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Section A: Introduction and Status Quo
1.

Introduction
1.1. The purpose of the EMF

The Gauteng Department of Agriculture and Rural Development (GDARD) decided to produce an
Environmental Management Framework for the whole of Gauteng (GPEMF). The GPEMF replaces all
other EMFs in Gauteng with the exception of the Cradle of Humankind World Heritage Site which is
incorporated within the GPEMF.

To provide a strategic and overall framework for environmental management in Gauteng;



Align sustainable development initiatives with the environmental resources, developmental
pressures, as well as the growth imperatives of Gauteng;

Rhulani Kubayi (Environomics)



Patience Gidongo (Environomics)



Dawie Jansen van Vuuren (MetroGIS)



Dr. David Hoare (David Hoare Consulting)



Hermann Strydom (EnviroGIS)

The PT is assisted by several other specialists and personnel.

1.3.2. The project management team (PMT)1

The objective of the GPEMF is to guide sustainable land use management within the Gauteng Province.
The GPEMF, inter alia, serve the following purposes:




The purpose of the PMT is to ensure the effective and efficient day to day management of the
project between GDARD and the Project Team (service provider). The members of the PMT
include:



Determine geographical areas where certain activities can be excluded from an EIA process; and



Loyiso Mkwana



Identify appropriate, inappropriate and conditionally compatible activities in various
Environmental Management Zones in a manner that promotes proactive decision-making.



Basani Ndindani GDARD

Programme Manager and Chairperson of the PSC



Simon Mafu

Project Manager and Chairman of the PMT

GDARD appointed the Environomics team of consultants to assist them with the preparation of the
GPEMF. The team is experienced in the field of EMF development and also has an extensive knowledge
base of the environment in Gauteng.



Malesotse Makgalemele

GDARD



Rhulani Kubayi

Environomics CC Public Participation Leader



Paul Claassen

Environomics CC Project Team Leader



Debbie Claassen

Environomics CC Project Administrator



Dawie Jansen van Vuuren

MetroGIS

1.2. The EMF area
The EMF area is defined by the current boundary of the Gauteng Province and its constituent local
authorities (see Figure A1).

GDARD

GDARD

Project Sponsor

EPIA

Project Data Controller

1.3.3. The project steering committee (PSC)

The purpose of the PSC is to prepare, plan, coordinate and manage the GPEMF project in

1.3. Project structures

accordance with the Terms of Reference. In doing so, the Committee had to:

1.3.1. The project team (PT)

Senior PT members of the team include:


Paul Claassen (Environomics)

1



Attend PSC meetings;



Approve the scope and contents of draft reports;



Review draft reports timeously;



Ensure that important environmental issues were covered;

Also sometimes called the Project Management Committee (PMC) to avoid confusion with the PT.
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Assist the project team with information gathering as appropriate;



Help to determine the course of action where there is disagreement with one or more

1.3.4. The project reference group (PRG)

stakeholders;


Monitor and advise on project progress; and



Monitor the public and stakeholder participation processes.

The project reference group was a large group of organisations that were invited to participate
in specific activities such as e-mail interaction, meetings and/or workshops in order to ensure
that the EMF takes adequate account of other sectoral needs and imperatives in Gauteng.

The Project Steering Committee Team consists of the members of the PMT as well as other

Participation was voluntary.

GDARD sections and national departments that are responsible for environmental management
in Gauteng.
Organisations invited to participate via the project reference group consisted of the PSC and the
following:
Other GDARD representatives included:


Phuti Matlamela

Environmental Planning and Impact Assessment



Lindokuhle Njoko

Waste Management



Dineo Mokolo

Air Quality Management



Rina Taviv

Climate Change Management



Celiwe Kgowedi

Agriculture (GAPA)



Aluoneswi Mafunzwaini

Rural Development



Aristotelis Kapsosideris

EPIA



Marc Leroy

Environmental Impact Management

Representatives from national departments included:


Simon Moganetsi

Department of Environmental Affairs



Khanyiso Mtolo

Department of Environmental Affairs



Bradley Nethononda

Department of Environmental Affairs



Dr. Wietsche Roets

Department of Water Affairs



Londolani Mutshekwa

Department of Water Affairs



Mashudu Maduka

Department of Mineral Resources



Patrick Tuwani

Department of Energy



Deon Theron

Department of Rural Development



Kerry Bobbins

Gauteng City-Region Observatory



Christina Culwick

Gauteng City-Region Observatory



Department of Transport



Department of Rural Development and Land Reform



Gauteng Planning Commission



Gauteng Department of Economic Development (Green Economy)



Department of Cooperative Governance and Traditional Affairs (COGTA)



Department of Agriculture, Forestry and Fisheries



Department of Trade and Industry



Department of Tourism



Department of Science and Technology



South African National Biodiversity Institute (SANBI)



Council for Scientific and Industrial Research (CSIR)



South African Local Government Association (SALGA)



City of Johannesburg Metropolitan Municipality



City of Tshwane Metropolitan Municipality



Ekurhuleni Metropolitan Municipality



Emfuleni Local Municipality



Lesedi Local Municipality



Midvaal Local Municipality



Mogale City Local Municipality



Randfontein Local Municipality



Sedibeng District Municipality



West Rand District Municipality
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Westonaria Local Municipality



Workshops with municipalities



Merafong Local Municipality



Workshops with stakeholder focus groups



Stakeholder Focus Groups



Public open days



Produce draft Desired State Report

1.4. The project schedule

The project was completed within nine phases namely:

Analysis phase:


Draft sensitivity analysis



Draft identification of environmental management zones

Inception phase:
Environmental Management Zones:


Inception report



Proposed table of contents for the Status Quo Report



Public participation plan

Data gathering and review phase:



3rd project newsletter



1st draft GPEMF Report



Draft Strategic Environmental Management Plan (SEMP)



Draft Action Plans for Implementation (APIs)



Preliminary GIS Viewer, data base and report function



Gathering and review of existing data



Project Steering Committee (PSC) involvement plan



1st project newsletter



Initial consultations with municipalities



Workshop with PSC



Initial consultations with other identified key stakeholders



Final draft GPEMF Report



Initial consultations with interested and affected parties
(Consultations were focused on gathering and review of data)

Draft Status Quo Report phase:


Specialist inputs



Ground verification



PSC familiarisation with status quo results



Defining opportunities and constraints



Produce draft Status Quo Report

Status Quo refinement and update phase:


2nd project newsletter

Project Steering Committee comments phase:

Formal (in terms of the EMF Regulations) public comment phase:


Draft GPEMF Report available on FTP site for downloading



Draft GPEMF Report available in other electronic formats



Public Participation Overview

Final GPEMF Report phase:


Final EMF Report and appendixes volumes



Final GPEMF GIS Viewer and Report Function (main product)



GIS Viewer training for officials



Glossy summary report, or GPEMF map poster



GPEMF adoption process
9
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2. Geology soils and landscape character
2.1. Abbreviated description

The geology of the Gauteng Province forms the foundation for the development of the landscape, soils
and vegetation cover that developed upon it over millions of years. It is also the source of minerals that
form an important part of the economy of the area.
The most important geological event
that took place in the province was Table A1: Geology of Gauteng (dominant rock types)
the formation of the Witwatersrand
Dominant Rock type
Area (km²)
Percentage
Supergroup. About 3 000 million
127.451
0.70%
years ago, an inland shallow ‘sea’ or Amphibolite
lake was formed due to a depression
Andesite
123.398
0.68%
of the granite crust of the earth. On
the northern and western ‘shores’ of Basalt
69.106
0.38%
this ‘sea’ were granite mountains,
Dam
32.557
0.18%
providing the vast volume of
sediment that was ultimately Diabase
95.136
0.52%
deposited in the sea. Major rivers
240.792
1.32%
flowing into the sea also contributed Dolerite
sediment, ranging from silt to coarse Dolomite
2533.402
13.93%
pebbles, as well as heavy minerals
202.349
1.11%
like magnetite, pyrite, uranium Gabbro
oxides and probably much of the
Granite
1866.77
10.27%
gold. The fragments that were
49.879
0.27%
eroded away, accumulated on the Granophyte
bed of the lake forming the
Lava
1587.493
8.73%
Witwatersrand Super group. This
lead to the formation of sedimentary Mudstone
110.785
0.61%
rock
made
up
of
various
Norite
141.856
0.78%
combinations of black chert or white
quartz pebbles, sand and silt. Quartzite
4839.525
26.62%
Whenever the rocks were reworked,
854.380
4.70%
the gold became more and more Rhyolite
concentrated in specific layers, Sandstone
546.380
3.00%
called conglomerates.
These
4370.561
24.04%
consisted of quartz pebbles and a Shale
fine sand matrix with about 10 – 20
Tillite
389.776
2.14%
grams of gold per ton, resulting in
18182.519
99.99%
the largest and richest gold deposits Total
on earth. The rocky outcrops of the
‘Witwatersrand’ (‘White River Ridges’) prominent around Johannesburg, provides evidence of the
quartzite formations during this period.

After the formation of the Witwatersrand Supergroup, a period of volcanic activity followed, covering
most of the sediments deposited earlier (Ventersdorp Sequence). The next period was the Transvaal
Sequence, a period of sedimentation and inter-dispersed volcanic activity that covered most of the
northern part of the old Kaapvaal Kraton. The Kaapvaal Kraton sank lower than sea level, after thermal
became less intense. Sedimentary rocks from the Transvaal group then accumulated on this shallow
continental shelf. At this time also, river drainage systems were covered by shallow-water marine and
beach deposits. This brought about conglomerate, sandstone and mudstone deposits that formed the
Black Reef formation.
Over time, the sediments formed the prominent quartzite hills and shale valleys around Pretoria of
which the Magaliesberg is the most prominent. A new type of sedimentation by the Pretoria Group,
tilting through subterranean disturbances (the Bushveld Igneous Complex formation) periods of
exposure and erosion, as well as glacial abrasion (the Karoo Sequence – Dwyka Glaciation), all
contributing to the Magaliesberg as we know it today.
A detailed breakdown is provided in the Status Quo Supplementary Information Report which includes a
more detailed geology map and descriptions of the various rock types.

11

3. Land capability potential including soils
Table A2: Geological formations in Gauteng
Geological formation

Area (ha)

%

Pretoria Group, Postmansburg Group, Segwana Group; shale, siltstone, quartzite,
conglomerate, breccia, diamictite

422 333,79

23,25

Chuniespoort Group, Taupone Group; dolomite, limestone, chert, iron formation, shale,
diamictite

222 705,34

12,26

Ecca Group; shale, mudstone, sandstone, coal

215 355,14

11,85

West Rand Group; quartzite, shale, lava

109 728,70

6,04

Klipriviersberg Group; basalt, pyroclastic rock

108 575,80

5,98

Johannesburg Dome Granitoid; gneiss, migmatite, granodiorite

101 926,08

5,61

Pienaars River Complex; syenite, foyaite, trachyandesite, tuff, carbonatite

81 143,09

4,47

Lebowa Granite Suite; hornblende granite, biotite granite

65 300,95

3,59

Hekpoort Formation, Ongeluk Formation, Dithojana Formation; conglomerate
Rooiberg Group, Woodlands Formation; porphyritic and amygdaloidal rhyolite, pyroclastic rock

65 238,33
64 113,12

3,59
3,53

Central Rand Group; quartzite, conglomerate, shale

63 718,30

3,51

Dwyka Group; tillite, sandstone, mudstone, shale

60 425,29

3,33

Karoo Dolerite or Clarens Formation; sandstone, siltstone

43 759,66

2,41

Black Reef Formation; quartzite, conglomerate, shale, basalt

43 267,35

2,38

Rayton Formation; quartzite, arkose, siltstone, shale

25 777,11

1,42

Diabase (Palaeoproterozoic)

25 359,02

1,40

Rashoop Suite; granophyre

22 146,69

1,22

Main Zone; gabbro, norite

15 843,67

0,87

Rust De Winter Formation, Loskop Formation, Glentig Formation; sandstone, siltstone,
conglomerate, rhyolite, quartz porphyry

14 331,90

0,79

Upper Zone; gabbro, anorthosite, magnetite gabbro, olivine diorite

9 843,98

0,54

Diabase (Mesoproterozoic)

8 309,22

0,46

Lower Zone; bronzitite, harzburgite, norite

6 989,58

0,38

Amalia Dome Granite; granite, gneiss

5 749,11

0,32

Water

4 775,30

0,26

Nylstroom Subgroup, Wilge River Formation, Otse Group; sandstone, granulestone,
conglomerate, mudstone, siltstone, trachyte

4 499,50

0,25

Dwarsfontein Complex; pyroxenite, gabbro, anorthosite

2 615,90

0,14

Westerdam Dome Granite; porphyritic, adamellite, tonalitic, and migmatitic gneiss
Upper Karoo Group; granulestone, sandstone, conglomerate, siltstone

1 994,24
440,03

0,11
0,02

Critical Zone; norite, pyroxenite, anorthosite

366,52

0,02

Black Reef Formation, Chuniespoort Group; quartzite, conglomerate, shale, limestone,
dolomite, chert, iron formation

12,70

0,00

Totals:

1 816 645,42

100,00

3.1. Abbreviated description
A description of soils that is formed based on the parent rock is provided in the Status Quo
Supplementary Information Report. Land refers to a specific area of the earth’s surface that is
characterised by its soil, climatic (see section 5), geological (see section2), topographical (see section 4,
hydrological (see section 7), floral and faunal resources (see section 10) as well as by the kind of human
activities that take place on it (land use – see section 16) (Strydom, 2010).
Land evaluation refers to an assessment of the properties of the several resources that characterise
land as they bear on the requirements of one or more specific land uses. Land capability classification is
an approach to land evaluation that was traditionally used for the evaluation of land in soil conservation
practices. It also implies that the choice of land for a particular use contributes to the success or failure
of that use. Many approaches to the assessment of land capability exist to assist decision-makers to
rate the suitability of land for both agricultural and non-agricultural uses. For purposes of any land
evaluation study, it is important to note that all systems have in common a set of assumptions on which
the analysis is based and each system therefore answers the question of ‘capability for what use?’
(Strydom, 2005).
The Department of Agriculture, Forestry and Fisheries (DAFF, 2012), defines agricultural land potential
as:
“The extent to which land can meet the needs of one or more uses, under defined conditions of
management, without permanent damage. It includes the effect of physical factors: soils, climate and
terrain, on the total suitability and potential for use for crops that require regular tillage, for grazing, for
forestry, and for wildlife without damage. Land capability involves consideration of:


The risks of damage from erosion and other cause;



The difficulties in land-use caused by physical factors, including terrain and climate; and



The production potential based on the current state of the natural resources.”

Since 2002, various agricultural land evaluation and capability studies were commissioned by the
Gauteng Provincial government, namely:


The Gauteng Agricultural Potential Atlas (GAPA) version 1: 2002;



The Gauteng Agricultural Potential Atlas (GAPA) version 2: 2004;



The Gauteng Agricultural Potential Atlas (GAPA) version 3: 2006;



The Gauteng Agricultural Plan (APLAN): 2008; and



The Gauteng Agricultural Potential Atlas (GAPA), version 4: 2014.
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The national Department of Agriculture furthermore funded and commissioned an Agricultural
Zonation Study (AEZ) for the Gauteng and Limpopo Provinces. The Gauteng study was completed
during 2010 and included a land capability analysis implemented at a scale of 1:50,000. The results of
the AEZ land capability study were used as input into the latest (2013) GAPA study.
The main objective of determining land capability is to identify and map medium – high and high
potential agricultural land. High potential agricultural land (HPAL) is defined as follows (DAFF, 2012):
“Land that has the soil and terrain quality, growing season, and available moisture supply needed to
produce sustained high yield of crops economically when treated and managed according to best
possible farming practices”.
For purposes of the Gauteng Agricultural Potential Atlas (GAPA), land capability was used to identify
and map high potential agricultural land.

Table A4: Land use on HPAL
Moderate – high to very high land capability

Area ha

Prior to any form of development

1 089 353,13

End 2012 cultivated

341 477,60

31,35

End 2012 infrastructure

370 555,68

34,02

End 2012 available HPAL*

377 319,85

34,64

3.1.1.High potential agricultural land – municipalities

Table A3 reflects the present version 4 of the GAPA land capability analysis results.

The following table shows the statistics for the local municipality land capability classes. The
“2012 Available HPAL” refers to the remaining high potential agricultural land not developed
(neither built-up nor cultivated) at the end of 2012. The last column lists the percentages of high
potential agricultural land remaining in the municipality. For e.g.: 16.73% of the initial HPAL in
Lesedi Municipality is undeveloped and/or not cultivated at the end of 2012. At 43.53%, the City
of Tshwane, after amalgamation with Kungwini municipality, has the highest percentage of
‘vacant’ or available HPAL in the province.

Table A3: GAPA IV land capability results
Prior to any form

Vacant land

of development

2013*

Vacant land
excluding land
already cultivated

Very low

26,32

26,32

26,32

Very low – low

2 517,91

510,50

338,64

Low

103 506,29

38 903,92

34 437,68

Low – moderate

227 982,12

117 814,49

95 834,07

Moderate

394 865,77

211 588,44

161 799,70

Moderate – high

348 681,84

185 059,41

127 742,68

High

367 743,17

199 611,75

127 425,74

High – very high

200 234,66

102 765,45

62 472,42

Very high

172 693,46

90 430,35

59 679,01

Totals:

1 818 251,54

946 710,62

669 765,26

Land Capability Class

Source GAPA IV

%

Table A5: Land capability classes per municipality
Name

HPAL – Pre

2012 Available HPAL

Development

%
Available

City of Johannesburg

120 676,17

31 522,58

26,12

City of Tshwane

308 932,37

134 479,13

43,53

Ekurhuleni

173 915,37

44 139,57

25,38

Emfuleni

81 270,25

29 213,77

35,95

Lesedi

77 927,79

13 040,87

16,73

Merafong City

138 170,77

60 020,10

43,44

Midvaal

63 470,40

20 507,06

32,21

Mogale City

85 498,98

30 999,63

36,26

Randfontein

17 969,80

5 123,46

28,51

Westonaria

21 519,12

8 273,64

38,45
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Vacant land = land excluding built-up, all roads, railway lines, surface mining activities, ridges, wetlands
(buffered), dams, rivers, riparian zones, and protected areas.
Almost equal proportions of land use classes (cultivated and infrastructure) are present on high-potential
agricultural land.
Land fragmentation imposes serious land use planning challenges in Gauteng. Irregular and lack of in-fill
development strategies resulted in severe fragmentation of high potential agricultural land. Part from land
fragmentation, cultivation in open urban areas enclosed by residential, commercial or industrial development
would be difficult to justify. These areas are included in the 377,320 ha’s vacant HPAL and include recreational
areas such as parks, green-belts and public open spaces. Removing 99% of the ‘sliver’ (fragmented) polygons
reduced the available high potential agricultural land from 377,319.84 to 368,171.38 ha’s. Removing the CPLAN
irreplaceable areas of 23,407.00 ha’s on HPAL, the remaining HPAL is calculated as 344,764.38 ha’s. This is
31.64% of the HPAL prior to any form of development

4. Landscape character











9: Roodepoort Ridge.
10: Witwatersberg.
11: Skurweberg, Kwaggasrant, Daspoortrant, Skanskop, Salvokop, etc.
12: The Magaliesberg Mountain range.
13: Bronberg Ridge.
14: Magaliesberg East.
15: Pyramid Koppies and Hall’s Hill.
16: Renosterkop.
17: Molapo wa Mogale Mountains.

Major water bodies (man-made dams) within the province (and in close proximity to Gauteng) include the Vaal
Dam, Hartbeespoort Dam (North-West Province), Rietvlei Dam, Bon Accord Dam, Roodeplaat Dam and the
Bronkhorstspruit Dam.
The largest perennial river and virtually only river that can accommodate larger water craft, is the Vaal River
which forms the southern boundary of the province. Other major rivers include the Klip, Blesbokspruit,
Suikerbosrant, Magalies, Apies, Pienaars, Elands, Bronkhorstspruit and Wilge Rivers.
Some of the larger conservation or formally protected areas within the province include:

4.1. The assessment of the landscape character

The assessment of the landscape / land use character for the Gauteng Province includes an investigation into
the general topography of the province, the terrain morphology, the broad land cover and land use patterns,
and a visual assessment aimed at determining the visual exposure within the district.

4.2. General information (topography, hydrology and protected areas)

The surface elevation (or altitude above sea level) of the Gauteng Province ranges from approximately 950m to
1915m above sea level. The highest point (above sea level) within the province is found within the
Suikerbosrand Nature Reserve, with the lowest point situated where the Elands River exits the province in the
far north. Refer to Figure A3: Shaded Relief / Topography.
The province is generally flat in terms of slope elevation, with a limited number of tall hills or mountains. The
most prominent elevated topographical features include (indicated from south to north on the map):









1: Langberg and hills.
2: Unnamed hills located along the provincial border (adjacent to the N3), south-east of Suikerbosrant.
3: Losberg and Klein Losberg.
4: Suikerbosrant.
5: Perdeberg and Spioenkop.
6: Gatsrant.
7: Klipriviersberg.
8: Various hills located within the Johannesburg area forming part of the Witwatersrand.

 Suikerbosrand Provincial Natures Reserve;
 Abe Bailey Provincial Natures Reserve;
 John Nash Nature Reserve (Natural Heritage Site forming part of the Cradle of Humankind World
Heritage Site - CoHWHS);
 Magaliesberg Protected Natural Environment;
 Rietvlei Dam Municipal Nature Reserve;
 Wallmansthall, Ditholo and SANDF property and Leeuwfontein Nature Reserves (part of Dinokeng);
 Twaing Meteorite Crater Reserve; and
 Ezemvelo Private Nature Reserve.
Several smaller municipal and provincial nature reserves are also indicated on the map.

4.3. Terrain morphology
The terrain morphological units were derived from a combination of inputs and analyses. They have as their
basis the South African Land Types, as supplied by the Agricultural Research Council (ARC), supplemented with a
detailed slope analysis and an elevation range analysis.
The Land Type units were merged with the slope analysis in order to determine the percentage of steep
slopes (slope greater than 25% or 1:4 ratio) per Land Type. The result of this determines the level of
undulation for each Land Type (i.e. whether it is flat, undulating or severely undulating). This analysis is
then combined with the elevation ranges in order to determine the elevation of each land type unit
above ground/base level in order to identify mountains and tall hills. Alternately, a considerable drop in
base level would indicate prominent river valleys or gorges.
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Where needed, or in some cases where the land type units were too broadly delineated, the terrain
morphological units were supplemented by manual interpretation and mapping. Additional to this, the
terrain morphology includes all ridges as mapped for the Gauteng Ridges Policy (Version 7).

4.6. Landscape value / scenic quality
Each of the data categories described in the previous chapter was evaluated per data feature in terms of scenic
value, visual quality, level of disturbance and visual remoteness.

The terrain morphological units) are:


High Mountains



Mountains and Tall Hills



Strongly Undulating Plains and Hills



Undulating Plains



Plains and Plains with Pans

4.4. Land cover/broad land use patterns

Terrain morphological units such as high mountains, mountains and tall hills, strongly undulating terrain and
hills, valleys, etc. were rated higher than plains due to their inherent scenic value and exposed topographical
nature.
Pristine or natural vegetation types or land cover types and existing conservation or protected areas were
similarly rated higher than disturbed, altered or transformed land cover types.
Visually remote or enclosed regions within the district, where the visual character or sense-of-place is still
intact, scored a higher rating than areas exposed to human activities.
The resultant scenic quality index or landscape value map is displayed on Figure A7. The index reflects the
combined calculated value for each of the data categories. Heavily disturbed or built-up land (e.g. industrial,
mining or high density urban developments) lack the scenic quality or landscape value that is inherent to, for
example, protected or natural land set against a mountainous backdrop, within a highly enclosed or protected
visual catchment.

The Land Cover / Broad Land Use Patterns for the province are displayed in Figure A5. Three broad categories
of land cover types were identified. These include Transformed, Altered and Natural Land Cover Types.

4.5. Visual assessment
The visual assessment sets out to identify areas of higher or lower visual exposure within the study area. The
visual exposure map, or viewshed analysis, is based on the number of terrain observations from the national,
arterial and major local roads within the study area. Literally thousands (just under 23,000) of line-of-sight
visibility analyses were undertaken from these roads at 500m intervals along each road, for a radius of 10km
from each vantage point.
The combined result is displayed on Figure A7. The zones of higher visual exposure generally include densely
populated areas with well-developed road networks (very high) and elevated and exposed terrain units located
in close proximity (<10km) to National, Arterial and Major Secondary Roads (high).
Zones of lower visual exposure generally include areas with a receding visual exposure due to the absence of
road networks and reduced development pressure (low), and remotely located areas and visually enclosed
terrain (very low).
The premise is that the visual quality/character within the latter two zones is not compromised by the sight of
human development or activities (e.g. visual clutter, night time lighting, noise, etc.) and that the sense-of-place
is still largely intact.

4.7. Landscape / land use character
The landscape / land use character map is a summation of all the facets (as discussed previously) that make up
the character, appearance and feeling of a certain area. Zones were delineated in order to provide a regional
overview of the varying landscape character precincts within Gauteng. It is not intended as a definitive
partitioning of the province into land use compartments, but rather a guide for possible future planning and
land use management.
Four broad categories, each with a number of sub-categories were identified within the province and adjacent
areas. The broad categories are predominantly natural areas, agricultural areas, urban or metropolitan areas
and rural areas. In total 14 sub-categories or distinct landscape character zones were identified, each displaying
similar characteristics for the input data categories. These are displayed on Figure A8.
15
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Graph A2: Fraction of time spent in various temperature bands

5. Climate precipitation
Gauteng falls within two broad climatic zones in terms of the Köppen-Geiger climatic classification. These are:
Cwb Warm temperate with dry winters and warm summers for the southern part of Gauteng up to the southern
parts of Tshwane and hot arid steppe for the parts of Gauteng that occurs north of Tshwane.
This report describes the typical weather at the OR Tambo International Airport weather station over the course
of an average year. It is based on the historical records from 1994 to 2012.

5.1.

Temperature
Over the course of a year, the temperature typically varies from 3:C to 25:C and is rarely below 0:C and
above 28:C.

The average fraction of time spent in various temperature bands: freezing (-9:C to 0:C), cold (09:C to
10:C), cool (10:C to 18:C), comfortable (18:C to 24:C, warm (24:C to 29:C), hot (29:C to 38:C,
sweltering (above 38:C).

Graph A1: Daily high and low temperature

5.2.

Sunshine
The length of day varies significantly over the course of a year. The shortest day is 20 June with 10:30
hours of daylight; the longest day is 21 December with 13:47 hours of daylight.
Graph 3: Daily hours of daylight and twilight

The daily average (blue) and high (red) temperature with percentile bands (inner band from 25th to 75th
percentile, outer band from 10th to 90th percentile).
The warm season lasts from 22 September to 21 March with average daily high temperatures above
23:C. The hottest day of the year is 28 December, with an average high of 25:C and low of 15:C.
The cold season lasts from 27 May to 30 July with an average daily high temperature below 18:C. The
coldest day of the year is 8 July, with and average low of 3:C and high of 16:C.

The number of hours during which the sun is visible (black line), with various degrees of daylight, twilight
and night indicated in colour bands. The earliest sunrise is at 05:06 on 30 November and the latest
sunset is at 19:05 on 12 January. The latest sunrise is at 06:55 on 28 June and the earliest sunset is at
17:22 on 6 June.
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5.3.

Clouds

rain is the 4 most severe precipitation observed during 14% of day with precipitation and is most likely in
March.

The median cloud cover ranges from 4% to 57 % (partly cloudy). The sky is cloudiest on 26 December
and clearest on 14 June. The clearer part of the year begins around 18 April and the cloudier part of the
year begins around 9 October.

Snow is unlikely and does not occur often. Hail is however associated with thunderstorm activity and
moderate to severe hail storms occur from time to time.

5.5.

Humidity

Graph A4: Median cloud cover
The relative humidity typically ranges from 22% (dry) to 96% (very humid) over the course of the year,
rarely dropping below 10% (very dry) and reaching as high as 100% (very humid).
The air is driest around 31 August, at which time the relative humidity drops below 27% (dry) three day
out of four and it is most humid around 18 January, exceeding 93% (very humid) three day out of four.
Graph A6: Relative humidity

The median daily cloud cover (black line) with percentile bands (inner band from 40th to 50th percentile,
outer band from 25th to 27th percentile).

5.4.

Precipitation
The probability that precipitation will occur varies throughout the year. Precipitation is most likely
around 16 December, occurring on 64% of days and least likely around 15 July, occurring on 5% of days.
The average daily high (blue) and low (brown) relative humidity with percentile bands (inner bands from
25th to 75th percentile, outer bands from 10th to 90th percentile).

Graph A5: Probability of precipitation occurring at some point in the day

5.6.

Dew point
Dew point is often a better measure of how comfortable a person will find the weather than relative
humidity because it relates more directly to whether perspiration will evaporate from the skin, thereby
cooling the body. Low dew points feel drier and higher dew points feel more humid.
Over the course of a year, the dew typically varies from -6:C (dry) to 16:C (comfortable) and is rarely
below -13:C (dry) or above 18:C (mildly humid).

Over the entire year, the most common forms of precipitation are thunderstorms, light rain and
moderate rain. Thunderstorms are the most sever precipitation observed during 64% of days with
precipitation. They are most likely around 16 December, when it is observed during 46% of all days.
Light rain is the most severe precipitation observed during 18% of days with precipitation. Moderate
18

Graph A7: Dew point

Graph A9: Wind direction over the entire year

The daily average low (blue) and high (red) dew point with percentile bands (inner band from 25th to 75th
percentile and outer band from 10th to 90th percentile).

5.7.

Wind
Over the course of a year typical wind speed vary from 1m/s to 7m/s (light air to moderate breeze),
rarely exceeding 10m/s (fresh breeze). The highest average wind speed of 5m/s (gentle breeze) occurs
around 16 October, at which time the average daily maximum wind speed is 7m/s (moderate breeze).
The lowest average wind speed of 3m/s (light breeze) occurs around 17 May, at which time the average
daily maximum wind speed is 5m/s (gentle breeze).
Graph A8: Wind speed

The wind is most often out of the north (235 of the time), north-west (185 of the time and east (11% of
the time). The wind is least often out of the south (5% of the time).
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6. Climate change

Agricultural activities contribute the most to methane emissions (48% of the national total) and nitrous
oxide emissions (78% of the national total). The main sources of methane emissions are cattle and
sheep. Livestock numbers are driven by agricultural economics and population changes (for instance,
the meat consumption per capita in a wealthy, urban area is larger than in a poor or rural area), but
have been fairly stable for several decades, at what is thought to be close to the grazing carrying
capacity of the veld. Livestock raising technology is, however, changing, towards the greater use of
feedlots for animal fattening. The methane emissions from manure handling of animals in feedlots are
greater than from manure deposited on a rangeland, due to the anaerobic conditions typically
associated with the former. The main source of nitrous oxide emissions is the use of nitrogen fertilisers.

6.1. Description

The climate of Gauteng is characterised by warm, moist summers and cool dry winters. Most rainfall occurs
during the warmer months between October and March, amounting to 900mm in the high-lying central areas
and 556mm in the low-lying north and south. The Intergovernmental Panel on Climate Change (IPCC), however,
has predicted that by 2050, climate change in Southern Africa could result in a 1°C to 3°C increase in mean
temperatures and a 5-10% decrease in rainfall over the summer rainfall region. These changes will have a wide
array of impacts on the social, economic and natural environment in Gauteng. In order to minimise and mitigate
the impacts of climate change in Gauteng, it is necessary to understand the primary driving forces that lead to
climate change in the province.
Climate change in Gauteng is driven by a combination of social, economic and environmental driving forces.
These driving forces result in the emission of greenhouse gases (GHGs), especially carbon dioxide (CO2),
methane (CH4), ozone (O3) and nitrogen oxides (NOx) into the atmosphere, thereby exacerbating climate change.
They include the following:







6.2. Climate change and biodiversity
One of the most prominent effects of climate change will be the movement of biomes. Research has shown that
climate change, characterised by increased temperature and a decrease in annual precipitation, could lead to
the movement of the Savannah and Grassland Biomes. In Gauteng, this would result in the contraction of the
Savannah Biome from its northern boundaries and its encroachment on the Grassland Biome located in the
southern half of the province. Plant species such as Aloe marlothii, Erythrina lysistemon, C. apiculatum, and
Grewia flava are expected to invade deep into the Grassland Biome.

High concentration of mining activities (1.8% of the province’s total area);
High concentration of industries (1.7% of the province’s total area);
High population density (517 people per km²);
Large vehicle population (37% of the country’s vehicles);
High energy consumption by the mining, industrial, transport and residential sectors; and
A defined inversion layer during winter months.

Impacts on animal species include a general contraction in the ranges of sensitive species, such as reptiles and
amphibians. It is further expected that the ranges of sensitive species will shift in a westerly direction, with the
biggest loss of species in the western parts of South Africa.

The following are important driving forces of climate change:




Climate change factors are incorporated into C-Plan 3.3 in the form of a number of layers. These layers will be
incorporated into the GIS system of the GPEMF but is not currently in a format that is suitable for the
production of maps in this report.

Energy
The energy sector is the single largest source of carbon dioxide (CO2) and sulphur dioxide (SO2)
emissions in South Africa, as it is in most countries, this includes electricity generation, emissions
resulting from oil and coal refining to produce petroleum products, coal mining and gas extraction,
wood burning and the burning of coal and oil to produce heat for industrial and other purposes.

Agriculture

6.3. Climate change and hydrology2

Transport
The major potential impact from climate change on hydrology is that due to the likely increase in severity of
rainfall events, stormwater runoff will most likely increase significantly during and directly after storm events.
This will increase the risk of flooding in low lying areas and especially along water courses within urban areas.
The following is important mitigation measures the need to be built into stormwater management in Gauteng:

The transport sector, (including aeroplanes, ships, trains and road vehicles) contribute 44% of the total
national nitric oxide emissions and 45% of the total national volatile organic carbon (VOC) emissions.
VOCs are not inherently toxic, but combine with nitric oxide and carbon monoxide, in the presence of
sunlight, to form photochemical smog, which contains ozone and other gases toxic to plants and
animals. This is particularly a problem in urban areas. Road vehicles, rather than trains or aircraft,
contribute the most to the total carbon dioxide, nitric oxide and volatile organic carbon emissions
(VOC).

2



Natural river floodplains (not necessarily restricted to 1 in 100 year flood lines) need to be kept
intact and should be rehabilitated to a natural state where necessary;



Canalisation and restriction of natural flood plain areas by means of levies and other structures must
be avoided at all cost and be rehabilitated where possible as these structural changes to the

From personal communications with Dr Wietsche Roets of DWA (2013) and Stuart Dunnsmore (2012).
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hydrological system tends to shift the problems downstream, often with unintended negative
consequences;


Stormwater retention structures should form part of all new development activities (small to large
scale);



Development must occur within the framework of the stormwater drainage capacity of each
catchment and sub-catchment area; and



Existing areas that are under threat must be assessed and a risk management plan must be
developed in concurrence with ameliorating measures.

6.4. Climate change and agriculture3
The approach to climate change from the National Department of Agriculture Forestry and Fisheries (DAFF) is to
identify vulnerabilities (included here) of the sector to climate change and to develop adaptation strategies and
measures.
Shulze (2010) uses an indicator approach to map zones of vulnerability at provincial level over South Africa
using the three components which are influenced by a range of biophysical and socio-economic factors,
including:


exposure, interpreted as the direct danger, i.e. the stressor, and the nature and extent of changes to
a region’s climate variables, and represented by two elements, viz. the frequency of extremes and
projected changes in temperature and rainfall by 2050;



sensitivity, which describes the human-environmental conditions that can worsen the hazard,
ameliorate the hazard, or trigger an impact, and which was expressed by five factors, viz. an
irrigation index, a land degradation index, a crop diversification index, a small-scale farmer index and
rural population density; and



adaptive capacity, which represents the potential to implement adaptation measures that help avert
potential impacts, is considered to be “a function of wealth, technology, education, information,
skills, infrastructure, access to resources, and stability and management capabilities” (McCarthy et
al., 2001) and is described as being dependent upon four livelihoods assets, including:


social capital (represented by the number of farmers in organized agriculture),



human capital (represented by literacy rate and HIV prevalence),



financial capital (represented by farm income, farm holding size, farm assets, percentage of
people below the poverty line, share of agricultural GDP and access to credit) and



physical capital (related to infrastructure and access to markets).

The combined effect of the sensitivity and exposure indicators produce the potential impact of climate change
and variability on the various provinces, and show that KwaZulu-Natal, Limpopo and the Eastern Cape are
predicted to experience the largest potential impacts, while the Northern and Western Cape, Free State and
Gauteng show the lowest potential impacts, as they are largely composed of large commercial farms and do not
suffer from too much land degradation.
The adaptive capacity index shows that there are large differences across South Africa’s nine provinces, with
coping capacity greatest in the Western Cape (index value 4.4) because of the combined effects of a welldeveloped infrastructure network, high levels of literacy and income, low levels of unemployment and of HIV
prevalence as well as relatively high wealth capital. Low coping capacities to impacts of climate change are
computed for KwaZulu-Natal, the Eastern Cape, Free State, Limpopo, and North West, i.e. those provinces which
suffer from high agricultural dependency, unemployment and HIV prevalence, and relatively low infrastructure
development. Gauteng falls somewhere in between.
The Overall Vulnerability Index for each province in South Africa shows the Western Cape and Gauteng, the two
most developed provinces associated with high levels of infrastructure development, high literacy rates and low
shares of agricultural GDP, to have the lowest vulnerability indices while the three most vulnerable provinces are
the Eastern Cape, KwaZulu-Natal and Limpopo, with many small scale farmers, high dependencies on rain fed
(dry land) agriculture, high levels of land degradation and densely populated rural areas where many people rely
on subsistence agriculture for their livelihoods.
Gbetibouo and Ringler’s (2009) framework for a quantitative expression of climate change vulnerability across
the provinces of South Africa has thus combined exposure with sensitivity to give the potential impact, which
was then compared with the adaptive capacity to yield an overall index of vulnerability. This framework was
limited to mapping vulnerability at the provincial level. There is, however, significant heterogeneity within
provinces and districts with regard to household-level resource access, poverty levels and the ability to cope with
climate change and variability. Further work at higher spatial resolutions, such as the district and villages levels
would therefore need to be conducted on a case by case basis.

3

This section was adopted and adapted for the purposes of this report from: Schulze, R.E. 2010. From the Biophysical to Vulnerability and Adaptation to
Climate Change in the Agriculture Sector of South Africa: A 2010 Perspective. In: Schulze, R.E. 2010. Atlas of Climate Change and the South African
Agricultural Sector: A 2010 Perspective. Department of Agriculture, Forestry and Fisheries, Pretoria, RSA, Chapter 10.2, 363 - 391.
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7. Hydrology




7.1. Catchments
Gauteng is located on the continental divide with some rivers flowing towards the Indian Ocean and others to
the Atlantic Ocean. It contains the headwaters of a number of important river systems in an urban
environment. Important rivers include the Klip River, Natal Spruit and Blesbok Spruit that forms part of the Vaal
River primary catchment, the Jukskei, Hennops, Apies and Pienaars Rivers that form part of the Crocodile River
West catchment, and headwaters of the Olifants River primary catchment in the eastern most part of Gauteng.

The urban nature of Gauteng (especially the central part) as well as road networks across the province seals
natural surfaces in manner that does not allow natural infiltration of rain water into the ground. This high
runoff scenario during rainfall events coupled to pollution emanating from the urban environment puts a high
level of stress on the river system of Gauteng.
The following are drivers for the poor state of rivers in Gauteng:



7.2. Rivers, wetlands and dams
The rivers and streams in Gauteng represent a relatively fine maize of small seasonal fast, flowing channels that
are deceptively dangerous during summer storms. The high flow velocity also causes erosion especially where
vegetation cover is removed or the banks of rivers and streams are modified. Seasonal flooding is a real danger
in several extensive areas in Gauteng.

EF.: (red): Seriously or critically modified – most of the rivers, especially headwater and tributaries along
the continental divide fall in this category;
Z: Condition modelled as not intact – in a few places where rivers have been transformed (canalisation
etc.).







Polluted urban runoff, especially sewage that enters the system through the stormwater system;
Effluent from mining activities and mine dumps as well as the release of poor quality water that are
pumped from mines;
Sand winning especially along natural river floodplains;
Effluent emanating from heavy industries such as steel mills, paper mills, power stations and large
factories;
Erosion caused by overgrazing;
Water running from cultivated fields often contains high levels of salts, nutrients and even pesticides,
that damages river health; and
Sewage treatment works that does not function optimally releases poor quality of water with elevated
levels of nutrients, salts and bacteria in to the river systems.

Canalisations of several rivers in urban as well as rural areas have further negative effects. In the Ekurhuleni
area excessive damming of small streams occur for agricultural purposes.
.

8. Geohydrology

7.3. River health
8.1. Fractured aquifers
The maintenance of rivers in a natural state is important because artificial habitat types, biological communities
and ecosystem processes bear no or little resemblance to natural aquatic systems. The in stream availability
and diversity of habitat is important for aquatic invertebrates. A variety of invertebrate organisms (insect
larvae, snails, crabs, worms) requires specific aquatic habitat types and water quality for at least part of their
lifecycle. Fish (number of species, sensitivity, size and condition) are good indicators of the longer term
influences on a river reach and the general habitat conditions. Healthy riverbanks maintain the form of the river
channel, provide habitat for species (aquatic and terrestrial) and filter sediment, minerals and light.
Water quality includes the chemical, physical and bacteriological properties of water determine its suitability for
use.
The categories of condition of rivers as indicated on Figure A11 are:





AB: (blue): Unmodified, natural – this category is virtually absent in Gauteng;
B: (dark green): Largely natural with few modifications – this category is virtually absent in Gauteng;
C: (light green): Moderately modified – a few rivers mainly in the Dinokeng area fall in this category;
D: (orange): Largely modified – most of the rivers in Gauteng fall in this category;

More than 90% of Gauteng is covered by consolidated hard rock. This rock mass was formed over a period of
some 3000 million years, experiencing episodes of intrusion in an early stage and later enduring several phases
of deformation. The deformation process and subsequent continental uplift, weathering and erosional aided in
the development of the present groundwater environment. Competent rocks comprising mainly of erinaceous
material underwent brittle failure, the numerous resulting fracture structures enhancing the development of
secondary porosity in these formations. This is called fractured aquifers. In general these aquifers produce less 2
ℓ/s in boreholes. The depth to the groundwater level generally occurs between 1 m0 and 30 m below surface.
The groundwater quality is generally suitable for all types of use. Geology systems associated with this type of
aquifer in Gauteng are:






West Rand Group (Witwatersrand Supergroup);
Central Rand Group (Witwatersrand Supergroup);
Black Reef Formation (Transvaal Supergroup);
Daspoort Formation (Transvaal Supergroup);
Magaliesberg Formation (Transvaal Supergroup);
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Rayton Formation (Transvaal Supergroup);
Wilge River Formation (Waterberg Group); and
Basement Complex.

exceeding 100 m below surface are not uncommon. The very deep water levels in the dolomite compartments
east of Carltonville are, however, the result of dewatering by gold mines exploiting the reefs of the underlying
Witwatersrand Supergroup.

8.2. Karst aquifers
These are represented in the study area by the Chuniespoort Group which is composed mainly of chemically
derived sediments such as carbonate. These sediments alternate between chert-rich (chert-bearing) and chertpoor dolomite. The dolomites of the Chuniespoort Group represent the most important aquifer in South Africa.
This is due to the generally high to very high storage capacity (storability) and often highly permeable
characteristics of this rock type.
As infiltrating rainwater containing weak carbonic acid (H2CO2) percolates through dolomite along planes of
weakness such as faults, fractures and joints associated with intense deformation, it dissolves the dolomite
according to the following chemical reaction:
3CaCO3.2MgCO3 + 5H2CO3 → 3Ca(HCO3)2 + 2Mg(HCO3)2
Dolomite + carbonic acid → calcium-bicarbonate + magnesium-bicarbonate
The soluble bicarbonates produced by the dissolution process are transported away in solution, in extreme
instances resulting in the development of open cavities and caves. Residual products such as silica, iron and
manganese oxides and hydroxides (wad) as left behind as permeable deposits filling the cavities. The weathering
described by this process is referred to as karstification, and is clearly demonstrated in the formation of the
Sterkfontein Caves near Krugersdorp. Perhaps the most significant result of karstification, however, is its
association with the development of sinkholes. There is strong evidence that the weathering/leaching of
dolomite and the resulting development of highly permeable zones of large storage capacity is controlled by
lithostratigraphy. The aquifer therefore typically comprises and extensive cover of residual solution debris
underlain by karstified dolomite forming a heterogeneous aquifer.
The continuity of the dolomite aquifer is interrupted by geological structures in the form of vertical and subvertical intrusive dykes. These low permeability or impermeable rocks serve as barriers to the movement of
groundwater through the dolomite, resulting in the formation of compartments. The distribution of these
features is indicated in Figure A12.
Ground stability is an important consideration in establishing large-scale water abstraction schemes in dolomite.
The rate and extent of water level drawdown is one of the critical factors in the development of ground
subsidence and sinkholes. The risk of development of these features is greatest in areas where the groundwater
level occurs closer to surface (less than 30 m) and where it fluctuates more than 6 m in response to pumping.
The groundwater yield potential is classed as excellent on the basis that 50 % of the boreholes on record
produce more than 5 l/s, with a maximum of 126 l/s. Unlike most other formations, the groundwater level in
dolomitic aquifers does not necessarily follow the topography. More often than not, it occurs as a nearly
horizontal surface indicative of a low hydraulic gradient and very permeable formation. This characteristic partly
explains the occurrence of extremely deep groundwater rest levels in areas of raised topography. Depths
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the dumps. Streams draining the tailings dumps are therefore typically acidic and have high sulphate and heavy
metal concentrations.

8.3. Intergranular and fractured aquifers
The intergranular and fractures aquifers occur on various types of rock including granite, lava, sandstone and
quartzite. Groundwater occurrence in these rocks is generally associated with zones of weathering, brecciating
and jointing, most often in valley bottoms below the regional groundwater rest level. Geology systems
associated with this type of aquifer in Gauteng are:











Klipriviersberg Group (Ventersdorp Supergroup)
Timeball Hill/Rooisloot Formation(s) (Transvaal Supergroup)
Silverton Formation (Transvaal Supergroup)
Hekpoort Formation (Transvaal Supergroup)
Rashoop Granophyre Suite (Bushveld Complex)
Rustenburg Layered Suite (Bushveld Complex)
Lebowa Granite Suite (Bushveld Complex)
Dwyka Group (Karoo Supergroup)
Vryheid Formation and intrusive dolerite (Karoo Supergroup)
Ecca Group (undifferentiated) (Karoo Supergroup)

9. Acid mine water

Water is continually seeping into the mine workings from surrounding groundwater and this has to be pumped
out to prevent flooding. Some of the water is used in the mining operations and the rest is discharged into
streams after basic treatment (if necessary). Once mining operations cease, pumping also ceases and the void
created by mining slowly fills with water. This water originates as rain and contains dissolved oxygen. In its slow
passage through the old workings it becomes acidic and enriched in heavy metals. Once the mine void fills
completely, decant of this polluted water commences. Decanting will occur from the lowest-lying opening to
the old workings, as is currently taking place from the Western Basin mine void in the Krugersdorp area.

9.2. Coal mining
South African coal occurs in layers within sedimentary rocks of the Karoo Supergroup. The coal is extracted
either by underground mining or by opencast methods. Unlike gold mining, the coal is removed from the site
and there is very little surface dumping. Both the coal and the host rock contain pyrite, but it is generally more
abundant in the coal layers. Underground mining results in the collapse of the overlying rock strata and when
mining terminates, the voids in the fractured rock fill with water and decanting occurs from the lowest opening.
The water is acidic as a result of its reaction with pyrite in unmined coal and in the host rocks.
Opencast mining involves blasting and removal of the rocks overlying the coal layer, which is removed
completely. The fragmented cover rock is then replaced (backfilled) and covered with soil and the terrain is
landscaped (‘rehabilitated’). Rainwater penetrating through the soil into the backfill becomes acidified by pyrite
in the backfill material and ultimately decants on the surface. Decanting generally commences a decade or more
after mining ceases. Opencast mining also destroys the natural groundwater regime and radically alters the
nature of groundwater–surface water interactions.

9.1. The generation of acid mine drainage
The mining process increases the exposure of pyrite-bearing rock to oxygenated water (derived from rainfall),
resulting in acid generation. This occurs in different ways in gold and coal mining.

9.3. Past experiences of the impact of acid mine drainage on water quality in South Africa

Witwatersrand gold occurs in layers of conglomerate rock which form part of the approximately 7000 m thick
sequence of sedimentary rocks of the Witwatersrand Supergroup. The layers average about a metre in
thickness. The conglomerates are not uniformly gold-bearing and only in certain localised areas are gold present
in economically recoverable concentrations. These areas form the goldfields. Within any individual goldfield,
only a few of the conglomerate layers have been mined.

Gold tailings dumps have been a feature of the landscape around the large gold mining towns since mining
began, and as described above, have been discharging polluted water for decades. The effect of this so-called
diffuse pollution has been particularly pronounced in the case of the Blesbokspruit in Springs and the Klip River
(which drains the southern portion of the Witwatersrand escarpment) because tailings dumps abound in their
upper catchments.

The process of mining involves extracting the gold-bearing conglomerate layer and transporting it to the surface
where it is crushed and the gold is extracted. Some conglomerate is left unmined to provide support for the
workers underground and also because gold concentrations may be insufficient to justify extraction. After
extraction of the gold, the crushed rock is deposited on waste heaps known as slimes or tailings dumps. The
conglomerates typically contain about 3% pyrite, which ends up on the dumps. Rainwater falling on the dumps
oxidises the pyrite, forming sulphuric acid which percolates through the dump, dissolving heavy metals
(including uranium) in transit, and emerges from the base of the dump to join the local groundwater as a
pollution plume. This polluted water ultimately emerges on surface in the streams draining the areas around

The gold mines on the Witwatersrand closed over a number of years, and as each mine closed and ceased
pumping, water began to accumulate in the void and was then discharged into neighbouring mines because of
the high degree of connectivity of the mine workings. The neighbours were thus forced to shoulder the
pumping responsibility. The government introduced a pumping subsidy to assist mines with the cost of pumping
this additional quantity of water. The water was generally of low quality, necessitating basic treatment. This
treatment consisted of adding lime to raise the pH and blowing oxygen or air into the water to oxidise the iron,
which precipitated, taking with it most of the other heavy metals. The iron was then allowed to settle and was
separated and disposed of on tailings dumps and the water was discharged into local rivers. The discharged
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water was clear with a neutral pH but had a very high sulphate concentration (about 1500 mg/L).8 These socalled point sources further added to the pollution load already carried by the rivers in the mining districts.
The effect of the diffuse and point source pollution arising from gold mines of the Central and Western basins is
well illustrated by the salinity of the Vaal River, which more than doubles between the Vaal Dam and the
Barrage as a result of the inflow of water from the Klip River and the Blesbokspruit (via the Suikerbos River). The
low quality of water at the Barrage necessitates the periodic release of water from the Vaal Dam to reduce the
salinity for the downstream Vaal River users. During wet periods, such as the current situation, this poses no
problem, but it could become critical in a drought situation when water in the upper Vaal system, which should
be conserved for Gauteng users, has to be released purely for dilution purposes.

pumped from old mines), it is unlikely that they will be capable of treating polluted water arising from diffuse
sources such as waste dumps. In the case of gold mines, the water in the void is generally accessible and can be
treated as a point source. The situation in coal mines is more complex and it may never be possible to prevent
uncontrolled decanting of AMD from rehabilitated opencast mines. Water quality in such areas can therefore be
expected to continue to deteriorate.

On the West Rand AMD has negatively affected the Wonderfonteinspruit, Tweelopie Spruit, the Tudor Dam and
Robinson Lake. Underground water has also been affected in the area.
On the East Rand the Blesbokspruit has long been affected by acid emanating from mines in the area.

When the last mine in a goldfield closed, pumping ceased altogether and the void began to fill. The Western
Basin finally filled and began to decant in 2002. Pumping ceased in the Central Basin in 2008 and the water level
in the void is rising at about 12 m per month currently. Pumping in the Eastern Basin became sporadic towards
the end of 2010 and finally ceased early in 2011. The quality of the water that decants from the mine void is
extremely poor, as can be seen from the water discharging from the Western Basin. The sulphate concentration
is typically around 3500 mg/L and the pH is from 2 to 3. The water has high concentrations of iron and other
heavy metals. The iron oxidises on exposure to air and precipitates along the flow path, leaving a bright orange
trail on riverbeds and banks. If there is no intervention, the Central Basin is expected to decant in Boksburg (in
about 3 years’ time) and the Eastern Basin in Nigel where the lowest-lying shafts are situated. However, these
decant points are based on the assumptions that there is free-flow of water through the mine voids and that
mine shafts are the only significant openings to the mine void. This assumption may not be valid. In the case of
the Western Basin, water initially decanted from a farm borehole and later from a very old mine shaft not
known to have been connected to the main void. If the rate of flow through the void is insufficient to
accommodate the inflow, multiple decant points could result.
Although coal mining has been in progress in the upper Vaal River catchment for some time, most of these
mines are deep and are still being actively managed. However, a disturbing development has been the
proliferation of applications for new mining permits in the catchment. Should these mines go ahead, it is almost
certain that the quality of water in the Vaal River will suffer the same fate as that in the Olifants River, and the
water in the Grootdraai Dam will, in time, resemble that in the Witbank Dam in terms of quality. Water from
the Lesotho Highlands will then be the only source of good quality water in the Vaal River system.
The government recently announced that it has set aside funds to deal with the looming problem of decanting
of water from the Witwatersrand gold mines. This will involve the reestablishment of pumping and basic
treatment operations (such as the addition of lime and removal of iron) in the three goldfields currently
affected by the problem. The measures will stop the uncontrolled decanting in the Western Basin and prevent
similar decanting from occurring in the Central and Eastern basins. Whilst this intervention will greatly improve
the situation in the Western Basin, it will have no impact on water quality in the Vaal River system, but will
merely return the situation to what it was when the mines were still pumping, treating and releasing water from
the mine void.
There are many different technologies that have been developed to desalinate polluted water from the local
mining areas. Only one of these has been implemented at a commercial scale, namely the reverse osmosis plant
at Witbank. This plant has demonstrated that reverse osmosis technology can address the problem, but at a
high cost. The financial implications of other technologies have yet to be demonstrated. It is probable that,
whereas most of the proposed technologies are suitable for treating point sources of polluted water (e.g.
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10. Biodiversity
10.1.

Biomes and bioregions

The biomes of Gauteng are made up of vegetation units defined on floristic criteria. South Africa boasts nine
major biomes according to Mucina & Rutherford (2006). Two of these biomes fall within the borders of the
Gauteng Province, namely Savanna Biome and Grassland Biome. The Savanna is a summer-rainfall area and is
the southern extension of the largest Biome in Africa. The Grassland Biome of the cooler, elevated interior is
poorly represented elsewhere in Africa and is home to a wealth of species and limited to southern Africa.
A bioregion is a composite spatial terrestrial unit defined on the basis of similar biotic and physical features and
processes at the regional scale. The following bioregions occur in Gauteng:


Dry Highveld Grassland
The topography is flat to undulating, occasionally broken by small mountains. The major environmental
factor controlling vegetation patterns and the recognition of different vegetation types is annual rainfall,
which forms an east to west pattern of decreasing moisture across the Highveld. Dry Highveld Grassland
prevails in the western regions of the Grassland Biome. These grasslands fall into the ‘sweet’ grassland
type with the predominance of chloridoid grasses. The Carletonville Dolomite Grassland vegetation type
is the only type of Dry Highveld Grassland that falls within the study area.



Mesic Highveld Grassland
The Mesic Highveld Grassland is found mainly in the eastern, precipitation-rich regions of the Highveld,
extending as far as the Northern Escarpment. These are considered to be ‘sour’ grasslands, and are
dominated primarily by andropogoniod grasses. The different grassland unites are distinguished on the
basis of geology and other substrate properties, as well as elevation, topography and rainfall. The
Soweto Highveld Grassland, Tsakane Clay Grassland, Egoli Granite Grassland, Rand Highveld Grassland
and Eastern Highveld Grassland units fall under this bioregion.



Savanna Bioregions
There is no widely accepted and overarching classification system for southern African savannas. The
savanna vegetation units which fall within the study area are listed as falling under the ‘Central Bushveld’
bioregion.
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10.2.

Vegetation types4

There is one threatened reptile species that could occur in Gauteng, the African Rock Python, listed
as Vulnerable. It is found mostly in moist, rocky well-wooded valleys. It is frequently found in and
around water and prefers open savanna type habitat. There are also two Near Threatened snake
species with a distribution that includes Gauteng.

Table A6: Vegetation types in Gauteng
Vegetation type code
SVcb 6
SVcb 7
SVcb 8
SVcb 9
SVcb 10
SVcb 11
SVcb 12
SVcb 13
SVcb 15
Gm 8
Gm 9
Gm 10
Gm 11
Gm 12
Gh 15
AZf 3

10.3.

Name
Marikana Thornveld
Norite Koppies Bushveld
Moot Plains Bushveld
Gold Reef Mountain Bushveld
Gauteng Shale Mountain Bushveld
Andesite Mountain Bushveld
Central Sandy Bushveld
Loskop Mountain Bushveld
Springbokvlakte Thornveld
Soweto Highveld Grassland
Tsakane Clay Grassland
Egoli Granite Grassland
Rand Highveld Grassland
Eastern Highveld Grassland
Carletonville Dolomite Grassland
Eastern Temperate Freshwater Wetlands

Of the frog species that could potentially occur in Gauteng, only the Giant Bullfrog has been listed in
a threat category. It was previously listed as Near Threatened, but is currently considered to be not
threatened (IUCN Red List of Threatened Species. Version 2010.3. (www.iucnredlist.org)). It is,
however, protected under the National Environmental Management: Biodiversity Act (Act No. 10 of
2004). The Giant Bullfrog is widely distributed in South Africa, mainly at higher elevations. It inhabits
a variety of vegetation types where it breeds in seasonal, shallow, grassy pans in flat, open areas and
also utilises non-permanent vleis and shallow water on margins of waterholes and dams.

10.4.

There are 50 plant species of conservation concern found in Gauteng (see Appendix A for a full list).
One of these is listed as Extinct and 22 as threatened (Red List). Of those species on the Red List
(listed as threatened), there are 15 species classified as Vulnerable, 6 as Endangered and 1 as
Critically Endangered.
In lower conservation categories, 22 are listed as Near Threatened, 9 as Declining, 2 as Rare, 2 as
Rare-Sparse and 1 as Data Deficient.

Red listed species

Threatened plant species are not equally distributed in the Province. There is a strong concentration
of them in the Magaliesberg, especially the western part of the range within Gauteng, as well as
within vegetation in surrounding lowlands. In general, there is a strong association between the
distribution of threatened plants species and the presence of any ridge or mountain range, even if
the species only occur in surrounding lowland areas.

There are various threatened and near threatened vertebrate animal species that have a geographical
distribution that includes Gauteng Province (see Selected Reference Documents in Section C).


Mammals
There are seventeen mammal species of conservation concern that have a probability of occurring in
Gauteng. Eight of these are listed as Near Threatened, one as Critically Endangered, four as
Endangered and four as Vulnerable. The Critically Endangered Juliana’s Golden Mole is found in
bushveld with sandy soils. It is known to occur on parts of the Magaliesberg and Bronberg and has
been recorded in eastern Pretoria.



4

10.5.

Unusual natural features in Gauteng


Reptiles and amphibians

From: Mucina, L. & Rutherford, M.C. (eds) 2006. The Vegetation of South Africa, Lesotho and Swaziland. Strelitzia 19.
South Afrrican National Biodiversity Institute. Pretoria. Descriptions of the vegetation tyes will be included in the GEMF GIS
Viewer.

Forest patches
There are very few true forest patches in the Gauteng area; most are mesic woodlands of lower
stature and mixed structure. These woodland patches are found on steep, south-facing slopes
associated with ridges in the Province, primarily the Magaliesberg, but also other ridges and hills.
These have not been formally mapped.

Birds
There are three bird species of conservation concern that have a probability of occurring in Gauteng.
One of these is listed as Critically Endangered, the Eurasian Bittern. This species is usually found in
tall, dense emergent vegetation in the interior of seasonal and permanent large wetlands. There are
also 13 species listed as Vulnerable and 18 species listed as Near Threatened.



Plant species of conservation concern



Kloofs
There are a few places in the Magaliesberg where rivers or streams have cut a kloof through the
mountains. These are unique and localised habitats in the Province that usually contain a high
diversity of habitats within a small area. Natural passes through the Magaliesberg that form
kloofs include at Baviaanspoort (Pienaars River), Bronkhorstspruit Dam, Panpoort, Steve Biko
Street, R101, R80, R511, Hartebeestpoort Dam and Olifantsnek, of which only Olifantsnek and
Baviaanspoort are moderately intact.
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Rivers and streams
Perennial and non-perennial rivers and streams represent a number of ecological processes
including groundwater dynamics, hydrological processes, nutrient cycling and wildlife dispersal.
They are also an important and variable habitat for a variety of organisms. They provide a
connecting network through the landscape that provides a unique feature for linking dispersed
patches of natural habitat, especially in landscapes that have undergone high levels of
transformation. Wetlands, rivers and streams are also protected under the National Water Act.



Wetlands
Wetlands have critical biodiversity and functional value. They control floods by absorbing
rainfall and slowing runoff, they provide food, materials and medicine, they filter water and they
provide unique and vital habitat for many different species, including refuges for migrating birds.
Important wetlands in Gauteng include Blesbokspruit (a Ramsar site), Bullfrog Pan, Kaalspruit,
Klip River, Soshanguve, Rietvlei and Wonderfonteinspruit that originates between the towns of
Randfontein and Krugersdorp.

o

Ridges
Ridges are characterized by high spatial heterogeneity due to the range of differing aspects,
slopes and altitudes all resulting in differing soil, temperature, elevation, light and hydrological
conditions. This variation is an especially important predictor of biodiversity. Ridges are
characterized by a particularly high biodiversity and it follows that their protection will
contribute significantly to the conservation of biodiversity in Gauteng. The ridges of Gauteng are
vital habitat for many threatened plant species. Sixty-five percent of Gauteng's threatened plant
species and 71% of Gauteng’s endemic plant species have been recorded growing on ridges. Just
over 40% of these species are confined solely to this habitat type.

Note: The Gauteng Conservation Plan (C-Plan 3.3) is discussed in the Desired State Section of the report.
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The main contributing sources of SO2 in the province include the industrial, commercial and
institutional sources (31%), electricity generation (30%), vehicle emissions (21%) and domestic
fuel burning (18%).
 Vehicle tailpipe emissions are the predominant source of NOx contributing 48% to the total
provincial emissions. Industrial, commercial and institutional sources are the second largest
source group resulting in 41% of the total NOx emissions.
 Similarly to NOX, carbon monoxide is mainly a result of vehicle tailpipe emissions (57%). The
second and third largest contributors are domestic fuel burning (16%) and industrial, commercial
and institutional sources (15%).
 Benzene is mainly released by vehicle combustion, resulting in 86% of the total emissions. The
total emissions from benzene could be higher than reflected in this report due to the increase in
traffic on the roads and the phasing out of leaded fuel resulting in the wider use of unleaded
fuel, which has higher benzene content.

11. Air pollution
General air quality in Gauteng5

11.1.

There are currently a total of 679 Scheduled Processes in Gauteng, of which EMM houses almost half
(40%). The two district municipalities (Sedibeng and West Rand) are the least industrialised. Iron and
steel processes are the most common industrial operation within Gauteng, followed by ceramic
processes and waste incineration. Power generation is number four, with cement and lead processing
both fifth on the list. Industrial activities and coal fired power stations contribute to, amongst others,
sulphur dioxide, particulates and oxides of nitrogen, and are significant sources of emissions specifically
in highly industrialised areas such as EMM and the Vaal Triangle. Coal fired boilers were identified as the
major health risk source in Gauteng contributing significantly to respiratory hospital admissions.
Domestic fuel burning has been identified as one of the most significant sources of atmospheric
emissions impacting on human health and well-being. This is due to the level of release of these
emissions within the breathing zone of people. Domestic fuel burning presented the most significant
source of respiratory hospital admissions and premature hospitalities in Gauteng. The main pollutants of
concern associated with domestic fuel burning are fine particulates (PM10) and sulphur dioxide. A study
done in Soweto indicated that domestic coal combustion contributed ~70% of the ambient total
particulate matter (PM10) loading, and in the Vaal Triangle it was found to contribute on average 37% to
the atmospheric particulate load, rising to 65% in winter.

11.2.

The current state of air pollution management in Gauteng6

Gauteng is the only province that falls within two priority areas (Vaal Triangle Airshed Priority Area and Highveld
Priority Area).
In 2004, GDARD procured and donated 7 ambient monitoring stations to various municipalities within the
province to be operated, maintained and managed by the municipalities. The seven stations now form an
integral part of the municipal networks.

Vehicle exhaust emissions were estimated to be a significant urban air pollution source, specifically close
to busy roads, contributing to greenhouse gasses (CO2, CO, CH4 and NOX), particulate matter (carbon and
lead), ozone precursors (NOx and VOCs) and sulphur dioxide. Vehicle emissions also tend to peak in the
early morning and evenings, at which time atmospheric dispersion potentials are reduced. Vehicle
emissions were identified as a main contributor to respiratory hospitalisations and excess leukaemia
cases in Gauteng.
Windblown dust from mine tailings dams has remained a source of concern in Gauteng, specifically for
areas located downwind of these sources. Aside from health risks and nuisance associated with dust,
gold tailings also contain compounds such as cyanide and heavy metals, increasing the health risk
potential.
Although based on limited information, waste facilities were identified as potential “toxic hotspots” due
to the nature of these sources and odour potential.
In summary, the following can be concluded:




The main contributing sources to particulates are industrial, commercial and institutional
sources comprising 57% of the total emissions, with domestic fuel burning second highest at
20%.
It should be noted that none of the mining / quarry operations or the brickworks in the province
have been quantified to date and these are sources likely to contribute significantly to
particulate emissions.
6

5

Summarised out of GDARD documentation.

AIR QUALITY MONITORING AND REPORTING IN THE GAUTENG PROVINCE Presented by Lydia Muditambi @ the 8th Annual Air Quality Governance
Lekgotla, Cape Town. 30 September 2013
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The municipal networks include:









City of Johannesburg (CoJ) has 8 monitoring stations which are operating but with some technical
challenges. The data has not been reported to SAAQIS since December 2011 due to low data
recovery.
Ekurhuleni Metropolitan Municipality (EMM) has 10 ambient air quality monitoring stations and
eight of those stations are currently now running well. The data has not been reported to SAAQIS
since September 2012 due to low data recovery.
City of Tshwane Metropolitan Municipality (CoT) has 7 permanent stations and 4 mobile stations. All
permanent stations are fully functional with more than 80% data recovery for most of the stations.
The data is reported to SAAQIS.
The West Rand District Municipality (WRDM) runs 2 ambient air quality monitoring stations. The
data from these stations has never been reported to SAAQIS.
Sedibeng District Municipality (SDM) has 2 ambient air quality monitoring stations which have not
been operating for the past four years. The data from these stations has never been reported to
SAAQIS.

In total, there are 29 ambient air quality monitoring operated by municipalities in Gauteng within the
province. This number excludes the stations that fall within the priority areas, which are owned by the
National Department and also the industry owned monitoring stations.
Due to low data recovery at almost all the stations, the data cannot be presented.

11.3.

COJ has two full time technicians who are currently busy with repairs and maintenance of the stations. The
stations will be fully operational in November 2013. CoT is in the process of procuring additional two mobile
stations and seven PM2.5 analysers for existing stations.
The stations at WRDM are currently managed by a service provider and monthly reports are generated. There
are plans to report data to SAAQIS during the 2013/14 financial year.
SDM advertised a bid for purposes of repairs and maintenance of the stations on 02 September 2013. The
maintenance contract will also cover the installation of a data collection and communication system to enable
reporting to SAAQIS.

11.5.

Key challenges

Key challenges include:




Budget and technical capacity issues are the biggest challenge in monitoring and reporting in the
province.
The importance of air quality monitoring is considered to be lower than service delivery issues that local
government focuses on.
The need for the stationery monitoring stations with the full set of pollutants monitoring versus the use
pollutant specific mobile stations and passive sampling to provide information in areas with high
pollution levels.

Major issues that cause failure of the system

There is not adequate budget for the maintenance and management of the monitoring stations in most of the
municipalities. There are a lot of uncertainties when it comes to the continual running of the stations, especially
in-between contracts (for the service providers).
There is a lot of dependency on service providers for the running of stations which leaves a gap between the
period when the contract of one provider has expired and when the next provider is appointed.
Vandalism and theft is a major concern. There is a lack of adequate security measures.

11.4.

Current initiatives

EMM has appointed a service provider to manage the stations for the next two years and also to ensure that the
other two stations are repaired and running well. EMM now has 3 year budget cycle to ensure uninterrupted
running of the stations. All stations at EMM will be upgraded to report online and in addition, capacity has been
increased to boost air quality management.
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12. Waste management
12.1.

Abbreviated description

The location information of the different types of waste facilities is available on the SAWIC system of DEA.
Unfortunately there is no updated GIS information about the sites. Critical information in respect to remaining
airspace is also not available. The project team will engage with the GIS Section of DEA to upgrade the available
GIS information and with the municipalities to establish specific needs for waste site expansion needs in the
various categories (it was not possible to extract this in a coherent manner out the Spatial Development
Frameworks).

Table A7: Waste management facilities in Gauteng (SAWIC 2013)

Consolidated Residue Management Facility

H:H

Cornelia

G:C:B-

Crown mines clinical waste incinerator

H:H

Cullinan Village

G:C:B-

De Beers Cullinan Premier Mine

G:C:B-

Deelkraal Gold Mine

G:S:B-

Department of public Works

H:H

Desco

H:H

Divfood Waste Storage Facility

H:H

Dobsonville

G:M:B-

East Driefontein Magazine

G:S:B-

Edenvale Sebenza

G:L:B-

Eersterust

G:L:B-

Ekangala WWTW

H:H

Emalahleni

G:M:B

Ennerdale Landfill Site

G:M:B-

Enstra Mill

H:H

Enviroserv HCRW Incinerator

H:H

Enviroserv Waste Management(Rosslyn Depot)

H:H

Enviroserve Waste Management(Welgedacht Depot)

H:H

Evaton

G:M:B

Exol oil refinery

H:H

Extrupert

G:S:B-

FFS Refiners (Pty) Ltd Chloorkop

H:H

Ford Motor Company South Africa

H:H

Fry's Metals

H:h

Ga-rankuwa

G:M:B

Garden Organics

Composting Facility

Waste Disposal Site

Classification

Amalgated Bevearge Industry(ABI)

H:H

Aid Safe HCRW Treatment & Storage

H:H

Anglogold: West Industrial Site

G:C:B+

Arcelomittal General Waste Disposal Facility

H:H

ArcelorMittal General Waste Disposal Site

G:S:B-

Arcelormittal Salt Cell and Sludge Disposal

H:H

Arcon Park Transfer Station

G:C:B-

Attridgeville

G:S:B-

Belekazi

G:M:B

Bevcan Waste Management(Rosslyn)

H:H

Blackwood Street Refuse Transfer Station

G:C:B-

BMW Waste Management Facilities
Bon Accord Mini Waste

H:H
G:L:B-

Garstkloof

G:S:B-

Germiston South Taxi Scraping Administrator Site

H:H

Brakpan Mines

G:M:B-

Godrich Flour Mills WWTW

H:H

Brikor Papar Pulp Reuse Facility

H:H

Goudkoppies Landfill Site

CDM

Bronkhorstspruit Regional Site

G:

Goven Mbeki MRF

G:S:B-

Bullfrog Pan

G:S:B-

Green Mambad

H:H

Carletonville

G:M:B-

Hammanskraal

G:M:B

Chamdor Meat Packers

H:H

Hannes Van Niekerk WWTW

H:H

Charlie I - Sasol Industries

G:

Hartebeeskop

G:M:B-

Chloorkop

H:H

Harvey Roofing

H:H

City Deep Medical Waste Treatment Plant

H:H

Hatherley

G:L:B-

Cladius

G:C:B-

Heys Lemmerz SA (Pty) Ltd

H:H

Clinical medical waste incinerator: Crown City, Johannesburg

H:H

Holfontein

H:H

Indiana Steel (Pty) Ltd

H:H

Clinx HCRW Treatment & Storage

H:H

International Colour Corporation (Pty) Ltd

H:H & General

Conradie Beefcor Cattle Depot (waste re-use & composting)

H:H

Interwaste Germiston Depot

H:H

Consolidated Residue Management Facility

G:L:B+

Johnson Matthey Waste Storage Licence

H:H

Klerksdorp

G:S:B-
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Klip Waste Disposal site (Closure & Rehabilitation

H:H

Randfontein

G:C:B-

Koppies

G:C:B-

Rapid Spill Resposense cc Waste Storage Facility

H:H

Kruger Avenue Refuse Transfer Station

G:C:B-

Ratanda

G:S:B-

Kruger Avenue Refuse Transfer Station

G:C:B-

Rayton

G:

Kwa Thema Waste Disposal Site

G:C:B-

Remade Waste Management Facility

H:H

Kwaggasrand

G:

Rietfontein Material Recovery Facility & Hazardous Waste Depot

H:H

Lafarge Industrial Ecology Facility

H:H

Road Material Stabilisers

H:H

Langkuil/EMSA

G:S:B-

Robinson Deep Landfill Site

CDM

Lebohang

G:M:B-

Rooikraal

G:L:B-

Rosslyn

G:M:B+

Samancor Manganese Bag Filter Dust Storage & Re-use

H:H

Santon Medi Clinic Hydroclave Infectious Waste Treatement

H:H

Sappi Black Liquor Hazardous Waste Lagoon

H:H

Leslie Mine

G:S:B-

LH Marthinusen Storage & Recycling Facility

H:h

Linbropark

G:L:B-

Lonmin Effluent D Tank Farm

H:H

Lottering

G:M:B-

Luipaardsvlei
Mabopane Garden Refuse Transfer Station

Sappi Enstra Lime Dams
Sappi Enstra Mill

H:H

G:M:B-

Saulsville

G:M:B-

G:C:B-

Scaw Metal Waste Treatment and Disposal Facility

G:L:B+

Mamelodi

G:S:B-

Sebokeng Borrow Pitts

G:S:B-

Margolis

H:H

Sebokeng Zone 16

G:M:B+

Marie Louise Shaft

G:L:B-

Sedibeng WWTW

H:H

Mhluzi

G:M:B

Simmer & Jack

G:L:B-

Morgenzon Landfill

G:C:B-

Soshanguve/Rietgat

G:M:B-

Nampak Wiegand Glass Recycling

G:S:B-

Stinkwater

G:M:B

NECSA

H:H

Storage and Treatment of used oi

H:H

Nedbank WWTW

H:H

Temba

G:S:B-

New North Plant Sludge Dam

H:H

Tembisa

G:M:B-

New West Plant Sludge Dam

H:H

Thermopower Process Technology

H:H

Nigel

G:M:B-

Tiger Chemical Treatment & Rechem Industries

H:H

NN Metals Rosslyn (Pty) Ltd Storage Facility

H:H

Tweeling

G:S:B-

Nuffield

G:L:B+

Verref Rietfontein Springs

G:L:B+

Old oil man c.c

H:H

Vuka Community

G:M:B

Onderstepoort

G:L:B-

Wadeville

G:C:B-

Orange farm

G:M:B

Weir Envirotech

H:H

Palm Springs

G:M:B-

Welgedacht WWTW

H:H

Panfontein sludge disposal site

H:h

Western Deep Level Mponeng Mine

G:S:B-

Phokeng

G:S:B-

Westmead

G:M:B

Pikitup General & Hazardous

H:H

Zeekoegat WWTW

H:H

Platkop

G:L:B-

Zincor Residue Disposal Site

H::H

PPC Hercules

H:H

Zuurbekom WWTW

H:H

PPC Jupiter

H:H

Zuurfontein

G:M:B-

Pretia Portland Cement Waste Storage Facility

H:H

Pretoria Portland Cement Ltd Jupiter Storage F

H:H & General

Quadrotone Luipaardsvlei

H:H

Rand Water Zuikerbosch

G:S:B+

Randburg

G:M:B-
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13. Economy7
13.1.

13.4.

The structure of the provincial economy has been transformed into a sophisticated one with the tertiary
sector and manufacturing taking the centre stage in production and services rendered. The three
metropolitan municipalities City of Johannesburg [COJ], City of Tshwane [CoT] and Ekurhuleni), account
for the highest contribution to the total GDP of R644 billion, with an estimated R300 billion, R176 billion
and R121 billion respectively for each metropolitan municipality for 2010.

Gauteng economy in a South African context

Gauteng covers just 1.4% of South Africa’s land mass but it produces about one third of South Africa’s GDP and
about 10% of Africa’s GDP.
Graph A10: GDP per province

13.2.

Growth, development and economic character

At the same time, there is a growing worldwide focus on sustainable development and the prevention of
environmental deterioration and emphasis on the complex linkages between the natural environment,
economic stability and social well-being.

Gross domestic product and production by sector

With a gross domestic product (GDP) valued at R811-billion (US$112-billion), Gauteng generates 33.9% of South
Africa's GDP and 10% of the total GDP of the entire African continent.

14. Population9
14.1.

Population growth

Graph A11: GDP contributions per sector
The Gauteng province has experienced a slower population growth for the period 2001 – 2011 compared with
that of 1996 to 2001. The provincial population is estimated to have grown by 3.6% and 2.7% respectively.
Similar growth patterns are also experienced in all of the municipalities (Sedibeng – 2.1% and 1.4%), (West-rand
– 2.4% and 1.0%), (Ekurhuleni - 4.1% and 2.5%), (City of Johannesburg – 4.0% and 3.2%) and (City of Tshwane –
3.6% and 3.1%).
Graph A12: Population growth percentage

Gauteng’s economic and population growth poses significant challenges in respect to its ability to protect
environmental quality and ensure a healthy and safe environment for its citizens.
There are more males than females across all districts with the exception of Sedibeng and the City of Tshwane.
West Rand shows a consistently higher than average proportion of males, though it has declined over time.

13.3.

Economic contribution of sectors in Gauteng per spatial unit8

The contributions of the various sectors to the economy of Gauteng are depicted in the maps below.

Black African, the Coloured and Indian/Asian population groups constitute the majority and the lowest
respectively. Strikingly, unlike the other population groups, the proportion of the white population has
decreased substantially.
There is a steady decline in the proportion of the population aged 0–14 in all the districts except in West Rand,
an increase in the proportion of persons aged 15–64 and 65+ in the province over time. In the province, the
proportion of the population aged 0–14 and 15-64 constitute approximately a quarter and more than two-thirds
of the population respectively.
Graph A13: Distribution of population by age and sex for Gauteng – 1996, 2001 and 2011

7

8

The information contained in this section was derived from the 2011 Census information of StatsSA.
CSIR, 2010. SA Geospatial Analysis Platform. GIS data downloaded on 23 July 2013.

9

The information contained in this section was derived from the 2011 Census information of StatsSA.
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14.2.

Population group dynamics

As percentages of the total population, the Black African population showed a steady growth since 1996, while
the White population showed a contraction of approximately 20%. The coloured population remained relatively
stable over the time while there were significant increases in Indian or Asian population although their overall
numbers remains relatively small.
This phenomenon illustrated the in migration of people from the rest of South Africa and even Africa to
Gauteng. It contributes to the fact that Gauteng is now the province with the biggest population in South
Africa.
Graph A14: Percentage distribution of the population by population group and district municipality –
1996, 2001 and 2011

14.3.

Population density

The population varies significantly from place to place in Gauteng. Very high densities are experienced in
Alexandra, Soweto, Mamelodi and several other townships that were established during the apartheid year.
This reflects the crowding of people into limited spaces.
The traditional white suburbs have relatively low population densities which is a reflection of larger properties.
Many of the newer multi-story buildings in emerging suburbs display a medium population density.
While densification is proposed it remains a contentious issue with people agreeing, provided that it does not
affect the area where they stay. Normalising the population density structure of Gauteng is one of the main
challenges for the foreseeable future.
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14.4.

Unemployment

Trends in the unemployment rate suggest that there has been a decline across all districts from 2001 until 2011,
although there was an increase between 1996 and 2001.

Graph A15: Unemployment per district
The current unemployment rates for the province as a whole and each district (2011) are:







14.5.

Gauteng – 26.3%
Sedibeng district – 32.0%
West rand district – 26.7%
Ekurhuleni metropolitan district – 28.8%
City of Johannesburg (CoJ) metropolitan district – 24.7%
City of Tshwane (CoT) metropolitan district – 26.3%

Education
Since 1996 there has been a steady improvement in education levels across Gauteng. The City of
Tshwane fared best in terms of higher education while the West Rand lags behind. It is also
encouraging to note that persons with no schooling dropped to 3.6%.

Graph A16: Education level in municipalities

14.6.

More detailed Census statistics

More detailed statistics, including statistics for the local municipalities in Gauteng is available in the
Census 2011 Municipal Report, Gauteng (Report No 03-01-55) which can be downloaded from the
Statistics South Africa website.
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The Business Enterprises Unit of the University of Pretoria has been appointed as service provider by
the Department of Rural Development and Land Reform to identify Land-Based Opportunities for
Rural Development and Land Reform in the Gauteng Province.

15. Agriculture and rural development
15.1.

Cultivated areas

The following potential development typologies were defined (UP, 2013):
The 2012 cultivated strata statistics for the province is listed in Table A8.



Table A8: Cultivation strata summary statistics, 2012.
Strata

Area (ha)

% of Area

Enclosed

479,42

0,12

High Cultivation

31 301,20

8,10

Medium Cultivation

199 714,34

51,67

Low Cultivation

104 954,00

27,15

Pivot Irrigation

20 452,03

5,29

Small Scale Farming

3 605,41

0,93

Smallholdings

5 774,91

1,49

Old Fields

5 626,32

1,46

Smallholdings < 5ha

14 646,52

3,79

Totals:

386 554,15

100,00

Rural economic activities and related settlements:
o
o
o



Higher intensity rural economy;
Lower intensity rural economy; and
Tourism-based rural economy.

Small-scale agriculture-based rural settlement:
o
o



High-intensity, small-scale agri-based rural settlement; and
Low-intensity, small-scale agri-based rural settlement.

Large-scale agriculture with limited settlement.

Various criteria were used to create a ‘suitable land map’ (suitable for Rural Development
opportunities) that included:

Source: GAPA IV.

15.2.

o
o
o

Area-based planning

Natural Environment;
Physical Environment- Land uses; and
Social Environment.

Nine preliminary Regional Zones were mapped based on these typologies and categories (UP,
2013).

The concept of the Gauteng Area Based Plan was changed to “Land-Based Opportunities for Rural
Development and Land Reform in the Gauteng Province” (Mr. Deon Theron, pers. comment, DRDLR).
The focus is on rural planning, including infrastructure and agriculture. The objectives of Area-Based
Planning as defined by the Minister are as follows:








To speed up the pace of land reform in South Africa in order to achieve national land reform
targets;
To contribute to enhanced economic development thereby contributing to the targets as set
out in ASGISA;
To integrate land reform into provincial and municipal development frameworks;
To improve the sustainability of the land reform projects;
To promote sector alignment: agriculture, LED, Integrated Sustainable Human Settlements,
tenure security / upgrade linked to the provision of basic services.
To promote the objectives of intergovernmental relations with municipalities and sector
departments; and
To empower communities to participate actively in project formulation and implementation of
land reform projects.

15.3.

Agricultural development


Agricultural hubs

Seven agricultural hubs were identified and mapped by GDARD, using the outcome and results
of the third version of the Gauteng Agricultural Potential Atlas (GAPA III). The following three
indicators were used to decide on the hub-boundaries:
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o
o
o

Land capability = high potential agricultural land;
High intensity of existing agriculture; and
Location and adjacency constraints.

15.4.

Important Agricultural Sites (IAS’s) are areas outside the boundaries of the seven hub areas
classified as high potential agricultural land and /or currently utilised for cultivated agriculture.

The objectives of implementing the Gauteng agricultural hubs were:
o
o
o
o

Important agricultural sites

Prioritise agriculture as the preferred land-use within a confined and pre-defined
fixed-boundary area;
Focused farm-support and allocation of government resources;
Creating hubs of preferred agricultural commodities based on crop suitability and
market requirements; and
Fulfilling and meeting the requirements of the Gauteng Growth and Development
Strategy.

Figure A27 shows the location of the important agricultural sites in relation to the Gauteng
Province local municipality boundaries.

Figure A26 shows the location of the seven agricultural hubs in relation to the Gauteng Province
local municipality boundaries.

15.5.

The agricultural ecological zonation (AEZ) framework
An Agro-Ecological Zoning (AEZ) study was completed for Gauteng Province as part of a study
commissioned by the National Department of Agriculture during 2008 – 2010. The Gauteng AEZ
study is part of a national study with the aim of protecting high potential and unique agricultural
land against non-agricultural land-uses. The result of the study is a GIS spatial and attribute
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database, implemented at a District Municipality level. The objectives of the South African
Agricultural Zoning study are therefore strongly focused on:


Data format: Provide a fixed-boundary land capability dataset in a Geographic
Information System (GIS) vector format. Land capability and agricultural suitability
datasets are included.



Evaluation: Calculate and attach a climate-, soil- topography and vegetation capability
rating to each land unit (polygon in the vector dataset). Use these ratings to determine a
crop- and commodity independent land capability rating (crop suitability);



Descriptive approach: Calculate and link crop and commodity evaluations, land unit-,
biodiversity, social- and regulatory information, etc., to each mapping unit (polygon).
Land Utilization Type (LUT) definitions are furthermore values that are linked to one or
more fixed-boundary AE Zones and/or polygons.



Objective: The main objective is to identify and protect high value agricultural land by
mapping and defining agricultural protected areas.

The South African approach to AEZ mapping includes land capability, land use, land cover and
biodiversity as indicators.
Diagramme A1: The system components part of the South African AEZ framework
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16. The current use of land
Table A9: List of municipalities in Gauteng

16.1.

Abbreviated description
Municipality

This section gives an overview of the use of land in Gauteng against the background of its administrative
composition and structuring elements, with reference to the history of spatial development and the
current status of main land use categories.
A summary of strategic planning on provincial and municipal level is given as a conclusion and indicator
of future development in Gauteng.

16.2.

Administrative composition

Gauteng is the smallest of provinces in South Africa and comprises 3 metropolitan municipalities, 2
district municipalities and 7 local municipalities.
Provincial and municipal boundaries are changed from time to time by the Municipal Demarcation
Board, as is necessitated by different circumstances. For example, Merafong in the west of Gauteng City
was part of the North West province from 2005 to 2009, when it was reincorporated into the province
following protests in the township of Khutsong near Carletonville. This inclusion also effected a
provincial boundary change. Metsweding District Municipality was a district municipality in north-east
Gauteng from 2000 until May 2011. The district municipality and its component local municipalities
(Kungwini and Nokeng tsa Taemane) were disestablished and absorbed into the Tshwane Metropolitan
Municipality. It is further expected that Lesedi Local Municipality will be incorporated into Ekurhuleni
Metropolitan Municipality, and that Midvaal and Emfuleni will be joined into a new metropolitan
municipality in 2014. These changes relate to the Gauteng Global City Region Strategy, which is set to
reduce the number of municipalities in Gauteng to at least4 by 2016.10 The imperative of this scenario is
that planning within administrative boundaries should be undertaken with consideration of external
linkages and potential for interaction with development nodes outside of the province.

Area (ha)

%

City of Johannesburg

149 626

8.90%

City of Tshwane

572 882

34.07%

Ekurhuleni

178 806

10.63%

90 108

5.36%

Lesedi

141 198

8.40%

Merafong City

157 106

9.34%

Midvaal

162 800

9.68%

Mogale City

122 844

7.31%

Randfontein

45 130

2.68%

Westonaria

60 836

3.62%

1 681 336

100.00%

Emfuleni

Total

Graph A17: Comparative sizes of the municipalities in Gauteng

The City of Tshwane is singled out as the largest municipality in Gauteng. With a total area of 572 882ha,
it makes up 34% of the province and is at least three times larger than any of the other municipalities.
This is of relevance when analysing the various land use components that form the spatial structure of
the province.
The list of municipalities in Table A9 and Graph A17 provides a synopsis and comparison of municipalities
in Gauteng in terms of the geographical size, as calculated from a GIS spatial database. Figure A1 shows
the large extent of the City of Tshwane in relation to the rest of the municipalities in the province.

10

The Local Government Handbook. Available on http://www.localgovernment.co.za
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16.3.

The particular land use pattern in Gauteng has developed over a period of time, spurred by the
discovery of gold and the ensuing gold rush in 1886. The various development conceptions that
have helped to shape this pattern range from the initial supply of services (e.g. water) and
industrial development to the development of transport networks and segregated residential
areas. A timeline summarising the key features of development in Gauteng is given in Table

Structuring elements of the province
A region’s structure comprises a framework of natural and man-made landscape features.
Natural features include rivers, wetlands, ridges and fragments of undeveloped land where
natural vegetation remain largely intact. Man-made features represent the footprint of
economic, social and cultural activity and influence the manner in which movements occur,
people settle and economic activities are arranged. This framework has a direct impact on the
efficiency of a region. Typically good accessibility, efficient service provision of activities and a
range of choices provide a healthy structure within which communities and enterprises can
thrive.

A10.

Table A10: A timeline of changing conceptions of Gauteng (Source: Mabin, 2013: 2)11
Period

Approximate
Dates

Key features

Emergence of an urban region

1904-1939

First conceptions, water supply, town planning

Modernising the southern
Transvaal

1930-1959

Industry, townships and comprehensive
segregation

Managing the PWV

1960-1980

Freeways, guide plans and control

Late apartheid PWV space

1976-1989

Challenge, spatial strategy and flux

Negotiating future PWV

1988-1995

Reconceptualising, transport continuities

Post-apartheid Gauteng

1994-2004

Search for an approach, rupture and continuity

The structuring elements of the province that provide opportunity for growth and development
include the following:


Mobility routes (main routes and arterials);



Urban development, including nodal developments and corridors; and



Open space.

Restrictive elements include topographic, hydrological, conservation and geological /
geotechnical aspects. Whereas agricultural areas have in the past been regarded as open space
and land that is available for urban development, it is ever more realised that this is a scarce
resource and that food security objectives also need to be met. Agricultural land can therefore
be regarded as both an opportunity and a restriction for development.

The broad framework of the present settlement pattern was already established as early as
1896. A structure of nodes (mining towns) along an east – west axis and a north south
communication and transport axis between Pretoria, Johannesburg and Vereeniging gave rise to
a prominent cruciform pattern of the built environment (Mabin, 2013: 7), and forms a nucleus
for current and future planning.

The above mentioned elements culminate in a spatial pattern of land use / land cover, which is a
major set of data that informs the development of the EMF. The difference between land use
and land cover is described as follows:




Land cover: The vegetation (natural or planted) or man-made constructions (buildings,
etc.) which occur on the earth surface. Water, bare rock, sand and similar surfaces also
count as land cover. It refers to the surface cover on the ground, whether vegetation,
urban infrastructure, water, bare soil or other. It does not describe the use of land, and
the use of land may be different for lands with the same cover type. For instance, a land
cover type of forest may be used for timber production, wildlife management or
recreation. It might be private land or a proclaimed nature reserve.

The land use pattern displayed on Figure A28 consists of 26 classes, which are difficult to
interpret by means of colour and the scale of representation. For analysis purposes, these are
reduced to five main form giving elements as listed in Table A11 and displayed on Figure A29.
Table A11: Land use categories representing main structuring elements
Main Land Use Category

Land use: A series of operations on land, carried out by humans, with the intention to
obtain products and/or benefits through using land resources. It refers to the purpose
the land serves, for example, recreation, wildlife habitat or agriculture. It does not
describe the surface cover on the ground. For example, a recreational land use could
occur in a forest, shrubland, grasslands or on manicured lawns.

Area (Ha)

Agriculture

389 802

23.18%

25 384

1.51%

Open Space

907 292

53.96%

Urban

285 319

16.97%

Water

73 536

4.37%

1 681 333

100.00%

Mines

For the purpose of this report, the term ‘land use’ will be used interchangeably, as it reflects
elements of both human activity and land cover.

%

Total
11

Mabin, A. 2013. The map of Gauteng: evolution of a city-region in concept and plan. Research paper produced for the Gauteng City Region Observatory
(GCRO), July 2013.
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An analysis of land use patterns is undertaken with the aid of a land cover GIS dataset that was
developed for Gauteng Province by GeoTerraImage (GTI). Two products were developed for Gauteng
Province, i.e. a 10m resolution provincial land cover dated 2009, followed by a 2.5m resolution urban
land cover dataset dated 2010. The datasets were provided to MetroGIS with the authorisation from GTI as
the license holder enabling the use of the data for the purposes of this project. The 2010 data was provided
in raster format and the 2009 data in vector format. The latter was used to process and generalise the

original 26 land cover classes and reduce it to five major form giving classes, as displayed in Figure A29. This
was further processed and merged with the 2011 Municipal Boundaries data provided by the Demarcation
Board, facilitating the calculation of areas per land use class for each municipality.

The main land use categories are further discussed as follows:
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Open Space

The totality of main structure forming elements results in a picture of ‘transformed areas’, with
the remainder of land in the province identified as open space (indicated by shades of grey on
Figure A29. Open space provide opportunity for expansion where it is not restricted by
environmental attributes such as wetlands and ridges, or under protection by virtue of
proclamation.
Table A12: Open space in Gauteng

Municipality
City of Johannesburg

Area (Ha)

% of
Category

% of
Municipality

55 106

6.07%

36.83%

360 710

39.76%

62.96%

Ekurhuleni

53 734

5.92%

30.05%

Emfuleni

36 283

4.00%

40.27%

Lesedi

62 933

6.94%

44.57%

Merafong City

97 131

10.71%

61.83%

Midvaal

96 090

10.59%

59.02%

Mogale City

86 939

9.58%

70.77%

Randfontein

21 633

2.38%

47.93%

Westonaria

36 733

4.05%

60.38%

907 292

100.00%

City of Tshwane

Total

The total open space area amounts to 54% of the province. This excludes land classified as
agricultural. Fragments of open space within agricultural areas are mainly associated with
wetlands and floodplains, as well as steep slopes. Larger areas of open space are associated
with undeveloped areas and conservation, such as the Suikerbosrand Nature Reserve near
Heidelberg in the south, Dinokeng in the north-east and the Cradle of Humankind World
Heritage Site near Magaliesberg in the west.

Built environment

The built environment is inclusive of all built-up areas, including residential, commercial,
industrial, and transportation infrastructure in both urban and rural environments. It comprises
16.57% of land in the province. This class is focussed on non-vegetated areas and includes major
road and rail networks, areas being prepared for construction, and rural farm infrastructure
(including greenhouses, propagation tunnels and chicken / pig batteries).
The Pretoria - Ekurhuleni - Johannesburg - Vereeniging complex forms the heart of economic
development in Gauteng with a large degree of daily commuting between these areas. This is
supported by a well-developed mobility infrastructure consisting of highways, main roads and
railway connections.
The legacy of apartheid planning has created an expanded spatial pattern of settlements with
race-based nuclei around Pretoria and Johannesburg, resulting in uneven and unbalanced
economic development and a distinct separation of affluent and poor communities. This
inequality has become the focus of the Gauteng Growth and Development Strategy, which
culminates in an integrated spatial development pattern foreseen in the Gauteng Spatial
Development Framework.

Table A13: Urban development per municipality
% of
Category

% of
Municipality

Municipality

Area (Ha)

City of Johannesburg

78 020

27.34%

52.14%

City of Tshwane

83 568

29.29%

14.59%

Ekurhuleni

67 839

23.78%

37.94%

Emfuleni

18 323

6.42%

20.33%

Lesedi

5 109

1.79%

3.62%

Open space represents the largest land use component in the City of Tshwane. From a growth
and development perspective the highest pressure on open space occurs in Ekurhuleni and the
City of Johannesburg, with only 6% of land falling in this category compared to 40% of the City of
Tshwane.

Merafong City

6 549

2.30%

4.17%

Midvaal

7 274

2.55%

4.47%

Mogale City

10 016

3.51%

8.15%

Randfontein

4 448

1.56%

9.86%

Johannesburg – Ekurhuleni forms the largest continuous built-up area, as shown on Figure A30.
Expansion occurs mainly to the north and is focussed on high density residential development.
The Sandton – Midrand area is characterised by corporate business and commercial expansion.
Development in Pretoria is mainly in a northern and eastern direction, with Centurion expanding
to the south. These developments are progressively creating a unity between Johannesburg and
Pretoria, as illustrated by the number and distribution of development applications for the last
seven years in Gauteng (refer to Figure A31).

Westonaria

4 173

1.46%

6.86%

285 319

100.00%
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Mining
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Mining is an extensive land use that has over years established a distinct footprint in the
Gauteng spatial structure. Associated with reefs of the Witwatersrand, the east-west mining
belt from Carletonville in the west, through Randfontein, Johannesburg and Boksburg to Springs
in the east has sterilised large parts of land for development. This includes surface components
such as shafts, waste and storage dumps, and tailings dams. The effect of shallowly undermined
areas is noticeable as open space between mines and some residential areas within the mining
belt, and represents areas that are susceptible to sinkhole forming.
Apart from traditional gold and coal mining, borrow pits, rock and sand quarries occur in a
regular pattern across the province and are indicative of the need for construction material in
the province. Building sand is mainly extracted from areas where alluvial sand has settled and is
in many places associated with wetlands and river courses. Rock quarries are associated with
reefs and mountains all of which are environmentally sensitive areas.
Table A14: Mining activity in Gauteng
Municipality

Area (Ha)

% of Category

% of
Municipality

City of Johannesburg

3 411

13.44%

2.28%

City of Tshwane

4 496

17.71%

0.78%

Ekurhuleni

6 931

27.30%

3.88%

Emfuleni

1 297

5.11%

1.44%

836

3.29%

0.59%

Merafong City

2 965

11.68%

1.89%

Midvaal

1 098

4.33%

0.67%

Mogale City

1 435

5.65%

1.17%

Randfontein

1 161

4.57%

2.57%

Westonaria

1 754

6.91%

2.88%

25 384

100.00%

Lesedi

Total

The agricultural component is an aggregation of all ‘cultivated’ class names in the land cover
dataset, combining ‘cultivated crops’, ‘cultivated pasture’, ‘intensive cattle camps’ and
‘smallholdings: cultivated’. This component comprises 23% of land in the province.
The agricultural sector is seen as one of the six growth sectors and clusters that were identified
for targeted and increased support and investment in the Gauteng Growth and Development
Strategy. This includes agri-processing and bio-technology. Whereas agricultural areas have in
the past been regarded as open space and land that is available for urban development, it is ever
more realised that this is a scarce resource and that food security objectives also need to be
met. Agricultural land can therefore be regarded as both an opportunity and a restriction for
development.
Agriculture remains an important activity in the far south, east and western parts of Gauteng
where it forms the main economic activity, combined with mining in the west. Agriculture is the
largest land use component in Lesedi (43%) and the smallest in the City of Johannesburg (5%), as
indicated in Table A15 and Figure A34.
Agriculture has a strong social element in that it provides employment and housing to a
significant proportion of the population, creating a unique social environment associated within
rural areas.

Table A15: Agricultural activity in Gauteng
Municipality
City of Johannesburg

% of
Category

% of
Municipality

8 067

2.07%

5.39%

104 355

26.77%

18.22%

Ekurhuleni

34 639

8.89%

19.37%

Emfuleni

29 910

7.67%

33.19%

Lesedi

60 577

15.54%

42.90%

Merafong City

45 456

11.66%

28.93%

Midvaal

51 379

13.18%

31.56%

Mogale City

22 787

5.85%

18.55%

Randfontein

16 773

4.30%

37.17%

Westonaria

15 859

4.07%

26.07%

389 802

100.00%

City of Tshwane

Total
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Industrial and commercial development
The national road network in Gauteng forms the heart of mobility infrastructure. It has recently
been improved with the widening of roads and consequent relief of traffic congestion.

Industrial and commercial development represents a cruciform structure with the City of
Johannesburg and Ekurhuleni hosting most of the industrial activity. Two extensive industrial
areas are singled out, i.e. the Arcelor-Mittal steel manufacturing plant in Emfuleni
(Vanderbijlpark) and the petro-chemical plant in Sasolburg. Although the latter falls outside of
the province, it is intrinsically linked to Gauteng by virtue of its proximity to Vereeniging /
Vanderbijlpark, with subsequent economic and social links.

upgrade and construction of arterial roads is associated with urban expansion specifically north of
Johannesburg, improving accessibility between regions.

Commuting between home and the workplace remains one of the major transport activities in
Gauteng. The main mobility agents are public and private transport, making use of the road and
railway infrastructure in Gauteng. The density of these networks is displayed on Figure A37
Figure A38.

The history of industrial growth has coincided with the expansion of mining activities in central
Gauteng. After World War II many industries that were engaged in the war began to diversify
and expand. During this time the influx of workers, both White and Black, to the Johannesburg
urban area increased to provide a skilled and unskilled labour pool, as well as a captive market
for locally-manufactured goods. The gradual declining of gold production and the subsequent
closure of mines led to a change in focus to corporate business and industry. Having started
already in the 1950’s, this trend has increased rapidly since then12.

The mobility network is also utilised by international traffic, with O R Tambo International
Airport as the gateway to South Africa.


Table A16: Waste water systems

Given the pivotal role of industry in the economic growth of Gauteng, the provincial Department
of Economic Development produced the Gauteng Industrial Policy Framework 2010-2014. With
environmental considerations in mind, the aim of the policy framework is to move the economy
towards higher value-added and more advanced technological developments where knowledge
plays a greater role. This requires a shift towards building a larger and more diversified
industrial base which is aligned with education and training policies.
The first phase of implementing industrial policy will require a focus on labour intensive sectors,
particularly those sectors that can grow by drawing in unskilled and semiskilled workers. With
strong links to other sectors in mind, there is a need to transform the industrial structure by
providing and building value chains and industrial-commercial clusters.

Micro Size
<0.5
Ml/day

Small
Size
0.5-2
Ml/day

Medium
Size
2-10 Ml/day

Larger Size
10-25 Ml/day

Macro Size
>25 Ml/day

Total Ml/day

No of WWTPs

3

4

14

11

26

58

Total Design
Capacity (Ml/day)

1

4.35

75.4

170.5

2308.5

2559.8

Total Daily Inflows
(Ml/day)

0.71

1.88

66.96

143.82

2387.5

2606.9

From the above table it is clear that the total daily inflows exceed the total design capacity.

Mobility

The trend in risk movement for Gauteng Province analysed over a five year period from 2008 to
2012 and presented in the Green Drop Report indicates that the Gauteng Province has not been
successful in abating the average risk position of Gauteng, as indicated by the increase in the
CRR/CRRmax from 58.5% to a higher risk value of 62.3%. However the average Cumulative Risk
Ratio (CRR) remained constant at 15.3, whilst further positive observation is the reduction of the
highest risk value of 32 to 28.

The mobility of people, goods and services is a vital element for economic growth and social
inclusion. In order to deal with the current transport challenges, a 25 year Integrated Transport
Master Plan (ITMP25) for Gauteng has been developed recently and launched in August 2013.
Being informed by the provincial SDF and municipal SDF’s the ITMP25 supports the premise of a
Gauteng City Region. The basis for the development of the GTIP5 will be current strategies,
transportation studies, plans and projects.
13 13
12

Sanitation infrastructure13
The Green Drop Report 2011 reported that wastewater services delivery in Gauteng is
performed by 12 Water Services Authorities (WSAs) via an infrastructure network comprising of
56 wastewater collector and treatment systems. As result of changes in Local Government and
wastewater treatment infrastructure, the current situation reflects that 10 WSAs are providing a
service via 58 wastewater systems, which can be summarised as follows:

Favourable factors such as a relatively reliable water and power supply, access to a consumer
market provided by South Africa’s largest population concentration stimulated Gauteng’s
industrial and commercial activity, leading to yet further population increases. This has been
followed by the growth of tertiary economic activity with strong international links.



The

Adopted and adapted from the Green Drop Report, 2011. The report can be downloaded form the DWS website.

http://www.sahistory.org.za/topic/johannesburg-institutional-sector
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Water supply infrastructure 14



Water services delivery is performed by 12 Water Services Authorities in Gauteng via 32 drinking
water supply systems. Rand Water and Magalies Water Boards are the main Water Services
Provider in the Gauteng that feeds to municipal networks via a number of centralised bulk water
schemes.

Rural areas are places in which human settlement and infrastructure are limited and the physical
landscape is characterised by agriculture. There is no exact definition of a rural area but these
areas are clearly recognisable as spaces where human settlement and infrastructure occupy only
small patches of the landscape, most of which is dominated by fields and pastures15.

A total design capacity of 4103 Mℓ is available for drinking water supply in Gauteng Province,
distributed over 32 supply systems. Operational data is not available for all systems however the
existing data indicates operating capacities between 25% and 82%. This result in an average
output volume (final water) of 3338 Mℓ/day.

The character of rural areas differs between municipalities as the primary land use changes from
urban development to agricultural activities. For example, the rural areas of the City of
Johannesburg show a strong character of mixed land use whereas a region such as Lesedi is
mostly characterised by open space, pastures and cultivated land. The settlement pattern
differs accordingly, with a high occurrence of agricultural holdings and informal settlements
around major cities such as Pretoria and Johannesburg, and isolated farmsteads in agricultural
regions.

Table A17: Water supply systems

MALL



Small size
0.5 - 2
Mℓ/day

Medium size
2 – 10
Mℓ/day

Large size
10 – 25
Mℓ/day

Macro size
> 25
Mℓ/day

Undetermined

No. of water supply
systems

2

1

1

17

6

32

System design volume
(Mℓ/day)

1.9

3

10

4088

NI

4102.9

Average operating
capacity (%)

68

NI (assume
80%)

25

81.5

NI

N/A

Output volume
(Mℓ/day)

1.29

NI ( assume
2.4)

2.5

3331.7

NI

3337.9

Rural settlements

Total

Agricultural holdings are increasingly under pressure of development, being it subdivision or
township establishment, mainly due to their proximity to urban expansion areas. The leapfrog
type of development in areas such as Midrand, and the northern parts of Sandton and Randburg
created pockets of agricultural holdings between suburbs. The lack of services in places create
environmental stresses particularly in dolomitic areas where increased water extraction from
boreholes impacts on groundwater levels.
High levels of poverty are often found in rural areas. Poor communities and households are
isolated in many aspects, such as inadequate holdings or access to land, little or no capital and
few opportunities for off-farm employment. This has a major impact on the sustainable
utilisation of natural resources.
In reaction to these realities the GDARD has developed the Gauteng Rural Development Strategy
2009-2014. Whereas agriculture remains an important economic activity in rural areas, the
strategy is focused on stimulating economic growth and reducing poverty in the rural areas. The
strategy outlines a holistic approach to developing rural areas and includes strategies such as the
provision of housing and basic services which is perceived as a contributor to and pre-condition
for rural economic growth (GDARD, 2010: 34).

Electricity network

Access to electricity is imperative for economic growth and social upliftment. Figure A38 shows
a well-developed network of power lines and substations in the central parts of Gauteng. The
provision of electricity in built areas is managed by municipal authorities whereas rural areas are
dependent on Eskom to provide connections. Some rural areas and informal settlements do not
have access to electricity. Communities are reliant on natural resources (wood) and coal burning
for their energy requirements. This contributes to air pollution, specifically in winter and
increase the risk of fire in densely built informal settlements.
From an environmental perspective, power line servitudes create corridors of open space
through which linkages to open space nodes can be established.

14

Adopted and adapted from the Blue Drop Report, 2011. The report can be downloaded form the DWS website.

15

Gauteng Department of Agriculture and Rural Development (GDARD), 2010. Comprehensive Rural Development Strategy. p. 10.
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17. Strategic Planning
The above analysis focuses on Gauteng as a province. The provincial boundary should not be regarded as
containing the full extent of economic and social development in the heart of South Africa. It is important to
note that a wider region spanning across and beyond the administrative boundaries should be included,
particularly links with Rustenburg and Potchefstroom to the west, Sasolburg to the south and Witbank
(eMalahleni) in the east.
In this context, a Gauteng City-Region (GCR) has been defined as a concept, a way of looking at and
understanding a social economy in space. The GCR is aimed at the strengthening of inter-relationships in
terms of economic linkages, transport, social and recreational linkages and activities, thereby transforming
the segregated spatial structure brought about by apartheid policies into a single and unified city region. To
achieve this ideal, the region must be shaped through planning, budgeting, implementing and thinking.








The GCR is supported in main strategic planning documents such as the Gauteng Spatial Development
Framework (GSDF) and the Gauteng Growth and Development Strategy (GDS), as well as through the
establishment of the Gauteng City-Region Observatory (GCRO) which has been established as a partnership
between the Gauteng Province and the universities of Johannesburg (UJ) and Witwatersrand (WITS).



The GSDF and the GDS are briefly described as follows:



17.1.

Gauteng Spatial Development Framework

The GSDF was developed with a view to guide and co-ordinate the location and nature of physical
development throughout Gauteng.
The GSDF established a number of strategic interventions which informed the development of local
SDF’s, and include the following:






The containment and compaction of cities;
Economic growth;
Growth in new areas (pertaining to the location of new subsidised housing initiatives);
Protection of rural areas; and
Increased access and mobility.




In response to these issues the urban structure will inevitably change, affecting the spatial form of the
region. Given the lack of space for continued urban expansion, the concept of a Compact City is
promoted, with the focus on mixed land use and urban integration. It is expected that urban
management will be largely based on the premise that city form is less prescribed through land use
allocation and rather being led by infrastructure development (GSDF, 2011: 23).
In view of this, the GSDF sketches a planning scenario that is aimed at infrastructural development and
the guiding of activity patterns to establish a consolidated spatial pattern. The following outcomes are
envisaged:


The following issues informed the development of the GSDF:


Depletion of natural resources, in particular water: Being an industry rich province, and hosting
the highest population density in the country, water is a most important and volatile natural
resource. The Gauteng region has for years been an importer of water from other catchments,
notably the Lesotho Highlands Water Project. Given the high population growth projections for
Gauteng, the issue of water provision, the increasing costs thereof, and continuous reliance on
the import of water from other catchments will force the restructuring of industry reliant on
water and ultimately affect the economy and society.

Pollution of water resources, the atmosphere as well as agricultural land has been identified as
a contentious issue at various local municipalities in the province;
Informal residential development and urban sprawl. Gauteng experiences unprecedented
influx of people seeking employment and living opportunities. Informal residential areas
provide opportunity for urban entrants trying to engage with the city system.
Restructuring of the apartheid landscape, which means that the spatial structure has to
integrate the fragmented sections set aside for different racial groups (refer to Diagramme A2).
Ways of directing investment to former township areas provide routes to the wealth that cities
are capable of generating and creating employment opportunities for those who have been
side-lined in terms of opportunities in the past need to be found.
Population Growth: It is estimated that the total population for Gauteng will reach between 18 28 million people by the year 2055, which puts the region in the league of cities like Jakarta,
Seoul and Tokyo's populations today (GSDF, 2011: 20). This provides a challenge to create
accommodation within an environment that is healthy and ecologically sustainable.
Stimulation of economic activity. The economic growth of Gauteng can be traced back to the
establishment and development of the mining sector. With minerals not being a renewable
resource, this cannot remain as a sustainable scenario. Therefore a trade-based economy has
been identified as fundamental to Gauteng's economic growth prospects.
Focus on an urban structure based on public transport as a priority over private mobility, given
the increase of private vehicles on Gauteng roads and limited capacity to expand the road
network (apart from global warming issues related to increased emissions).
A compact urban structure, as noted in the Gauteng Growth and Development Strategy, 2005,
together with complexity in the way that urban activity is encouraged to form; and
The integration of marginalised areas into the urban structure.





The integration of apartheid fragments. This remains a key imperative for planning and is set to
be achieved by generated and stimulating the growth of local economies as naturally occurring
parts of a wider, normal urban system;
The implementation of affordable and sustainable public transport;
Ensure quality of life and living through easy and affordable access to quality open space and
social and cultural facilities; and
Protection and enhancement of the natural environment.

In as far as environmental management is concerned, the GSDF is aimed at ensuring the sustainability of
natural systems and habitats within these and their connectivity and bio-diversity enshrined in a
comprehensive system of green corridors and spaces effectively forming as basic a 'lattice' upon which
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urban development grows as the movement and infrastructural layers on which quality urban life
depends.

public transit and movement routes
urban corridors and activity spines

The Ekurhuleni SDF is currently under review with the development of Regional SDF’s for each of the 6
planning regions which will be integrated into a Metropolitan SDF.
Diagramme A2: The historical spatial framework of Gauteng. (Source: GSDF, 2011: 27)

In summary, the GSDF proposes the establishment of an integrated urban environment which is based
on the linkage of Johannesburg as a core with Tshwane in the north and Vereeniging / Vanderbijlpark in
the south, through a system of hierarchical nodes and corridors. With an emphasis on rail transit, the
idea of a megacity is conceptualised.

17.2.

Municipal SDF’s

SDF’s have been developed for each municipality in Gauteng. With most of the urban development
contained in the current Metropolitan Municipalities of Johannesburg, Tshwane and Ekurhuleni, it is
imperative that they will follow the planning paradigm as indicated by the Provincial SDF.
In line with this the City of Johannesburg has identified six core paradigms to guide the City’s
medium/long term strategic development direction, namely:







The Tshwane - Johannesburg - Ekurhuleni conurbation is growing into one of the major urban regions in
the world. This forms the economic powerhouse of South Africa and provides a gateway into Africa. In
terms of the Gauteng Spatial Development Framework (GSDF) the “Provincial Economic Core” is
anchored by Rosslyn to the north (Tshwane) and is linked to the OR Tambo International Airport to the
east (Ekurhuleni) via the N1/R21 and the Central Business District of Johannesburg to the south via the
N1/M1 highway. Further links with Vereeniging / Vanderbijlpark in the far south, as well as Sasolburg
across the border with Free State Province are also established. This emerging Gauteng Urban Region
and its strategic prominence is a very strong force that will shape the future of each municipality from a
spatial, economic and social perspective in time to come. In view of this the overall picture of SDF’s in
Gauteng needs to be assessed.
Analysing the SDF’s is difficult as spatial datasets are not always readily available. For the purpose of
this document data was obtained that served as input into the recent review and update of the Gauteng
Agriculture Potential Atlas, Version 4 (GAPA-IV). The land use classes for the respective SDF’s differ
from each other in such a way that a unified picture for the whole of Gauteng is difficult to create. In
order to visualise the spatial integration of SDF’s in the province, the database for each municipality had
to be generalised by creating a standardised classification system. The results are shown on Map 30.
In view of the provincial SDF the following is evident:

The pro-active absorption of the poor;
Balanced and shared growth;
Facilitated social mobility;
Settlement restructuring;
Sustainability and environmental justice; and
Innovative governance solutions.






17.3.
These paradigms have a direct correlation and influence on the SDF’s principles of Sustainability,
Accessibility and Efficiency.16
The City of Tshwane completed Regional SDF’s for each of its 7 planning regions in 2012. These follow
the spatial vision of the City of Tshwane to lead integrated planning, maximising on spatial efficiencies
for optimal service delivery. Each follows the primary structuring elements identified within the GSDF,
i.e.:


16

urban mixed-use activity nodes
open space and green system

City of Johannesburg Spatial Development Framework 2010 – 2011, Section 3.

Strengthening of the ‘Development’ and ‘Mixed Use’ component;
Strengthening of a hierarchy of nodes and corridor development along a central northsouth and east-west axis;
Strengthening of open space systems and conservation areas; and
Preserving a strong agricultural base.

Growth and Development Strategy (GDS)

In April 2005, Gauteng Province launched its Growth and Development Strategy (GDS) reflecting the
political and socio-economic growth and development vision and strategy for Gauteng. The GDS is
aimed at addressing issues of unemployment, poverty, and uneven growth in terms of geographical
patterns.
The GDS is an action-oriented strategy. The vision of the GDS is to create a better life for all citizens
through:




Long-term, sustainable growth of our provincial economy;
Meeting the socio-economic development needs of our people;
Creating jobs; and
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Reducing unemployment and poverty.

The following 6 strategic objectives have been defined with a view to realising this vision:







Provision of social and economic infrastructure and services that will build sustainable
communities and contribute to halving poverty;
Accelerated, labour absorbing economic growth that increases per annum and that will create
long-term sustainable jobs and contribute to halving unemployment;
Sustainable socio-economic development;
Enhanced government efficiency and cooperative governance;
Deepening participatory democracy, provincial and national unity and citizenship; and
Contributing to the successful achievement of New Partnership for Africa’s Development
(NEPAD) goal and objectives.

accepted and accommodated. This means the establishment of a pro-active framework, rather than a
re-active framework where urban growth and expansion was often driven by the ad-hoc approval of
development applications that tend to be market driven and not coherently planned.
In this context the EMF is seen as part of a pro-active framework that will inform planning on provincial
and municipal level.

Amongst various identified mechanisms that would facilitate achieving the vision and objectives of this
GDS, is an Integrated City Region Strategy, also referred to as the global city region. The main thrust of
the strategy is to facilitate internal co-operation and coherence within the province. This is aimed at
increasing external competitiveness and facilitating economic activities in various parts of the province
to complement each other.
The relevance of the GDS to this EMF is rooted in the action oriented strategy that provides for the
implementation of various projects, such as the provision of a public transport system, of which the
Gautrain is an example, and the provision of housing, all of which impact on spatial development
pattern with associated environmental impacts.

17.4.

The Gauteng 25-Year Integrated Transport Master Plan (ITMP25)

The ITMP25 gives an insight of the transport planning for the next 25 years. The main features of the
plan are highlighted in the figures below.

17.5.

Conclusion

From the above analysis it is clear that the spatial vision for Gauteng is to establish a Gauteng Region
City through integrated planning. Leading this is the Gauteng SDF and GDS, followed by municipal and
regional SDF’s that are built on this premise.
Looking at the historic development pattern where mining and industrial growth directed the original
development footprint, it is evident that growth must be structured and directed and not merely
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