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ABSTRACT

The community of Parys is experiencing persistent water and sanitation problems
despite various interventions. The problems are interconnected and emanate
simultaneously from the human (individual, social and government), the support
(economic and infrastructure) and the natural (environment and resource) systems.

These systems are coupled and referred to as a social-ecological system.

The major finding was that the reason behind the persistence of the problems is the
so-called “Nature flat view” that stakeholders have of the Parys water and sanitation
system (WSS) which is a social-ecological system. This view is not an ideal
foundation from which to address the WSS problems since it does not adequately
consider the complexity and dynamics of the WSS. The research highlights a more
appropriate approach, i.e. the emerging Nature evolving view of social-ecological
systems. Its concepts of adaptability, transformability, resilience, the adaptive cycle
and panarchy were used to explore the WSS problems and to propose interventions.
The interventions focus on stakeholder comprehension of the complexity and the

dynamics of the WSS as well as its management through managing its resilience.

A transdisciplinary research approach was used to explore the loss, creation and
maintenance of resilience of the WSS. It was supported by the selected research
paradigm (constructivism), design (qualitative) and strategies (phenomenological
and case study). The data-capturing methods involved stakeholders’ participation
through semi-structured interviews (12 stakeholders); visits to municipal works (12
stakeholders); meetings with municipal workers (7 stakeholders); multi-stakeholder

workshops (64 stakeholders) and a feedback meeting (28 stakeholders).



TABLE OF CONTENTS

SOLEMN DECLARATION.....cooiiieeiaceme e e eessms e sessssme e s s s sssmn e s s s sms e s s s smn e e s s s smnessssssnnessssssnnees i
[T 07 Ny 0 ii
ACKNOWLEDGEMENTS........ciiiiiiieeriremne e reesme e s ssme e s e s ssme e e s mn e s s s s mn e e e s s smn e e e sssnmnneeaan iii
= S 7 X O iv
IS0 0 i 17 viii
LIST OF FIGURES .........ooiiiiiieiie s ssss s s m e s s s s s s e s s mn e s ix
LIST OF ACRONYMS ......ooiiiiiriiieneee s e sn s san s ssn s s sn e s sns s ms s mn e s mn s s e e s s smnnsnnns xi
CHAPTER 1 CONTEXT OF THE PARYS WATER AND SANITATION PROBLEMS.......... 1
1.1 Orientation and rationale............cccciiiiiiiiiimni e ——— 1
1.1.1 Challenges of the Parys water and sanitation SyStem ...........cccccvvvvveiiiiiiiieeennnnn. 1

1.1.2 The South African and global context of the Parys water and sanitation

PIODIEIMS ..ottt 6
1.1.2.1 The pre-apartheid PEeriod .............uuuuuuummmmmiiiiiiiiiiiiiii e 7
1.1.2.2 The apartheid ra ..o 11
1.1.2.3 The democratiC PEriOQ ..........couuuiiiiiii e 12
1.1.2.4 Global influence through the Millennium Development Goals .................... 17

1.1.3 Emergent sustainable development concepts and Parys’s water and sanitation

ChAlIENQES... .. e e e e e aaaaaanaa 19
1.2 Problem statement...........ooo i 22
1.3 Research qUestions. ... e 23
1.4 Research objectives ........cccciiiiii i —————— 24
1.5 Basic hypothesis.........ccciiiiiiiiii i ———————— 24
1.6 Research methodology.........ciiiiiiiiii s 25
1.7 Secondary and Primary SOUICES .......ccuuuiiiiiiiiiisissssssssssssssssssssssssssss s ssssssssssssns 26
1.8 Research ethiCs.......... s 26
1.9 Chapter layout ... e e e e e e 27
1.10 Chapter SUMMArY.........ccoiiiiieiiirr s annnns 28

CHAPTER 2 AN OUTLINE OF THE RESILIENCE OF A SOCIAL-ECOLOGICAL SYSTEM

.................................................................................................................................. 29
2.1 Social-ecological SYStemMS..........ceueiimmmmmimmmiminieir i ————— 29
2.2 The dynamics of social-ecological systems .............ccueeiiiiiiiimiiininnnnnnnnnessenennenn 34



2.3 The resilience of social-ecological systems ...........ccocciiiimminnccceenr s 37

2.3.1 The complexity of social-ecological SYStEMS.......cccceeevviiiiiiiiiiie e, 42
2.3.2 RESIlIENCE ASSESSIMENT .....uuuiiiiiiiiiiiiiiiitiieeeaeaeaeeeaeeeaeeeeaaeeeeeeeeeeeaeeseeeseeeaerseesnennes 45
P2 T 04 T- o1 (=1 (=T U 140 - T 47

CHAPTER 3 UNDERSTANDING THE RESILIENCE OF COMPLEX SOCIAL-
ECOLOGICAL SYSTEMS THROUGH A TRANSDISCIPLINARY RESEARCH

e o 0 . Y 04 o 49
3.1 Transdisciplinary research..........cuuueiiiiiiiiicccr e e 49
S T2 & CCYST=F: 1o oI o =1 = T e 3 o O 56
3.3 Research design ... e s e e e e nnnnns 58

3.3.1 RESEArCNH Strat@gieS.......uuuuuuiiiiiiiiiiiiiii e 59
3.3.2 ReSearCh MEthOUS. ......uii i e e e e e e e e eenaees 60
3.4 Participation of key stakeholders ..........ooorecceiiiiiiirc s 64
3.4.1 Community member partiCipation ..............cccceeiiiiiiiiiiiiiiin e e 64
3.4.1.1 Semi-Structured iNEIVIBWS..........ccoviiiiiiiiiiiiiieeeeeeeeeeee e 64
3.4.1.2 The DalCroze WOrKSNOP ....uuiii i 66
3.4.1.3 Community feedback Meeting..........ccccceeiiiiiiiiiiiiiiie e, 68
3.4.2 Ngwathe Water Forum participation.............cccceeieieiiiiiiiiiieine e eeeeenens 69
3.4.3 Ngwathe municipal management participation............ccccceeiieeiiiiiiiiiiin e, 70
3.4.3.1 Multi-stakeholder WOrkSNOPS..........cuuuiiiiii i 72
3.4.4 Municipal wWorker partiCipation.............coviiieiiiiiii e e e aaaees 75
3.4.4.1 Facilitated visits to Parys water and sanitation municipal works................. 75
3.4.4.2 Work meetings with municipal WOrKers ...........ccccccviviiiiiiiiiiiiie 89
3.4.5 Participation Of CO-reSEAICNEIS ..........uuuuiiiiiiiiiiiiiiiii e 90
3.5 Data analysis and interpretation...........ccciiii 92
S T 04 T- 01 (=T =T 0T 4 10 - 1 93

CHAPTER 4 AN EXPOSITION OF THE RESILIENCE OF THE PARYS WATER AND

SANITATION SYSTEM AND POTENTIAL STRATEGIES FOR IMPROVEMENT..... 95
4.1 Description of main issues from the stakeholders’ perspective ...................... 95
4.1.1 Deteriorating quality Of raW WaLET ............uuuumumiiiiiiiiiiiiiiiiiiiiee e 98
4.1.2 Lack of potable Waer ..........cooii e 100
4.1.3 Water distribution problem ... 102
4.1.4 Unacceptable quality of potable water .............cccooviiiiiiiiii e 104
4.1.5 Wastewater governance and management problem ...............ccciiiinnn e 107
4.1.6 Municipal management impacting negatively on the system.......................... 108
4.1.7 Municipal technicians impacting negatively on the system...........ccccccceeeeeee. 112

vi



4.1.8 The community’s negative impact onthe system..........cccccooeiiiiiiiiiiiiee e, 113
4.2 Resilience assessment of the Parys water and sanitation system................. 115
4.2.1 Stakeholders’ views of the water and sanitation system...............cccccceeeeeeenn.. 115

4.2.2 Alternate regimes, states and thresholds of the Parys water and sanitation

S}V (=] 1 PO UPPTRPPI 117

4.2.3 Adaptability and transformability ................cccccooiimimmeiiiiiii e 121
4.2.3.1 The adaptability of the Parys water and sanitation system....................... 121
4.2.3.2 The transformability of the Parys water and sanitation system................. 133

4.2.4 Adaptive cycle and panarchy ............cccccccueuemmiiimiiii 134
4.2.4.1 The adaptive cycle of the Parys water and sanitation system .................. 134
4.2.4.2 Parys water and sanitation system panarchy ..............ccccccccvvviviiniiniiinnnnn. 139

4.3 Exploration of interventions..............cooiiiccciirr s 141
4.3.1 Interventions linked to Threshold 1 ... 143
4.3.2 Interventions linked to Threshold 2 ..., 144
4.3.3 Interventions linked to Threshold 3 ... 147
4.3.4 Interventions linked to Thresholds 4 and 6.............c.cccccuuiiiiiiiiiiiiiiiiiiiiiien. 148
4.3.5 Interventions linked to Threshold 5 ... 149
4.3.6 Interventions linked to Threshold 7 ... 149
4.3.7 Interventions linked to Threshold 8 ..............iiiiiiiiiiiiiiiiiiieees 150
4.3.8 Interventions linked to Threshold 9 ... 151

4.4 Chapter SUMMArY.......ccccooiiiiiiii s 152
CHAPTER 5 CONCLUSIONS AND RECOMMENDATIONS. .........ccocoimrrrrrerenmmneeeees 154
£ T T 0o T [ =3 T 4 TP 154
5.2 Recommendations.........coieeeiiiiiiiiiir s s 159
CHAPTER 6 BIBLIOGRAPHY ... snnns 162
6.1  Primary SOUICES .......cccoiiiiiiiieeiini i nms s s sma s e e e e nmmnn s 162
6.2 SeCONAArY SOUICES .....ccoiiieieeeiiiiseiirrenmnnssss s s e e e e s nnas s s s e e e e s annssssssesernesnnnnssssnnns 165
APPENDICES. .......ccoiiiiieiiiiiiisis s s s s s s s s e s s s s s s s s s s s e s s s s s s s s s s s s e s s e e s s e s s s s e e s s asansansaasnnnnnnnnnnnns 179
Appendix A: Informed consent form for interviews..........ccccccceiiiimiiiicicccciinnnnneeee, 179
Appendix B: Form used to facilitate the interviews..........ccccccceeiiiiiinccciiiiinnnneee, 181

Appendix C: Letter granting the researcher permission to conduct research in

Ngwathe Local Municipality .........cccoooiiiiiiiiiii s 182

Vii



LIST OF TABLES

Table 1: The Parys water and sanitation system as a social-ecological system in a
panarchical cascade of smaller and larger Systems .........ccccoevieeeriiiiiiiiiie e, 20

Table 2: Activities and sub-activities in assessing the resilience of social-ecological systems

according to the Resilience Alliance method..............ccceeiiiiiiiiiiii e, 47
Table 3: Water and sanitation problems according to stakeholders ..............ccccoeeieieieee. 96
Table 4: The adaptive cycle of the Parys water and sanitation system .............cccccceeeee.ee. 135
Table 5: Possible system scenarios based on Thresholds 1t0 9........ccccoeiieiriiiiiiicieeneeen, 142
Table 6: Summary of technical capital ProJeCtS.........ccovviviiiiiii i, 146

viii



LIST OF FIGURES

Figure 1: Fezile Dabi District Municipality, Ngwathe Local Municipality and the town of Parys

.................................................................................................................................... 2
Figure 2: The Vaal River and the town Of Parys ... 3
Figure 3: Spatial boundary of the Parys water and sanitation SyStem...........ccccccvvvvvvveeeennnn. 5
Figure 4: Map Of reSEarch CONCEPLS ......cvviiiiiiiiiiiiiiiiiieieeeeee ettt 31

Figure 5: Depiction of Nature evolving stability landscape with dynamic multi-stable regimes

.................................................................................................................................. 34
Figure 6: The adaptiVe CYCIE ..........ii i e et e e e e eaaees 40
Figure 7: A classic representation of a panarchy: a nested set of adaptive cycles.............. 43
Figure 8: Problem identification and structuring in transdisciplinary research..................... 52
Figure 9: Transdisciplinary research process, real-life-focused approach. ......................... 55
Figure 10: The sequence of data-capturing methods ............ccooovviiiiii e, 63
Figure 11: Various stakeholders taking part in the third multi-stakeholder (Dalcroze)

workshop at Stonehenge on Vaal ... 67
Figure 12: Parys water purifiCation PrOCESS.........uuiiiiiiiiiiiiiiiiiieieiiieieeee et 76
Figure 13: The old water purification works with the second clarifier in view ...................... 77

Figure 14: The new water purification works with the dosing station to the right, the clarifiers
in the middle and the control room to the Ieft............covvviiiiiiiiiii 78

Figure 15: Parys water purification plant inlet with screens to remove large objects

suSpPeNded INthE TAW WALET ........cceiiieeee e e e e e e e e e eaeees 79
Figure 16: Chemical dosing pumps enabling coagulation ...............cccvvvvvviiiiiiiiiiiiiiiiiieienn, 81
Figure 17: Parys water distribution NEIWOIK.............ccoviiiiiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeee 82
Figure 18: Potable water pumps at the end of the water purification process..................... 83
Figure 19: Irrigation water channel in Parys toOWn ar€a..............oouuvviieiiieeeiieeiiiiiieeeeeeeeeeennns 84
Figure 20: Schematic of Parys wastewater treatment WOrks ..........ccccoeveeeiiiiiiiiiiieiieeeeeeeennns 85
Figure 21: Wastewater treatment plant in Parys............ceeeiiiiiiiieieiiiiee e eeaens 86

Figure 22: Wastewater from the Allenby pump station was red and foaming due to blood
from the @DAtLOINS ... ..o e e e e aarae 87
Figure 23: Current management of wastewater SCreenings...........vvveeeeeeereeeevviiiieieeeeeeeeenens 87
Figure 24: Transdisciplinary researchers involved in the Dalcroze workshop at Stonehenge
Lo Y £ - | PSR 91
Figure 25: Research data analySiS.........coueeiiuuiiii e eeeeeeeees 92

Figure 26: Spatial location of some of the problems of the Parys water and sanitation



Figure 27: Parys resident buying water from a local supermarket .............cccccceeiiiieeiinnnnns 102
Figure 28: Alternative regimes and states of the Parys water and sanitation system........ 118
Figure 29: Water being delivered to Tumahole households by Ngwathe municipal workers



LIST OF ACRONYMS

CBD Central Business District

CFM Community Feedback Meeting

CG Claudia Gouws

COD Chemical Oxygen Demand

CRS Catholic Relief Services

CoGTA Department of Cooperative Governance and Traditional Affairs

CuDyWat  Cultural Dynamics of Water

DAF Dissolved Air Flotation

DPLG Department of Provincial and Local Government
DW Dalcroze Workshop

DWAF Department of Water Affairs and Forestry (amended to: DWA)
DWA Department of Water Affairs (amended to: DWS)
DWS Department of Water and Sanitation

EPWP Expanded Public Works Programme

FV Facilitated Visit

FWM First Work Meeting

FMW First Multi-stakeholder Workshop

GM Ginster Martin

IDP Integrated Development Plans

IWRM Integrated Water Resource Management

LED Local Economic Development

LHWP Lesotho Highland Water Project

MDG Millennium Development Goal

MiG Municipal Infrastructure Grant

Xi



MNWFM Minutes of Ngwathe Water Forum meetings

NT Notes on Thesis

NwWU North West University

OA Oral Archive

P Participant

PMS Performance Management System
RDP Reconstruction and Development Programme
RSA Republic of South Africa

SAVE Save the Vaal Environment

SES Social-Ecological Systems

SFV Second Facilitated Visit

SMMEs Small, Medium and Micro enterprises
SSI Semi-Structured Interviews

StatsSA Statistics SA

SWM Second work Meeting

SMW Second Multi-stakeholder Workshop

TMR Terblanche Maite Ruth

TWB The World Bank

UN United Nations

UNCED United Nations Conference on Environment and Development

UNESCO  United Nations Educational, Scientific and Cultural Organization
UNWCED  United Nations World Commission on Environment and Development

WSS Water and Sanitation System

Xii



CHAPTER 1

CONTEXT OF THE PARYS WATER AND SANITATION PROBLEMS

The chapter outlines the existence of a real-world problem in the form of the
Ngwathe Local Municipality not providing adequate water and sanitation services to
the community of Parys. It provides a background to the current water and
sanitation situation in Parys through an empirical literature review which
contextualises the research title by indicating that the water and sanitation problems
stem simultaneously from the social and ecological aspects within and outside the
system on various scales, i.e. individual to global. The chapter presents the potential
for further research to find solutions. The emerging concepts of social-ecological
systems, adaptability, transformability, resilience, the adaptive cycle, panarchy and
transdisciplinary research are proposed as viable means to address the challenges
of the Parys water and sanitation system (WSS). The framework within which the
new research is performed is provided in the form of research questions, objectives,

hypothesis, methodology, knowledge sources and ethical considerations.

1.1 Orientation and rationale
1.1.1 Challenges of the Parys water and sanitation system

Ngwathe Local Municipality, which falls under the Fezile Dabi district municipality in
the Free State province, is one of a number of South African municipalities grappling
with the problem of providing satisfactory water and sanitation services to towns
under their jurisdiction, e.g. Parys (Ngwathe Local Municipality, 2006: 28; Tempelhoff
et al., 2008: 17; Ngwathe Local Municipality, 2010: 5; Ngwathe Local Municipality,

2011: 16). Ngwathe Local Municipality is classified as a type B3 municipality, which



means that it encompasses small towns (Parys, Koppies, Edenville, Vredefort and
Heilbron) with relatively small populations and a significant proportion of urban
residents, but with no large town as a core centre (RSA, 2009: 16; Municipal

Demarcation Board, 2013: 9; Lemeko, 2011: 2) (see Figure 1).
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Figure 1: Fezile Dabi District Municipality, Ngwathe Local Municipality and the town

of Parys (Main, 2015: 1)

According to the Ngwathe Local Municipality annual report of 2005/6 (Ngwathe Local
Municipality, 2006: 5), the population of Parys was as follows: Parys town area
(10 950 with an annual growth rate of 0.5%); Tumahole (61 160 with an annual
growth rate of 5%); and Schonkenville (840 with an annual growth rate of 5%)
However, the 2012/17 Integrated Development Plan (IDP) indicated the population of

the Parys town area as 44 744, which was projected to rise to a mere 49 906 by



2030 (Ngwathe Local Municipality, 2012: 28). These figures do not correspond to

those given in the 2005/6 annual report.

The Parys WSS, which is the focus of this study, comprises an ecological system in
the form of a section of the Vaal River from the raw water abstraction point for the
Parys water purification plant just below the Vaal River Barrage to the discharge
point of the wastewater treatment plant. The Vaal River forms the northern boundary
of the town and also serves as a boundary between three provinces, namely the

Free State, Gauteng and North West (Ngwathe Local Municipality, 2006: 4) (see

Figure 2).

Figure 2: The Vaal River and the town of Parys (Google maps)



The social system consists of Ngwathe Local Municipality and the Parys community.
Ngwathe Local Municipality includes the human resources (management and
workers), the water and sanitation infrastructure as well as the management and
technical processes. The Parys community includes households, businesses and
industry in the Parys town area, Tumahole and Schonkenville. Tumahole is referred
to by the community as a township, and is separated into what they call locations
(TMR. OA. FV1. Operator 1. 11 October 2013; TMR. OA. FV2. Operators 2 and 3. 6
June 2014; TMR. OA. FV3. Operator 4. 6 June 2014; TMR. OA. FV4. Operators 5
and 6. 6 June 2014; TMR. OA. FWM. 13 June 2014; TMR. OA. SWM. 13 June 2014,

TMR. OA. SMW. 1 August 2014) (see Figure 3).
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Figure 3: Spatial boundary of the Parys water and sanitation system




In 2008, the community of Parys staged a protest against their local authority,
Ngwathe Local Municipality, as a result of poor water and sanitation service delivery.
The issues highlighted during the protest were: intense pollution of the Vaal River
water in the vicinity of the town and unacceptable potable water quality delivered by
the water purification works (Tempelhoff et al.,, 2008: 13; Van Riet & Tempelhoff,

2009: 35).

Several years have passed since that significant water and sanitation service
delivery protest, but the water and sanitation problems remain. According to
successive Ngwathe Local Municipality annual reports (2005/6, 2009/10, 2010/11)
and the 2012/17 IDP, Ngwathe Local Municipality is contending with the following
water and sanitation problems: potable water supply and water quality issues;
sanitation problems in most towns under its jurisdiction; housing shortfalls; continued
disclaimer of the Auditor-General’s reports; low revenue base; a high rate of poverty;
unemployment, especially among the youth; and cable theft leading to power
outages (Ngwathe Local Municipality, 2006: 28; Ngwathe Local Municipality, 2010: 5;
Ngwathe Local Municipality, 2011: 16; Ngwathe Local Municipality, 2012: 4;

Ngwathe Local Municipality, 2012: 16).

1.1.2 The South African and global context of the Parys water and sanitation

problems

Gunderson & Holling (2002: 7), maintain that complex problems associated with
sustainable development are not just ecological, economic or social, but that they
are a combination of the three. The works of various researchers covering the period

from the establishment of Parys as a town to date highlight the environmental,



economic and social challenges relevant to the Parys WSS. They provide an
historical trajectory of the Parys WSS to its current situation. Bohensky (2008: 3)
states that the lingering consequences of past management actions are one of the
factors affecting the ability of the current managers to attain sustainable

development.

Funke et al. (2007: 12) give a broad description of changes in patterns of water
resource usage in South Africa covering the time period from when Parys was
established in 1876 (Ngwathe Local Municipality, 2010: 9). The patterns include: the
altruistic approach of reciprocation with regard to natural resources by the Khoisan
who led a subsistence and nomadic lifestyle; the formal system of private land
ownership established by the Dutch emigrants; the permanent land tenure and
riparian principle introduced under the British rule, which led to the Irrigation Act of
1912; the Water Act of 1956 under apartheid which disempowered non-white South
Africans with regard to access to water in what were demarcated as areas of
exclusive white ownership; and finally the transformation of water legislation under
the present democratic dispensation. The apartheid Population Registration Act (30
of 1950) defined a white person as a person who appeared white and was generally

accepted as a white person. All other people were seen as non-white.

1.1.2.1 The pre-apartheid period

The town of Parys depended on the Vaal River as a source of water from its
beginning (Van Riet & Tempelhoff et al., 2009: 35). However, other water resources
were also explored by the farming community. These included fountains, farm dams

on and off the river, wells in the vicinity of the river or on top of fountains and



boreholes (Gouws, 2013: 304). In the year of its establishment the town council of
Parys began addressing the hurdle of distributing water from the Vaal River to the
town via irrigation channels, which were later replaced with asbestos water pipelines
around 1948 (Gouws, 2013: 344). To overcome the problem the council focused on

damming the water upstream of Parys (Gouws, 2013: 321).

Damming the Vaal River upstream of Parys was done by building weirs across the
river at different times from 1887 (Gouws, 2013: 321; CG. OA. NT. 6 March 2015).
The water was mostly for farm irrigation and household needs; however, the Parys
weir of 1920 was built to dam the water for water sports and related tourist activities
(CG. OA. NT. 6 March 2015). These structures point to the beginning of an
engineered system built to connect the community of Parys (a social system) with

the Vaal River as a natural resource (ecological system) to meet societal needs.

Water problems in Parys started before the development of the Vaal River as a
water resource to supply Johannesburg with potable water in the early twentieth
century. Prior to the developments, the residents of Parys and local irrigation farmers
experienced water shortages during winter periods (Tempelhoff, 2003: 53). On
farms, boreholes were sunk to lessen the impact of the 1933 drought, which resulted
in the Vaal River running dry (Gouws, 2013: 315). By the 1960s rain water
harvesting was added to the list of water sources used by people in the area

(Gouws, 2013: 308).

The demand for water from the Vaal River increased from 1915 due to industrial

activities, first on the Witwatersrand and subsequently in the Vaal Triangle upstream



of Parys. The Vaal River Barrage (completed in 1923), the Vaal Dam (1938-83) and
the Lesotho Highland Water Project (LHWP) from 1998, were used to access more
water from the Vaal River for the on-going developments (Tempelhoff et al., 2007:
116). As the upstream demand for water from the river increased, the Parys
community had to negotiate for its portion of access to the natural resource

(Tempelhoff, 2003: 53).

Another ecosystem service requirement, which has increased alongside the demand
for more water, has been the need for the Vaal River to dilute, treat and transport
wastewater. The deterioration of the quality of South Africa’s water resources, such
as the Vaal River, is a result of the following: wastewater from industrial
development; legacies of gold and coal mining; diffuse pollution by the agricultural
sector; and dysfunctional municipal wastewater treatment works. The deterioration
manifests itself in the form of eutrophication of surface waters; heavy metal
contamination; acid mine drainage; increased salinity; increased suspended solids
levels; the presence of bacterial and viral pathogens; pesticide/insecticide
contamination; and contamination by estrogen as well as estrogen-mimicking
substances (Munnik et al., 2011: 3). This indicates how heavily dependent economic

and social development are on the ecological system.

In 1930, Steynberg and Viljoen (1930: 518) reported on the impact of the imposition
of a 1 mg orthophosphate effluent discharge standard on the quality of water in the
Vaal River Barrage. The standard was meant to address algal growth at the Rand
Water abstraction point for potable water preparation. They indicated that only 24%

of wastewater treatment plants were able to comply with the standard. Furthermore,



the 58% reduction in orthophosphate loads that was achieved was eroded to 24% by
diffuse pollution. This indicates that pollution of water in the Vaal Barrage has been a
persistent problem facing the downstream town of Parys. Social-ecological systems
depend on the capacities of their environments to provide resources and to absorb
waste. These systems fail when the constraints of their environments are not

respected (Bossel, 2001: 5).

According to Van Eeden (cited by Gouws, 2013: 320), the quality of the Vaal River
water in Parys was already described as unhealthy and bad in 1902 when a soda
water factory was established in the town to provide an alternative source of drinking
water. Riparian owners used alternative water sources for domestic needs as the
Vaal River water was muddy (Gouws, 2013: 344). Some people in the farming
community downstream of Parys resorted to purifying their water by adding a
teaspoon of lime per 13.6 litres of water (Gouws, 2013: 320). This indicates that the

Vaal River water may have inherently been not suitable for drinking.

By 1940 the community of Parys started experiencing problems with water quality in
and below the Vaal River Barrage due to anthropogenic factors (Van Riet &
Tempelhoff, 2009: 34). Van Riet & Tempelhoff (2009: 35) alluded to the fact that in
1941 Rand Water declined a request by the town fathers to link Parys to the Rand
Water supply network. They rather supported the option of Parys constructing its

own water purification works through funds from the government.
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1.1.2.2 The apartheid era

Apartheid was a systematic way in which the National Party, which came into power
in 1948, formalized racial segregation through laws. The legal instruments enabled
apartheid in the following manner:

e They prohibited extra-marital sex and marriages between white and non-white
races, based on a national register in which every citizen’s race was recorded.

e They mandated segregation in all public services, public buildings, and public
transportation. Physical separation was forced by creating different residential
areas for different races and separate native homelands. Forced relocation of
non-whites from publicly and privately owned land was allowed. The definition
of the category of natives who had the right of permanent residence in towns
was narrowed. Natives were required to carry passes in urban areas.

e They provided inferior education for native people. It was a criminal offence
for a native person to perform any skilled work in urban areas except in those
sections designated for native occupation. Natives were prohibited to strike.

e They outlawed communism in South Africa and denied non-whites the right to

vote (Boddy-Evans, 2015: 1).

During the apartheid era (1948-1994), the focus was on water resource
management in the form of large government-funded water schemes to support
economic development. These resulted in significant degradation of South Africa’s
primary water resources (Funke et al., 2007: 14; Tempelhoff, 2011: 115). Bohensky
(2008: 3), looking at South Africa as a social-ecological system, indicated that the
apartheid policies encouraged large dam projects and unsustainable use of land and

water. Although the system was in an unsustainable regime it was resilient due to

11



the legal framework, subsidies for agriculture and service delivery aimed at the
minority of the population who supported the white regime. As stated in the preamble
of the National Water Act (36 of 1998), the racially based discriminatory laws and
practices of the apartheid government prevented equal access to water resources as

well as water and sanitation services.

1.1.2.3 The democratic period

South Africa’s water legislation was transformed by the new multi-racial democratic
dispensation that started in 1994. The national government has the overall
responsibility for and authority over, the nation’s water resources, according to the
preamble of the National Water Act (36 of 1998). Chapter 1 of the National Water Act
(36 of 1998) highlights sustainability and equity as the central guiding principles for
the protection, use, development, conservation, management and control of water

resources.

An integrated water resource management (IWRM) approach forms part of achieving
sustainable and equitable water use, according to Chapter 2, section 6 of the
National Water Act (36 of 1998). Gorgens et al. (1998: 2), define IWRM as a
philosophy, a process and an implementation strategy to attain sustainable use of
water resources and to ensure equitable access to them by all stakeholders at
catchment, regional, national and international levels, while maintaining the
characteristics and integrity of water resources at the catchment scale within agreed

limits.
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The principle of sustainability is captured in Chapter 3, Parts 3 and 4 of the National
Water Act (36 of 1998). Part 3 stipulates the need for a reserve encompassing
human and ecological needs. Part 4 requires a person conducting an activity that
leads to water resource pollution and the catchment management agency to take
measures to prevent pollution. The principle of equity is captured in the Bill of Rights
in Chapter 2 section 24 of the South African Constitution (Act 108 of 1996), which
stipulates that people living in South Africa have a right to live in a protected and
healthy environment and have access to adequate housing, food and water. It is also
provided for in section 227 of the South African Constitution, which entitles local
municipalities to funds from the fiscus to cover the cost of supplying water and

sanitation services to indigent households.

In 2007, a study aimed at providing a historical overview of the Vaal River Barrage,
suggested that it was essential to connect relevant stakeholders to take the
responsibility of addressing the pollution situation prevailing in the Vaal River
Barrage upstream of Parys (Tempelhoff et al., 2007: 116). A transdisciplinary

research approach was used for the study (Tempelhoff et al., 2007: 108).

In the same year, Ochse (2007: 63) completed research on seasonal rainfall
influences on the main pollutants in the Vaal River Barrage. She highlighted the
importance of the Upper Vaal Water Management Area to the economy of South
Africa, and also stated that the greatest threats in the Vaal River Barrage to potable
water preparation were posed by phosphates, conductivity (which is a measure of
total dissolved solids) and sulphates. The same author identified sources of the

pollutants as high volumes of effluents from upstream sewage treatment plants, mine
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water and discharges from industries. She recommended more stringent phosphate
limits to be imposed in the water use licences of those discharging phosphate-

containing effluents.

In 2008, an investigation was conducted into the environmental health of the Vaal
River in the vicinity of Parys. This investigation captured a moment in time when the
problems of the Parys WSS had reached a new level. The community expressed
their discontent with the water and sanitation service in the protest mentioned above.
A transdisciplinary research approach was applied to conduct this research
(Tempelhoff et al., 2008: 8). The complexity of the Parys water and sanitation issues
emerged in the form of multiple stakeholders and multiple causes ranging from

infrastructural to chemical to relational (Tempelhoff et al., 2008: 33).

In 2009 Van Riet collaborated with Tempelhoff to explore slow-onset disaster and
sustainable livelihoods associated with the Vaal River in the vicinity of Parys. This
investigation was part of a 2008 research project commissioned by Fezile Dabi
District Municipality. It looked at the impact of ongoing Vaal River pollution on the
livelihoods of the community (Van Riet & Tempelhoff, 2009: 29). They reiterated the
complexity of the problem and recommended that a water forum be established to
facilitate communication between the municipality and the community on water and
sanitation issues. Their findings and recommendations were based on a
transdisciplinary research approach to identify and describe the problems (Van Riet

& Tempelhoff, 2009: 31).
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In 2010, Booyens collaborated with Visser to look at the development of tourism
small, medium and micro enterprises (SMMES) in Parys. They indicated that Parys
had experienced elevated levels of tourism since 2005 that had resulted in local
economic growth (Booyens & Visser, 2010: 369). The reason for this positive
development was attributed to the strategic location of Parys. The town is in close
proximity to Johannesburg, the Vaal River and the Vredefort Dome, and is a key
urban node on the Vaal River boundary between the provinces of the Free State and
North West. Parys is connected to the greater Johannesburg Metropolitan area via
the N1 freeway and route R59 and an airfield (Ngwathe Local Municipality, 2006: 7).
The Johannesburg Metropolitan area is part of South Africa’s economic hub, and
therefore, it provides a potential market for Parys in the form of weekend tourists with
disposable income. The Vaal River offers aesthetic and recreational facilities. The
Vredefort Dome, one of the centrepieces of South Africa’s heritage, was declared a
World Heritage Site in 2005 by the United Nations Educational, Scientific and

Cultural Organization (UNESCO) (Booyens & Visser, 2010: 373).

In 2011 Munnik’s research group, which included members of North-West
University’s Research Niche for the Cultural Dynamics of Water (CuDyWat),
investigated the potential of civil society organisations to contribute to monitoring and
improving water quality. They pointed out that voluntary catchment forums were
starting up in the Upper Vaal water management area due to water pollution
challenges. The forums were operating in terms of the National Water Act 36 of 1998
and the National Water Resource strategy of 2004, which outlined the usefulness of
forums as a foundation for catchment management agencies and in addressing local

water management challenges (Munnik et al., 2011: 4).
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The same source indicated that the quality of water in the Vaal River Barrage was
influenced by the Blesbokspruit, Rietspruit, Klip River and Leeu-Taaibosspruit
catchments (Munnik et al., 2011: 29). The Blesbokspruit was experiencing acid mine
drainage problems, while the Rietspruit was being polluted by effluent from a steel
mill. Furthermore, the water of the Klip River was being polluted by gold mining and
effluent from domestic wastewater treatment plants, and the Leeu-Taaibosspruit was
being impacted by the chemical industrial complex in Sasolburg. All four catchments

each had a forum to discuss water-related issues (Munnik et al., 2011: 28).

In 2011 Motingoe investigated a performance management system (PMS) as an
implementation tool for IDPs in Ngwathe Local Municipality. He found that despite
the existence of a dedicated administrative unit and portfolio committee for PMS in
the municipality, there was little and varied understanding of PMS as well as poor
implementation of the PMS to support the municipality’s IDP. He recommended that
these problems be addressed through the creation of a common understanding of
PMS in the municipality, as well as the development of a PMS implementation
checklist to ensure that the system was utilised at the management, supervisory and

staff levels of the municipality (Motingoe, 2011: 121).

Also in 2011, Lemeko assessed the disaster preparedness of Ngwathe Local
Municipality with regard to floods. She indicated that the community of Parys was
vulnerable to floods due to its proximity to the Vaal River. The local municipality’s
inability to enforce building codes and by-laws was identified as a weak link in

preparing for flood disasters (Lemeko, 2011: 3). Looking at the health sector in
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Parys, Lemeko described the clinics as “appalling” (Lemeko, 2011: 29). She also
mentioned the following important issues regarding the Parys WSS: the raw water
quality from the Vaal River was bad (hard, scale forming and contaminated with
algae); the maintenance of the treatment plants was non-existent; and the Parys
water and sanitation works would not meet the future water requirements without
expansion (Lemeko, 2011: 23). She indicated gaps in the town’s preparedness for
floods by referring to an incident recorded in the 2011 Fezile Dabi District Flood
Report, which described the destruction of the urban irrigation infrastructure, bridges,
RDP (Reconstruction and Development Programme) houses and shacks in Parys by

the floods of that year (Lemeko, 2011: 50).

In 2012, Van Zyl, an environmental health practitioner of Fezile Dabi District
Municipality, investigated collaborative transboundary water quality monitoring as a
strategy for effective Vaal River water quality monitoring in the vicinity of Parys.
Strategic transboundary monitoring was proposed as a tool to address the issue of
intense pollution of the Vaal River and its tributaries (Van Zyl, 2012: 3). This
investigation emphasised an integrative approach to a common natural resource by
various stakeholders. The researcher also used a transdisciplinary research

approach in this study (Van Zyl, 2012: 10).

1.1.2.4 Global influence through the Millennium Development Goals

In 2000 the United Nations (UN) globally launched the Millennium Development
Goals (MDG). The seventh goal was the imperative for countries worldwide to meet
the water and sanitation needs of their peoples (UN, 2005: 35). The MDGs have

been criticised for their bias towards human development without proper

17



consideration of natural capital and ecosystem services (Nostrom et al.,, 2014: 1).
This criticism is relevant when it is considered that sustainable development in the
form of WSSs meeting the needs of communities cannot be attained without taking

into consideration the limits of the ecological systems on which they depend.

South Africa fully subscribes to the realisation of the MDGs (RSA, 2010: 4). In order
to translate legislation into tangible water and sanitation services for communities,
the South African government has at its disposal a three-tier government structure
comprising national, provincial and local governments as well as provisions for 19
catchment management agencies (Tempelhoff, 2011: 124). Chapter 7, section 152
of the Constitution clearly states that local government exists to:

e provide democratic and accountable government for local communities;

e ensure the provision of services to communities in a sustainable manner;

e promote social and economic development;

e promote a safe and healthy environment; and

e encourage the involvement of communities and community organisations in

matters of local government.

The reasons for local municipalities being unable to provide adequate and consistent
water and sanitation services include the following:
e Mature WSSs are expected to cater for:
o escalating developmental needs for water (DEA, 1993: 11; DWAF, 2004:
26; Van Rooyen & Versfeld, 2009: 16);
o all South Africans, not only the minority that these plants were originally

built to service (Van Zyl, 2012: 4);

18



o a growing and urbanising population (Monkam, 2011: 12; Cessford &

Burke, 2005: 9; Pollard et al., 2008: 9; Van Riet & Tempelhoff, 2009: 12).

e Raw water quality is expected to remain compatible with old water purification

technologies, despite evidence of escalating water resource pollution (DEA,

1993: 18; DWAF, 1994: 30; DWAF, 2002: 6; DWAF, 2004: 5; Van Rooyen &

Versfeld: 15; Cessford & Burke, 2005 15; Van Zyl, 2012: 104; Kings, 2013: 1).

e WSSs are expected to continue functioning without proper funding, due to

factors such as communities not paying for services and evidence of

corruption in municipalities (Funke et al., 2007: 12; CoGTA, 2009: 8; Monkam,
2011: 12; Department of National Treasury, 2013: 22).

e Municipal personnel without the relevant skills are expected to manage,

develop, maintain and operate WSSs (DWA, 2009: 15; Gouws et al., 2010: 4;

Tempelhoff, 2011: 117; Grobler, 2012: 4).

1.1.3 Emergent sustainable development concepts and Parys’s water and

sanitation challenges

In recent years, new thinking has emerged advocating the management of systems
that comprise human and natural (non-human) aspects through an integrated,
holistic and systems approach (Gunderson & Holling, 2002: 7; Glaser, 2006: 142;
Pollard et al., 2008: 9; Folke et al., 2010: 2; Resilience Alliance, 2010: 6). Glaser
(2006: 132) describes social-ecological systems as consisting of the following
aspects: (a) the human system, comprising individual development, and the social
and government subsystems; (b) the support system with the economic system and
the infrastructure system as subsystems; and (c) the natural system with the

environment and the resource system as subsystems. Halliday & Glaser (2011: 1)
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view a social-ecological system as a commitment to adopt a holistic, systemic
approach towards human and non-human elements in a given problem situation.
This research was built on the contemplation of a community WSS in the town of

Parys from the perspective of a social-ecological system (see Table 1).

Table 1. The Parys water and sanitation system as a social-ecological system in a

panarchical cascade of smaller and larger systems

Domain Scale Scale description
Social Larger Provincial and national government
Large Fezile Dabi District Municipality
Focal Parys community and Ngwathe Local Municipality
Smaller Individuals
Ecological | Larger Vaal River catchment
Larger Upper Vaal River water management area
Focal Vaal River section from Parys raw water abstraction
point to effluent discharge point

The concept of social-ecological systems emerges within an established concept of
sustainable development (Becker, undated: 1; Clifton, 2010: 2; Jahn et al., 2009: 1;
Nealer & Naudé, 2011: 105). Clémencon (2012: 312) quotes Rio+20 in defining
sustainable development as encompassing the simultaneous pursuit of three
dimensions: social, economic and environmental. Berkes et al. (2003: 2) and Walker
et al. (2002: 1) link social-ecological systems and sustainable development by
explaining that maintaining the capacity of ecological systems to support social and

economic systems is in effect sustainable development.
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Pollard et al. (2008:7), view social-ecological systems as an improvement on the
natural resource management framework. They argue that sustainable development,
without integrating resource management and the socio-political context, is not
possible because humans and ecosystems are in an infinite cycle of resource use by
humans and corresponding ecosystem response. According to Cote & Nightingale
(2012: 484), resilience thinking provides a middle ground between social and
environmental science as well as between science and policy. It enables knowledge

integration and enhances understanding of social-ecological challenges.

Social-ecological systems are complex because they exhibit uncertainty, non-linear
feedbacks, cross-scale interactions, self-organisation and emergence (Glaser, 2006:
132). Walker et al. (2004: 1), Gunderson & Holling (2006: 1), Abel et al. (2006: 1),
and Folke et al. (2010: 1), indicate that the dynamics and development of complex
social-ecological systems can be described through the concepts of adaptability,
transformability and resilience, as well as the adaptive cycle and panarchy models.

These concepts and models were used to describe the Parys WSS and its

dynamics.

Adaptability is the capacity of stakeholders in a social-ecological system to build
resilience through intentional collective action. Transformability is the capacity of
stakeholders to create a fundamentally new social-ecological system when
ecological, political, social or economic conditions make the existing system
unsustainable (Walker et al., 2004: 3; Folke, 2006: 262). Resilience is the capacity of

a system to absorb disturbances and reorganise while undergoing change so as to
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retain the same function, structure, identity and feedbacks (Gunderson & Holling,

2002: 28; Resilience Alliance, 2007b: 16).

Social-ecological systems are managed by assessing and managing their resilience
(Walker et al., 2002: 1; Pollard et al., 2008: 7). The reason for assessing the
resilience of the Parys WSS was to enable its stakeholders to understand the
dynamics of their system and to manage its resilience to achieve the objective of the
sustainable development of the system. The resilience of a social-ecological system
can be enhanced within desirable regimes as opposed to undesirable regimes.
However, the adaptive cycle indicates the fact that the resilience of the social-
ecological system in a regime is not a fixed quantity of the system. It contracts during
periods of growth and stability and expands during periods of change and variability
(Gunderson & Holling, 2002: 47). Panarchy explains how a social-ecological system
can be simultaneously creative and conserving, existing in a nested hierarchy of
systems at different scales (Holling, 2001: 390; Gunderson & Holling, 2002: 72;

Holling et al., 2002: 403; Resilience Alliance, 2007a: 58).

1.2 Problem statement

The review of the empirical literature indicates that past research work relevant to
the Parys WSS was performed in both disciplinary and transdisciplinary settings. The
research work identified social, economic and environmental issues that have led to
the current Parys WSS condition. The investigations also looked at relevant
stakeholders and their interests. Recommendations were made and some actions

were taken to address the various aspects of the Parys WSS problems.
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The gap that remains is that the same WSS problems persisted years after the
investigations had been conducted. The researcher identified two important aspects
that were not adequately covered by previous research:
1. The investigations did not provide a framework which would allow the Parys
stakeholders to understand the complexity and dynamics of their WSS.
2. There was no framework strategy to steer the WSS (a social-ecological

system) towards a sustainable regime.

This investigation was therefore, aimed at addressing these two gaps.

In addition to confirmation by the empirical literature review, the existence of the
WSS problems was also confirmed through semi-structured interviews of Parys
community members. Semi-structured interviews conducted in October 2013
indicated that the water and sanitation problems of Parys had still not been resolved
(TMR. PA. SSI. P1 to P8. 5 October 2013; TMR. PA. SSI. P9 to P11. 11 October
2013). The problem was identified as persistent water and sanitation issues in Parys

despite efforts to address them.

1.3 Research questions

The researcher aimed to qualitatively establish the effectiveness of a
transdisciplinary approach to enable the process of assessing the resilience of the
Parys WSS. In order to reach the research objectives, the following questions had to
be answered:

e What s the context of the Parys water and sanitation problems?

e What is the resilience of a social ecological system?
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e How can the resilience of a social-ecological system be understood through a
transdisciplinary research approach?

e How resilient is the Parys WSS within the current regime, and how should it
be managed?

e What recommendations can be made on the use of a transdisciplinary

approach to assess the resilience of the Parys WSS?

1.4 Research objectives

The following research objectives were aimed at effecting the collaborative
exploration of the Parys WSS and identifying relevant interventions in the context of
the emerging concept of social-ecological system resilience to address the water and
sanitation problems of Parys:
e Provide a context of the Parys water and sanitation problems.
e Provide an outline of the resilience of a social-ecological system.
e Indicate how the resilience of complex social-ecological systems can be
understood through a transdisciplinary research approach.
e Provide an exposition of the resilience of the Parys WSS within the current
regime and potential strategies for managing it.
e Make recommendations on using a transdisciplinary approach to assess the

resilience of the Parys WSS.

1.5 Basic hypothesis

Based on the consideration of the empirical information on Parys and the theoretical
exploration of the resilience theory and the methodology of transdisciplinarity, the

hypothesis of the study is formulated as follows:
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A transdisciplinary approach is effective in assessing the resilience of a social-

ecological system such as the Parys WSS.

1.6 Research methodology

A transdisciplinary research approach was used to assess the resilience of the Parys
WSS. This research approach integrates knowledge from researchers and
stakeholders. It involves researchers from various relevant disciplines working
together with actors from various sectors in the life world to solve problems

encompassing a number of fields (Hirsch-Hadorn et al., 2008: 33).

Berkes et al. (2003: 2), Hirsch-Hadorn et al. (2008: 16) and Tempelhoff (2011: 336)
endorse a transdisciplinary approach as appropriate for problems stemming from
complex systems. Jahn et al. (2009: 4), describes transdisciplinary research as
providing a hermeneutic framework where problem solving involves reflection,
transformation of attitudes, development of personal competencies, ownership,
capacity building, institutional transformations, technological development and
mutual learning between academic disciplines and life-world actors. In other words,

the transdisciplinary process becomes part of addressing the Parys WSS problems.

Pollard et al. (2008: 10), point out that conventional linear cause-and-effect thinking,
guantitative methods and single-perspective approaches are inadequate for solving
social-ecological system problems such as a WSS failing to meet the needs of a
community. Consequently, a constructivist research paradigm and a qualitative

research design were paired with phenomenological and case study research
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strategies to explore the resilience of the Parys WSS. They support real-world
transdisciplinary research which focuses on the participation of stakeholders to solve
a practical societal problem as articulated and represented by participant

stakeholders (Bergmann et al., 2012: 32).

1.7 Secondary and primary sources

Much of the factual evidence in this study is based on primary sources. The primary
data, generated by the present researcher and other North-West University (NWU)
researchers during the research period (2013/4), are referenced appropriately in the
text of the study. The empirical, theoretical and methodological literature reviews
were conducted based on secondary sources such as relevant journal articles,
reports, course materials, books and legislation. The journal articles were sourced
from the NWU library’s electronic database. Reports were sourced from relevant
organisations and government websites; books were purchased or sourced from
NWU’s libraries at the Vanderbijlpark and Potchefstroom campuses. The legislation
was sourced from relevant government websites. The sources of information used in
the study were quoted in accordance with the 2012 NWU reference guide to avoid

plagiarism.

1.8 Research ethics

The research was guided by the 2010 NWU ethics guidelines, which stipulate that all
research involving people must be approved by the Research Ethics Committee
before the study may commence. However, a research project being performed
under a broader research programme may utilise the ethics approval of the latter.

The ethics approval number FH-SB-2012-0031 of the CuDyWat research
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programme was used on informed consent forms prior to semi-structured interviews
of random members of the Parys community. Signed permission was obtained from
each stakeholder prior to the semi-structured interviews. The permission document
gave the name and contact details of the researcher, the title, purpose, duration and
procedures of the research. The implications of participating in the study such as
benefits, possible risks, confidentiality and voluntary participation were explained to
the stakeholders. Permission was also secured in advance for follow-up evaluation

(see Appendix A).

Verbal and written permission was granted by the Ngwathe municipal officials, which
enabled the researcher to undertake visits to the municipal works, conduct meetings
with the officials and facilitate multi-stakeholder workshops. The primary information
generated was consolidated in a personal archive. The identities of the stakeholders
participating in the research were not revealed in the study except where the
stakeholders are public figures. Instead, the stakeholders were each assigned a

number which was used for reference purposes.

1.9 Chapter layout

The proposed chapter layout reflects the sequence of research activities in

answering the research questions and meeting the research objectives.

Chapter 1: Context of the Parys water and sanitation problems
Chapter 2: An outline of the resilience of a social-ecological system
Chapter 3: Understanding the resilience of complex social-ecological systems

through a transdisciplinary research approach
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Chapter 4: An exposition of the resilience of the Parys water and sanitation system
and potential strategies for improvement
Chapter 5: Conclusions and recommendations with regard to utilising a

transdisciplinary approach to assess the resilience of the Parys WSS

1.10 Chapter summary

The community of Parys is experiencing persistent water and sanitation problems
despite various interventions to address them. According to empirical literature
review, these problems arise from the social and ecological aspects of the Parys
WSS within a bigger South African and global context. They are linked to persistent
water pollution in the Vaal River Barrage due to upstream developments which was
already identified in the 1930s, and to political changes affecting legislation
pertaining to the rights of South Africans regarding economic participation, land

ownership, mobility, access to water resources, water and sanitation.

The need for problem-solving approaches that take into consideration the complexity
of the problems associated with a WSS is highlighted. Emerging concepts within the
framework of sustainable development, such as social-ecological systems,
adaptability, transformability and resilience, as well as the adaptive cycle and
panarchy models, are proposed as new ways of looking at the persistent problems of
the Parys WSS. The applicability of these concepts to the current situation of the
Parys WSS is explained in detail in Chapter 2. A transdisciplinary research method is
proposed to address the Parys WSS in a collaborative manner with relevant
stakeholders. This research approach integrates the researcher's and the

stakeholders’ knowledge in addressing real-world problems.
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CHAPTER 2

AN OUTLINE OF THE RESILIENCE OF A SOCIAL-ECOLOGICAL SYSTEM

Chapter 2 explains how sustainable development, which seeks to simultaneously
address social, economic and environmental challenges, can be better understood
through a lens that sees social-ecological systems as evolving. This view best
approximates the dynamics and complexity of observed social-ecological systems
(Gunderson et al., 2002: 13). It encompasses the concepts of social-ecological
system resilience, adaptability and transformability, as well as the adaptive cycle and
panarchy models. Viewing social-ecological systems as evolving forms a basis from
which the dynamics and complexity of the Parys WSS and its persistent problems

can be explored and explained.

2.1 Social-ecological systems

Our contemporary understanding of sustainable development, from which the
concept of social-ecological systems is derived (see Figure 4), came about as a
result of various milestone events that emphasised the negative impact of people
and industry on the environment. Rachel Carson, in Silent Spring highlighted the
environmental problems caused by synthetic pesticides and insecticides (Carson,
1962: 15). In 1968, in The Tragedy of the Commons, Garrett Hardin described the
risk that overpopulation posed to limited resources shared by multiple stakeholders

(Hardin, 1968: 1243).

From 1972, environmental issues were addressed on global platforms such as the

United Nations Conference on the Human Environment (Stockholm Conference)
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(Clémencon, 2014: 319). In 1987 the Brundtland Commission highlighted in Our
Common Future the fact that the development of the current generation must not
impede the ability of future generations to also develop (UN WCED, 1987: 16). In
1992, world environmental issues were discussed at the United Nations Conference
on Environment and Development (UNCED) also known as the Rio Summit, Rio
Conference or Earth Summit (Clémencon, 2014: 313). UNCED produced Agenda
21, which provides direction on the international, regional and local levels with
regards to sustainable development and environmental protection (UNCED, 1992:

14).

The UN and other international organisations have emphasised the attainment of
sustainable development through the achievement of the Millennium Development
Goals (MDGs). This strategy has not always been successful due to the
interconnected challenges that require to be simultaneously addressed to achieve
real progress (Gilioli et al., 2014: 43). Gunderson & Holling (2002: 10) argue that the
reason why sustainable development remains elusive despite concerted efforts on
global, national and local levels is people’s views on the dynamics of social-
ecological systems. The views are a departure point from which they attempt to
understand systems to achieve sustainable development. This then typically explains
why sustainable development of a local social-ecological system such as the Parys

WSS proves difficult to achieve despite various interventions.

Ordinary people, e.g. local residents (as stakeholders) and officials of the local

authority (as service providers) find it difficult to establish a link between sustainable

development and the water and sanitation-related problems experienced at
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grassroots level. There appears to be a disconnection between real life and the
policies, government structures, local and district actions, as well as various

research interventions.

Sustainable development <

v
Social-ecological systems

y

Complexity | Nature evolving view of social-ecological systems
\ 4
Adaptive cycle Dynamic regimes
Adaptability Potential \
and Transform- Resilience
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Connectedness
Latitude
_ Resistance
Multiple
scales Precariousness
v Panarchy

Multiple

disciplines

Figure 4: Map of research concepts
Gunderson & Holling (2002: 11) use stability landscapes to describe five different

views from which people see social-ecological systems. The views are stated in

order of increasing fit to real-world observations of social-ecological systems. The
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first landscape (Nature flat) depicts a view of social-ecological systems where there
are no feedbacks or consequences from nature linked to human action. People who
see social-ecological systems from a Nature flat point of view tend to focus
exclusively on human action to remedy social-ecological system problems. The
solutions typically rely on community activism, stakeholder control or human
ingenuity without acknowledging the limits of nature. The policies applied are
random, yielding mixed results associated with successive processes of trial and

error.

The second landscape (Nature balanced) describes a social-ecological system view
where nature returns to default equilibrium after disturbances. People who see
social-ecological systems from a Nature balanced point of view tend to impose static
goals such as maximum sustainable yields and fixed carrying capacities on a
dynamic system. They advocate policies that focus on optimisation and a return to
equilibrium, which surprises them when there is no return to the expected equilibrium

(Gunderson & Holling, 2002: 12).

The third landscape (Nature anarchic) describes a view of social-ecological systems
as unstable. In this landscape, growth is inevitably followed by collapse, increase by
decrease. Those who see social-ecological systems from a Nature anarchic point of
view tend to support the precautionary principle-type policies and attempt to maintain

the status quo (Gunderson & Holling, 2002: 13).

The same source describes a fourth landscape (Nature resilient), which is a view of

social-ecological systems with stationery multi-stable regimes between which it can
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alternate or within which it can be trapped. Policies and management approaches
based on this view are adaptive. However, the consequences of this view include
structural surprises from the overlooked dynamics of the regimes (Gunderson &

Holling, 2002: 13).

In the fifth landscape (Nature evolving), social-ecological systems have dynamic
multi-stable regimes, which give rise to abrupt and transforming change (Gunderson
& Holling, 2002: 14). A regime is an identifiable configuration of a social-ecological
system, which has a specific structure, function, feedbacks and identity (Resilience
Alliance, 2007a: 49). Gunderson & Holling (2002: 21) point out that the dynamics of
an evolving social-ecological system require it to conserve its ability to adapt to
change as well as its ability to respond in a flexible manner to uncertainty and

surprises.

Gunderson & Holling (2002: 14) propose the Nature evolving view of social-
ecological systems as the one that best fits real-world systems (see Figure 4). They
describe the type of policies that would flow from a Nature evolving foundation as
actively adaptive and probing with active learning and new institutions. Walker et al.
(2004: 4) and the Resilience Alliance (2007b: 16) utilise the Nature evolving stability
landscape to explain the concepts of regime shifts and resilience in a regime (see

Figure 5).
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Figure 5: Depiction of Nature evolving stability landscape with dynamic multi-stable
regimes. The three aspects of resilience are: L = latitude, R = resistance, Pr =

precariousness (Walker et al., 2004: 2)

2.2 The dynamics of social-ecological systems

A Nature evolving approach views social-ecological systems as existing in a stability
landscape with dynamic multi-stable regimes separated by thresholds (Gunderson &
Holling, 2002: 14). A regime is made up of a set of states within which a socio-
ecological system has specific essential structure, function, feedbacks and identity
(Resilience Alliance, 2007b: 15). According to the Nature evolving approach, social-
ecological systems have three inherent dynamics that describe its movement: 1) the
dynamics of the regimes, i.e. the changes in the latitude and resistance of the
regimes, as well as the changes in the number and position of the regimes and
thresholds on a stability landscape due to exogenous drivers and endogenous

processes (see Figure 5) (Walker et al., 2004: 3; Gunderson & Holling, 2002: 14); 2)
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the dynamics of the system as it is driven towards a specific regime by disturbances
and interventions (Resilience Alliance, 2007b: 19); and 3) the dynamics of the social-
ecological system as it goes through the developmental phases of the adaptive cycle

in a specific regime (Gunderson & Holling, 2002: 47).

Berkes et al. (2003: 6), state that complex systems operate around one of several
possible regimes. The feedback loops tend to maintain the system in its current
regime when conditions change. However, at thresholds which separate the different
regimes in a stability landscape, the system can change rapidly. Walker et al. (2002:
4), Garmestani and Benson (2013: 2) and the Resilience Alliance (2007a: 49)
indicate that thresholds exhibit lagging and irreversible changes and that resilience
management should focus on identifying and understanding the processes driving
the system towards thresholds and the associated regime shifts. According to
Garmestani and Benson (2013: 2), thresholds represent upper and lower-level
indicators that can be translated into social-ecological system management goals

indicating the condition of the system.

The dynamics of social-ecological systems can be described through the concepts of
adaptability, transformability and resilience (Walker et al., 2004: 1; Gunderson &
Holling, 2006: 1; Folke et al., 2010: 1) (see Figure 4). Adaptability and
transformability are associated with actors within the social-ecological system. The
actors can influence the resilience of the system through its four aspects of latitude,

resistance, precariousness and panarchy (Walker et al., 2004: 2) (see Figure 5).
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Adaptability refers to the capacity of people to manage ecological resilience by
building various types of capital within the system, i.e. social, human, natural,
infrastructural, financial, institutional and governance. It is an essential requirement
of managing resilience (Walker et al., 2004: 3; Folke, 2006: 262). It is enhanced
through commonality of understanding of the system among different stakeholders
(Abel, 2006: 2). People should be able to learn, adapt and self-organise to generate
more appropriate responses to the challenges posed by change (Bossel, 2001: 5;
Folke et al., 2010: 1). Adaptability involves processes such as monitoring, assessing,
responding, recovering and renewing following disturbances (Resilience Alliance,
2007a: 62). The goal of the collective action may be to avoid crossing into an

undesirable regime or crossing back into a desirable one (Walker et al., 2004: 3).

Transformability is the capacity of people to create a fundamentally new social-
ecological system when ecological, political, social or economic conditions make the
existing system unsustainable (Walker et al., 2004: 3; Folke, 2006: 262). It is the
capacity to cross thresholds into new development trajectories. Radical change is
applicable when the option of resolving focal system problems through adaptation is
no longer feasible. This is when system thresholds cannot be managed or
engineered to prevent a shift into undesirable regimes. In this case the focus of
interventions must be to re-define the system to become a different kind of system

(Resilience Alliance, 2007: 48).

Transformative changes require the development and nurturing of alternative forms

of capital, new approaches, mental models and reframing of issues. Transformative

change can be facilitated through disturbances, a shared understanding by
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stakeholders and change in institutions (Resilience Alliance, 2007b: 49; Resilience
Alliance, 2007a: 62). Transformational change at smaller scales enables resilience at
larger scales. The capacity to transform at smaller scales draws on resilience from
multiple scales, making use of crises as windows of opportunity for novelty and
innovation, and recombining sources of experience and knowledge to navigate

social-ecological transitions (Folke et al., 2010: 1).

2.3 Theresilience of social-ecological systems

The resilience of a social-ecological system is the capacity of a system to continually
change and adapt yet remain within critical thresholds (Folke et al., 2010: 1). It is the
capacity of a system to absorb disturbance and reorganise while undergoing change
so as to still retain the same structure, function, feedbacks and identity (Gunderson
& Holling, 2002: 51; Walker et al., 2004: 6). Resilience encompasses four main
components: latitude, resistance, precariousness and panarchy. Latitude is the
maximum amount the system can change before losing its ability to recover.
Resistance is the ease or difficulty of changing the system. Precariousness relates to
how close the system is to a threshold in its current trajectory (see Figure 5).
Panarchy relates to influences from larger and smaller systems. It refers to how the
latitude, resistance and precariousness are influenced by scales above and below

(Walker et al., 2004: 2).

Pollard et al. (2008: 10) describe a social-ecological system as resilient in a

sustainable regime when there are characteristics that:

e promote and sustain diversity
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embrace and work with ecological variability rather than attempting to control
and reduce it

have policies that focus on slow, controlling variables associated with
thresholds which may result in slow creeping changes which can often go
undetected

have tight feedbacks which enable the system to detect thresholds timeously
have adaptability, linked to social capital promoted by trust, well-developed
social networks and leadership

encourage innovation by emphasising learning, experimentation, locally
developed rules and embrace change

have overlapping polycentric forms of governance

have development proposals and assessments that take into consideration
the unpriced ecosystem services

have open as opposed to closed biophysical and social systems

have reserves and reservoirs.

The resilience of a system varies depending on the regime within which it exists at
the time (Carpenter et al., cited by Bohensky, 2008: 2). It is also not a static property
of the system, but contracts during periods of growth and stability as well as expands
during periods of change and variety as described through the adaptive cycle
(Gunderson & Holling, 2002: 47). This implies that although the resilience of a
system can be increased within a specific regime, it will rise and fall as the system
develops within that regime. Pollard et al. (2008:15), point out that this variability of a
social-ecological system is inherent and should not be viewed as a management

problem to be solved.
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The adaptive cycle model describes the relationship between potential,
connectedness and resilience on the x, y and z axes respectively (Gunderson &
Holling, 2002: 51). Potential refers to the capital within the system and
connectedness refers to interdependence between elements of the system
(Gunderson & Holling, 2002: 40). Different authors define the resilience of t