and urban
starts. There are clear extremes, but it is fuzzy in the middle. Mining landscapes could
be understood as a mosaic landscape, with various activities and 'states' of mining
existing at the same time. It is not always easy to define which is mining andsvhich
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not. Representation of these on a map captures a moment in time, although change
over time can al so be, ld@mepertsAugust?®@d. 06 ( Res

Table19 shows that 10% of responses related to a lack of information on mining progression,
economic characteristics, and stakeholder inputs, respectively. While 5% of responses related to the
lack of information on human impact. Conversely, 14% of respondents reported that nothing was
missing from the definition, conceptualisation and piag of the posmining and urban characteristics

of the Gauteng landscape.

6.3. CONCEPTUAL FRAMEWORK OF A GIS-BASED FRAMEWORK FOR THE
INTEGRATED MAPPING A ND SPATIAL ANALYSES OF POST-MINING AND U RBAN
LANDSCAPE CHARACTERI STICS IN GAUTENG

This section entails conceptualising a framework forititegrated conceptualisatiarf postmining

and urban landscapes, followed by the practical application of the framework using three mapping
techniquesThe integration of landscape characteristiitsh& conducted using two sets of maps under
each mapping methodThis follows the identification of poshining and urban landscape
characteristics irsubsections6.2.1. Content analysis: Literature, legislation anther archival
materialand6.2.2. Catent analysis: Questionnaire evaluation: cortspécific conceptualisations of
urban and postnining characteristicsThesavere used to start thinking througihata framework for

the integrated conceptualisation of these landscapes in Gauteng wailldTéet proposed framework

is outlined below irsection6.3.2. The proposed framework for the integrated conceptualisation of
Gaut e n gmiring and srban landscape characteristiaad 6.3.3. Spatial representation of
Gaut eng6s i-mining ghd wbarelahdsgapescharacteristics

6.3.1. Proposed conceptual framework for th

postmining and urban landscape characteristics

The postmining and urban landscape characteristiafined abovevere used to illusate how these
landscapes are conceptualised more broadly and at the contextual, Gauteng level.1&igure
demonstrates characteristics of pméhing and urban landscapes (as identified ftbmliterature)
represented in red and blue, respectivielgure 18 shows how several characteristitistinguishboth

landscapes under study. However, these characteristics are also affected by spatial and temporal factors.
The characteristics of these two landscapes are placed on opposite ends to inditchty Hrat
identified from the literatureAn ot her space (i ndicated in purple),
middle of these characteristiciemonstratethe collapsed integrated pesining and urban landscape
characteristicasidentified from thesurveys with the local experiBhese characteristics were collapsed

and only represented once because the characterisations of the two landscapes were too similar in the

Gauteng context, and as sualere only represented once to limit repetition.
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CHARACTERISTICS OF GAUTENGLANDSCAPE
POST-MINING (POST-MINING AND URBAN CHARACTERISTICS OF
LANDSCAPES FROM LANDSCAPE CHARACTERITICS URBAN LANDSCAPES
LITERATURE FROMEXPERTS)

.
e

« Artificial

» Assemblage

+» Economic decline and lack of
economic diversity

+ Integrated rehabilitation and
management

» ‘Natural resource use and degradation

* Abandoned mines and infrastructure

+ Social impacts and justice

¢ Land transformation

* Mobility and mutual accessibility

* High population/density

.

Figure 18 Conceptual framework for conceptualising poshing and urban landscape
characteristics. Thgostmining and urban landscape characteristics as identified forGhateng
landscapesrerepresented in purple

However,contrary to other contexts where these landscapes coexist, albeit indivahdhtiyvay from

each otherin Gauteng, these two landscapes can coexist even in the same spatial unit. Therefore, this
suggests that these two landscapes overlap spatiallyeRigpresents a simplified illustration of how

the integrated conceptualisation and visualisation of Gauteng'smpuafy and urban landscape
characteristics would work if the two are considered to share a spatial unitmiRivgy landscape
characteristis are again presented in red, and urban landscape characteristics are in blud9Figure
shows the two landscapes as tiomboids(layers), a proxy fotheir respectivespatial units. While

mainly considered distinct in other settings, rsponses frortihe surveys conducted with local experts
indicated that the spatial features of paéting and urban landscape characteristiosld need to be

added together for an integrated picture of the characteristics Gitltengandscape. Th&auteng

integraed pictureof both landscape characteristingsautengs demonstrated in purple
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POST-MINING
LANDSCAPE
CHARACTERISTICS

grrrrrrRRrR=IB©mrErrrrrrrrrrrrrrrrrrrzzzzxy

URBAN LANDSCAPE
CHARACTERISTICS

= Artificial
s Assemblage
* Economic decline and lack of
economic diversity
Integrated landscape « Integrated rehabilitation and
comprising both post-mining management
and urban landscape ¢ Natural resource use and
characteristics degradation
= Abandoned mines and
infrastructure

» Social impacts and justice
* Land transformation

* Mobility and mutual accessibility

= High population density

Figure 19 A proposed spatial framework for integrating posining and urban landscape
characteristics on the same land unit.

6.32. ProposedsIS framework for the integrated conceptualisation of jpaising and

urban landscapes

Based on the above characteristics, this research proposes a framework for integratmgipgsind

urban landscape characterisiit$sauteng. The proposed framework comprises six major components.
Specifically, the first two steps enable the identification of the landscape charactéhistiosmulation

of mapping criteria and weightingdentification and collection of data, whiaequires the spatial
information database; the spatial information database provides all the assembled@odgzsed

data as input for the mapping; the spatial representation of landscape characteristié4Qi3Mg
techniques which offers a quantitive approach to integrating the pasning and urban landscape
characteristics identified from the literature; the resultant maps, and the validation and finalisation of
the framework. These components would all work together to support the integrataomdscape

characteristics (Figur20).
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IDENTIFYING LANDSCAPE CHARACTERISTICS

Integration of data

Identify criteria’variables or mapping based on local
expert input

Formulate weighting method for the criteria/variables
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[ Map of urban landscape characteristics
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identified from local experts

Map of post-mining landscape
characteristics

A\

[ Map of urban landscape characteristics

L

Validation

¢
I Final maps ]

Legend

Process

.................
1 1

i Description |

Bl |
Flow

—,

Figure 20: Proposed GIS framework for the integration of p@éhing and urban landscape characteristics in Gauteng.
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6.3.3. Spatial r e pmtegrased postraning amdhurbarflandseapet e n g 6 s

characteristics

The postmining and urban landscape characteristics mentioned above were integrated through mapping
using three mapping methods and guided by the framework mentioned above. This section is divided
into threesubsections, namelyfuzzy overlay 6.3.3.1. Fuzzy overlay analysisyeighted overlay
(6.3.3.2. Weighted overlay analysighd random forest classificatior6.8.3.3. Random forest
classification) where the results of each of the mapping égescarg@resented. Eaalnapping exercise

of these landscapes starts by first mapping based on findings from the content analysis of literature and
other archival reference materi&l.2.1. Content analysis: Literature, legislation and other archival
materal). Following this, the mapping is repeated, incorporating the landscape characteristics identified
from local experts Q.2.2. Content analysis: Questionnaire evaluation: corgeecific
conceptualisations of urban and pasining characteristics)The latter includes additional post
mining®* and urbaf? landscape characteristics.

6.3.3.1. Results of the fuzzy overlay analysis ofmashg and urban landscape
characteristics
The results of the fuzzy overlay analysis of po@ing and urban landscape characteristics are outlined
in sections6.3.3.1.1. Fuzzy overlay of pesining landscape characteristiand 6.3.3.1.2. Fuzzy
overlay of urban landscape characteristiidow. The criteria used to inform the fuzzy overlay analysis
are outlined in section55.2.1. Fuzzy overlay analysis of pasining and urban landscape
characteristicdn the previous chapter (Chapter 5). On these fuzzy overlay maps, fuzzy values closest
to postmining / miningrelated and urban landscapes have a value of 1, and areas furthest have a value

closest to 0.

6.3.3.1.1. Fuzzy overlay of pasiningcharacteristics

Map 12 presents the overlay or combination of the fuzzy membership layetstbé aostmining
landscape characteristics identified from the literafi@f® and local experts (rightThe fuzzy overlay

of postmining landscape characteristitom literature (left)shows that the highest fuzzy values are
most visible in areas aversing the central parts of the province, especially in areas such as

Johannesburg, Krugersdorp and Benoni. However, other areas hatezigialues, such as areas in

*1 The additional criteria are high business count pe kigh industry count per kiphigh population
count per kry high road accessibility, high rail accessibility amdan infrastructure.

2 These additional characteristics are puosting land uses, miningelated natural resource use and
degradation (waste and contamination), mimielgted infrastructure, integrated rehabilitation (post
mining land uses, developmentithin slimes and dumps, etc.) and social impacts (proportion of the
population within proximity to slimes and dumps, etc.)
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the western, eastern and southern parts of the province, such as CarletonvilEgnghand
Vanderbijlpark (south of Sebokeng). A splattering of medium (orange) to high (red) values can also be
seen across the province in areas other than the central, western and southern parts. By contrast, this
map shows the loweBizzyvalues north ancentrated at the core of the province, falling on either side

of the high values traversing the mining belt, although mostly predominant in areas such as Randburg,
Sandton (to the west of Alexandra), Centuraom Pretoria. The map also shows that thedst and

medium values mostly characterise the province.

Fuzzy overlay of post-mining characteristics Fuzzy overlay of post-mining characteristics
identified from literature identified from experts
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Map 12 Fuzzy overlay of poshining landscape characteristics from literatufieft) and experts

(right).

By contrast, the fuzzy overlay and combination of all the fuzzy membership layers generated using
postmining landscape characteristics identified from local experts is presented on the right of the same
map. While similar to those generated from literajuthe posmining landscape characteristics
identified from local experts also comprised some additional criteria in this map. This map keeps some
of the patterns already observed in the map on the left, such as tHfezzghkalues in areas around

the @ntral parts of the province (Johannesbirggersdorpwhich is where the mining belt is locajed

in the west (Carletonville, Khutsong), in the east (Benoni) and the southern extremities of the province
(Sebokeng)ln contrast to the map on the I¢fis map also shows a concentration of Higtzy values

in areas such as Hammanskraal and Soshanguve in the northern extremities of the province, south of

Sebokeng, in Heidelberg, and the areas on either side of the central parts of the .pfbesearea
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also have higher fuzzy values compared to the mapping of characteristics identified from the literature.

Additionally, this map shows very low fuzzy values radiating outwarddamaded athe periphery.

6.3.3.1.2. Fuzzy overlay results of urban lamgieccharacteristics

Map 13 presents the overlay or combination of the fuzzy membership layers of all the urban landscape
characteristics identified from the literatwe the left and local experts on the righthe mapon the

left, showing characteristics from literatusbows places with the highest fuzzy values at the province's
core, especially in areas such as Johannesburg, Alexandra, Pretoria, Centurion, Sebokeng, Carletonville
and their surroundings highlighting the main economic nodes in the region. The high fuzzy values
suggest high membership with urban landscape characteristics. However, the areas in the immediate
surroundings of those areas that are characterised by high fuzzy values exhibit mediurgelidugs (
Additionally, the areas along the periphery of the province and just outside of the areas with medium
values (yellow) are characterised by low values (blue). Low values are also observed just above Soweto.

These low values suggest that these dnase low urban landscape characteristics.

Fuzzy overlay of urban characteristics Fuzzy overlay of urban characteristics
identified from literature identified from experts

Value Value
wm High £ 1.00 e High © 1.00

L Low:0.02 " Low:0.08

| _| Gauteng i___| Gauteng

Map 13: Fuzzy overlay of urban landscape characteristics from literafief® and expertgright).

On the other hand, Mal8 alsopresents the fuzzy overlay and the combination of the urban landscape
characteristics identified from local expeststhe rightSimilar to the previous map of urban landscape
characteristics, the highest fuzzy values are observed at the province'sh careas such as
Johannesburg, Benoni, Pretoria, Centurion, @amélle, Sebokeng and Krugersdorp. However, the

highest values are in the area traversing the central parts of the province, along the miniag gt
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mapping of the urban landscapeagdcteristics includes miniaglated characteristics. The areas
immediately outside the areas characterised by the highest fuzzy values are characterised by medium
values (yellows) and the periphery by low values (blidwever, while thismap bears many
similarities to the one on theft (characteristics from literaturghere are visible differences. The main
difference is that the area characterised by high fuzzy values at the core appears to decrease. Similarly,
the areas characterised by the lowadties at the core also decrease in this map. At the same time, the
area characterised by medium fuzzy values has increased.

6.3.3.2. Results of the weighted overlay analysis ofposhg and urban landscape

characteristics
Weighted overlay is the second mapping technique investigated to demonstrate its capacity for
integrating urban and pestining characteristics. The results of the weighted overlay analysis ef post
mining and urban landscape characteristics are outlined in segt3®2.1. Weighted overlay of pest
mining landscape characteristiesnd6.33.2.1. Weighted overlay of urban landscape characteristics
below. The criteria used to inform the weighted overlay analysis are outlined in se&ipr2.
Weighted overlay analysis pbstmining and urban landscape characteristinghe previous chapter
(Chapter 5). These maps use a graduated colour scale, ranging from red to blue. The areas on the map
with values closest to pestining/miningrelated and urban landscape charactesstiave high
weighted overlay values and are shown in shades closer t#ress with the lowest weighted overlay

values, presented in shades closer to blue, have the leastipigf or urban landscape characteristic

6.3.3.2.1. Weighted overlay of posining landscape characteristics

Map 14 presents a weighted overlay analysis of mosting landscape characteristics identified from

the literatureon the left and local experts on the righlie mapon the left, showing the characteristics
identified fromtheliterature,shows the highest weighted overlay values cut across the provinee east
westerly in areas such as Benoni, Johannesburg, Krugersdorp and Carletonville. Some areas in the north
of the povince, such as Hammanskraal, and areas in the south, such as Vanderbijlpark (south of
Sebokeng), also show high values. The map also presents randonehjgted overlayalues across

the province outside those mentioned in areas such as Diepslootusmafsbeidelberg. Most of the
province is characterised by medium (yellow/green) to low values (blue). The medium values are
mostly observed in areas such as Alexandra (and Sandton to the left of it), Centurion, Daveyton,
Mamelodi, Atteridgeville, Tembisé&oweto and Orange Farm. By contrast, low values are observed in
Randburg, Khutsong, Katlehong, Vanderbijlpark (south of Sebokeng) and Premriaweighted
overlay values are also observed along what seems to be transpoiit ramtbeg that literatureuggests

that postmining landscapes are inaccessible.
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Map 14: Weighted overlay of poshining landscape characteristics from literatuteft) and experts
(right).

By contrast, although using the same symbology as the map on the left to be comiteraizpon

the rightpresents a different picturéhis map presents the weighted overlay of ymoisting landscape
characteristics identified from local experts. Thiggkeeps some of the patterns already observed in
Map 122 such as the higiveighted overlayalues in areas around the central parts of the province
(Johannesburg, Krugersdonphich is where the mining belt is locajeih the west (Carletonville,
Khutsmg), in the east (Benoni) and the southern extremities of the province (Sebokeng). This map also
shows a concentration of higleighted overlayalues in areas such as Hammanskraal and Soshanguve
in the northern extremities of the province, south of Sebgkim Heidelberg, and the areas on either
side of the central parts of the province compared to the map on the left. Howenarirast to the
previous mapthis map shows a concentration of just below the highest (orange) to medium values
(green) in tie immediate surroundings of areas with the highest values, which also happens to cover the
province's core. Additionally, this map shows very lseighted overlayalues radiating outwards and

mosty atthe peripheryf the province

53Specifically, the map on the left, which presents a fuzzy overlay of the urban landscape characteristics
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6.3.3.2.2. Weightedverlay of urban characteristics

Map 15 presents the weighted overlay of urban landscape characteristics identified from the literature
on the left and local experts on the right. Thapon the left, showing the characteristics identified

from the literature shows the highest values at the province's core in areas such as Johannesburg,
Benoni, Pretoria, Centurion, Caxaville, Sebokeng and Krugersdorp and their surroundings
highlighting the main economic nodes in the region. However, the areasimrttediate surroundings

of those areas that are characterised by Wiglghted overlayalues exhibit medium values (yellow).
Additionally, the areas along the periphery of the province and just outside of the areas with medium
weighted overlaywalues (ydow) are characterised by low values (blue). The low values are mostly
observed at the northemost tip of the province and the southwestern and eastern parts of the province.

Some low values are visible just above Soweto, next to the mining belt.

Map 15: Weighted overlay map of urban landscape characteristics from literdleit® and experts
(right).

On the other hand, the map on the right presents a weighted overlay of urban landscape characteristics
identified from localexperts and shows a different picture from the previous map. Similar to the
previous map, this map shows high values cutting across the province in-aegasly direction in

areas such as Benoni, Johannesburg, Krugersdorp and Carletonville, anché@mnnaréas such as
Hammanskraal, and southern areas such as Vanderbijlpark (south of Sebokeng). Noting, however, that

the highestveighted overlaywalues are in the area traversing the central parts of the province, along
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