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Introduction 
 
 
The First Water  Law of the West is the Law of Gravity. Water runs downhill. 
The initial uses of water  in the West involved the use of gravity to tap r ivers and 
diver t their  flows into canals for  delivery to farms and mines. This is also known 
as Newton’s Law. 
 
The Second Water  Law of the West is the or iginal law of Los Angeles…[and] 
states that ‘water  runs uphill to money.’  The development of energy technologies 
to lift water  against the pull of gravity is the basis for modern Western 
civilization. Los Angeles pioneered the effor t to defy gravity with money in the 
ear ly 1900s with its Owens Valley Aqueduct…Phoenix, San Francisco and 
Denver also utilize massive pumping and diversion systems to transpor t water  
from great distances in defiance of gravity to serve their  growing urban 
populations. 

                              —Hugh Holub, 1999 

 

 

Societies throughout history have used laws to define, control, and sanction the use of 

natural resources for their benefit – water being no exception, and perhaps all the more so 

because of its absolute non-substitutability. Water, however, is a law-defying entity. As Holub’s 

first two Water Laws of the West make clear, even Newton’s Law, long used to the advantage of 

farmers, miners, and other water users, may be superceded when societal ambition and ingenuity 

dictate necessary (Lebel et al. 2005). Today, we are beginning to realise the limits of our legal 

measures to manage water. Holub’s laws were written with reference to the water saga that has 

long endured in the American West (Reisner 1993), but apply with little modification to 

numerous societies that have made similar valiant attempts to support livelihoods, economies, 

and political regimes on arid landscapes, often with remarkable success, and as the historical 

record indicates, equally often with phenomenal failure (Tainter 1998, Diamond 2005). 

Perhaps nowhere has the need to reform the way water is managed and even conceived 

been more apparent than in South Africa in the last decade. In a country where history has been 

so prominently shaped by unevenly distributed natural resources (Figure 1.1), the nation’s leaders 

seized an opportunity at the close of the apartheid era to overhaul the previous water law and 

replace it with one of the most progressive pieces of water legislation in the world to date. The 

enactment of National Water Act No. 36 of 1998 signaled not only the end of an era of resource  
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Figure 1.1. South Africa, with major rivers, cities, urban and cultivated areas, and mean annual 

precipitation.  

 

 

management but the beginning of a commitment to ecological and social sustainability, 

abolishing all water rights except for two: the right of every citizen to an adequate, safe supply of 

water for domestic needs and the right of ecosystems to the water required for their continued 

functioning (DWAF 2004a). Together, these rights constitute the Reserve, the unconditional first 

priority in water allocation. The Act also strives for efficiency, so that scarce water resources 

beyond the Reserve are used for the collective benefit of the nation’s present and future 

generations.  

Four years after the Act was passed, the World Summit on Sustainable Development was 

held in Johannesburg. To showcase South African water policy for the benefit of international 

visitors, the Department of Water Affairs and Forestry took out a billboard ad in a prominent 

location. The ad showed the image of a smiling African child standing at a tap, while beneath the 

image ran the newly-adopted slogan of the department: “Some, for all, forever,”  a reference to 

the Water Act’s three core principles of efficiency, equity, and sustainability. Here was a very 

appealing concept: the department’s new law would serve the ‘ triple bottom line’  of the people, 
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the economy, and the environment. It was a concept that everyone could buy into, and few could 

argue against. 

As of early 2006, major parts of the new water policy await implementation, and many 

questions about how to do it remain unanswered. Moving from legislation to action on the ground 

must extend beyond a paradigm shift in thinking to the establishment of new institutional 

arrangements, demonstrable progress on the significant backlog in service delivery especially in 

the rural population (DWAF 2004b), and an improved understanding of the complex 

relationships between hydrology, ecology, and society. This amounts to an enormous task, and 

while the new Water Act is a significant piece of legislation, concerns are expressed that an 

enabling environment for implementation of the law does not yet exist, necessary partnerships 

among and between institutions and communities are not being forged, and the Act’s vision is not 

being effectively communicated (MacKay et al. 2003).  

We now know that water cannot be governed by physics alone. Managing water 

sustainably is a question of biological and physical processes, but it is every bit as much a 

question of social ones (Pahl-Wostl 2002). In this thesis I propose that water management in 

South Africa – which encompasses its water resources, ecosystems and their services (Daily et al. 

1997), people they support, and institutions that govern them – is a social-ecological system: a 

coupled, inseparable system of human beings and nature. However, social-ecological systems 

theory, increasingly embraced by those working at the interface of social and natural science 

problems, has not been fully brought to bear on the challenges that South African water 

management faces now and may encounter in the future. I then argue that a social-ecological 

systems perspective is needed to understand the true nature of these challenges. Below I elaborate 

on this perspective before outlining the thesis structure and the approach adopted in each chapter 

to support this argument.   

 

A Social-Ecological Systems Perspective on Water  Management 

 

Science and broader society have traditionally treated social systems and ecosystems as 

distinct, according to one of two general views (Westley et al. 2002). One is that ecosystems are 

part of social systems – ‘natural’  patches within a human-dominated matrix. The other is that 

social systems are part of ecosystems, with ecosystems comprising all life, among which the 
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human species has come to dominate. Each view tends to draw from a unique disciplinary 

paradigm, and each may be used to support different approaches to conservation and 

development problems (Norgaard 1994).  

A growing volume of case studies and examples (e.g. Gunderson and Holling 2002, 

Janssen 2002, Berkes et al. 2003) suggests that each of these views has limits when called upon 

to provide sustainable solutions to such problems. The first view, that ecosystems are contained 

within social systems, may arrive at an assumption that managers can control ecosystems. Much 

management in industrialised nations has been based on a ‘command-and-control’  (Holling and 

Meffe 1996) approach that supports the idea that humans can and should dominate, tame, or 

triumph over nature. A counterargument is that all ecosystems, no matter how much humans 

influence them, are partially but inherently beyond human control. This is because ecosystems 

behave as complex adaptive systems (Walker et. al. 2002), which tend to be non-linear, uncertain, 

unpredictable, and adaptive to change. Their complexity emerges from simple rules (Lee 1993), 

the ability to self-organise (Holling 2001), and the interaction of slow variables – the governing 

structures and processes that drive system behavior – with rapidly changing ones (Gunderson and 

Holling 2002). Complex systems are able to shift between alternative states; state change is often 

characterised by thresholds that are difficult to predict (Scheffer and Carpenter 2003). When a 

critical threshold is passed, recovery to the previous system state is often extremely difficult 

(Scheffer et al 2001). Such dynamics explain the severe resource collapse or degradation that has 

been observed in large complex systems such as the Columbia River Basin (Lee 1993), the 

Everglades (Light et al. 1995), and the Western Australia agricultural region (Allison and Hobbes 

2004), all of which have been guided by command-and-control management approaches.  

The second view, that social systems, as a construct of the human species, are contained 

within ecosystems, may conclude that humans, though a remarkably successful species, are just 

like any other (Pinker 1997), and therefore, human control over and custody for ecosystems can 

be relinquished. The likeness of humans to other life forms is not debated here; the salient 

argument against this view is that the human species, though only one of many, has made an 

indelible and profound mark on global ecosystems and human well-being (MA 2005). Some 

liken the current scale of human domination to a new geologic era, the ‘Anthropocene’  (Meybeck 

2003), in which the modern human species – Homo economus (O’Neill and Kahn 2000) – has 

appropriated primary production (Vitousek et al. 1997), freshwater (Vörösmarty and Sahagian 
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2000), and biodiversity (Pimm et al. 1995) as no other species has done before. The continuation 

of these activities, and the unprecedented scale of their effects, does not bode well for future 

human (or other) generations (MA 2005). Furthermore, some challenge the ‘ just another species’  

view on the grounds that nature has intrinsic value and a right to exist beyond any human needs 

or desires for it (Noss and Cooperrider 1994).  

Where sustainability is concerned, a more meaningful position is likely to lie somewhere 

between the two views – one that suggests a more complex relationship between humans and 

ecosystems, appreciating that while humans are at least partially at the mercy of ecosystem 

complexity, they have tremendous impact on natural systems, and recognising this, are capable of 

better management. Such a relationship is not novel in human history; case studies show how 

recognition of the fundamentally coupled nature of social-ecological systems has allowed some 

societies to manage their resource bases sustainably, sometimes for centuries (Berkes et al. 2000, 

Dietz et al. 2003). At present, however, such a position does not feature prominently in the 

positivist tradition of Western science (Berkes et al. 1998) or conventional resource management 

(Holling and Meffe 1996).  

In South Africa, water management has been dominated largely by the first view (Rogers 

et al. 2000), though elements of the second also persist. Undoubtedly, a more holistic perspective 

is required to achieve the efficiency, equity, and sustainability principles of the Water Act. This is 

a call echoed by water researchers and practitioners across the globe (Pahl-Wostl et al. 2002, 

Folke 2003), but it is often guided by incomplete understanding on the ground. For example, 

Integrated Water Resources Management, which focuses on coordinated management of water 

resources to achieve social, economic, and sustainability goals, is often an attempt at such holism, 

but at other times is a mere buzzword that obscures underlying perceptions about human-water 

relationships (Chikozho 2005, Moench 2005).  

 Water is an especially challenging resource to manage because of its tight links to other 

ecosystem components, land use, economies, culture, and fundamentally, ethics (Acreman 2001). 

The South African Water Act clearly acknowledges these links and trade-offs in a ‘water and 

society’  system context, but recent dialogue regarding the creation of new water institutions has 

suggested that this context is not always being appreciated in practice (Rogers et al. 2000). In 

academic and research circles, different aspects of social-ecological systems theory are reflected 

in the current water management discourse and analysis. These focus on the role of adaptive 
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management (Rogers et al. 2000, MacKay et al. 2003), the incorporation of value systems in 

monitoring programmes (Rogers and Biggs 1999), limits of biophysical research (van Wyk et al. 

2001), and governance mismatches (Pollard and du Toit 2005). Despite this, the theory needs 

continued development and application to the South African context, individual efforts need to be 

synthesised, and greater investment made in communication with those responsible for 

implementing water policies. This thesis is an attempt to respond to these needs by pushing 

social-ecological systems thinking in several new directions in an arena where its application has 

been limited thus far.  

  

Thesis Structure: Hypothesis, Key Questions, and Approach 

 

My hypothesis is that a social-ecological systems perspective makes a unique contribution 

to our understanding of water management in South Africa, and particularly to the current 

transition underway. To explore this, I identify five key questions that flow from this premise 

(Table 1.1), and use a variety of approaches and methods to address them in the next five 

chapters. Two chapters (2, 3) of this thesis draw on the experience of the Southern African 

Millennium Ecosystem Assessment (Biggs et al. 2004, Bohensky et al. 2004, van Jaarsveld et al. 

2005 – see Appendix A), part of a global initiative to provide information to decision-makers 

about the relationships between ecosystem services and human well-being (MA 2003, MA 2005). 

To a large degree, the scientific basis of the Millennium Assessment is rooted in social-ecological 

systems theory, though in itself it was not a theoretical exercise intended to support or test this 

theory, an issue I return to in a later chapter (6).  

Two chapters (4, 5) use an agent-based modelling approach that was developed for this 

thesis to explore the evolution of interactions between water resources and water users in a 

spatio-temporal environment that represents South Africa. Agent-based modeling has its origins 

in the arenas of artificial intelligence (Ferber 1999) and social science (Epstein and Axtell 1996) 

but is becoming widely applied to natural resource management research that adopts a social-

ecological systems perspective (Bousquet and Le Page 2004). 
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Table 1.1. Thesis structure.  

 

Chapter  Key Question(s) 

 

1 Introduction 

 

How can a social-ecological systems perspective 

contribute to our understanding of South African 

water management?  

 

2 Evaluating responses in complex adaptive 

systems: insights for  water  management from 

the Southern Afr ican Millennium Ecosystem 

Assessment (SAfMA) 

 

What factors characterise effective management 

responses - those that maintain ecological and social 

resilience - in complex systems? 

 

3 Future ecosystem services in a southern 

Afr ican r iver  basin: a scenar io planning 

approach to uncer tainty 

 

How can scenarios of possible alternative futures 

aid our ability to deal with uncertainty in complex 

social-ecological systems?  

 

4 Decentralisation and its discontents: 

redefining winners and losers on the South 

Afr ican ‘waterscape’   

 

Does the decentralisation of water management in 

South Africa lead to ‘better’  outcomes, or does it 

simply redefine winners and losers? 

 

5 Learning dilemmas in a social-ecological 

system: an agent-based modelling exploration 

 

How do certain social-ecological system conditions 

enable or constrain learning? Does the Water Act 

create optimal environments for learning?  

 

6 Discover ing resilient pathways for water 

management: two frameworks and a vision  

 

 

 

Can existing social-ecological systems frameworks 

help to discover resilient pathways for South 

African water management and achieve the vision 

of the Water Act? 

 

7 Synthesis 

 

How can a social-ecological systems perspective 

contribute to our understanding of South African 

water management?  
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In order to understand why certain systems of water management in southern Africa have 

succeeded or failed in the past, and the likelihood of future successes and failures, water 

management responses need to be viewed in a complex adaptive systems context. In Chapter  2, I 

investigate whether certain factors characterise effective management responses – those that 

maintain ecological and social resilience – in complex systems. Water management in South 

Africa needs to be understood in light of the dominant paradigms of past and present that have 

enabled or constrained people’s options for managing water. I present a conceptual framework of 

responses in complex social-ecological systems to evaluate different interventions to manage 

water. The framework consists of three interconnected scopes or spatial and temporal domains: 

the scope of an impact, the scope of the awareness of the impact, and the scope of the power or 

influence to respond. I suggest that these scopes must be at least mostly congruent for a response 

to be effective. I then assess the validity of this suggestion by evaluating water management 

responses in the Gariep and Zambezi River basins that formed part of the Southern African 

Millennium Ecosystem Assessment. Fundamentally, this chapter seeks to gain a better 

understanding of past water management responses, and is a logical basis for the questions 

explored in the following chapters of the thesis which essentially focus on the future. 

Many uncertainties influence the future of water management in South Africa, and are not 

easily controlled by actors in the system. In such situations, scenarios, as plausible narratives 

describing alternative futures, have shown great potential to stimulate thinking and debate. For 

this reason, scenarios have been used widely in business and political contexts, where they have 

frequently been instrumental in achieving major strategy changes and paradigm shifts. In 

Chapter  3, I review a scenario planning exercise as an approach for identifying social-ecological 

management decisions that are robust to high levels of uncertainty about future ecosystems and 

their services. I then discuss the objectives, approaches, and findings of a scenario analysis in the 

Gariep River basin in Southern Africa. I also look more closely at the key findings of this 

analysis, why they emerged from the scenarios, as well as the shortcomings of this exercise and 

how it could be improved for future use. Scenarios show greatest potential when designed to 

address a focal policy issue, and could therefore play an important role for dealing with 

uncertainty surrounding the South African water management transition.  

The new water management paradigm in South Africa entails an unprecedented 

decentralisation process for this country. Social-ecological systems theory suggests that 
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democratic decentralisation is an effective management response because it transfers decision-

making authority to local actors who presumably have the most relevant information about their 

water resources, and it also minimises risk by promoting a diversity of water management 

strategies. Yet in reality, few examples exist of successful decentralisation experiments for 

natural resource management. In Chapter  4 I ask if decentralisation leads to ‘better’  outcomes in 

social-ecological systems, or simply redefines winners and losers. I pursue this question with the 

use of an agent-based model of decision-making in the South African water sector called the 

WaterScape. I compare the outcomes of actors’  decisions for achieving the three Water Act 

principles of efficiency, equity, and sustainability under three dominant water management 

paradigms and under a decentralised system that allows collective learning. Given that water 

management must occur at multiple scales, I explore to what extent decentralised decision-

making is appropriate. 

Learning is important in a social-ecological system so that actors can capture information 

and detect key patterns. Because social-ecological systems are dynamic, actors must be able to 

learn and adapt. While in Chapter 4 I ask whether the Water Act principles are more likely to be 

achieved when learning is allowed, in Chapter 5 I extend this line of questioning and ask what 

causes agents to learn, and conversely, what prevents them from learning. I propose that water 

management in South Africa, as a social-ecological system, is challenged by ‘ learning dilemmas,’  

in which human perceptions combined with social-ecological conditions affect the capacity, 

understanding, and willingness required to learn. In South Africa, learning how to manage water 

has been affected by water’s high temporal variability, scarcity, and lack of access to ‘ learning 

networks’  through which relevant, timely information can be obtained. Learning is also affected 

by the indicators selected to measure the effectiveness of different management strategies. I use 

the WaterScape model presented in Chapter 4 to investigate social-ecological conditions that 

encourage or constrain learning by agents in the South African water sector. I explore how 

variability, water stress, and spatial heterogeneity, together with indicator selection affect 

learning ability. I then ask, given these conditions, what can be done to enhance learning, and 

how can management ensure that optimal conditions for learning are maintained or created? 

In Chapter  6 I investigate the concept of resilience in water management. Resilience – 

defined as the amount of change or disturbance a system can withstand and still maintain its 

essential structure, function, and identity (Rappaport 1968, Holling 1973, Levin 1999, Cumming 
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et al. 2005) – as it applies to water management is poorly understood, yet it is a critical issue to 

the successful implementation of the South African Water Act over the long term. Because a 

social-ecological system undergoes continuous change, the concept of resilience needs to be 

viewed with respect to particular system configurations rather than to the system itself. It is 

therefore useful to identify resilient “pathways”  for the system that can guide future management 

actions. A growing body of theory and associated frameworks exist to improve understanding of 

resilience, but its relevance to management, and specifically for the example in this thesis, is 

unclear. I evaluate the potential of two existing frameworks – the conceptual framework of the 

Millennium Assessment and the “panarchy model”  of Holling that has played a pivotal role in 

current resilience theory – to help water managers discover resilient pathways that are likely to 

align with a common vision for the South African water sector. I then identify features of the 

framework that may require modification as well as gaps in the vision, with the practical example 

of South African water management ultimately serving to strengthen social-ecological systems 

understanding. 

In Chapter  7, I revisit the hypothesis presented above: can a social-ecological systems 

perspective contribute to our understanding of water management in South Africa? I attempt to 

answer this in a synthesis of the arguments made in the five main thesis chapters. I then discuss 

some of the expected implications of this work for water management and research in the future. 

 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd,,  BBoohheennsskkyy  EE  LL  ((22000066))  



                      1. Introduction 
 

   11 

References 

 
Acreman, M. 2001. Ethical aspects of water and ecosystems. Water Policy 3:257–265. 
  

Allison, H. E. and R. J. Hobbs. 2004. Resilience, adaptive capacity, and the “Lock-in Trap”  of 
the Western Australian agricultural region. Ecology and Society 9(1):3. [online] URL: 
http://www.ecologyandsociety.org/vol9/iss1/art3. 
 
Berkes, F., and C. Folke, editors.  1998. Linking social and ecological systems: management 
practices and social mechanisms for building resilience. Cambridge University Press, 
Cambridge.  
 
Berkes, F., J. Colding, and C. Folke. 2000. Rediscovery of traditional ecological knowledge as 
Adaptive Management. Ecological Applications 10:1251-1262.   
 
Berkes, F., J. Colding, and C. Folke, editors. 2003. Navigating social-ecological systems: 
building resilience for complexity and change. Cambridge, Cambridge University Press. 
 
Biggs, R., E. Bohensky, C. Fabr icius, T. Lynam, A. Misselhorn, C. Musvoto, M. Mutale, B. 
Reyers, R. J. Scholes, S. Shikongo, and A.S. van Jaarsveld. 2004. Nature supporting people: 
The Southern African Millennium Ecosystem Assessment. CSIR, Pretoria, South Africa. Available 
at http://www.millenniumassessment.org/en/subglobal.safma.aspx. 
 
Bohensky, E., B. Reyers, A. S. van Jaarsveld, and C. Fabr icius, editors. 2004. Ecosystem 
Services in the Gariep Basin: A component of the Southern African Millennium Ecosystem 
Assessment (SAfMA). Sun Media, Stellenbosch, South Africa. Available at http://www.sun-e-
shop.co.za and http://www.millenniumassessment.org/en/subglobal.safma.aspx. 
 
Bousquet, F. and C. Le Page. 2004. Multi-agent simulations and ecosystem management: a 
review. Ecological Modelling 176: 313–332. 
 
Chikozho, C. 2005. Policy and institutional dimensions of integrated river basin management: 
Broadening stakeholder participatory processes in the Inkomati River Basin of South Africa and 
the Pangani River Basin of Tanzania. Commons southern Africa occasional paper series No. 12. 
Centre for Applied Social Sciences/Programme for Land and Agrarian Studies, Harare and Cape 
Town. Available online at http://www.cassplaas.org/. 
 
Cumming, G. S., G. Barnes, S. Perz, M. Schmink, K. E. Sieving, J. Southworth, M. Binford, 
R. D. Holt, C. Stickler , and T. Van Holt. 2005. An exploratory framework for the empirical 
measurement of resilience. Ecosystems 8: 975–987. 
 
Daily, G. C., editor. 1997. Nature's services: societal dependence on natural systems. Island 
Press, Washington, DC. 
 
Diamond, J. 2005. Collapse: how societies choose to fail or survive. Penguin Books, London. 
 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd,,  BBoohheennsskkyy  EE  LL  ((22000066))  



                      1. Introduction 
 

   12 

Dietz, T., E. Ostrom, and P.C. Stern. 2003. The struggle to govern the commons. Science 
302:1907-1912.  
 
DWAF (Depar tment of Water  Affairs and Forestry). 2004a. First edition of the National 
Water Resources Strategy, DWAF, Pretoria, South Africa. Available online at 
http://www.dwaf.gov.za/. 
 
DWAF (Depar tment of Water  Affairs and Forestry). 2004b. A decade of delivery. DWAF, 
Pretoria, South Africa. Available online at: 
http://www.dwaf.gov.za/Communications/Articles/Kasrils/2004/TEN%20YEARS%20OF%20D
ELIVER%20ARTICLE.doc. 
 
Epstein, J. and R. Axtell. 1996. Growing artificial societies: social science from the bottom-up.  
Brookings Inst. Press/MIT Press, Washington, D.C. 
 
Ferber , J. 1999. Multi-agent systems: An introduction to distributed artificial intelligence. 
Addison-Wesley, Reading, MA. 
 
Folke, C. 2003 Freshwater for resilience: a shift in thinking. Philosophical Transactions of the 
Royal Society of London B 358, 2027–2036. 
 
Gunderson, L .H. and C.S. Holling, editors. 2002. Panarchy: understanding transformations in 
human and natural systems. Island Press, Washington, D.C., USA. 
 
Holling, C.S. 1973. Resilience and stability of ecological systems. Annual Review of Ecology 
and Systematics 4:1-23. 
 
Holling, C.S. 2001. Understanding the complexity of economic, ecological, and social systems. 
Ecosystems 4: 390-405. 
 
Holling, C.S. and G. K. Meffe. 1996. Command and control and the pathology of natural 
resource management. Conservation Biology 10: 328-337. 
 
Holub, H. 1999. “Ten Water Laws of the West.”  Available online at 
http://www.bandersnatch.com/water.htm). 
 
Janssen, M. A., editor. 2002. Complexity and ecosystem management: The theory and practice 
of multi-agent systems. Cheltenham, Edward Elgar/International Society of Ecological 
Economics.  
 
Lebel, L ., P. Garden, and M. Imamura. 2005. The politics of scale, position, and place in the 
governance of water resources in the Mekong region. Ecology and Society 10(2): 18. [online] 
URL: http://www.ecologyandsociety.org/vol10/iss2/art18/ 
 
Lee. K. N., editor. 1993. Compass and gyroscope: integrating science and politics for the 
environment. Island Press, Washington, D.C. 
 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd,,  BBoohheennsskkyy  EE  LL  ((22000066))  



                      1. Introduction 
 

   13 

Levin, S. A. 1999. Fragile dominion: complexity and the commons. Perseus Books, Reading, 
Massachusetts, USA. 
 
Light, S.S., L .H.Gunderson, and C.S. Holling.  1995.  The Everglades: evolution of 
management in a turbulent ecosystem. Pages 103-168 in  Gunderson C.S. Holling, and S.S. 
Light, editors. Barriers and bridges to the renewal of ecosystems and institutions. Columbia 
University Press, New York. 
 
MacKay, H.M., K.H. Rogers and D.J. Roux. 2003. Implementing the South African water 
policy: holding the vision while exploring an uncharted mountain. Water SA 29: 353-358. 
 
MA (Millennium Ecosystem Assessment). 2003. Ecosystems and human well-being: a 
framework for assessment. Island Press, Washington, D.C. 
 
MA (Millennium Ecosystem Assessment). 2005. Ecosystems and human well-being: synthesis. 
Island Press, Washington, D.C.  
 
Meybeck, M. 2003. Global analysis of river systems: from Earth system controls to 
Anthropocene syndromes. Philosophical Transactions of the Royal Society of London Series B: 
Biological Sciences 358: 1935–1955. 
 
Moench, M. 2005.  Water, climatic variability and livelihood Resilience: Concepts, field insights 
and policy implications. Policy Paper II by “The Resilience and Freshwater Initiative” , Swedish 
Water House, Stockholm. 
 
Norgaard, R. B. 1994. Development betrayed: the end of progress and a coevolutionary 
revisioning of the future. Routledge, London and New York. 
 
Noss, R.F., Cooperr ider, A.Y., editors. 1994. Saving nature’s legacy: protecting and restoring 
biodiversity. Island Press, Washington, D.C. 
  
Pahl-Wostl, C., H. Hoff, M. Meybeck and S. Sorooshian. 2002. The role of global change 
research for aquatic sciences. Aquatic Sciences 64: iv-vi. 
 
Pimm, S. I ., G. J. Russell, J. L . Gittelman and T. M. Brooks. 1995. The future of biodiversity. 
Science 269: 5222. 
 
Pinker , S. 1997. How the mind works. W.W. Norton, New York.   
 
Pollard, S. and D. du Toit. 2005. Achieving Integrated Water Resource Management: the 
mismatch in boundaries between water resources management and water supply. Paper presented 
at International workshop on ‘African Water Laws: Plural Legislative Frameworks for Rural 
Water Management in Africa’ , 26-28 January 2005, Johannesburg, South Africa 
 
Rappapor t, R. A. 1968. Pigs for the ancestors: ritual in the ecology of a New Guinea people. 
Yale University Press, New Haven, Connecticut, USA. 
 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd,,  BBoohheennsskkyy  EE  LL  ((22000066))  



                      1. Introduction 
 

   14 

Reisner , M. 1993. Cadillac desert: the American west and its disappearing water. Penguin, New 
York.  
 
Rogers, K. and H.C. Biggs. 1999. Integrating indicators, endpoints and value systems in 
strategic management of the rivers of the Kruger National Park South Africa. Freshwater Biology 
41:439-452. 
 
Rogers, K., D. Roux and H. Biggs. 2000. Challenges for catchment management agencies: 
lessons from bureaucracies, business and resource management. Water SA 26:505-511.  
 
Scheffer , M., S. Carpenter , J.A. Foley, C. Folke and B. Walker . 2001.  Catastrophic shifts in 
ecosystems. Nature 413:591-6. 
 

Scheffer , M., and S. R. Carpenter. 2003. Catastrophic regime shifts in ecosystems: linking 
theory to observation. Trends in Ecology and Evolution 18(12): 648–656.  

 
Tainter, J. 1998. The collapse of complex societies. Cambridge University Press, Cambridge.  
 
van Jaarsveld, A. S., R. Biggs, R. J. Scholes, E. Bohensky, B Reyers, T. Lynam, C. Musvuto 
and C. Fabr icius. 2005. Measuring conditions and trends in ecosystem services at multiple 
scales: the Southern African Millennium Ecosystem Assessment (SAfMA) experience. 
Philosophical Transactions of the Royal Society of London Series B: Biological Sciences. 360: 
425- 441.   
 
van Wyk, E., B. W. van Wilgen and D. J. Roux. 2001. How well has biophysical research 
served the needs of water resource management? Lessons from the Sabie-Sand. South African 
Journal of Science 97:349-356. 
 
Vitousek, P. M., H. A. Mooney, J. Lubchenco, J. and J. M. Mellilo. 1997 Human domination 
of Earth’s ecosystems. Science 277:494–499. 
 
Vörösmarty, C. J. and D. Sahagian. 2000 Anthropogenic disturbance of the terrestrial water 
cycle. Bioscience 50:753–765. 
 
Walker, B., S. Carpenter , J. Ander ies, N. Abel, G. Cumming, M. Janssen, L . Lebel, J. 
Norberg, G. D. Peterson, and R. Pr itchard. 2002. Resilience management in social-ecological 
systems: a working hypothesis for a participatory approach. Conservation Ecology 6(1):14. 
[online] URL: http://www.consecol.org/vol6/iss1/art14. 
 
Westley, F., S. R. Carpenter, W. A. Brock, C. S. Holling, and L. H. Gunderson. 2002. Why 
systems of people and nature are not just social and ecological systems. Pages 103-119 in L. 
Gunderson and C.S. Holling, editors. Panarchy: understanding transformations in human and 
natural systems. Island Press, Washington D.C. 
 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd,,  BBoohheennsskkyy  EE  LL  ((22000066))  


	Front
	Chapter 1
	Introduction
	A Social-Ecological Systems Perspective on Water Management
	Thesis Structure: Hypothesis, Key Questions, and Approach
	References


	Chapter 2
	Chapter 3
	Chapter 4
	Chapter 5
	Chapter 6
	Chapter 7
	Appendices

