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EXECUTIVE SUMMARY FOR DECISION-MAKERS 
 
In a dynamic floodplain environment under-pinned by considerable seasonal variability, the PRESPA 
study has attempted to demonstrate the utility of a multi-disciplinary approach, employing a 
hydrographic model, to understanding water-reliant livelihoods.   
 
The floodplain and Pongolapoort Dam 
This study focuses on the area of the Pongola floodplain downstream of the Pongolapoort Dam 
within South Africa’s province of KwaZulu-Natal. The approximately 130 km2 of floodplain contains 
about 90 depressions or floodplain pans which are rich in biodiversity and represent a unique 
ecosystem in southern Africa. The Pongolapoort Dam, was constructed between 1963 and 1976 to 
control floods and provide water for irrigation to approximately 40000 ha of land adjacent to the 
floodplain, with an expectation that cropping would subsequently reduce on the floodplain. 
However, this potential was never realized and only about 3000 ha of land are currently irrigated, 
whilst informal mixed cash and subsistence cropping on the floodplain has expanded. 
 
Biophysical environment 
Over the years, the ecosystem services provided by the floodplain have undergone significant 
changes. These changes have occurred as a result of both anthropogenic and flow-related impacts. 
The PRESPA study assessed two areas on the floodplain, one immediately below the Pongolapoort 
Dam which had been subjected to both human and flow-related impacts, and the other located in 
Ndumo Game Reserve where anthropogenic impacts have largely been excluded. Results from the 
study suggest that the Pongola area has experienced a significant increase in cultivated land and 
terrestrial trees while the Cyperus community has showed a significant decline. The Ndumo area 
exhibited similar changes with an increase in the shrub/tree community and grass community and a 
significant decrease in the Cyperus community. It is likely that the decrease in the Cyperus 
community has occurred as a result of the altered flow regime. 
 
The change in cover classes is both a response to, and a cause of, a corresponding change in the 
ecosystem services supplied by the primary producers of the system. Results from the PRESPA study 
suggest that overall there has been a shift and downward trend in almost all ecosystem services 
since 1955. Most importantly, all regulating and supporting services considered in the study (which 
underpin all other services) have shown a decline. This decline suggests that while cultivation of food 
and cash crops may render reasonable yields in the short term, it is unlikely to be sustainable in the 
longer-term without the application of fertilizers and pesticides. 
 
The PRESPA study illustrates trade-offs between ecosystem services in the region. A trade-off occurs 
when the provision of one ecosystem service increases at the expense of another. In the Pongola 
region, the decision to convert large portions of the floodplain to cultivated land and to alter 
flooding regimes to support food and cash crops has come at the expense of other less tangible 
regulating and supporting ecosystem services. The lack of attention afforded to regulating and 
supporting services may result in a lack of resilience and render the coupled socio-ecological system 
on the Pongola floodplain more vulnerable to environmental change or extreme events such as 
droughts and flooding. 
 
Socio-economic environment 
The socio-economic environment associated with the floodplain is very diverse, characterized by 
wide ranging and sometimes contradicting needs and ambitions of stakeholders on the ecosystem 
services. This poses challenges for the management of the floodplain as well as the management of 
water levels and flood releases from the Pongolapoort Dam, and often results in the need for trade-
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offs. Examples of key conflicts challenging managers and users of the ecosystem services from the 
Pongola floodplain and Dam include: 

 Economic production versus poverty alleviation and subsistence livelihoods 

 Needs of the rural elite versus vulnerable and marginalized 

 Conservation of ecosystem services versus short term poverty alleviation 
 
Informed choices by ecosystem service users and managers must be made to achieve the best and 
most equitable outcomes. However in the case of trade-offs being made, there are always winners 
and losers. Decision-making is usually informed by drivers of unequal strength. It is more often 
power relations that determine who wins, with the vulnerable or those with the weakest voice who 
often end as the losers as a result of their limited capacity to engage. Key management 
considerations are influenced by the fact that the farmers typically wait for the August or September 
flood release from the Pongolapoort Dam to wet fields on the floodplain so they may plant. The 
most important planting season is September (start of Spring) with most harvesting taking place 
from March the next year. As in the case of subsistence crop production, the most important 
planting season for the commercially cultivated sugarcane and cotton is August to December, after 
the flood waters from the release from the Dam have receded and the spring rains have started.  
Harvesting is undertaken as late as June and July. This has important implications for the timing of 
flood releases from the Pongolapoort Dam as floods taking place between September and April, or 
even as late as July, would impact on the cultivation of now-established crops that the households 
produce for themselves in order to improve household food security. Such crop losses would have 
nutritional and financial impacts to these households. 
 

Unfortunately the production cycles of these crops tend to clash with the natural flooding patterns 
that best support the maintenance of the regulating, supporting and cultural services (i.e. flooding 
twice per annum in Spring and mid-Summer). Collectively, the regulating, supporting and cultural 
services may be just as important for the alleviation of poverty in the long term:  

 The floodplains provisioning services that provide natural resource harvesting and 
agricultural production opportunities provide an important safety net for the survival of 
these poor households. Degradation of some or all of these natural resource or agricultural 
services may increase poverty levels in this area.  

 Because of the clear association between food security and crop production, agriculture is 
frequently perceived to be the most important provisioning service for addressing poverty 
alleviation. Pressures are therefore often greatest on the management of flood releases 
from the Pongolapoort Dam in late Winter and early Spring to align with planting and 
harvesting cycles of crops such as maize, sweet potatoes and beans, and more recently 
commercial crops such as sugarcane and cotton.  

 Cultural ecosystem services could be sacrificed in the face of poverty if households are 
forced to prioritise provisioning services over cultural activities in order to meet food 
production or income needs. However erosion of cultural services presents the risk of 
eroding the social fabric that helps poor communities to collectively overcome material 
shocks that they are exposed to, and thus makes them more vulnerable to the effects of 
poverty. 

 
Dam operations and floodplain management that maintain the long term functioning and diversity 
of services from the floodplain may therefore not directly lift the poorest households out of poverty. 
But it will contribute to the long term resilience and sustainability of the ecosystem, which provides 
a fundamental basis for local livelihoods and well-being. 
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Economic environment 
There is a substantial economy associated with the water use of the Pongola River in and around the 
Pongolapoort Dam.  The total value of water use is estimated to be R341 million.  On the floodplain 
itself, the natural products harvesting (some R63 million pa) and floodplain agriculture (some R96 
million pa) are worth a combined R159 million a year.  There are substantial economic benefits 
gained through the use of the floodplain flood recession processes.  
 
The productivity of the floodplain, in terms of supplying multiple services, is illustrated by the 
combined gross margin of cultivation, natural products harvesting, fishing and stock farming, with a 
total gross value of R4 870 per year.  This exceeds the high end commercial cane production value, 
and importantly, does not have any associated capital costs.  These floodplain uses also require little 
in terms of cash injections, with watering and nutrient applications being delivered by the flood 
system.   
 
However, there is currently a strong incentive for establishing crop lands on the floodplain, as land 
cover trends attest. The returns to floodplain natural resource use are only 53% of the floodplain 
agriculture use, incentivizing land conversion to croplands.  As more markets develop for agricultural 
products in the region, the local residents are likely to respond with increased conversion and 
greater market supply.  However, the flooding can result in crop losses with short term welfare 
implications.  The exclusion of flooding encourages conversion of the floodplain to individual 
croplands, thereby privatizing the system, running down flood-related ecosystem services (especially 
soil moisture and soil fertility), and increasing the need for agricultural inputs such as fertilizer and 
irrigation equipment, thereby reducing the safety net role of the floodplain and also reducing the 
gross margins as input costs rise without natural water and nutrient injections.   It is possible to 
conjecture that as the gross margins for floodplain agriculture decline with increased input costs, the 
need to convert more marginal floodplain land will increase.   
 
Importantly, large and destructive floods will occur in the future as they have done in the past.  
Without private insurance, the national government is likely to play the insurers role and finance any 
disaster relief.  So although floodplain residents enjoy the benefits of short term land conversion, 
their longer term risk is likely to be covered by national government disaster relief. With these 
incentives in place, the conversion of much of the floodplain is possible in the medium term.    
 
Hydrology 
PRESPA adopted an approach to modelling that indicates where water generates scales and types of 
benefits.  Although commercially irrigated land generates the greatest total economic benefit, the 
distribution of benefits amongst the poorest is proportionally, quantitatively and equitably the 
greatest on the floodplain.  
 
Our hydrological analysis indicates that sufficient water exists for two flood events in early Spring 
and late Summer thereby giving an opportunity for ecological restoration that can underpin natural 
resource-based livelihoods. In other words, the average annual volume of 1000 MCM allows both 
ecology-based livelihoods and formal agriculture to exist, zoned into different areas.  
 
Our work appears to reveal that monetised value of cubic metre of water in ecology/flood related 
livelihoods is low in comparison with other sectors mainly because the goods themselves do not 
have a high market price and because the volumes of water used are large.  
 
Taking the last two points together, a clear opportunity exists for floodplain stakeholders to explore 
how water might be managed more efficiently and purposively on the plain using a combination of 
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strategically placed conduits and weirs.  Accordingly we believe equal or greater areas of swamps 
may be secured with volumetrically less water.  
 
Poverty alleviation is possible via flood releases designed to boost and underpin a range of 
regulating, supporting, provisioning and cultural eco-system services, combined with other capital 
inputs and interventions.  However in comparison to the considerable commercial-scale profits 
associated with irrigated sugarcane, gains on the floodplain by moving and managing flood events 
may not be so linearly presupposed or significant in scale.  In other words, a combination of low 
market prices, high volumes of water employed and risks associated with securing other production-
enhancing inputs such as fertiliser, it is unlikely that floodplain dependent livelihoods will see a 
marked jump in revenues and profit if.  Nevertheless, risks to livelihoods can be minimised via a 
range of relatively simple interventions negotiated through re-establishing the water user 
association.  We believe that such dialogue involving the water users association would greatly 
benefit from decision-support tools such as those organised by PRESPA: the spreadsheet model and 
the river basin game.   
 
Governance 
The formal institutional structure of the Imfunda Yophongola Water Users Association (WUA) 
reflects progressive decisions taken by the state towards decentralisation and statutory recognition 
through the National Water Act (1998). But there remains serious hurdles to realising the full 
potential of such decentralisation and legal formalisation. The most immediate challenge relate to 
mismatched expectations between the WUA and the Department of Water Affairs (DWA) concerning 
the new formalised status of the WUA and its responsibility to raise fees from its constituents. 
Continuing hopes on the part of the WUA to receive funds from the state for operations have 
constrained its working and prevented it from assuming a broader role in floodplain governance. 
  
Asymmetries in information-sharing between the central and provincial tier of DWA have also 
created difficulties for the entire flood release process. Albeit occasional, these have had far-
reaching implications for the level of trust enjoyed by DWA with the local communities.  
 
A more profound concern stems from the continued disengagement of major official stakeholders 
from the flood release process. While in theory institutional arrangements are geared towards 
‘cooperative governance’ through the involvement of multiple stakeholders from the government at 
the national, provincial and local levels, the reality reveals that DWA remains the key player.  
Farmers would like to see the Department of Agriculture in particular adopting a more active role in 
supporting commercial cultivation in the floodplain area, but this may not be immediately possible 
because of the priorities of the Agriculture department. Conservationists would like a more engaged 
Department of Environment. 
 
There is a real opportunity for better governance in the Pongola floodplain if the more pragmatic 
matters could be prioritised and resolved by decision-makers in DWA. A closer working relationship 
between the Department of Water Affairs, Agriculture and Environment would also pave the way for 
a more informed and holistic consideration of ecosystem integrity. But this would have to be 
accompanied by concerted awareness-building of the interrelated issues concerning agriculture and 
other ecosystem services in the floodplain amongst local users. 
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1 INTRODUCTION 
 
In 2008 the UK National Environmental Research Council (NERC), in collaboration with the Economic 
and Social Research Council (ESRC) and Department for International Development (DFID), released 
a call for research to be carried out into the issue of ecosystem services and poverty alleviation, 
more specifically to work on “activities to strengthen research capacity to tackle the complex 
problems associated with the sustainable management of ecosystems for poverty reduction”.   
 
The call covered aspects of ecosystem services and poverty alleviation but also sought to foster 
improved capabilities in UK and developing country researchers.  The specific objectives of the call 
were:  

• “To strengthen capacity to formulate research agendas, design and write successful 
proposals, manage research projects on the interdisciplinary challenges of sustainable 
ecosystem management, relevant to national priorities, and use the outputs;  

• To develop the tools, datasets and networks needed to improve capacity to assess 
ecosystems services and their impacts on well-being; and,  

• To create a demand for research and improved awareness of ecosystem issues in the wider 
community in the regions concerned.”  

 
The call was made based on the understanding that society has been highly successful at accessing 
resources with which to live and expand a new way of living, but in the process has weakened 
nature’s ability to deliver other key services which are required for a complete life such as 
purification of air and water, protection from disasters, and the provision of medicines.  
Furthermore, there is a growing tension between the objectives of human development on the one 
hand, and environmental sustainability on the other.  The Millennium Ecosystem Assessment (2005) 
has concluded that the loss of services derived from ecosystems is a significant barrier to reducing 
poverty, hunger and disease and, ultimately, to the continuing quality of life on the planet.  The 
study acknowledged that technology may be able to address many of the threats to a sustainable 
existence, but emphasized that real solutions will only be possible once ecosystems cease to be 
perceived as free and limitless, and their full value is understood and taken into account by society.  
 
The ESPA call noted that “managing global challenges requires investment in science, technological 
advances and innovation. Developing country governments need access to the best international 
expertise. With the right networks, scientists in developing countries can encourage governments to 
use their skills to help the poorest people. Increasingly, international development agencies and 
other donors are working to promote collaborative research between Northern and Southern 
partners, to help to build these networks.”  This project was one such solution.  
 
The call required that these projects consider the following requirements:  

• The scientific scope of the call was limited to issues surrounding the understanding of and 
our ability to respond to the challenges to the full set of ecosystem services (including 
supporting, provisioning, regulating and cultural services, as defined in the Millennium 
Ecosystem Assessment) and their impact on human well-being (and vice versa). These issues 
were to be considered in an interdisciplinary way, bringing together aspects of the natural 
and social sciences.  

• Proposals were to develop approaches, methods and tools that would improve capacity to 
assess the links between ecosystem services and well-being (e.g. improved methods of 
valuation, GIS tools for mapping ecosystem services and aspects of poverty), and were to 
contain an element of learning or capacity building, for example, in agenda formation, 
partnership configuration, improved understanding of bidding processes or research 
management skills.  
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• Networks were to share experiences between different countries and regions and involve 
NGOs, civil groups and decision makers at local, national and regional scale to provide 
different perspectives and possibly create a demand for research. For example, this could be 
through helping local researchers in the region to understand the global relevance of their 
work.  

• Proposals were to promote opportunities to gain interdisciplinary experiences and learning, 
for both established and early career stage researchers.  

• The ESPA call was made during 2008.  This project, the Pongola River Ecosystem Services and 
Poverty Alleviation project, commenced in early 2009 and ran until December 2009.   
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2 ECOSYSTEM SERVICES AND POVERTY CONCEPTS 
 
The well-being of present and future generations depends on access to and the availability of 
ecosystem services.  The Millennium Ecosystem Assessment (MEA) series of reports (Millennium 
Ecosystem Assessment, 2005) have crystallized the thinking on the concept of ecosystem services in 
order to gauge the state of the world’s ecosystems in relation to human-kind at the turn of the 
millennium, and by doing took stock of where we are as a species and how matters look for the 
future.  The reports presented a planet that is being seriously over-exploited by society to the extent 
that the benefits that the ecosystem provides to society are being eroded to the point where they 
may no longer be sustainable. 
 
One of the important contributions of the MEA Report has been to re-define the concept of 
ecosystem services in a way that is useful and intelligible.  Important in this is that a number of the 
ecosystem services that are often overlooked are clearly presented so that they may be properly 
included in the future.  “Ecosystem services are the benefits people obtain from ecosystems. These 
include provisioning services such as food, water, timber, and fibre; regulating services that affect 
climate, floods, disease, wastes, and water quality; cultural services that provide recreational, 
aesthetic, and spiritual benefits; and supporting services such as soil formation, photosynthesis, and 
nutrient cycling” (See Figure 1).  They describe how these ecosystem services interact with society, 
where they are responsible for most of the resources society needs to function.  Ecosystems provide 
not only the basic materials including food, that society needs to survive, but they also foster less 
obvious measures such as health, good social relations, security, well-being and the freedom to 
decide on our own lives (Figure 1). 
 
The subsequent figure (Figure 2) takes this further by illustrating how the ecosystem services 
interact with governance and those parts of society where choices are made.  It indicates at what 
stages interventions by society can be made in order to improve (or otherwise) the access and use of 
ecosystem services.  These changes can be made at different scales, from local to international. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 Figure 1. Linkages between ecosystem services and human well-being (Millennium Ecosystem Assessment, 2005) 
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Figure 2. MEA conceptual framework of interactions between biodiversity, ecosystem 
Services, human well-being, and drivers of change (Millennium Ecosystem Assessment, 
2005) 

 
 
What is also implicit in Figure 2 is that in order to achieve social and economic development goals,  
ecosystem users and managers often need to make trade-offs between the available services 
(Rodriguez, 2005), particularly as the use of resources has begun to outstrip their supply.  Managers 
thus need to make decisions between different services, whether to reap the benefits now or retain 
them for future use and how to meet the needs of both ecosystems and society (Bohensky et al., 
2004).  A trade-off occurs when the provision of one ecosystem service increases at the expense of 
another.  Society’s preference for ecosystem services tends to focus first on provisioning services, 
followed by regulating, cultural and supporting services (Rodriguez, 2006).  This hierarchical system 
of preference is linked to the short term needs of individuals and communities and has consequent 
short and long term impacts on human well-being. 
 
Decisions regarding trade-offs are complicated by the perceived value of ecosystem services by 
different stakeholder groups. For example an upstream industry may value a river system as a 
conduit to carry away waste while downstream users enjoy the same system for recreational 
purposes (Bohensky et al., 2004).  Furthermore, supporting and regulatory services are often ignored 
by policy makers as they depend on slowly changing factors which are difficult to quantify and 
monitor.  The lack of attention afforded to regulatory and supporting services may result in a lack of 
resilience and render socio-ecological systems more vulnerable to environmental change.  
Identifying trade-offs enables decision-makers to understand the consequences of favouring one 
ecosystem service over another which is essential if ecosystems services are to be managed to 
maximise human well-being (Rodriquez, 2005). 
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Definitions 
The definitions of key concepts used in this analysis, for the sake of compatibility, follow those used in the 
sub-Saharan African Situation Analysis of the Ecosystem Services and Poverty Alleviation project, and are 
summarized by Cloete et al. (undated) as follows (note that references quoted by these authors have not 
been documented below): 
 

Poverty and well-being. A broad definition of poverty is the deprivation of well-being due to a lack of 
material assets or income, low levels of health provision, poor or no education, chronic or short-term food 
insecurity, inadequate nutrition, vulnerability or exposure to risk, and a lack of ‘voice’ . The last of these 
takes poverty beyond the conventional economic measures. The concept of well-being lays greater 
emphasis on the social welfare indicators and helps correct the conventional emphasis on economic 
indicators, and is consistent with the concept of ‘development as freedom’. 
 

Risk and vulnerability. The concept of vulnerability includes exposure to risk (harmful livelihood impacts) 
and the lack of capacity or capability to respond to its consequences. Thus it may be either a cause or a 
consequence of poverty. Living with risk is especially characteristic of dryland livelihoods. (In this report, 
the term drylands is taken to be synonymous with the ecological zones arid and semi-arid.) 
 

Indicators of poverty and well-being. There are many indicators of poverty, both global (applicable 
everywhere) and national (specific to the governmental requirements of a particular country). As this 
analysis relates directly to the achieving of the MDGs, the indicators of $1 /day and $2 /day are relevant. 
However an important distinction is between ‘absolute’ poverty and relative poverty which discriminates 
among a given population to take account of equity and distributional considerations. This is more relevant 
to access to ecosystem services which is highly differentiated at a local level. 
 

Ecosystem services. These may be defined as ‘the conditions and processes through which natural 
ecosystems, and the species that make them up, sustain and fulfil human life. They maintain biodiversity 
and the production of ecosystem goods such as seafood, forage, timber, biomass fuels, natural fibre and 
many pharmaceutical industrial products and their precursors. In addition to the production of goods, 
ecosystem services are the actual life supporting systems, such as cleansing, recycling g and renewal, and 
they confer many intangibles, aesthetic and cultural benefits as well’.  
 

Trade-offs. This term refers to the ecosystem service losses from one land use system in converting to 
another, for example, the loss of biodiversity in natural woodland in converting the land to agriculture. It is 
implicit in most changes wrought by humans in natural ecosystems. 
 

Drivers. Any factor which changes the structure or function of an ecosystem is referred to as a driver. 
Drivers may be divided into direct and indirect (or proximate and remote drivers). Examples of the first are 
climate change, land use change, technology; of the second, demographic growth, economic change such 
as markets, change in governance. 
 

Thresholds. A threshold is defined as ‘a break-point between two regimes of a system’, or a ‘situation in 
which a social and/or ecological system changes or ‘switches’ from one state to another’. While well 
researched in ecological theory, this concept has not yet been successfully extended to the understanding 
of human systems in contexts such as that of the Sahel. 
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3 INTRODUCTION TO THE PONGOLA RIVER ECOSYSTEM AND POVERTY 
ALLEVIATION PROJECT (PRESPA) 

 
The Pongola floodplain is situated between the Lebombo Mountains and the Indian Ocean in 
Southern Africa and extends from below the Pongolapoort Dam to the confluence of the Pongola 
and Usutu Rivers on the border with Mozambique.  It comprises a low-lying area of approximately 
13,000 ha (Derman & Poutney, 1985) with numerous pans which are dependent upon the periodic 
flooding and inundation by the river (Heeg & Breen, 1982).  The system is located in the extremely 
poor Umkhanyakude District of Kwazulu-Natal in South Africa and stretches into southern 
Mozambique. There is a 53% unemployment rate in the South African portion, compared to a 37% 
national average, and there are few employment opportunities. Forty-eight percent of households in 
the Umkhanyakhude District engage in field crop farming and more than half the households in the 
district lack clean water and sanitation facilities (Pschorn-Strauss, 2005).  There is a high incidence of 
disease: the District is known for having the highest incidence of malaria in the country, there are 
cholera outbreaks from time to time and more than 30% of the population is infected with HIV 
(DPLG, 2005).  The majority (upward of 80%) of the people are also infected with Schistosomiasis 
parasites.   
 
The people living on the floodplain have over the years have reported enormous changes to the 
ecosystem services they receive due to the upstream construction of the Pongolapoort Dam (Heeg & 
Breen, 1982; Jaganyi et al., 2008). The needs of agricultural production have been key drivers in the 
timing and management of flood releases. The resultant changes in the natural flooding regime 
appear to have had a consequent impact on the various provisioning, regulatory, supporting and 
cultural services previously available to downstream communities. Changes in these services are 
evident in the following examples which are immediately apparent. 
 
 

Table 1. Examples of changes in ecosystem services on the Pongola Floodplain 

 

Supporting 

 Acacia xanthophloea is disappearing from the Pongola system below the Pongolapoort Dam as a result 
of mis-timed floods (Furness, 1978).  The direct loss of annual silt and nutrient replenishment as a 
result of the Dam is believed to have contributed to loss of fertility of previously productive floodplain 
soils.   

Regulating 

Although the availability of water is now regulated by the Dam, this has had a consequent impact on 
the ability of the system to control disease.  Lack of water supply to the floodplain following the 
construction of the dam lead to an outbreak of Typhoid in the local community (Hirji et al., 2002).   

Provisioning 

The spawning of several species of fish is entirely dependent on flooding of the system.  Changes in the 
timing of floods as a result of the dam coupled with over-fishing, has resulted in a decrease in fish 
stocks and consequent loss of this food resource. 

Cultural 

Traditional practices such as communal fishing drives, which are important community building 
activities, have decreased as a result of changes in the timing of floods and reduction in flows which 
have, together with over-fishing, resulted in a deterioration of fish stocks. 

 
 
 
This study aimed to reflect on ecosystem services that generate a mixture of production, livelihood 
and environmental services.  To achieve this, the study considered how trade-offs in ecosystem 
services important for one sector impact the ability of a system to provide similar and different 
ecosystem services important to human well-being in another sector. The study used rapid appraisal 
techniques and modelling to identify what local criteria are used for human well-being; which 
ecosystem services are valued by the community; what the main trends in these services have been, 
particularly since the construction of the Dam, and; how these services have impacted on human 
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well-being. The study is based on the hypothesis that bulk water supply and regulation and 
optimization of ecosystem services for livelihoods and environmental enhancement can be achieved 
with careful management of the system.  
 
Currently the Dam is managed by the government Department of Water Affairs whilst the impacts of 
decreased ecosystem services such as reduced agricultural potential and increased disease fall under 
the remit of other government departments including the Department of Agriculture, Environmental 
Affairs and Rural Development (formerly the Department of Agriculture and Environmental Affairs) 
and the Department of Health.  The narrow focus of the mandates of these institutions and the 
limited use of well-being-ecosystem service information in departmental policies and management 
plans is a major hindrance to the successful management of ecosystem services and the 
improvement of human well-being in the region.  One objective of this project was thus to 
understand and if possible build partnerships between these organizations and build capacity 
internally to improve understanding of the trade-offs between ecosystem services and the complex 
links to human well-being. 
 
This study also aimed to contribute to ecosystem services theory by establishing whether the 
perceived values of ecosystem services to livelihoods at a local scale correspond to current theory. In 
addition the study would provide an approach to assess the impacts of water resource allocation to 
competing users and how such trade-offs could be incorporated into the decision-making process.   
 
The specific project objectives were: 

• Examine, characterise and quantify recent past and current ecosystem services in the 
Pongola Floodplain. 

• Assess the impacts of natural resource management and environmental governance on the 
state of ecosystem services, trade-offs between them and associated human well-being in 
the Pongola system 

• Determine plausible future changes in ecosystem services supply and well-being to develop 
appropriate response strategies 

• Contribute to international debates on ecosystems theory, particularly taking a critical look 
at its current linear conceptualization. 

• Involve local mangers, scientists and user representatives from project inception to 
completion so as to deepen their understanding about the linkages between ecosystem 
services and human well-being. 

• Strengthen relationships between management authorities to enhance environmental 
management. 
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4 THE PONGOLA FLOODPLAIN IN CONTEXT 
 

4.1 Description of the study site 
The Pongola River basin forms part of the Maputo River basin which drains from South Africa and 
Swaziland into Mozambique. The Pongola floodplain is located on the low-lying flats in the 
Maputaland area of northern KwaZulu-Natal in South Africa, close to the border between South 
Africa, Swaziland and Mozambique. The study site comprises the Pongolapoort Dam, the Pongola 
River and the part of the floodplain downstream of the Dam that is located within South Africa 
(Figure 3).  The following sections describe the main characteristics of the study site. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Map of the Pongola River study site  

 
 
 

4.1.1 Climate 
The floodplain is located in a warm to hot, humid subtropical climatic region (Schulze, 1965) with 
most rainfall falling in the summer months (January, February, March) and a drier winter period 
(June, July and August). Climatic data from the Makhathini Agricultural Research Station, adjacent to 
the floodplain, show a variation in mean monthly temperature from 16.6 ˚C in June to 26.8 ˚C in 
January, for the period 1966 to 1975. Rainfall over the same time period varied from a monthly 
mean of 4.6 mm in June to 105.6 mm in February with an annual mean of 572.6 mm (Figure 4). 
Mean annual rainfall data published in 1982 by Heeg & Breen (1982; for an unknown time period) 
shows some variation along the floodplain, from 519 mm at the dam at Jozini, 485 mm at Mzinyene 
Pan (approx 23 km downstream from Jozini) and 632 mm at the Ndumo Game Reserve 
(approximately 58 km downstream from Jozini, at the northern extent of the area shaded in pink in 
Figure 3). Hot summer temperatures and high winds, particularly in the period September to 
December result in high evaporation rates with mean annual evaporation approximately four times 



9 
 

the  mean annual rainfall (Heeg & Breen, 1994), emphasizing the importance of the riverine flood 
waters for the supply of sufficient water to maintain the ecosystem and carry out cultivation in the 
floodplain. 
 
 

 
 

Figure 4. Climate Data for Makhathini Research Station, mean calculated for period of 1966 to 1975 (extracted 
from Heeg & Breen, 1982) 

 
 
It should be noted that this climate data is not recent. Jaganyi et al. (2008) analysed rainfall data for 
the area downstream of the Pongolapoort Dam for the period 1962-2004 and calculated a mean 
annual rainfall of 690 mm (with a maximum of 1341 mm and a minimum of 376.3). They identified a 
trend of increasing rainfall over a 100 year period (1900-2000). This is in line with expectations of 
some changes in rainfall patterns as well as increases in mean temperatures and evaporation that 
are likely to have occurred in recent decades as indicated by global and regional studies of 
observations (Hulme et al., 2001; Mason et al., 1999; Trenberth et al., 2007).  Hulme et al. (2001) 
found that the African continent had warmed by 0.5 ˚C during the twentieth century with a period of 
more rapid warming occurring after the 1970s, but little evidence of long term trends in rainfall. 
 
National and regional scale studies of future climate change suggest temperature increases of 
between 1 ˚C and 3 ˚C by 2050 but highlight significant uncertainties and lack sufficient detail to be 
able to suggest the likely impact of climate change on the Pongola River and floodplain (Government 
of the Republic of South Africa, 2000; Hewitson & Crane, 2006; Midgley et al., 2007). However, it is 
likely that variability in rainfall, runoff and stream flows will increase (Midgley et al., 2007; Schulze et 
al., 2001) and stream flows possibly shift to a month later in parts of KwaZulu-Natal and Swaziland 
(Midgley et al., 2007). In addition, increasing temperatures are likely to further increase the already 
high evaporation in the Pongola floodplain, increasing demand for irrigation water. Midgley et al. 
(2007) find that the north-east coast of KwaZulu-Natal is likely “to experience amongst the highest 
increases in dry topsoils in a future climate”. 
 

4.1.2 Geomorphology 
The Pongola River, with a catchment of 7000 km2, descends steeply from its source at 2200 metres 
above mean sea level and passes through a narrow gorge in between the Lebombo and Ubombo 
mountain ranges, where the Pongolapoort Dam is now situated. From below the Dam the river flows 

Mean climate data for 1966 to 1975
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into a floodplain through which it takes a meandering course due to the gentle slope of the land 
(1:3000, Breen et al., 1998; Heeg & Breen, 1994). The floodplain extends for approximately 50 km in 
length to the confluence of the Pongola and Usutu Rivers, varying in width between 0.8 and 4.8 km 
(see Figure 3).  
 
The floodplain adjacent to the river is a low-lying area of approximately 130 km2 which becomes fully 
or partially inundated during floods and contains a number of depressions or floodplain pans 
(remnant river meanders or ox-bow lakes) which retain floodwater after it has receded from the 
surrounding land (Heeg & Breen, 1982; Heeg & Breen, 1994). Levees formed from flood deposits lie 
either side of the river channel separating the pans from the river channel (Heeg & Breen, 1982). 
Deep pans close to the river retain water for longer while smaller pans at higher elevations tend to 
be more ephemeral (Basson et al., 2006). Approximately 65 named and at least 25 unnamed pans 
have been identified varying in size and permanence (Figure 5). When full, the pans cover an 
estimated combined area of 26 km2 or 20% of the floodplain (Heeg & Breen, 1994). 
 
 

 

 
 

Figure 5. The Pongola floodplain and its main pans (James, 1992) 
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Heeg & Breen (1982) report that the sediment content of the Pongola River is low, only 15% of flow, 
or 2.1 million m3/a. As the river overtops its banks during flooding, its velocity is reduced thereby 
reducing its carrying capacity and resulting in the deposition of particulate matter. The duration of 
the inundation of the floodplain is dependent on the level of discharge and the number of days a 
pan is in contact with the river (Basson et al., 2006). Heeg & Breen (1982) and Phelines et al. (1973) 
both showed that those pans with an extensive floodable margin (due to the flatness of the 
surrounding areas) could be flooded at a river flow of 85 m3/s. The results from a model set up by 
Basson et al. (2006) were considerably lower. Basson et al. (2006) note that the streamflow 
hydrology of the system has changed so that different river flow rates may now be required to flood 
the pans. 
 

4.1.3 Hydrology 
The Pongola River has been gauged since 1929 near Intulembi, close to the Dam location (W4H002 
on Figure 6, also referred to as Golela, Jaganyi et al., 2008) and since 1950 at the Pongola River and 
canal near Bokfontein (W4H003 and W4H012 respectively on Figure 6). A number of other stations 
have been installed post-construction of the Dam (Figure 6). Continuous water level recordings were 
initially taken along the river and more recently in the three largest pans namely Tete, Manlankunzi 
and Nyimiti (Basson et al., 2006).  
 
Runoff in the Pongola catchment varies considerably, with the upper catchment calculated as having 
a mean annual simulated runoff of 150 to 200 mm, the mid catchment producing only an estimated 
100 to 150 mm of runoff a year and the lower catchment (or floodplain) just 40 to 60 mm a year 
(Jaganyi et al., 2008). This is due to the high evaporation rates and lower precipitation in the lower 
catchment. Runoff has a high year to year variability as well as high spatial variability (Schulze, 1997). 
 
The hydrology of the floodplain has been considerably altered from its natural state since the 
building of the Pongolapoort Dam between 1963 and 1976. A number of studies have examined data 
from the few gauging stations with sufficiently long records to gain an understanding of the natural 
hydrological regime before the dam (Heeg & Breen, 1982; Pitman and Weiss, 1979; Jaganyi et al., 
2008). Heeg & Breen (1982) identified three key parameters that governed the provision of water to 
the floodplain. These were: the volume of water delivered by the river; the rate of flow and the 
duration of flow rates.  
 
Heeg & Breen (1982) used a 47 year data set of river flow measurements a little upstream of the 
Dam location at Golela for the period 1929 to 1976 (W4H002 on Figure 6) to estimate the median 
annual river flow prior to the dam as 1025 million m3 with the flow in 50% of the years likely to be 
between 690 million m3/a  and 1360 million m3/a. Pitman and Weiss (1979) estimated the mean 
annual runoff in the Pongola floodplain to have been 1070 million m3 from the mid and upper 
catchment and 40 million m3 from the many small tributaries that drain off the eastern side of the 
Lebombo Mountains (Jaganyi et al., 2008). The majority of the flow (70%) was expected during 
November to March, with the greatest volume (17.5%) flowing during February (Heeg & Breen, 
1982). Although June to September generally had the lowest period of flow, accounting for 
approximately 10.5% of the annual flow, floods of considerable magnitude have been recorded in 
July on three occasions in the 47 year period (1943, 1957 and 1963). The fourth highest monthly 
flow ever recorded (563 million m3) occurred in July 1963 (Heeg & Breen, 1982).  
 
Inundation of the floodplain depends not only on the volume of water but also on rate and duration 
of flow. Average daily flow rate maxima and minima were calculated for the period 1929 to 1976 
together with a range within which the flow rate would fall if it were constant (Heeg & Breen, 1982). 
The mean maxima and minima fall outside of this range indicting that the flooding season is 
characterized by several flood peaks of relatively short duration rather than constant river flows. 
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Mean maxima flow rates show considerable variation ranging from approximately 15 m3s-1 in August 
to almost 250 m3s-1 in February. Mean minimum flow rates show less variation but also peak in 
February at a rate of 25 m3s-1. Several extremes have been recorded in July most notably on July 4, 
1963 when an average flow rate of 1975 m3s-1 was recorded for the day with the flood peaking at 
5009 m3s-1 (Heeg & Breen, 1982).  
 
Since the building of the dam the hydrology of the flood plain has been controlled by releases from 
the dam. These have varied over time according to changing management of the dam as discussed in 
sections 4.3 and 4.4. Jaganyi et al. (2008) show that flows downstream of the dam have reduced in 
overall volume, changed with respect to the timing of periods of high and low flow and become 
more stable than natural flows (i.e. less peaks, a more constant flow and then sudden stop to the 
flow). Streamflows from the mid and upper Pongola catchment into the dam have also altered since 
the dam was built. Jaganyi et al. (2008) suggest that upstream developments, such as the Bivane 
Dam built in 1995 and the Impala irrigation scheme, have been responsible for reduced flows into 
the dam, which have decreased considerably since 2000. 
 
 

 
Figure 6. Location of the DWA gauging stations on the Pongola River 

 

 
 

4.1.4 Geology and Soils 
The Maputaland plain, within which the Pongola floodplain is located, consists of geologically recent 
late Pleistocene and Holocene beach sand deposits overlying much older marine sediments (Mid to 
late Cretaceous and Mio-Pliocene; Botha & Porat, 2007). Fluctuations in sea level and periods of 
uplift resulted in the sea retreating eastwards from the foot of the Lebombo mountains to its current 
position with the formation of the Maputaland plain from coastal and later beach sand deposits and 
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a series of ridges parallel to the coast formed from fossilized sand dune deposits (Botha and Porat, 
2007; Heeg & Breen, 1994). The sediments of marine origin that underlie this beach sand cause 
elevated levels of salinity in much of the groundwater. The dune ridges influenced the flow of the 
Pongola River by forming a barrier to its previous eastward flow, deflecting it north to where it now 
enters the Indian Ocean south of Maputo in Mozambique (Basson et al., 2006).  Alluvial soils located 
on river terraces resulting from fluctuating sea levels during the Pleistocene and Holocene glacial 
cycles now form much of the irrigable soils found on the Makhathini Flats (Heeg & Breen, 1994).  The 
Pongola floodplain consists of deep deposits of alluvial soils resulting from infilling of the deeply 
incised river valley resulting from sea level fluctuations (Heeg & Breen, 1982). 
 
Heeg & Breen (1979) describe the soils of the Pongola floodplain and surrounding Makhathini flats 
as originating from four key sources: 

i) Weathering of the acid volcanic rocks of the Lebombo and Ubombo ranges; 
ii) Weathering of the cretaceous deposits at the base of these mountains; 
iii) Windblown sands; and  
iv) Alluvium deposited by the river. 

 
Mixtures of these materials have resulted in the formation of soils with differing structure, drainage 
characteristics and chemical compositions. Soils suitable for irrigable agriculture comprise three 
main categories (Heeg & Breen, 1979): 

i) Clayey slowly permeable soils (e.g. Oakleaf, Shortlands and Bonheim forms) 
ii) Loamy, medium textured soils (e.g. Hutton, Dundee, Oakleaf and Shortlands forms) 
iii) Sandy, coarse textured soils (e.g. Clovelly, Oakleaf, Hutton and Kroonstad forms) 

 

4.2 The ecological importance of the Pongola floodplain 
According to Heeg & Breen (1994) “the Pongola floodplain, as a natural ecosystem, is unique in the 
Republic of South Africa. Its biota, which includes tropical and other rare species, is adapted to 
changing floodplain water levels. Productivity of the whole system depends upon the annual 
summer floods.” 
 
The area adjacent to the Pongola River on the Maputaland Plain consists of two distinct ecosystems: 
the Pongola floodplain and the Makhathini Flats. The Pongola floodplain ecosystem has been 
described in terms of five terrestrial communities and two types of aquatic community whose 
distribution is governed by the fluctuating water levels, soil type and disturbance (Figure 7): 

i) The Acacia xanthophlea- Dyschoriste depressa community occurs towards the edge of the 
floodplain where drier conditions prevail. It forms a narrow belt along both sides of the 
floodplain, occupying an area of approximately 1.28 km2 (Heeg & Breen, 1994).  

ii) The Ficus sycomorus – Rauvolfia caffra community is the riparian forest located along the 
levees of the Pongola and Usutu rivers. Outside of the Ndumo Game Reserve it has incurred 
significant cutting and burning and is largely degraded (Heeg & Breen, 1994). Heeg & Breen 
(1994) estimated that only about 160 hectares (1.6 km2) remained. 

iii) The Cynodon dactylon grass community occupies an area of approximately 1.71 km2 and is 
located on areas which regularly experience alternating inundation and exposure. They are 
particularly well developed around shallow pans where they form ‘lawns’ or meadows’ 
(Heeg & Breen, 1994).  

iv) The Cyperus fastigiatus - Echinochloa pyramidalis community is located in swampy areas and 
extends over some 24.7 km2 of the floodplain. Large stands can be found west of Tete and 
Nsimbi pans and in Ndumo Game Reserve (Heeg & Breen, 1994).  

v) Two Phragmites communities can be found in the wettest areas of the floodplain. 
Phragmites australis favours flat, swampy areas and dominates the floodplain accounting for 
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65% of the total area of Phragmites. Phragmites mauritianus prefers river banks, inlet-outlet 
channels and pan margins where there are fluctuating water levels (Heeg & Breen, 1994).  

vi) Aquatic Algal communities comprise both phytoplankton, which are free in the water 
column, and epiphyton which are attached to stones, large plants and other substrates. 
Phytoplankton communities consist of both cyanobacteria, or blue-green algae, and the 
diatom Melosira granulosa. Limited information is available on the epiphyton community 
although it is known that this community is found in substantial amounts in the system and 
plays an important function in fixing atmospheric nitrogen and inducing senescence in 
Potamogeton crispus (Heeg & Breen, 1994).  

vii) Aquatic Hydrophyte communities can be either seasonal or permanent. Permanent 
hydrophyte communities are dominated by water chestnut (Trapa bispinosa) and various 
water lilies (Nymphea species). These communities prefer pans in which the water levels are 
not subject to seasonal fluctuations. Seasonal communities, dominated by Potamogeton 
crispus and Najas pectinata, generally occur in pans where a reasonable water depth is 
maintained over the dry season (Heeg & Breen, 1994). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7. Diagrammatic section across the Pongola floodplain showing the distribution of different plant communities 
(Heeg & Breen, 1994) 

 
 
The Cynodon dactylon community has most importance for the productivity of the floodplain pans. 
Cynodon dactylon and the Cyperus fastigiatus - Echinochloa pyramidalis community are important 
for terrestrial grazers (cattle and hippo) and Echinochloa pryamidalis are grazed by the fish species 
Tilapia rendalli (Heeg & Breen, 1994). The different plant communities require different flooding 
regimes. Alterations to the flooding regime and changes in sediment load since the Dam 
construction have changed the ecology as have human activities. The reduction in sediment has 
reduced the nutrient status (Heeg & Breen, 1994). Potamogeton crispus (pond weed) is important 
for water fowl and secondary productivity but is reduced in some pans, for example in Khangazini 
pan where summer flooding is not followed by winter stability (Heeg & Breen, 1994).  
 
The aquatic systems are important for the zooplankton and invertebrates that form important 
sources of food for the diverse fish species which in their turn supply the human population and a 
variety of piscivores (Heeg & Breen, 1994). Pans differ in their benthic biomass content (aquatic 
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insects, freshwater shrimp and many snails) probably due to different vegetation and detritus input 
and differences in the density of the fauna result from fluctuating water levels, marginal areas of the 
pans are more diverse than the mid-pan sediments (Heeg & Breen, 1994).  
 
Approximately 50 species of fish can be found on the floodplain making it the most diverse fish 
fauna population in South Africa (Heeg et al., 1979) of which almost half the species have their 
southern limit of distribution in the Pongola system (Kok, 1980). The high diversity of fish is likely to 
be partly resulting from the different preferential diets of fish with specialisation occurring where 
different species compete for the same resources (Heeg & Breen, 1994). Other vertebrates in the 
floodplain include Crocodiles (Crocodylus niloticus), birds (including 30 endangered species listed in 
the South African Red Data Book; Siegfried et al., 1976 in Heeg & Breen, 1994) and others that are 
not endangered such as large flocks of White-faced ducks (Dendrocygnus viduata) that feed on the 
floodplain in winter (Heeg & Breen, 1994). The mammal population is much less diverse and 
abundant than previously. For example in the 19th Century elephant, rhinoceros, buffalo, kudu, 
nyala, bush pig, baboon and small antelope were recorded (Saunders, 1887 in Heeg & Breen, 1994). 
Some examples of these remain in the floodplain, mostly in the Ndumo Game Reserve, with 
estimated 220 Hippopotumus remaining in 1994 (Heeg & Breen, 1994).  
 
According to Heeg & Breen (1994) the rich biodiversity of the Pongola floodplain pans and 
surrounding area is threatened by the increased salinity of water in the pans because of 
groundwater seepage and the concentration by evaporation in the absence of sufficient flushing by 
flood water. In addition less food materials are brought into the pans if flooding does not occur. 
Heeg & Breen (1994) state that: “The maintenance of the whole ecosystem therefore hinges on a 
regular supply of floodwater, sufficient in magnitude to flush out the system and to allow for fish 
migration, and sufficient in duration to allow an adequate transfer of energy rich organic material 
from the terrestrial to the aquatic components”. 
 

4.3 History of the floodplain and Pongolapoort Dam 
Prior to the building of the Pongolapoort Dam between 1963 and 1973 the natural flooding regime 
(described in section 4.1.3) governed many of the characteristics of the floodplain including the 
presence of the floodplain pans and the biodiverse ecosystems and the patterns of land use of the 
communities living adjacent to the floodplain. The Thonga people, who have made the floodplain 
their home, have been cultivating the enriched soils that were exposed once flood waters had 
receded and harvesting fish, reeds and other floodplain resources for thousands of years (Heeg & 
Breen, 1994).  
 
The construction of the dam itself was a step towards supporting the agricultural potential of the 
adjacent Makhathini Flats. The National Party government of the time earmarked the area for White 
farmer upliftment particularly through sugarcane production. During the depression of the 1930’s, a 
government irrigation settlement, comprising 159 plots and a total area of 6189 ha (today the town 
of Pongola), was established. Water for irrigation was supplied via canal or direct extraction from the 
river. A sugar mill was constructed in 1954. By 1955, plans were well underway for the construction 
of the Pongolapoort Dam. The primary purpose of the dam was to control floods and provide an 
assured supply of water for irrigation to approximately 40000 ha of land adjacent to the floodplain 
(Breen et al., 1998). It was also intended that white farmers would open up the frontiers with 
Mozambique and Swaziland (Breen et al., 1998). Once the scheme had been announced, it took 
more than 3 years before construction of the dam actually started in 1963 (van Vuuren, 2009).  
 
The Pongolapoort Dam was constructed at the eastern end of a narrow gorge between the Lebombo 
and Ubombo mountain ranges (Heeg & Breen, 1994). It had a capacity of 2500 million m3 at full 
supply and a mean assured yield of 862 million m3/a (Heeg & Breen, 1994). The impoundment of the 
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river meant that for the first time flows could be manipulated to reduce unexpected flooding and 
create economic opportunities (Breen et al., 1998). An assessment of development opportunities 
undertaken once the dam was completed justified it from a social, economic and environmental 
perspective. It was envisaged that as irrigation agriculture increased, cropping in the floodplain 
would decline and tourism would increase (Breen et al., 1998). However, the planned large-scale 
irrigation development never occurred largely due to a significant drop in the price of sugar. Today 
only about 3000 ha of irrigation has been created (van Vuuren, 2009).  
 
Subsistence agriculture, and increasingly crops grown for sale, have remained an important use of 
the floodplain. Abstractions of water from the river downstream of the dam and from the floodplain 
pans using engine pumps for the purposes of localised irrigation are likely to have increased in 
recent years, although these are unmetered so it is not possible to estimate the volume of water 
used (Jaganyi et al., 2008). 
 
Not enough notice was taken at first of the impact of the dam and planned irrigation developments 
on the ‘unique floodplain ecosystem downstream’ and the consequent ‘plight’ of the Tembe-Thonga 
people who depended heavily on various ecosystem services (van Vuuren, 2009). Concerted and 
innovative research (Charles Breen and Jan Heeg, University of Natal, in the 1970s) led to the 
recognition that floodplain ecosystems services were significant, and indeed of ‘greater economic 
and social benefit than if the water were used to grow sugarcane under irrigation’ (van Vuuren, 
2009). This produced the initial impetus for regulating dam releases in a manner that would simulate 
the natural flow regime with the aim of preserving the integrity of the floodplain ecosystem. 
 
Between 1973 and 1987 the Department of Water Affairs (DWA) (formerly the Department of Water 
Affairs and Forestry) operated the dam without any consultation of stakeholders. In the late 1970s 
the Co-operative Scientific Programme funded social, ecological and hydrological scientists to 
undertake a study to gain insight into the social-ecological relationships of the Pongola system. The 
scientists proposed a flood regime aimed at maintaining ecological services but having a minimal 
effect on the irrigation potential. In an effort to meet both the requirements of local users and 
Mozambique, winter flows were set at around 2 m3/s (van Vuuren, 2009). Periodic increases in flows 
(approximately 80 m3/s) were proposed for early summer (November to January) to flush out saline 
water in the majority of the pans and also replenish water for use by people and livestock at the end 
of the dry winter. A second larger release (600-800 m3/s) was suggested for February which would 
provide the trigger for fish migration and breeding and increase plant growth as the water receded 
thereby providing grazing in the winter months (van Vuuren, 2009). 
 
Towards the end of this programme social scientists suggested that local farmers switch from their 
usual multi-coloured maize to white maize as it had the potential to produce higher yields. However, 
the white maize required a longer growing period than the traditional varieties and as a result fields 
were often destroyed by floods before the grain had had a chance to mature (van Vuuren, 2009). As 
a result, farmers requested that the proposed between-flood periods be extended to allow the 
maize to mature. This began an unstructured process of negotiated dam-releases which deviated 
from those originally proposed by the scientists (van Vuuren, 2009). Releases also proved to be fairly 
sporadic; between 1984 and 2005 there were 25 releases in all, more than two or three in one year 
and none at all in others, and their timing was entirely unpredictable. With this lack of certainty 
about flood releases, conflicts developed between agriculturists, grazers and fishermen who no 
longer knew how to protect their access to respective resources; cattle for example had easy access 
to fields on the floodplain as the pans that would usually have been filled with water during the 
growing season were drying up without the natural flood releases (van Vuuren, 2009). The problem 
was that there was no clear regime of flood releases, and the imperfect system that did exist did not 
take on board the emerging interests of those who used the floodplain for cultivation.  
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At a broader level, these issues mirrored a more fundamental disjuncture between expectations on 
the part of the government following the construction of the dam and the realities of floodplain use. 
The dam was expected to create and sustain development opportunities that would realize the 
economic potential of the floodplain fishery and flood-dependent agriculture, but there was a keen 
sense that ‘as irrigation-based agriculture increased on the Makhathini Flats, cultivation on the 
floodplain would decrease’ (McCartney et al., 2003). But this transition has not occurred to any 
significant extent (a fuller discussion of this aspect is provided later) unleashing a strong sense within 
the local communities that the dam was not responding to their needs. Some even felt it to be a 
symbol of the apartheid regime which caused a number of problems through poorly timed releases 
including flooding of crops and grazing land (McCartney et al., 2003). This triggered off 
developments that eventually led to a re-evaluation of the way DWA was managing the dam. 
 
With growing discontent amongst the local community, a small number of articulate persons of 
some standing tried to mobilize popular support in order to establish some local bodies that would 
take a more proactive approach in improving matters.1 These ‘leaders’ contacted DWA for 
discussions and DWA agreed to support the establishment of the first Water User Committees in the 
floodplain. There are different accounts of the number of committees that were formed as a result 
of this process. DWA officials interviewed as a part of this study said that in 1986, three committees 
were formed in the upper, middle and lower areas across nearly 40-50 km of the floodplain to 
facilitate communication between local residents and DWA.2 But according to McCartney et al. 
(2003), there were eight committees initially, and later these grew to 15, with each one representing 
a different tribal authority (McCartney et al., 2003). These committees were supported by ‘local 
development initiatives’ and ‘NGOs who championed the process’ (McCartney et al., 2003), and in 
some cases money was raised from overseas aid organizations as well.3  This system was an 
improvement over the previous situation as these served as channels of communication between 
DWA and the locals, and for reconciling differences amongst stakeholders within the community.  
 
However, over time problems have continued to complicate the negotiation of consensus amongst 
different stakeholders. Divergence occurs mainly between environmental and developmental needs, 
particularly with regard to the size and timing of the floods (Mwaka et al., 2003). Although farmers 
prefer flood releases in late winter to suit their planting season in summer, ecologists prefer floods 
in late summer to have warm water that suits the resurgence of riverine ecosystems (Mwaka et al., 
2003). A resource use ecologist interviewed for this study recalled the hostility she encountered 
from local farmers when she highlighted ecological concerns to do with fish for example in these 
local meetings. In the past, there used to be two artificial flood releases: one in the summer months 
at the end of October/early November (which was good for fish, and people had to adapt their 
cropping around it) and the second in winter in May/June (which was a purely agricultural release to 
wet fields for winter cultivation, despite the cold waters being damaging for fish). Although the 
ecologists could not get the cultivators to agree to a late summer release (in Feb/March) which is 
suitable for fish spawning, the winter flood release in May/June has been discontinued.4 Pressures 
have continued to grow from increased commercial cultivation on the floodplain, especially cotton 
and more recently sugarcane, which have their own needs in terms of water releases. The increase 
of commercial cultivation on the floodplain during the 1990s in itself is viewed as an offshoot of the 
Department of Agriculture’s5 lack of attempts ‘to divert commercial farming off the floodplain by 
promoting small-scale irrigation on the Makhathini Flats’ (McCartney et al., 2003). Other 

                                                           
1 Interview with DWA officials, WUA Chairperson and others in July 2009, all of whom corroborated this point. 
2 Interview with DWA Officials, Durban, July 2009. 
3 Interview with WUA Chairperson, Mboza, July 2009. 
4 Interview with a Resource Use Ecologist, Pietermaritzburg, July 2009. 
5 This reference to the Department of Agriculture refers to the Directorate of Agriculture within the Provincial Department of Agriculture, 
Environmental Affairs and Rural Development. 



18 
 

stakeholders, like those upstream of the dam, especially owners of private lodges also wanted to 
have a say in the dam releases. Transboundary stakeholders mattered too, with Mozambique 
imposing a limit to the peak flood discharge received into the Maputo River downstream of the 
Pongola floodplain.  
 
In subsequent years, the variety of stakeholders and competing pressures meant that DWA, the 
regulatory authority of the Pongolapoort Dam, was compelled to re-evaluate the way it was 
managing the dam. Besides, increasing human populations on the floodplain and competition for 
resources has necessitated that all stakeholders be considered in planning flood releases. The end of 
the apartheid regime in the 1990s simultaneously brought with it the introduction of progressive 
legislation which was to have a profound impact on the governance arrangements for dam releases. 
The National Water Act 1998 was passed with a view to promoting the equitable and sustainable use 
of the nation’s water resources in the interests of all water users, and also to achieve de-racialisation 
of water management. It recognized the need for ‘the integrated management of all aspects of 
water resources and, where appropriate, the delegation of management functions to a regional or 
catchment level so as to enable everyone to participate’ (NWA, 1998). The general trend since has 
been to move towards the devolution of decision-making for water resources in a three-tier 
structure: the minister as the custodian of water resources at the top; the catchment management 
agency below the minister to oversee water management in the areas, and; the water users’ 
association to administer water usage, management and development in a given locality. This led to 
the creation of the ImfundaYophongola Water Users’ Association to facilitate collective involvement 
of the many different stakeholders in managing the water releases from the Pongolapoort Dam, and 
more broadly, working towards promoting the ‘economic efficiency and environmental integrity of 
the flood plain area’ (DWAF, 2008) including land and other resources as well. 
 

4.4 Operation of the Dam 
The operation of the Dam is governed by a number of constraints including the structure of the dam 
and outlet, the variability of the water supply received from the catchment, agreements with 
neighbouring countries that share the river basin, and the often conflicting demands of different 
stakeholders as described in the previous section. 
 
The quantities of water required to effectively flood the floodplain can only be supplied if the water 
level behind the dam is above 54% of full supply capacity (Poultney & Bruwer, 2002). However, dam 
safety considerations affect the timing of flood releases with the period around October 
recommended by DWA, the agency responsible for operation of the dam (Basson et al., 2006). For 
dam safety reasons the maximum level of the dam has recently been set at 67% (see section 
7.3.1.2). The maximum rate of controlled discharge is also limited by the capacity of the three gated 
spillways and transboundary considerations. A tripartite agreement exists between South Africa, 
Swaziland and Mozambique for the utilization of water resources in the Incomati and Maputo 
watercourses, which includes the Pongola River. However there is no comprehensive agreement on 
dam operation. In 1984, Mozambique made an informal request to limit the flow in the Rio del 
Maputo, downstream of the Usutu and Pongola confluence, to less than 450 m3s-1 (McCartney et al., 
2003). Following the 2000 floods, this limit was reduced to 250 m3s-1 (Basson et al., 2006). 
 
Since the construction of the Dam, releases have been controlled with flood peaks of between 180 
and 1400 m3s-1 being released once or twice a year at the beginning (October) and end (February) of 
the rainy season (Basson et al., 2006). The purpose of these releases were to both draw down the 
water level of the dam prior to the onset of the wet season and replenish the pans downstream 
whilst simultaneously providing water for irrigation. The volume of water released varied 
considerably with more than 1000 m3s-1 released in February 1984 but only 26 m3s-1 released in 
October 1987 (Basson et al., 2006).  
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Jaganyi et al. (2008) identify three distinct periods in the history of the dam operation. For the 
period 1970 to 1983, following its completion, the dam was not filled beyond 30 percent of its 
capacity as it would have inundated areas of land within Swaziland. Negotiations to resolve this were 
delayed by Swaziland gaining independence from Great Britain in 1968 but an agreement was made 
in 1983 which allowed for water levels to be raised and flooding to occur into Swaziland in exchange 
for a pumping scheme to supply water in Swaziland (Jaganyi et al., 2008; van Vuuren, 2009). The 
resultant necessary long term excess releases between 1970 and 1983 caused some scour and 
damage to the dam infrastructure that led to a reduced capacity of the dam (van Vuuren, 2009). The 
prolonged flows also affected downstream activities and caused some loss of plant species not 
adapted to long term water logging (Jaganyi et al., 2009).  At the end of this period, severe drought 
and maintenance of the scour valves in 1982 and 1983 had lowered the water level in the dam to 
less than 2 percent of its capacity. In February 1984 cyclone Domoina brought peak inflows of 18000 
m3s-1 over 24 hours, raising water levels from 17% capacity to 85% in just two days, with the 
presence of the dam protecting downstream from the worst impacts of the cyclone. Emergency 
releases of water from the dam to make way for floodwaters from a second expected cyclone 
(Imboa) the same year came without any warning to the population and caused the loss of all crops 
on the floodplain despite the cyclone’s course altering to miss the Pongola catchment. During this 
period the dam was managed without any stakeholder involvement (Jaganyi et al., 2008). 
 
The second period identified by Jaganyi et al. (2008) was 1984 to 1999, when the dam was operated 
by DWA from the national level. During this period water levels behind the dam were much higher 
than the previous period with a maximum of 106% of capacity reached in February 2000 and a 
minimum of 29% in February 1993. Artificial floods were released from the dam that were similar in 
peak flows to before the dam with respect to variability and magnitude, although overall stream 
flow was much reduced and seasonal stream flow patterns were very different from the natural pre-
dam flows (Jaganyi et al., 2008). Since 2000, the third period identified by Jaganyi et al. (2008), the 
levels have dropped from the high levels during the second half of the 1990s but stayed above 63 
percent of capacity (1540 million m3) and artificial flood releases have been reduced and stabilized 
and therefore differ from natural flow patterns. Currently, one artificial flood is released per year 
during October with a peak discharge of 800 m3s-1 and volume of between 150 to 200 million m3. 
Previously, a small flood was also released in March 2005. These releases are not in phase with 
natural run-off as the highest natural run-off month is February. 
 
 

4.5 Socio-economic environment 
 

4.5.1 History and use patterns on the floodplain 
The area was settled by descendents of the Tembe-Thonga, the original inhabitants of the coastal 
plain (Torres, 1980). Proximity to water has always been an important factor governing the 
distribution of people across the District, and as a result there is a high concentration of people 
located near the Pongola River and the floodplain where water is easily accessible to both humans 
and livestock (Smedley et al., 1979). Human settlements are located on high ground above the area 
at risk of flooding (Heeg & Breen, 1982), and there is no permanent settlement on the floodplain 
itself.  
 
The alluvial plains between the pans and river (called the madotsheni) have always been extensively 
cultivated (Derman & Poultney, 1985), as the soils surrounding the floodplain are dry and sandy with 
very low agricultural potential. The area is also characterised by high evaporation and low rainfall, 
which further reduces agricultural potential off the floodplain (Heeg & Breen, 1982). Prior to the 
construction of the Pongolapoort Dam, the series of flash floods that coincided with the rainy season 
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each year deposited rich alluvial sediments that enriched the soils and supported the most 
important local economic activities, namely agriculture. The floodplain therefore provides 
productive soils for cultivation of food crops, with farmers preparing and planting their fields as the 
flood waters recede (Derman & Poultney, 1985).  
 
The relative isolation and poverty levels in the area have compounded the dependency of local 
communities on natural resources from the floodplain (Breen et al., 1998). The right to exploit these 
natural resources has always been controlled on behalf of the traditional authorities by the local 
Izinduna (Headmen). Floodplain vegetation provides fuel and traditional building materials such as 
thatch and reeds for the local households as well as food stuffs such as fish and wild plants (Heeg & 
Breen, 1982). Fish have always represented a major source of animal protein in the household diet. 
A variety of fishing methods were practiced including: isifonya (people using dome-shaped baskets 
move in line across a pan and driving the fish into the shallows); mona baskets (valve-traps made 
from reeds to trap fish and constructed in a reed barrier across a water course); a primitive form of 
seine netting (using long bundles of grass and weeds which are pushed through the water trapping 
small fish), and; line fishing (with or without a rod). These fishing techniques were complimentary as 
they caught different types and sizes of fish (Heeg & Breen, 1982). However in more recent times 
there has been widespread use of modern seine nets which are resulting in even the very young and 
small fish being caught disrupts fish breeding patterns and reduces stocks.   
 
Much of the construction material for building houses has typically been harvested from the 
floodplain, namely reeds, thatch and building poles. Sedges are also used for weaving mats and 
baskets. Indigenous food resources such as water lilies, water chestnuts, and fruits such as figs have 
also provided important nutritional supplements (Heeg & Breen, 1982). Demand associated with a 
growing poor population has however long been associated with reduced availability and quality of 
these important natural resources.  
 
Employment opportunities in Maputaland have always been limited, and able-bodied men and 
women have been compelled to look for work outside of the region (Heeg & Breen, 1982). 
 

4.5.2 Current context of settlement and use of the floodplain 
The areas surrounding the Pongola floodplain are predominantly rural in character, dominated by 
scattered homesteads and associated subsistence level agriculture. There are no homesteads or 
permanent settlements on the floodplain; however it is extensively cultivated with much of the area 
transformed into small household farming plots. Households typically also have small fields off the 
floodplain close to their homesteads where they cultivate crops, however due to the sandy soils and 
scarcity of water off the floodplain these fields contribute little to household food security.  
 
There is very little formal commercial agriculture in the area beyond a limited amount of sugarcane 
and cotton found in isolated areas on the floodplain itself produced for non-local mills. There are 
very few development nodes or economic hubs in the area, other than one or two small trading 
centres, together with a few under resourced schools and clinics.  
 
High levels of poverty characterize the Umhlabuyalingana and Jozini Local Municipalities (which form 
part of the Umkhanyakude District) across which the Pongola floodplain is located. As much as 87% 
of the households living in the areas surrounding the floodplain could be living in poverty (Table 2). 
These poverty levels are also illustrated by the very high dependence by households on social 
welfare grants from the State, with approximately 64% of the households depending on social grants 
for 50% or more of the household income (PRESPA Household Survey, see section 6.3.3): 34% 
households receive state pensions; 92% households receive child support grants; 12% households 
receive other welfare grants (e.g. disability, illness). 
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Table 2. Poverty levels in the Umhlabuyalingana and Jozini Local Municipalities (Statistics South Africa, 2001) 

 
Municipal Area Income levels African/Black Coloured Indian/Asian White Total Percentage 

Umhlabuyalingana 
Local Municipality 

 
 
 
 
 
 
 
 
 
 
 
 

No income 11953 1 0 5 

23014 86.7% 
R1 - R4 800 2182 0 0 5 

R4 801 - R  9 600 6053 4 0 1 

R9 601 - R 19 200 2826 6 0 4 

R19 201 - R 38 400 2055 2 0 22 

3518 13.3% 

R38 401 - R 76 800 929 1 2 14 

R76 801 - R153 600 378 1 0 31 

R153 601 - R307 200 62 1 0 16 

R307 201 - R614 400 32 0 0 4 

R614 401 - R1 228 800 12 0 0 2 

R1 228 801 - R2 457 600 30 0 0 2 

R2 457 601 and more 20 0 0 0 

Sub Total 26532 16 2 106 26532 

Jozini Local 
Municipality  
  
  
  
  
  
  
  
  
  
  
  
  

No income 16405 10 1 7 

30209 87.6% 
R1 - R4 800 3683 3 3 7 

R4 801 - R  9 600 6578 6 3 7 

R9 601 - R 19 200 3543 4 2 4 

R19 201 - R 38 400 2249 9 3 25 

4270 12.4% 

R38 401 - R 76 800 1289 7 4 48 

R76 801 - R153 600 466 3 7 46 

R153 601 - R307 200 126 3 2 10 

R307 201 - R614 400 39 0 2 2 

R614 401 - R1 228 800 22 1 0 13 

R1 228 801 - R2 457 600 58 0 0 2 

R2 457 601 and more 21 0 0 1 

Sub Total 34479 46 27 172 34479 

 
 
 
 
Poverty is however not only financial scarcity and deprivation. It includes other dimensions of 
welfare such as health, social networks, and access to public goods and services (education, 
information etc). Access to these services in the Umhlabuyalingana and Jozini areas is however also 
scarce, and examples of this scarcity and deprivation are illustrated in Tables 3 and 4 below. As many 
as 42% of the households have to rely on unsafe water sources for meeting domestics water needs 
which has severe heath implications. Up to 25% of the people have never accessed education 
services and therefore are severely disadvantaged in terms of access to information. 
 
 
Table 3. Access to safe water sources by households (Statistics South Africa, 2001) 
 

Municipal Area Water Source Number households Total Percentage 

Umhlabuyalingana Local Municipality 
  
  
  
  
  
  

Regional/local water scheme 5 480   
  
  
  

  
  
  
  

Borehole 7 929 

Spring 2 722 

Rain-water tank 694 

Dam / pool / stagnant water 2 437 
8496 32.2% 

River/stream 6 059 

Water vendor 1 074   
  
  
  
  

  
  
  
  
  

Jozini Local Municipality  
  
  
  
  
  
  

Regional/local water scheme 10 941 

Borehole 3 173 

Spring 1 934 

Rain-water tank 971 

Dam / pool / stagnant water 2 005 
14597 42.6% 

River/stream 12 592 

Water vendor 2 684     
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Table 4. Levels of education and access to information (Statistics South Africa, 2001) 

 
Municipal Area Level of Schooling Male Female Total Percentage 

Umhlabuyalingana Local Municipality 
  
  
  
  
  
  

None 8 613 10 618 19 231 26.5% 

Pre-school 692 719   
  
  
  
  
  

  
  
  
  
  
  

School 25 818 26 004 

College 17 22 

Technikon 18 15 

University 10 35 

Adult education centre 12 22 

Jozini Local Municipality  
  
  
  
  
  
  

None 11 661 14 199 25 860 26.4% 

Pre-school 1 024 980   
  
  
  
  
  

  
  
  
  
  
  

School 34 391 35 218 

College 37 52 

Technikon 22 17 

University 34 36 

Adult education centre 50 68 

 
 
Ecosystem services are important for meeting a range of basic livelihood needs of poor households. 
The floodplain is relied on for regulatory and supporting services, as well as cultural services which 
help address promote social cohesion, and individual and group identity, offering a safety net for 
vulnerable and marginalised households. 
 

4.5.3 Population density and land use surrounding the floodplain 
Population growth, and associated increased population density, in the areas surrounding the 
floodplain has transformed natural vegetation off the floodplain for residential and agricultural use, 
and floodplain vegetation to agriculture. Aerial photographs (Figure 8) illustrate the extent of this 
transformation (both on and off the floodplain) in the vicinity of Tete Pan between 1955 and 2003. 
The 1955 aerial photo show relatively extensive natural vegetation and very few homestead 
settlements. It is clear from the 2003 photos that the vast majority of the natural vegetation has 
been cleared and replaced by homesteads and associated land uses. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 8. Increasing settlements pressures and associated land use changes between 1955 and 2003 adjacent to 
the floodplain in the vicinity of Tete Pan. 
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Increasing population in the areas surrounding the floodplain has translated into increasing demand 
for agricultural land on the floodplain for the households to cultivate in order to improve household 
food security. This has resulted in clearing of floodplain vegetation as evident in Figure 9 below 
(illustrating a section of the floodplain between the Pongola River and Maleni Pan to the west. Note 
Maleni Pan is no longer visible in the 2003 aerial photo). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Figure 9. Changes in land use on the floodplain in the vicinity of Maleni Pan between 1955 and 2003 

 
 
 
Change in land use and agricultural expansion off the floodplain in areas to the west and south of 
the Pongolapoort Dam (near the town of Mkuze) has resulted in an increase in water demand from 
the Dam. There has been large scale expansion of irrigated sugarcane production and the conversion 
of dryland production to large scale irrigated centre pivot operations between 1971 and 2003 
(Figure 10). Change in agricultural practices has influenced water demand from the Pongolapoort 
Dam, which in turn has influenced flood releases and management of water allocations from the 
Dam. 
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Figure 10.  Transformation of dryland agriculture to irrigated sugarcane between 1971 and 2003 with water 
allocations from the Pongolapoort Dam 

 
 
There has been substantial urban growth in local centres such as Jozini (Figure 11) and Ubombo, 
which are directly dependant on water supply from the Pongolapoort Dam to meet domestic and 
commercial requirements. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 11. Urban expansion and densification in the Town of Jozini between 1971 and 2003 

 
 
There has also been a recent diversification of the local economy with a substantial expansion of the 
local ecotourism sector. Many of these operations are either directly or indirectly dependent on the 
Pongolapoort Dam to attract tourists. 
 
The socio-economic environment around the Pongolapoort Dam and the Pongola floodplain has 
been substantially transformed as a result of socio-economic pressures. The current socio-economic 
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environment is very diverse, with wide ranging and sometimes contradicting needs. This poses 
significant challenges for the management of the floodplain as well as the management of water 
levels and flood releases from the Pongolapoort Dam. 
 
 

4.6 Land ownership and land issues 
The land surrounding the floodplain study area includes a combination of communal tenure land and 
State land (administered largely by the Provincial Department of Agriculture). The communal tenure 
areas fall under the following traditional authorities (see Figure 12): 

• Mashabane Traditional Authority (Inkosi Gumede) 
• Tembe Traditional Authority (Inkosi Tembe) 
• Nyawo Traditional Authority (Inkosi Nyawo) 
• Mathenjwa Traditional Authority (Inkosi Mathenjwa) 
• Siqakatha Traditional Authority (Inkosi Nxumalo) 

 
 
 

 
Figure 12. Location of Traditional Authorities and State Land in vicinity of study area 

 

 

4.6.1 Communal Tenure Land 
Land tenure may be defined as the terms and conditions on which land is held, used and transacted 
(Adams et.al., 1999). Traditional land tenure systems characterise the former homeland areas of 
South Africa (such as the study area) and are a type of communal system. Although partly regulated 
through legislation, communal tenure is widely based on local arrangements. All communal tenure 
land in KwaZulu-Natal (including the areas surrounding the Pongola floodplain) is held in Trust by the 
Ingonyama Trust. The Ingonyama Trust came into being in 1998 and was established by the KZN-
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Ingonyama Trust Act (Act 3 of 1994). This legislation transferred land under jurisdiction of the former 
KwaZulu Government (an Apartheid homeland state) to the Ingonyama Trust. The Trust is the 
landowner-in-law of approximately 2.8 million hectares of land in KwaZulu-Natal and is charged with 
administering this land for the material benefit and social well-being of all members of the tribes and 
communities living on Ingonyama Trust land. The Trust cannot lease or otherwise dispose of land 
without the consent of the Traditional Authority or Community Authority concerned6.  
 
In KwaZulu-Natal the communal tenure areas are still subject to institutional arrangements of 
traditional authorities. The efficacy, impact and local legitimacy of these traditional authority 
structures varies greatly between regions of the Province. The authority of traditional leaders, and 
their influence over land allocations, is typically seen as an informal structure in the sense that it 
differs from the Western system of deeds and cadastral foundation. The informal traditional system 
is characterized by (Kingwill, 2003): 

• Existence of multiple livelihood strategies, including land rights, land allocation and land use 
practices. 

• Institutions such as traditional authorities, community-based governance and communal 
tenure, which are in a state of flux in most regions. 

 
Communal tenure provides the poor with a crucial livelihood asset that cannot be lost through sale 
or forfeited as a result of failure to repay loans. Communal tenure has its own rules, norms and 
values. As a collective system it provides a base for the accumulation of social capital, which creates 
conditions for social stability during times of change and economic instability (Kingwill, 2003). 
Communal land accommodates a source of multiple provisioning by allowing food production, while 
at the same time providing access to the range of ecosystem services, such as provisioning (e.g. 
water from catchments, variety of natural resources), cultural services (e.g. for space for religious, 
ceremonial, social and recreational purposes), and regulating services (e.g. flood attenuation and 
nutrient cycling) to the entire community. However, one of the weaknesses of communal tenure is 
the difficulty of securing rights within the system. As a result, in some instances there is a lack of the 
common resource management institutions to ensure that the rules and norms do not degenerate 
into opportunism and enrichment from communal resources by groups or individuals at the expense 
of at the expense of the weak and marginalized within the community. 
 
The most widely recognised uses of communal tenure land are residential, arable and grazing. These 
are allocated by the traditional authority to local households, who are members of the community7:  

 Residential rights are individual rights allocated to each household, and the household 
cannot be deprived of this right.  

 Rights to arable land differ from area to area, and while the majority of households in rural 
areas cultivate small plots of arable land there are inequalities in the size of, and access to, 
arable land by individual households. Population growth and in-migration have created 
pressures on the land available to households and to individuals within households. New 
arrivals have often struggled to secure access to meaningful portions of land (Kingwill, 2003). 
Arable land may be forfeited and redistributed by the Traditional Authority. For example if 
unused for three or more seasons arable land may be reallocated to another household. 
Households may also voluntarily redistribute or ‘lease’8 land to other households or other 
members within the same household. 

 Commonage is generally accessible to all residents regardless of their tenure status. While 
widely used for grazing land, commonages are also used for a great diversity of activities 
beyond agriculture. For many of the poorest rural people commonages represent a public 

                                                           
6 Reference from http://www.pmg.org.za/docs/2004/appendices/040602ingonyamatrust.htm  
7 Permission needs to be agreed on by both the traditional authority and the Ingonyama Trust before land use rights may be allocated to 
non-community members or outsiders. 
8 This lease may involve a cash transaction, but is more typically undertaken through a process of sharecropping. 

http://www.pmg.org.za/docs/2004/appendices/040602ingonyamatrust.htm


27 
 

meeting venue, a source of water, a place for rituals and a place from which natural 
resources may be harvested – particularly firewood. Commonage therefore forms an 
integral part of the regional ecosystems, and contributes to environmental stability.  

 
The inability of communal land users to access loan finance has contributed to a cycle of 
underdevelopment: low returns to agriculture often make it difficult to generate the levels of 
revenue that would support access to loan finance. Without access to finance, investment in the 
items that might increase returns is virtually impossible for most rural households on communal 
tenure land (Kingwill, 2003). 
 

4.6.2 State Land 
The State is the legal owner of some areas of communal land in many places in South Africa. The 
purpose of State owned land is linked with economic and social advancement objectives of the 
Government9. The National and Provincial government is reported to own about 24.5 million 
hectares10. This land includes public resorts, or places for recreation or of historical or scientific 
interest. However some of the land is prime agricultural land and is linked with national and 
provincial agricultural development objectives such as the Makhathini Integrated Master 
Development Plan (DAEA, 2008). This can be perceived as an opportunity or a difficulty, depending 
on how tenure reform affects the interests of those with interests or a stake in the land (Adams et 
al., 1999). 
  
Investment in development and poverty alleviation projects on State Land has however been 
delayed for many years, partially because of uncertainty over land rights. While local communities 
demand the recognition of their rights and demand benefits (rather than being seen as landless 
employees), potential investors require the assurance that their investments will be secure (Adams 
et al., 1999).  
 
Many of the households living adjacent to, and farming land on, the Pongola floodplain are in fact 
settled on State land (Figure 12). They are however governed by the communal tenure rules and 
authority of their local traditional authority.   
 
The Interim Protection of Land Rights Act (IPILRA) of 1996 extends protection to people with certain 
defined informal land rights on State land in former homeland areas. The Act provides that the 
holders of these rights cannot be deprived of their rights without their consent, and that such 
deprivation would have to take place under conditions of expropriation. Some would argue that 
these. However the Act falls short of recognition of a new tenure right. As such it is seen as a 
“holding mechanism” pending legal definition of land rights. 
 
 

4.7 Micro and macro institutional arrangements and governance 
The institutional arrangements for the coordination of water releases from the Pongolapoort Dam 
are centred at the micro level in a Water Users’ Association (WUA) which has a broad responsibility 
for working towards promoting the ‘economic efficiency and environmental integrity of the flood 
plain area’ (DWAF, 2008). WUAs were established by the National Water Act of 1998 with the 
intention of decentralizing powers and responsibility for stakeholder coordination pertaining to the 
Pongolapoort Dam. Institutional links have been created to connect this micro-level institution to 
macro level institutional structures. The WUA is governed by a management committee (MANCO) 

                                                           
9 Reference from http://www.sabinetlaw.co.za/land-reform/articles/integration-three-spheres-government-key-effective-land-use-
management 
10 Referenced from State-Owned Land For Use In The Government’s Land Reform Programme: Who Owns What Land In South Africa? Mail 
And Guardian. Jan 23 2009. South Africa 

http://www.sabinetlaw.co.za/land-reform/articles/integration-three-spheres-government-key-effective-land-use-management
http://www.sabinetlaw.co.za/land-reform/articles/integration-three-spheres-government-key-effective-land-use-management
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that is accountable to the Minister of Water Affairs and the members of the WUA. The Minister of 
Water Affairs and Forestry has delegated the power to regulate use and conserve water in its area of 
operation. As there is no functional Catchment Management Agency, the WUA has requested 
certain functions of the CMA to be delegated to it (DWAF, 2008). MANCO comprises 33 members 
(numbers in brackets) that represent various groups of stakeholders: upstream users (1), small scale 
farmers from the floodplain including those who depend on livestock and fishing (3), commercial 
irrigators (2), national and provincial departments and parastatals (7), local government including 
district and local municipalities (3), various private sector and individual water users like tourism 
associations (4), members of civil society including NGOs and organizations for women, disabled and 
youth groups respectively (6), an international liaison representative (1) and finally the traditional 
authorities of the area (6). There is a further core group of 7 executive members (including the 
Chairperson, Deputy Chairperson, Secretary, Treasurer etc.) drawn from within MANCO. This group 
is also referred to as the ‘Operational Committee’ and serves to operationalise the WUA at the level 
of the community. The executive committee is envisaged to be elected annually by the members of 
the management committee.  
 
There is a strong expectation of democratic representation through this structure. The idea is for the 
various stakeholder groups to democratically nominate their representatives to MANCO, and for the 
operational committee in turn to be annually elected. But DWA officials interviewed for this study 
expressed their doubts that a thoroughly consultative process was in fact in operation. Elections to 
the operational committee too have not been held for the last two years because of difficulties with 
organization and the continuation of other problems between community representatives and DWA 
(this will be discussed in more detail in section 7.3). There is also anger and resentment amongst 
some individuals who played an active part in the water committees that predated the formation of 
this WUA for being excluded from the new operational committee.  
 
This structure is supposed to facilitate direct links in communication between the MANCO and 
ordinary residents of its area of operation, and is integrated with the traditional system of 
governance. Each traditional authority has a representative that is nominated by the Inkosi (Chief). 
Izinduna (headmen). They call meetings in the period before the September release to confer with 
ordinary residents about the most suitable dates of the release. Decisions are communicated to the 
MANCO representatives to be taken to the key management committee meeting in August, where 
the key issue of the date of the flood release for that year is deliberated with DWA officials. In 
addition to DWA, officials from other provincial government departments for whom the flood 
releases are of particular significance are also present at such meetings as members of the MANCO. 
These include notably Department of Health (responsible for health matters including malaria), 
Department of Agriculture, Environmental Affairs and Rural Development (responsible for 
agricultural extension and environmental management on the floodplain) and Ezemvelo KZN Wildlife 
(responsible for management of the eastern portion of the floodplain and Ndumo Game Reserve). 
Various other stakeholders like commercial irrigators, the international liaison representative for 
Mozambique, upstream farmers’ associations and local angling clubs also take an interest in these 
MANCO meetings. 
 
In August each year, DWA initiates a public participation process inviting all people represented in 
the WUA to discuss the flood release and other relevant factors to do with flood quality, rainfall, 
water borne diseases and Malaria. Engineers from DWA Head Office are in attendance with 
hydrographs that are employed to make proposals regarding the month in which floods should be 
released. A date is discussed at this meeting and differences between different stakeholders are 
addressed. It is not uncommon for some groups to have to compromise in favour of a larger 
agreement. Representatives to the MANCO are requested to take the date back to their respective 
communities and there is an opportunity for feedback and expression of concerns from the latter. 
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The department then engages in a public participation and awareness-building drive through the 
local media. It also tries to be extremely ‘visible’ in the field for the entire duration of the flood 
release process, typically in mid-late September. A second public meeting is organized in November 
to review the implications of the flood release.11 
 
The WUA is statutorily expected to raise resources from its constituent members. Schedule 5 of the 
NWA 1998 contains a model constitution for Water Users’ Associations that specifies the financial 
obligations of members towards the association. The MANCO of the Imfunda Yophongola WUA is 
supposed to levy annual membership fees from all its members to cover various costs incurred in the 
performance of its functions and duties. It is also allowed to raise funds by way of loans in order to 
carry out any of its Constitutional functions (DWAF, 2008). But even after the WUA was formalized in 
2004, the mobilization of finances - either fees or loans - has not been possible to date effectively 
stopping the working of the MANCO and therefore the WUA. These problems raise certain basic 
contradictions stemming from the formalization of the informal water committees to the formal 
statutorily recognized WUA, and it is clear that decentralization has thrown up constraints in 
addition to opportunities for improving the governance of the Pongolapoort Dam. This issue is 
addressed in more detail in section 7.3. 
 
 

                                                           
11 This process was described by a DWA official, interview in Durban, July 2009. 



30 
 

5 CONFLICTING ISSUES IN THE MANAGEMENT AND USE OF THE FLOODPLAIN 

 
The socio-economic environment associated with the Pongolapoort Dam and the Pongola floodplain 
is very diverse, characterized with wide ranging and sometimes contradicting needs and ambitions 
of stakeholders on the ecosystem services (see section 6.3). This poses challenges for the 
management of the floodplain as well as the management of water levels and flood releases from 
the Pongolapoort Dam, and often results in the need for trade-offs. 
 

  
 
Divergent and contradicting needs and ambitions of local stakeholders for the ecosystem services 
from the Pongolapoort Dam and the floodplain typically manifest as trade-offs between human 
livelihoods and biodiversity / ecosystem services conservation, for example flood releases that 
compliment the agricultural growing seasons versus flood releases to support the spawning seasons 
of fish in the river and pans. They also arise as trade-offs between the livelihoods interests of various 
stakeholder groups, for example economic growth from commercial agricultural practices versus 
subsistence livelihoods of the poor.  
 
Examples of key conflicts challenging managers and users of the ecosystem services from the 
Pongola floodplain and Dam include: 

 Economic production versus poverty alleviation and subsistence livelihoods 
The commercial agriculture and tourism sectors surrounding the Pongolapoort Dam 
contribute substantially to economic growth and job creation in the Umkhanyakude District, 
which is characterized by high poverty levels and limited local economic development 
opportunities. However these activities are spatially and economically removed from the 
vulnerable and marginalized communities living in areas adjacent to the floodplain. By 
contrast, the utilization of ecosystem services by the households living in poverty 
immediately around the floodplain contributes very little to the development of the local 
economy and does not create significant benefits beyond those for the immediate 
household. However floodplain ecosystem services are vital for supporting the livelihoods 
and maintaining the social well-being of households who have access to very few 
alternatives. The need is therefore to achieve equitable governance of the flood releases 
and ecosystem services that accommodates the economic growth and commercial 
operations while protecting the ecosystem safety net upon which the livelihoods and 
survival of so many local households depends. 
 

 Needs of the rural elite versus vulnerable and marginalized 
While the communal tenure areas surrounding the floodplain are characterized by high 
levels of poverty, the communities are not homogeneous. Even within these poor 
communities there is differentiation between households in terms of relative wealth and 

Box 1. What are trade-offs and who are the winners and losers? 

The term “trade-off” refers to management choices that intentionally or otherwise change the diversity, 
functioning and services provided by ecosystems over space and time (Anon, no date).  Trade-offs are 
made as a result of different interests and ideas of stakeholders. They are also made as a result of 
different geographic and social scales.  Trade-offs may also be made between long-term and short-term 
time horizons (Anon, no date).  
 
Win-win scenarios where natural resources are conserved and human well-being is improved, and the 
interests of diverse stakeholder groups are all equally met, have been difficult to achieve.  The norm is 
more often than not compromise, contestation and even conflict (Anon, no date).  
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vulnerability. Relative wealth is an important determinant of power relations between 
households within a community. Relatively wealthy and powerful households can use their 
influence, for example, to secure prime sites on the floodplain for farming activities as well 
as extra land to expand their farming operation. This improves the success and returns from 
their farming activities, which in turn adds to their relative wealth and power. Furthermore 
these powerful households, or the rural elite, are also better positioned to determine or 
influence decision making regarding the management of communal resources and 
ecosystem services in their area. These visible and powerful households can be mistakenly 
perceived by outsiders to represent the interest of the community as a whole. Because of 
the unequal power relations the voices of the rural elite may also be more loudly heard and 
they therefore  influence decisions in favour of their land use activities and objectives with 
the risk that, given their relatively wealthy position, their interests are not representative of 
the majority of households and particularly not of the most vulnerable and marginalised. 
Therefore if they unduly influence decisions regarding the management of the ecosystems 
from the floodplain to best suit them, this is not necessarily in the interests of the 
community as a whole, and may not contribute to widespread poverty alleviation. 
 

 Conservation of ecosystem services versus short term poverty alleviation 
The urgent need to address the most pressing economic and short term impacts of poverty 
frequently dominate the agendas of national, provincial and local government, traditional 
authorities and development agents. As a result, development strategies are largely 
characterized by short term time horizons and the immediate delivery of economic relief for 
the poor. These development strategies are commonly characterized by infrastructure 
development (e.g. clinics and schools) and agricultural interventions; with the 
implementation of short rotation crops that can deliver cash incomes within 3 to 12 months. 
There is typically a notion that once the most pressing economic needs of the poor are met 
and income streams have been established, the medium and long term development 
horizons will be developed and the non-economic impacts of poverty will be addressed. 
Trade-offs are also made between long-term and short-term time horizons with the 
expectation that short term imbalances and impacts can be corrected in the long term. 
Enhancing biodiversity conservation and maintaining natural ecosystems and habitats on the 
floodplain, while not neglected, are typically seen as long-term objectives. These have 
sometimes been traded off against short-term economic benefits that can be more easily 
delivered through expanding agricultural activities on the floodplain and managing the 
timing and volume of flood releases from the Pongolapoort Dam to support these farming 
operations. The key risk is however that the natural ecosystems and their potential range of 
regulating, supporting, cultural and provisioning services may be irreparably damaged and 
recovery of the full range of services in the long term may not be possible. This could have 
serious long term implications for poverty alleviation. 

 
Informed choices by ecosystem service users and managers must be made to achieve the best and 
most equitable outcomes. However in the case of trade-offs being made, there are always winners 
and losers. Decision making is usually informed by drivers of unequal strength. It is more often 
power relations that determine who wins, with the vulnerable or those with the weakest voice who 
often end as the losers as a result of their limited capacity to engage (Lebel & Daniel, 2009). 
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6 APPROACH TO ASSESSING ECOSYSTEMS SERVICES AND HUMAN WELL-BEING 
ON THE PONGOLA FLOODPLAIN 

 

6.1 Scenarios for the future of the Pongola floodplain 
In order to describe the possible future for the management of the Pongola floodplain, three rather 
diverse possibilities or scenarios were considered by PRESPA.  These possibilities rendered the 
choice for the different options for management in clear terms and in this way served facilitated for 
the purposes of the research project, discussion and dialogue by stakeholders.  Each of these 
scenarios and the impacts on the ecosystem, the flooding regime and the livelihoods on the 
floodplain are described in Chapter 8. Consideration is first taken of the natural baseline before 
construction of the Pongolapoort Dam would have been. The natural baseline and three future 
scenarios could be summarised as follows: 

 
Each of these scenarios would have implications for the following: 

 Operation and water releases from the Dam 

 Priorities and allocation of water from the system 

 The functioning of the ecosystem on the floodplain 

 The consequent provision of ecosystem services on the floodplain, providing a range of 
benefits to society 

 The livelihoods of people living associated with the floodplain 

 Alleviation of poverty in the region 

 Development of agriculture on the floodplain 
 
The PRESPA project has considered these three future scenarios throughout this investigation, thus 
providing a range of options for decision makers who would be able to make informed decisions.   
  
 

• No governance

• Natural flooding regime

• Full suite of ecosystem services

Natural 
Baseline

• Low level of governance

• Freedom to develop as desired

• Water releases variable and on demand by various players

Future scenario 
Unstructured 

economy

• Good governance

• Close control of developments to ensure diverse range of land use 
coupled with maintenance of the floodplain

• Water releases optimised to suite a range of users

Future scenario 
Structured 

diversified economy

• Single sector (e.g. agriculture) dominates developments

• Floodplain ecosystem ignored

• Water releases to suite the single sector – flooding minimised

Future scenario 
Structured single 
sector economy
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6.1.1 Natural baseline state of the floodplain 
Before embarking on an investigation of the possible scenarios for the present and future situation, 
it is worth placing these into perspective by consideration of the natural situation.  This is the 
situation that would be before recorded history and was the way that the floodplain was used for an 
extended period of time before modern developments took place.  Here a subsistence society would 
have lived in harmony with the natural ecosystem.   
 
Description of the natural river and floodplain ecosystem  
Life on the floodplain before construction of the dam was forcefully maintained by the ever-present 
risk of natural flooding by the river.  There were an estimated 65 named and at least 25 unnamed 
pans within the 13000 ha area of the floodplain (Heeg & Breen, 1982), all of which were flooded 
frequently during the course of every year.  The total flooded area was 10,414 ha (Heeg & Breen, 
1982). 
 
Flooding enabled the floodplain to receive an input of nutrient rich silt and energy feeding into the 
aquatic system from rotting terrestrial vegetation.  Submerged terrestrial vegetation initiated 
various food webs while providing shelter for fish.  Coupled with warm water this provided optimum 
conditions for fish production of 500-750 tonnes per annum.  Water levels receded slowly over more 
than two months ensuring thorough wetting of the soil and keeping grazing animals from denuding 
the pan surrounds.  The water was relatively sediment free.  The flooding river would have dropped 
its sediment load near to the river banks, due to the slowing velocity, thus making for a landscape 
that sloped away from the river, ensuring that the water remained on the floodplain and did not 
drain back into the river.   
 
The pans were fresh water but during the dry season would become increasingly saline from ground 
water intrusions.  The permanently wet areas supported growth of water lilies and chestnuts, while 
the seasonal pans supported abundant pond weed especially during winter.  The ground around the 
pans that was uncovered by a slowly receding water level, was covered with Cynodon grass which 
provided an important grazing resource especially during winter.  Larger sedges and reeds formed 
massed populations in the more swampy areas and there were tree communities, especially fever 
trees, along the margins of the flooded areas.  Large fig trees grew on the banks of the river channel.  
 
The entire flooded area became an extensive fishery in mid-summer featuring some 48 species.  The 
adult fish migrated strongly between pans and up the river, thus ensuring the continued health of 
the population.  Several species are stimulated to breed by the flooding of the system and, having 
spawned, the juveniles found rich pickings amongst the flooded vegetation where invertebrates 
grew prolifically.  This vegetation needed to be inundated for some considerable time to allow the 
fish juveniles to grow to maturity.  Some species are not flood dependent and bred with the onset of 
warmer temperatures.  Their juveniles also found food amongst the flooded vegetation.  
 
Several Red Data birds occurred on the floodplain and were dependent on the ecosystem for their 
survival.  A good example is the open bill stork which feeds on mussels.  Large numbers (several 
thousand per pan on occasions) of more common water birds, especially duck, were to be found on 
the pans to which they migrated from other areas.   
 
While the “big five” mammals inhabited this area in the past, their presence is no more.  The 
exceptions are hippopotamus and crocodiles which continue to survive and occur mainly in Ndumo.  
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The natural flow regime  
Pitman & Weiss (1979) demonstrated that: 

• Pans that were recharged were initially overfilled but after the peak stages were reached, 
the levels dropped slowly to the Retention level.   

• Mean annual floods would recharge pans even if these were virtually dry 
• Pans that were most difficult to fill were in decreasing order, Mandlakunzi, Nyamiti and 

Mhlolo.   
• The quantity of water needed to inundate the pans was in the order of 10% of the mean 

annual flow.  
• Back pressure from a flooding Usutu River would assist in flooding the lower pans even 

without a flood in the Pongola.  
• They found that there was a flood peak of 690 m3/s with a time to peak of 40 hours, that 

occurred with an annual probability of occurrence of 32%.  A smaller peak of 345 m3/s had 
an annual probability of occurrence of 62%.    

 
Annual volumes of water varied enormously, with a range from 309 to 3295 million m3 for the driest 
and wettest years respectively (see the hydrograph in Figure 16).  The greatest volume of water 
normally flowed in February and equated to 17.5% of the annual volume (Heeg & Breen, 1994).  
Nevertheless, large floods even occurred in July at approximately 15 year time intervals.   
 
Mean maximum flow rates showed considerable variation ranging from approximately 15 m3/s in 
August to almost 250 m3/s in February. Mean minimum flow rates showed less variation but also 
peaked in February at a rate of 25 m3/s. 
 
There is some uncertainty how much water was needed to charge the floodplain, with the earlier 
authors of Phelines et al. (1973) and Heeg & Breen (1982) having substantially higher estimates than 
Basson et al. (2006) although the latter acknowledged that the hydrology of the system had 
changed, possible due to scouring of the channels which fill the pans.  
 
High flows in the system were found to be essential to dilute salt build up in the pans (entering from 
the ground water) (Heeg & Breen, 1994).  Salinities build up in the pans during the dry season and 
needed to be flushed in order to maintain their fresh water character.  Phosphorous (P) inputs to the 
pans were also dependent on flooding, where P adsorbed to sediment particles would be deposited 
in the pans by the floods.  This P provided the basis for the primary productivity in the pans.  
 
Historical livelihoods on the floodplain  
The ground retained enough moisture to sustain plant crops and wildlife during much of the dry 
season. It was important that the extent of flooding from high flood level to maximum pan retention 
level was not less than two months for this to be the case.  Seasonal planting of crops took place on 
fields following the receding floods.  Therefore the livelihood strategy was diverse (farming, fishing 
and hunting) and the effects of drought, such as crop failure and hunger, were consequently 
reduced.  
  
Maize, groundnuts, pumpkins, sorghum, tomatoes, tuber crops and sugarcane were all traditional 
foods grown on the floodplain for subsistence utilisation.  This food would have made the original 
inhabitants self-sufficient.  The floodwaters would have carried nutrient rich sediments (Heeg & 
Breen, 1994) onto the floodplain, prepared the soil for cultivation and charged the soil with water 
prior to planting.  During natural flooding times, two crops per season would have been successfully 
cultivated as the areas where crops would be grown would only be inundated for short periods.   
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Cattle had a cultural relationship with the residents and were not always seen as part of the 
productive cycle.  The Cynodon lawns around the pans would have been an extremely important 
grazing source during winter and were maintained by the slowly receding flood levels.   
 
During this time fish would have formed the major source of protein for the communities.  The 
available productivity of the floodplain was estimated at 500-750 tonnes/annum which was 
considered as underexploited only a few years ago (Heeg & Breen, 1994).   
 
Building material used for construction would have been sourced from the floodplain, together with 
foods such as water lily and water chestnuts. 
 

6.1.2 Scenario for an Unstructured Diversified Economy 
This is the scenario where poor governance allows conditions to deteriorate and where there is no 
system to coordinate diverse and often conflicting needs and ambitions of local users, probably 
favouring the rural elite who hold more power and influence.  Given the very nature of this scenario 
and its unstructured format, it is difficult to describe the situation on the floodplain with any 
assurance; nevertheless some basic characteristics would be apparent as will be discussed below. 
 
Impact on the ecosystem 
Low governance levels on the floodplain could mean a variety of things, but certainly poor and 
unscheduled regulation of the releases from the upstream dam would be a mark of, and major 
contributor to, ineffective governance.  The probable elimination of the main summer flood and the 
short durations of flooding (floods seen as a problem), might mean a general decline in floodplain 
productivity with a depletion of the fertility of the soil and consequent loss of resource quality.  
Furthermore, utilization of floodplain resources and the spatial distribution of settlements and 
agriculture on the floodplain would also contribute to degradation of the floodplain if not regulated.   
 
Unnatural or poorly controlled floods would translate into environmental stress on secondary 
producers. For example, it is probable that pans would not be properly flushed and maintained, 
resulting in marked changes to the habitat in particular the water quality which would be inclined to 
become saline due to groundwater intrusions.  Pan inhabitants would reflect this change, and could 
either become dominated by salt tolerant species or, if the water remained fresh enough, by hardier 
species.  As a result of the harsh and unnatural conditions, coupled with unregulated harvesting, the 
diversity of most plants and animals would diminish and a few hardy species would become 
dominant e.g. water lilies would cover the surface of the pans.  Particularly hard hit would be the 
diverse fish populations, where conditions would be unfavourable for breeding and success.  
Probably only a few hardy species such as Clarias and Tilapia would thrive. 
 
If the salinity of the pans were to rise excessively due to inadequate flooding, then worms and 
mussels would disappear and the invertebrate and zooplankton communities would change thus 
impacting on the food source for fish.  Unfortunately the reduction in input of sediments containing 
phosphorous, trapped by the upstream dam, would remove an important nutrient from the pans 
and thus lower their productivity. It is conjectured the flood levels and duration would probably also 
not be sufficient to keep vegetation inundated, thus reducing the productivity of the fish and 
reducing the nutrient cycling from terrestrial vegetation back into the soil and the pans.  Overall 
productivity would thus decline.  The Cynodon lawns would be exposed more rapidly by the receding 
water, and would thus be stressed by desiccation and grazing pressure.  Sedge communities in the 
swampy areas would only be maintained if they were flooded sufficiently, or they would disappear 
to be replaced by grasslands.  The spawning of fish would be significantly inhibited and the migration 
of adults into the pans may be prevented if flood levels do not get high enough.   Once these 
components have been negatively impacted, then even the crocodiles and birds would be impacted.   
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Given the uncertain nature of this scenario where vested interests dominate, it is difficult to predict 
just how the ecosystem would change and how this would affect the provision of ecosystem 
services.  Yet any of the following are possible: 

 Loss of fertility and probably salination of the soil 

 Loss of any prospect of recession agriculture 

 Desiccation of some vegetation types 

 Overutilization of some resources especially certain grasses which would normally be 
protected and rejuvenated by the flooding.  Fish would also be over utilised.   

 Flooding regimes would suit only some users of the floodplain, and depending on their 
needs or wishes, very different outcomes would result.    

 

6.1.3 Scenario for a Structured Diversified Economy 
This scenario would include a balanced combination of agricultural development on and off the 
floodplain, while maintaining and conserving the floodplain ecosystem and the attendant ecosystem 
services.  There would be a mixture of the traditional and subsistence way of life together with 
patches of commercial agriculture using the most productive land. A well-constituted and 
cooperative governance system would be applied to ensure the balance between the diverse land 
and resource use activities on and off the floodplain remain in balance. 
 
Impact on the ecosystem 
This scenario is likely to see coordinated and controlled releases of water from the Dam that are 
sympathetic to the widest and greatest benefits to be had on the downstream floodplain.  With a 
managed flow regime the ecosystem would be expected to change from its natural condition, but in 
ways that would continue to support ecosystem services.  The flooding regime would be required to 
sustain the ecosystem in a number of ways, for example, by filling the pans, and flushing to remove 
the saline water from the pans.  If this is achieved, then vegetation, which is the primary producer of 
the productivity on the floodplain, would be maintained both on the land and also within the pans 
themselves.  The fish diversity and populations would be maintained not only through provision of 
good breeding conditions on the floodplain but also by provision of good water quality that would 
sustain a diversity of species.  Flooding duration would be just sufficient to recharge the soil with 
water and also to foster nutrient recycling as terrestrial vegetation decomposes into the water.  
Receding water levels would be slow enough to sustain the Cynodon lawns on the banks of the pans 
thus sustaining this important grazing resource.  Sedge communities in the swampy areas would be 
maintained, providing an important ecosystem with associated benefits.  
 

6.1.4 Scenario for a Structured Single Sector Economy 
In this scenario a single sector, most likely formal agriculture, completely dominates the economy 
and thus the developments on the floodplain.  Water releases are completely controlled to serve 
this sector (probably so as to eliminate flooding), so the floodplain is essentially converted to a 
terrestrial agricultural zone (similar to the lower Mfolozi River) with drains to remove any excess 
water and berms to prevent flooding.  Cultivation would use up all available land including the 
location of the pans which would be drained.  Governance would naturally be strong and effective, 
but would respond only to the single sector, ignoring the wishes of others who are not part of it.    
 
Impact on the ecosystem 
The river flow would be managed to ensure that the chosen agricultural (or other) venture was 
supported.  Inevitably this would mean severe limitation of flooding of the floodplain or of flooding 
at times of the year which are inappropriate for the ecosystem.  This would allow implementation of 
agricultural development without regard for the impacts on the floodplain, leading to change and 
eventual disappearance of the floodplain ecosystem (Heeg & Breen, 1994). Agricultural development 
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could take place over the entire floodplain with previous wetlands and pans considered prime 
agricultural ground because of their accumulated nutrients.   
 
The floodplain ecosystem would change to a terrestrial agricultural development or at best to a 
dysfunctional floodplain system.  Biodiversity would change to mirror that on the surrounding 
landscape, although for a few years the remaining impacts of the flood history would continue to be 
felt e.g. the accumulated nutrients.  Some pans may survive in a reduced state, probably those which 
are fed by rain and groundwater.  The water in these may become saline due to groundwater 
intrusion, resulting in a change of functionality and a reduced value for subsistence use.  
 
The river channel would cease to interact with the floodplain and water would be confined to the 
channel.  Flows would be highly regulated and even if some level of variability were introduced into 
the flow pattern, there would be significant changes to the instream ecosystem.  Annual flooding 
would be limited by the upstream dam which would become increasingly important as a flood 
attenuation structure.  Flooding intensities would thus be decreased, possibly eliminated, in favour 
of continuous baseflow which would be elevated in order to discharge the accumulated water from 
the Dam (unless this was used for off-floodplain irrigation).   
 
The changes to the ‘instream’ ecosystem can be summarised as follows: 

 Higher than natural winter flows and lower summer flows in order to prevent flooding of the 
floodplain and agricultural lands. 

 In order to discharge the required amount of water, baseflows would be higher over a 
longer period. 

 These flows might encourage scouring of the river bed incising the channel into the alluvial 
bed 

 Riparian vegetation would become thicker and larger trees would flourish, although clearing 
and harvesting of this vegetation may reverse this trend. 

 Water quality would be negatively impacted by agricultural return flows carrying fertilizer 
excesses as well as pesticides.  This would result in eutrophication of the aquatic (instream) 
ecosystem and possibly poisoning from pesticides.  

 The slow velocity of the river would allow for growths of macrophytes and algae in the river 
channel, although the alluvial sand bed is not a good habitat for them. 

 The sandy river is a poor substrate for invertebrates, so populations would be limited.  
Riparian vegetation would form the major invertebrate habitat. 

 Fish growth would be limited by the poor productivity of the river channel.  Breeding would 
also be retarded by the lack of habitat for spawning and also growth of juveniles.  Several of 
the 48 species would disappear from the system.  

 
 

6.2 Biophysical assessment of ecosystem services provided by the floodplain 
The Pongola floodplain is a complex system of interacting flood-dependent components. The 
floodplain links the terrestrial and aquatic environments with fluctuating water levels intermittently 
incorporating land-based components into the aquatic system (Heeg & Breen, 1982). Two levels of 
production are evident: the primary producers or plants which trap solar energy and the secondary 
producers which in turn are dependent on this energy source. The functioning of the system relies 
on two key variables namely river flow which is affected by rainfall and dam releases together with 
day length and temperature. These drivers affect both the quantity and quality of the water which in 
turn has direct consequences for the primary producers.  The influence of these drivers and 
environmental conditions on the energy flow between the ecosystem services components is 
illustrated in Figure 13. 
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The linkages between the drivers and primary producers are more direct than between these drivers 
and the secondary producers. Although a change in the primary producers is likely to induce a 
change in the secondary producers, it is difficult to quantify the magnitude of this change. In 
addition, the secondary producers are more susceptible to additional external factors which may 
skew the cause and effect link between the key system drivers and the secondary producers e.g. 
populations of fish, although directly dependent on the primary producers and drivers of the system, 
may not directly reflect this association as the populations are directly impacted on by human 
harvesting. For this reason, the current biophysical assessment has only focused on the primary 
producers and their associated ecosystem services. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 13. Linkages between drivers, primary producers and secondary producers in the 
Pongola system (adapted from Heeg & Breen, 1982) 

 

 

6.2.1 Changes to the floodplain vegetation 
Vegetation is the main primary producer that needs to be considered.  Not only does it directly 
reflect the system drivers (e.g. water availability), its state also has a direct impact on secondary 
producers.  Changes to the vegetation may thus provide a valuable indication of the consequences 
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of the changes to the systems drivers (e.g. flooding regimes) that are taking place and thus allow 
consideration of the consequences to the downstream users of the system.  
 
Furness (1981) identified five key terrestrial vegetation types occurring on the floodplain namely: 
• Acacia xanthophlea - Dyschoriste depressa 
• Ficus sycomorus – Rauvolfia caffra 
• Cynodon dactylon 
• Cyperus fastigiatus - Echinochloa pyramidalis 
• Phragmites 
 
These vegetation communities give rise to a number of ecosystem services. These include 
provisioning services such as grazing and building material, regulating and supporting services 
including nutrient cycling and flood attenuation and cultural services such as the supply of reeds for 
the annual reed dance. A proposed link between the Furness vegetation communities and 
ecosystem services is shown in Table 5. 
 
 

Table 5. Linkages between ecosystem services and vegetation community 

Type of service Ecosystem Services Vegetation community 

Provisioning services Grazing Cynodon dactylon 
Cyperus - Echinochloa community 

Reeds used for thatching and house-
building 

Phragmites community 

Sedges used for thatching and building Cyperus - Echinochloa community 

Water chestnuts and water lilies as a food 
source 

Aquatic macrophytes 

Wood for building and fuel Terrestrial tree community and 
shrub/tree community 

Bulrushes used for making mats Typha capensis which sometimes occurs 
within the Phragmites community 

Regulating and supporting 
services 

Biodiversity (flora) All communities 

Nutrient cycling All communities 

Flood attenuation Phragmites, Cyperus and Riparian forest 

Erosion control All communities 

Sediment retention All communities 

Water quality Phragmites, other aquatic macrophytes 
and phytoplankton 

Cultural services Reeds for reed dance Phragmites community 

 
 
The distribution and functioning of vegetation on the Pongola floodplain is closely linked to the 
seasonal inundation of the area.  Two key aspects, namely the height of the floods and the 
maximum retention level, have been shown to affect the distribution of plant communities on the 
floodplain. Furness (1981) concluded that periodic floods are essential for the maintenance of these 
communities. However the impoundment of the Pongola River resulted in significant changes to the 
hydrological regime and a reduction in the frequency of flooding of the floodplain (Heeg & Breen, 
1982). 
 
The biophysical assessment carried out in this project therefore set out to determine the impact of 
the artificial flows released by the dam on the riparian and floodplain vegetation communities and 
the consequent impact on the provision of ecosystem services associated with these communities.  
 
The specific questions posed were: 
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i) Has the impoundment of the Pongolapoort Dam had an impact on riparian and floodplain 
vegetation communities below the dam, and if so, 

ii) What is the local spatial and geographic extent of this impact? 
iii) What is the impact of these changes on other ecosystem services? 

 

6.2.2 Methods and data sources 
Two study areas were identified to examine the response of the riparian and floodplain vegetation 
to artificial flow releases from the Pongolapoort Dam. The locality and extent of these study areas is 
illustrated in Figure 14. These study areas included: 

i) The Pongola floodplain in Ndumo Game Reserve 
ii) The Pongola floodplain downstream of the Pongolapoort Dam, from the area below the 

Makhathini research station to the second bridge linking S’kimilela and Ingwavuma 
settlements. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 14. Location of the study areas for the biophysical assessment 

 
 
The Ndumo area was used as the control or reference area as it has largely been protected from 
significant anthropogenic impacts while continuing to be subject to flood regulation by the upstream 
Dam.  Although surrounding communities are afforded the opportunity to harvest reeds and sedges 
within Ndumo Game Reserve, this harvesting is conducted in a controlled manner and the number 
of bundles of various species from different locations within the reserve is recorded by Ezemvelo 
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KwaZulu-Natal Wildlife. It is important to note that during the period 1999-2003, no sedges were 
harvested in the control area.  
 
Besides comparison between the two areas, a comparison was made of the changes in vegetation 
community that have taken place on the floodplain over the period since the dam was constructed, 
the comparison being undertaken using aerial photography from before the dam was built to more 
recent times. The method used for comparing the vegetation communities over the different time 
periods was adapted from a study by Dickens et al. (2008) where they examined changes in riparian 
vegetation along the uMngeni river using transects across the river channel in order to compare 
current and historical images.  
 
Aerial photography for the Pongola floodplain is limited, however adequate images were obtained 
from the Surveyor General’s office in Mowbray, Cape Town for 1955 and 2003. The year 2003 is the 
most current available photography for the area, and this was used to represent “current” or “post-
dam” state. Scanned historical photos from June 1955 were used to represent the “Pre-Dam” state. 
These scanned images were geo-referenced using control points located on both sets of photos 
(1955 and 2003).  In order to evaluate the vegetation, ten transects were considered in both the 
study area and in the study control area. These transects provide a consistent geographical area for 
comparison of vegetation between historical and current times.  
 
Flood data was mapped for both the Pongola and Ndumo study areas and the total length of the 
river channel within each area was determined. These two areas were then each split into 200 m 
longitudinal sections. Ten of these sections were then selected randomly in the Pongola study area, 
and ten sections in Ndumo game reserve. Transects were then drawn at right angles to the river 
course (intersecting the river at the start of the 200 m section) from one edge of the floodplain to 
the other. The boundaries of the floodplain were determined by scanning, geo-referencing and then 
digitizing the 1 : 100 year floodlines provided by Basson et al. (2006). These lines were then buffered 
by 100 m on either side to provide 200 m wide transects across the floodplain. 
 
In some cases, because of the meandering nature of the river, selected transects intersected each 
other, and would thus result in particular vegetation patches being considered twice during the 
study. In these cases, one transect was abandoned and a new transect site chosen at random.  Once 
the transects had been defined, they were overlaid on top of the historical aerial photography. The 
vegetation communities were then mapped within each transect creating a vegetation strip map. 
The same was then done for the present (2003) set of aerial photos (see Figure 15 below). 
Vegetation communities could then be visually and spatially compared from both sets of photos.  
 
The area of each vegetation community, within each transect and for each period, was then 
calculated as a percentage of the total area for each transect. These values were then subjected to 
statistical analysis. 
 
 

 
Figure 15. Example of delineation of functional cover classes in a transect 



42 
 

6.2.3 Vegetation communities 
For the purposes of this study, vegetation communities were classified according to ten functional 
cover classes which would reflect their role on the floodplain: 

• Terrestrial tree community 
• Terrestrial grass community 
• Shrub/Tree community 
• Cyperus community 
• Grass community 

 

• Phragmites community 
• Mud flats and sandy areas 
• Cultivated land 
• Settlement 
• Open Water 

 
Plant communities described and mapped by Furness (1981) were used as the basis for this 
classification (Table 6). Furness’s Cyperus fastigiatus - Echinochloa pyramidalis community was 
considered to be two different vegetation types with the distinction being made on which of the two 
species was dominant in a stand. It was not possible to distinguish between different grass species 
from the aerial photography and consequently the Cynodon dactylon community and the Cyperus 
fastigiatus - Echinochloa pyramidalis community in which E. pyrimidalis was considered to be 
dominant, were grouped into a single category called ‘Grass’. Similarly, from the aerial photographs, 
it was not possible to differentiate between the Acacia xanthophlea - Dyschoriste depressa 
community and the Ficus sycomorus – Rauvolfia caffra community, which resulted in these two 
communities being grouped into a single functional cover class called ‘Shrub/Tree’.  
 
Six additional functional cover classes were added to these vegetation communities. Moll (1980) 
mapped the major vegetation zones of the Maputaland area of which three key zones namely Mixed 
Bushveld, Red-sand Bushveld and Sand Forest occur in the study area.  The terrestrial tree and 
terrestrial grass functional cover classes comprise tree and grass species representative of these 
communities respectively. 
 
 
Table 6. The relationship of the functional cover classes used in this study to Furness and Moll’s vegetation communities 
 

Functional cover classes used in 
this study 

Relationship to Furness’ and Moll’s vegetation communities 

Terrestrial tree community Tree species characteristic of mixed bushveld, red-sand bushveld and sand forest 

Terrestrial grass community Grass species characteristic of mixed bushveld, red-sand bushveld and sand forest 

Shrub/Tree community Acacia xanthophlea - Dyschoriste depressa  
Ficus sycomorous - Ravfolia caffra  

Cyperus community Cyperus fastigiatus - Echinochloa pyramidalis (dominated by Cyperus fastigiatus) 

Grass community Cyperus fastigiatus - Echinochloa pyramidalis (dominated by Echinochloa pyramidalis) 
Cynodon dactylon 

Phragmites community Phragmites (including both P. mauritianus and P. australis) 

Mud flats and sandy areas N/A 

Cultivated lands N/A 

Settlement N/A 

Open water N/A 

 
 

6.2.4 Ground-truthing 
A limitation of this method centred on the need to identify plant communities from aerial 
photography in which the resolution, light and season may be different between pictures taken in 
different years. In order to minimise possible errors resulting from this, ground-truthing was 
undertaken at sites both in the Pongola area and in Ndumo Game Reserve. Areas of known and 
unknown vegetation types were identified before the expedition, and highlighted on maps. These 
sites were then visited and their dominant vegetation types identified. 
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6.2.5 Data analysis 

6.2.5.1 Statistical analysis 
The experimental design for the study entailed the use of “Student’s method of paired differences” 
within each study area. The one member of the pair was the transect placed over the 1955 imagery, 
whilst the second member of the pair was the transect placed over the exact same area for the 2003 
imagery. The idea of using paired data is that the observed differences between the ‘pairs’ represent 
treatment differences which are subject to less error than if there was no pairing. In this way, the 
‘pairs’ serve as controls for one another (Rayner, 1967). The use of ‘paired samples’ greatly improves 
the precision of the test.  Appropriate statistical analyses were conducted and reported accordingly.  
 

6.2.5.2 Spatial analysis 
The change in vegetation from one species dominated community to another, was analysed spatially 
in each transect by overlaying the strip maps derived from the two periods (1955 and 2003). These 
were intersected and the attributes (vegetation type) for each component area retained and 
combined to establish the change in each area. In this way the spatial nature of changes can be 
captured and specific changes such as grassland to cultivated land or Cyperus to grassland can be 
assessed. 
 
 

6.3 Human well-being and livelihoods 
The level to which local livelihoods are supported by ecosystem services from the Pongola floodplain 
needed to be ascertained by PRESPA. Participation in the project by local stakeholders was therefore 
vital and a range of techniques were applied including formal and informal meetings, workshops and 
household surveys. A participative process formed the foundation of the socio-economic 
assessment, both as a way of ensuring accurate and detailed information as well as attempting to 
maximise the sharing of information from the project team back to the local communities.   
The following key steps formed the framework of this component of the study: 

• Introduction and community engagement meetings 
• Focus group workshops 
• Household survey 
• Data analysis  

 

6.3.1 Introduction and community engagement meetings 
The first step was to hold introductory meetings with the local leadership of the five traditional 
councils adjoining the study area: 

• Mashabane Traditional Authority - Inkosi Gumede 
• Tembe Traditional Authority - Inkosi Tembe 
• Nyawo Traditional Authority - Inkosi Nyawo 
• Mathenjwa Traditional Authority - Inkosi Mathenjwa 
• Siqakatha Traditional Authority - Inkosi Nxumalo 

 
The purpose of these introductory meetings was to: 

• Introduce the project to the local authorities in the fieldwork areas  
• Encourage traditional leadership to promote collaboration among the various stakeholders 
• Share the project objectives and gain insight into local needs and aspirations  

 
Once approval and support had been secured for the PRESPA project from traditional leadership, a 
number of orientation meetings with held with key individuals from the local communities. These 
individuals were typically selected on the basis of them being well regarded within the local 
communities primarily and having recognised knowledge and understanding of the floodplain and 
how it is used. Some of the target individuals also had a history of involvement in local level 
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governance of the floodplain and the flood releases. These meetings provided basic insights into 
fundamental issues such as: 

• Local household use and dependency on the floodplain 
• Farmer issues and challenges 
• Relationships between local floodplain users, Water User Association, and government 

departments 
• General observations by local households on resource use and availability  
• Local perceptions about water release and impacts on peoples livelihoods 

 
These meetings were also used to try to encourage participation by local stakeholders in future steps 
and processes of the PRESPA and to try to develop a sense of shared mission involving the project 
team and local role players. 
 

6.3.2 Focus Group Meetings 
Two focus group meetings were convened with local resource users to explore the patterns and 
levels of utilization of the various ecosystem services from the floodplain. A farmers’ focus group 
and a natural resource users’ focus group were convened, and two one‐day workshops were held 
with these focus groups. The focus group participants were selected and invited through local 
traditional authority structures and community institutions. The local headmen and chairpersons’ 
nominated farmers or natural resources harvesters to represent their areas at each workshop. The 
participants at the two workshops were consciously selected to ensure diversity in representation, 
involving men, women and the youth. Representation from areas both to the east and west of the 
floodplain as well as the length of the floodplain (within the study area) was also secured (Table 7). 
 
 

Table 7. Areas represented by participants at the focus group workshops 

 
Name of sub-ward 

location 
Number of representatives at 

agriculture focus group workshop 
Number representatives at the natural 

resource use focus group workshop 

Shukela 2 3 

Nkanini - 3 

Shemula 2 3 

Skhemelele 2 2 

Mengu - 3 

Zama -Zama 2 6 

Mboza 4 6 

Genu - 3 

Hlokohloko 2 - 

Hlazane - 3 

 
 

6.3.2.1 Farmers’ focus group workshop 
The objective of this focus group workshop was to stimulate discussion and debate between farmers 
in order to gather insight into farming practices, including information on: 

• types of crops cultivated on the flood plain and why  
• times of the year in which various crops are cultivated and why 
• timing and scheduling of farming activities  
• aspects of farming that the farmers and community have control over, and those they don’t 
• strengths, weaknesses, opportunities and threats characterising agriculture in the flood plain 

(at an individual farmer level as well as community level and externalities)  
• perceptions relating to the ideal future for the use of the floodplain and management of 

flood releases 
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6.3.2.2 Resource harvesters’ focus group workshop 
The objective of this focus group workshop was to stimulate discussion and debate between 
resource users in order to gather insight into harvesting practices and controls:  

• types of indigenous resources harvested from the flood plain and the relative dependence 
on and value of these resources to the households  

• times of the year at which these resources are harvested and why 
• trends in resource availability, condition and harvesting practices and the causes of change 
• strengths, weaknesses, opportunities and threats characterising resource use in the flood 

plain (at an individual household level, community level and externalities)  
• perceptions relating to the ideal future for the use of the floodplain and management of 

flood releases 
 
A number of Participatory Rural Appraisal (PRA) tools were applied during the focus group meetings 
to facilitate the process of both (i) obtaining important information on the use and reliance on the 
various ecosystem services, and (ii) enhance the capacity of the local stakeholders to understand the 
roles of ecosystem services and implications of various management decisions taken at household 
and community level. PRESPA identified PRA as an appropriate approach because it recognizes the 
knowledge and important contribution local resource users can play in management and planning. 
Three categories of PRA tools were applied in focus group meetings: 

• Group dynamic ‐ this involves collective learning and feedback sessions. Activities included: 
o Timelines: Focus groups were divided into smaller working groups who then each 

developed an annotated timeline from pre‐dam to current, denoting the landmark 
events or pivotal points that have shaped the use and management of the 
floodplain. Feedback sessions were held for the working groups to present their 
annotated timelines to the focus group collectively for comment and discussion. 

o Driving forces: Focus groups were divided into three sub‐groups each tasked with 
identifying and discussing the driving forces (at household level, community level 
as well as external forces) that influence the way the floodplain is used for 
agriculture and natural resource use. Each sub‐group reported back to the focus 
group for further discussion and consensus. 

• Sampling ‐ this is undertaken to gain insight into the various facets of the current context. 
Activities included: 

o Ranking: The focus groups listed the agricultural crops or natural resources 
harvested, and then each participant was given stickers to vote to illustrate their 
importance rating of each crop / natural resource in terms of its contribution to 
household needs. This was used to rank the relative importance of each resource. 

o SWOT analysis: Participants of each focus group were given the opportunity to 
write down their individual perceptions of the Strengths, Weaknesses, 
Opportunities and Threats (SWOT) about the way the flood releases and floodplain 
are currently being managed. These contributions were then grouped to provide 
the collective SWOT analysis for the focus group. 

• Visualization – this is used to gain deeper understanding of specific issues. Activities 
included: 

o Seasonal calendar: Participants divided into groups to develop seasonal calendars 
for crop cycles as well as natural resource harvesting patterns. This provided 
insight into consequences of the timing of flood releases for crop production as 
well as the timing of harvesting cycles for natural resources such as reeds, fibres, 
and fish. 

o Ideal future: A general discussion was held with each focus group to identify the 
key features of their ‘ideal future’ for the management of the flood releases and 
the floodplain 
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The River Basin Game (RBG) was also used during each of the focus group workshops to explored 
local viewpoints on the governance of the floodplain. The river basin game is a physical 
representation of a river basin with a wooden board on a gradient and glass marbles to show 
upstream‐to‐downstream flow of water. Upstream abstractors/users of water are favoured over 
downstream abstractors and users of water. The game ran successfully, allowing local water users at 
each of the focus group workshops to reflect on the management of water in various situations and 
to strategize accordingly. The game then asked players to act co‐operatively, and in doing so, 
generates discussion on ways to manage water. The RBG facilitated a visioning process which 
informed an ‘ideal future’ held after the game was played (see section 9.2.1. for more on the RBG). 
 

6.3.3 Household Survey 
Numerous socio-economic studies have been undertaken over the past 30 years to investigate the 
socio-economic status and characteristics of the household surrounding the floodplain (Torres, 1980; 
Heeg & Breen, 1982; Derman & Poultney, 1985; Jaganyi et al., 2008) and there is therefore a relative 
abundance of information on the socio-economic profile of the area and resource use patterns. 
However very little detail was available on aspects of the dependence of households on the 
ecosystem services from the floodplain, the impacts of flood management on these services and the 
impacts at a household level. A detailed household survey, involving the in-depth surveying of a 
relatively small number of households was therefore undertaken in order to gain detail and data of 
household use and dependency on the floodplain ecosystem services, and the impacts and 
influences of current flood releases and governance.  
 
The questionnaire design was informed by the insights and observations made during the 
introductory meetings and focus group workshops. The questionnaire was divided into five sections: 

• Introduction: Opportunity for recording enumerators’ personal observations and the details 
of the selected households, e.g. size of household and number of years each household has 
lived in the area. 

• Agricultural practices on the floodplain: Focused on access on the floodplain, plots size, 
types of crops that each households grows on the floodplain, crops and equipment losses 
before and after the dam was built, flood release changes over time, and finally the impacts 
(positive or negative) that flood release have on agriculture. 

• Natural resources use on the floodplain: Focused on the different kinds of natural resources 
that people harvest on the floodplain. This section was used to solicit information on the 
areas of harvest, amounts harvested, used by household and sold, the changes is quality and 
quantity of resource, and the impacts (positive and negative) of flood releases for natural 
resources. 

• Livelihoods: Focused on non-floodplain dependent strategies households used to 
supplement their livelihoods. This section aimed at identifying the different types of grants 
that households have access to, and no of family members who work and send money 
home. The nature of and level of literacy for each household was also covered in this 
section. This section also covered household perceptions on changes in the non-provisioning 
services from the floodplain. 

• Governance: Aimed to understand the level of participation in committees and other 
mechanisms to engage in the management of flood release. This section was also used to 
solicit information on grievances regarding water release, and expectation that floodplain 
users have about the way the floodplain and flood releases should be managed. 

 
PRESPA aimed to build local capacity in a number of ways, including the selection and training of 
local enumerators to conduct the household survey. The project team, together with local 
leadership, selected six local young people as enumerators, to undertake the household interviews 
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and complete the questionnaires. A set of criteria was developed for the purpose of selecting 
suitable candidates: 

• minimum qualification of a grade 12 
• able to read and write in English 
• include both young men and women 
• representation of sub-wards across the study area  

 
A two and a half day training event was held to train the enumerators on the purpose of the survey 
and the contents of the questionnaire. Following completion of training, the enumerators undertook 
the survey with the selected target households.  
 
 A total of 25 households were surveyed over a period of 2 weeks in July 2009. A stratified sample of 
households was selected, and the target households were chosen in consultation with local 
traditional leaders. The sample aimed to include households of a diverse in socio-economic status, 
while sampling the length (i.e. from below the dam wall in the south to the northern limit of the 
study site at S’kemilela) and breadth of the study area (i.e. radiating out to the east and west of the 
River). To the east of the floodplain, a total of 13 households were interviewed in Hlokohloko, 
Mboza, Zama-Zama and Lulwane sub-wards. To the west of the floodplain, 12 households were 
targeted in Shukela, Mzinyeni, and Shemula sub-wards.  
 
Each household interview took between 2 and 3 hours to conduct and participating households were 
compensated with food hampers to thank them for their time and support of the project. 
 

6.3.4 Data Capture and Analysis 
The completed questionnaires were manually coded, i.e. each different response was given a unique 
code. The coded responses were then captured and analysed using the SPSS software for statistical 
analysis. The results were exported into Microsoft Excel where the PRESPA team was able to assess 
and interpret the results. 
 
 

6.4 Governance 
The study has relied on a review of secondary sources as well as primary material obtained in course 
of research. Secondary sources included documents from Department of Water Affairs and other 
major stakeholders from various government departments like Agriculture, published articles on 
traditional governance in KwaZulu-Natal, resource use and changing trends in the Pongola 
floodplain, the history of the Dam and so on, and also a number of unpublished research student 
dissertations on relevant topics. The research also collected primary material through a range of 
unstructured exploratory as well as semi-structured interviews with officials from all major 
government departments involved in the flood release process at the provincial level and in field 
offices, ecologists, office bearers from the WUA (current and previous) and a large number of 
ordinary farmers in the floodplain area. Finally, questions to do with governance were included in a 
household survey conducted for the research project and its results have been incorporated into the 
analysis. 
 
Interviews were conducted in two stages: the first in May 2009 which were relatively unstructured 
and intended to scope the range of issues particularly at the community level, and the second in July 
2009 which were of semi-structured variety and aimed largely at senior and mid-level provincial 
government officials and some more local representatives at the WUA. This method was adopted to 
allow for gradual understanding enabling the researchers to identify the major issues relevant to the 
governance and institutional structures and processes of the Pongola floodplain, and pursuing these 
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in a relatively structured manner in the second stage of interviews. Care was also taken to cover a 
wide range of respondents at the micro and macro levels of governance arrangements. 
 
In May 2009, exploratory interviews were conducted with a number of ordinary farmers but also 
several current and previous members of the Water Users Association and several office bearers of 
the Operational Committee. These meetings were held by previous appointment, arranged through 
the local facilitator/interpreter in a variety of locations around Jozini town, Mboza community hall 
and in the homesteads of farmers around the floodplain. These conversations provided rich free-
flowing accounts on a range of topics. Conversations generally began with asking people about the 
major changes in the floodplain area in the last thirty areas with a view to understanding the 
imperatives facing governance, farmers’ considerations in demanding particular flood releases (both 
subsistence agriculturists as well as commercial cultivators), and the general range of experiences as 
well as expectations concerning the composition and working of the management committee of the 
WUA. Particular emphasis was given to the channels available to poor farmers to communicate with 
the committee. Interviews were also conducted with community-level office bearers to explore their 
experiences of working and the major constraints faced particularly with respect to support received 
from the provincial government. Other aspects of the micro-level institutional structure, for example 
links with the traditional authorities, were also probed. All these interviews were extremely useful in 
identifying the issues to be explored further through later conversations with government 
authorities. 
 
Interviews in July 2009 were conducted with the following: respondents who were purposively 
selected on the basis of their role in government; community level office bearers that had been 
missed out in the previous round of interviews, and; sugarcane and cotton farmers whose views are 
particularly influential in the final determination of the flood releases regime. These interviews were 
semi-structured since the researchers had a fairly clear idea of the main items of information that 
were required, and the method allowed for relative flexibility in the conversation. This was very 
useful given that many of the subjects of conversation were potentially sensitive. Key officials from 
relevant government departments (Agriculture, Water Affairs, Health, and Environment) at different 
levels of seniority were interviewed. This was important to capture intra-governmental dynamics on 
the same issues. Meetings were held with a number of these respondents, especially from the 
Department of Water Affairs, to confirm issues they had raised in the first interviews. Questions 
were asked on the nature of their roles, working relationships and institutional mechanisms, key 
deadlocks and how these were being tackled, and finally, their visions for the floodplain in the 
future, and also their most urgent concerns regarding its governance. Ecologists with a long standing 
involvement in the floodplain area were also consulted in order to obtain their views on how 
governance arrangements had gradually evolved over the years and what this has meant for the 
health and integrity of the ecosystem. At the micro-level, the PRESPA team revisited Mboza to talk 
to some more community representatives and asked them more focused questions around 
problems being faced by the committee in light of what had reported by government officials at the 
provincial level. This also served as an interesting and important triangulation exercise to see various 
different dimensions of the issues. Interviews with a selection of cotton and sugarcane farmers 
(conducted separately) allowed insight into the flood regime process from their viewpoints.  
 
The household level interviews on governance were analysed using simple percentages to capture 
the views of respondents on different questions asked. All the major aspects of governance and 
institutional arrangements were probed, ranging from links with the committee structures, 
participation in committee meetings, influence exerted on timing of releases, compensation 
received after last March’s unscheduled releases and so on. These surveys supplemented the more 
qualitative information that was collected through the unstructured and semi-structured interviews. 
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6.5 Economics 
The economic analysis assessed both floodplain use values and the upstream dam use values in 
order to make an estimate of the value of the economic activity associated with the Pongola 
floodplain and water.  Only direct use values were assessed and regulatory services such as soil 
fertility and waste assimilation were not valued.  A summary of the water use values identified or 
estimated is illustrated in Table 8 below. Additional values are supplied in the results (section 7.4 
and Appendix 2).  The methods used to determine these estimates are discussed in the section 
below.   
 

6.5.1 The value of agriculture associated with abstraction from the Pongolapoort Dam 
The Mkuze farms, or Senekal Boerdery, comprising of several farms in the Mkuze area, is the largest 
private sugarcane farm in the region (and in fact South Africa) with approximately 3500 hectares 
under cane. These farms are reliant on water extracted from the Pongolapoort Dam for irrigation 
and are potentially one the biggest users of water from the dam with a water license for 32.6 million 
m3 per annum.  
 
 
 
Table 8. Summary of the water use values identified in this study 
 

Land uses 

Return on land use 
per hectare per year 

(incomes or non-
market use values) 

Variable costs per 
land use per 

hectare  per year 
(excludes capital 

costs) 

Gross margin 
ha/yr 

(incomes less 
costs) 

Return per 
m

3
/yr used 

Numbers of 
beneficiaries 
- households 

Senekal farms R27,906.93 R23,396.00 R4,510.84 R6.98 1,000 

Dam tourism enterprises R2,989.16  R1,162.62 NA 415 

Jozini municipality - urban 
water users only NA R                 - NA R2.55 16,254 

Makhathini flats - irrigated 
mixed crops R6,986.64 R6,030.00 R2,737.18 R0.83 456 

Floodplain agriculture - rain 
fed mixed crops R7,358.18 R801.00 R3,175.90 R0.32 12,987 

Floodplain natural products 
harvesting - plants and fish R2,273.21 R1,042.00 R1,231.56 R0.17 12,987 

Floodplain cattle  R620.90 R159.00 R461.75 R0.05 3,896 

 
 
To determine the economic value of water abstracted from the dam and used for large scale 
sugarcane farming, the total income generated, costs per tonne, costs per hectare and gross margin 
was estimated. The total income and gross margin per hectare was estimated using the total number 
of hectares under cane and the total yield per annum to determine the average yield per hectare per 
annum. These figures were supplied by Dreyer Senekal, a senior manager of the Senekal Boerdery. A 
2007-2008 survey of the Pongola Mill was then used to determine the gross return per tonne of cane 
and average total and variable costs per tonne of cane. These figures were supplied by the South 
African Cane Growers Association and adjusted for 2008-2009. Although the Senekal farms supply 
the Felixton Mill, the gross return and total and variable fixed costs from the Pongola Mill were used 
for two reasons:  

• The survey of the Felixton Mill undertaken in 2007-2008 did not include the Senekal farms. 
Given the scale of operation at the Senekal farms, the figures for the Felixton Mill would 
have been significantly affected. 

• The farms which were included in the survey of the Felixton Mill were predominantly 
dryland, while the majority of sugarcane at the Senekal farms is under irrigation. In 
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comparison, the farms included in the survey of the Pongola Mill are almost all under 
irrigation and therefore more closely resemble the Senekal farms in production and 
associated costs. 

  
The difference between the gross return and average fixed and variable costs per tonne of cane (i.e. 
gross margin) was multiplied by the average yield per hectare to estimate the gross margin per 
hectare per annum. The average volume of water used for irrigation per hectare was also supplied 
by Dreyer Senekal. The gross margin per hectare was then divided by the average volume of water 
used for irrigation per hectare (m3) to estimate the economic value of water used for large scale 
sugarcane farming in the Jozini area.     
 

6.5.2 Dam Enterprises - Tourism 
There are a number of hotels, lodges, and bed and breakfasts, in the area surrounding Pongolapoort 
Dam which benefit or derive value from activities offered at the Dam. This includes activities such as 
tiger-fishing, boat cruises, game drives, and birding.  
 
To determine the value of these tourism-related enterprises, 27 establishments offering 
accommodation in and around the towns of Jozini, Mkuze, and Pongola were surveyed. It was 
assumed that establishments outside of these selected areas would derive little or no value from the 
Dam because of the distance (greater than 50 km) and other attractions offered in the region, such 
as Mkuze and Hluhluwe-Imfolosi Game Reserves, iSimangaliso Wetland Park, and Sodwana Bay etc.  
 
Information on each of these establishments was derived from their websites and through a 
telephone survey. For each of the establishments surveyed, the total number of beds was multiplied 
by the average price per bed (mean of highest and lowest cost per bed) to calculate the maximum 
potential annual income. The potential annual income per establishment was then multiplied by an 
average occupancy rate derived from the surveys to determine the total annual income per 
establishment, assuming an average 52.6% occupancy rate. A generally accepted market standard is 
that an establishment would aim to break even at 10% lower than current occupancy.  Using this 
standard, an average running cost per establishment was calculated. The estimated running costs 
were then subtracted from the total annual income to determine the gross margin per 
establishment (i.e. returns minus costs).  
 
Based on distance from and activities offered to guests at Pongolapoort Dam, a dependency ratio 
was determined for each establishment. For example, a house boat on Pongolapoort Dam would be 
100% dependent on the Dam, whereas a game lodge in Mkuze would be less than 20% dependent. 
The gross margin per establishment was then multiplied by the estimated dependency ratio to 
calculate the annual gross margin derived for each establishment from Pongolapoort Dam. This 
figure was then divided by the total number of beds in each establishment to calculate the average 
annual gross margin per bed. An average of the annual gross margin per bed for each establishment 
was then derived.    
 

6.5.3 Jozini Town – Residential, commercial and industrial 
The town of Jozini sources its water from the Pongolapoort Dam. The uMkhanyakude District 
Municipality holds the water use licence for extraction from Pongolapoort Dam and is responsible 
for supplying water to Jozini. 
 
To determine the economic value of water for residential, commercial, and industrial uses within the 
town of Jozini, the total annual volume of water abstracted by the Jozini used was used as a basis for 
valuations. This information was supplied by one of the water technicians for the uMkhanyakude 
District Municipality. Exact figures could not be provided as the majority of water connections within 
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the town are either illegal or not on record. The breakdown of the total annual water use per sector 
was estimated. These estimates were again provided by one of the water technicians for the 
uMkhanyakude District Municipality as there are little or no records of what water in Jozini is used 
for. It was estimated that 90% of water use is for residential purposes and the remaining 10% for 
commercial uses. There are no industrial activities in Jozini requiring water and agricultural activities 
do not source their water from the Town’s supply.  
 
In order to calculate the economic value of water supplied to the town of Jozini, the total annual 
volume of water used for residential and commercial purposes in Jozini were multiplied by 
estimations on the return from water use derived from an average of a suite of South African 
estimates (in Blignaut & Mander, 2008).  The costs of water use were assumed to be zero, given that 
most of the water us supplied for free.   
 

6.5.4 Makhathini Flats - Agriculture 
The Makhathini Flats forms part of the Makhathini irrigation scheme, which was established for 
small scale and emerging farmers on the floodplains of the Pongola River. This scheme extracts its 
water directly from the Pongola River.  
 
Information was initially sought from the local extension office of the Department of Agriculture, 
Environmental Affairs, and Rural Development (DAEARD) in Jozini.  They identified a wide range of 
crops being grown in the Makhathini Flats area. The main crops in terms of area cultivated are 
cotton, sugarcane, and maize.  However, no clear estimates of area could be obtained from this 
source.  An interview was conducted with an experienced rural consultant Rene Ford (at Golder 
Associates) who has an in depth knowledge of the scheme from several years of past involvement 
with the scheme and whom shared information with us from past reports she had produced.  
Additional information was obtained from past employees of the cotton gin which sources cotton 
from the scheme.  
 
For each of these three crops, the total area cultivated, average yield per hectare, average cost per 
hectare, and returns per hectare were estimated. The total area cultivated for each crop, the 
average yield per hectare and returns per hectare from vegetables, cotton and maize were 
estimated using estimates from Rene Ford’s knowledge of the Makhathini Flats. These figures have 
been adjusted for 2009-2010. There is also a small irrigation scheme on the lower Pongola, called 
the Ndumo irrigation scheme with 400 hectares cultivated.  The figures for this scheme were 
obtained from Rene Ford.  
 

6.5.5 Pongola floodplain – Agriculture 
There are many households on the Pongola floodplain involved in small-scale, mainly subsistence 
agriculture, which are reliant on the water from the Pongola River for irrigation and soil moisture.  
Nutrients and sediments are carried down in flood events to replenish the soil fertility. These 
households derive value from agriculture either directly through sales (on local market and / or to 
neighbours), or indirectly through household consumption. 
 
Data obtained from a household survey conducted as part of PRESPA was used to identify which 
crops are being grown, the average area cultivated, the average yield per hectare, and average 
returns per hectare. The returns per hectare included household consumption as this is a forgone 
cost of purchasing the same product(s) on the local market. Since all the crops are sold on the local 
market, the value derived from household consumption can be calculated by simply multiplying the 
market price of each crop by the respective quantity consumed by the household. Labour provided 
by members of the household is an opportunity cost and can be seen as the cost of production. 
Therefore, production costs were estimated for each crop by multiplying the labour hours required 
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for each respective crop by the minimum wage rate. The only available information for labour inputs 
for this area was for a cane-growers survey that was conducted.  This figure was used as a baseline 
for other crops grown by the subsistence farmers.  The gross margin was then calculated as total 
income minus costs for each crop. 
 

6.5.6 Pongola floodplain – Natural resources 
In addition to agriculture, many of the households on the Pongola floodplain also collect or harvest 
natural resources, such as fish, water-lilies, umhlanga (reeds), thatching-grass, ibhuma (craft sedge), 
and figs, as part of their rural livelihood strategy. These households derive value from these natural 
resources either directly, through sales (on local market and / or to neighbours), but predominantly 
indirectly through the own use by the household.  
 
Data obtained from the PRESPA household survey was used to identify which resources were being 
collected by households, the average quantity collected per household, and the average return to 
households.   
 
The value gained from own use by the household was included in the average return as it is the 
forgone cost of purchasing the product(s) on the local market. The value derived from household 
consumption can be calculated by multiplying the market price of each natural resource by the 
respective quantity consumed by the household. Those resources that are sold on the local market 
have a market price which can be used to calculate the own use value. However, since no markets 
exist for water-lilies and figs, the market prices of amadumbi (a locally cultivated root crop) and 
apples respectively were used as proxies (as they provide the equivalent nutritional benefit). The 
only cost incurred to the household is the opportunity cost of time involved in travel and harvest. 
Consequently, the cost was calculated by multiplying the number of hours involved in travel and 
harvest of each resource, by the minimum wage rate per hour. The time used was an estimate based 
on the likely proximity and effort required to extract or harvest the product.  The gross margin was 
then calculated as total income minus costs. 
 

6.5.7 Pongola floodplain – Cattle  
A number of households (estimated 30%) on the Pongola floodplain also keep livestock, especially 
cattle. These cattle, given the rural and traditional nature of the area, provide a range of goods and 
services to the household, such as draught power, milk, manure etc. This multiple use system may 
have potentially higher returns than is expected given the low rates of off-take and conventional 
wisdom around livestock production and carrying capacity in communal areas. The higher returns to 
livestock production when compared to some types of commercial stock production are not only a 
result of multiple goods and services from livestock, but also due to lower input costs under 
communal systems.  
 
The income from the goods and services that cattle provide, and costs of cattle products for 
households on the Pongola floodplain, were derived from research undertaken by Shackleton et al. 
(2005) on the direct-use value of livestock to rural livelihoods in the Sand River catchment of South 
Africa.  
 
A gross margin (income minus costs) was then obtained on a per animal basis.  The returns and 
margins were estimated by up-scaling the values per household survey data by the estimated 
floodplain population, and the total area of the floodplain. 
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6.6 Hydrology 
In addressing ecosystems services and poverty alleviation, PRESPA modelled provisioning services 
provided by river eco-hydrology to determine how these are currently apportioned between the 
major water use sectors, and to subsequently explore how such apportionments might be 
purposively managed to alleviate poverty. PRESPA quantified the economic value of the available 
water of the river hydrograph (blue water) to various sectors that consume water, and then 
determined the fraction of that value accruing to the poorest individuals and communities within 
each of the sectors.  This model gives decision-makers a measure of where water is best used in 
terms of poverty alleviation, and how the Pongola floodplain has changed in this respect over time. 
However, it should be noted that the model utilised averaged annual flow rates and averaged 
income revenue figures and therefore does not explain how water might have differing marginal 
values as a result of drought.  (Under these circumstances water allocation would be prioritised for 
critical needs such as in Jozini town and other villages).   This approach fits with the objectives of the 
project; to explore how natural resources and ecosystem services might be managed in the long-
term for the benefit of poor people.   
 

6.6.1 Water supply 
The first step determined the total annual supply available to the Pongolapoort Dam which is 
approximately 1000 million m3/yr on average.  Table 9 and Figure 16 present the range in flows for 
the natural river regime recorded upstream prior to entry into the dam. 
 

Table 9. Range in flows for natural river regime recorded upstream and prior to entry into the dam 
 

Period 
Flow 
m3/s 

Flow  
million m3  Period 

Flow 
m3/s 

Flow  
million m3 

Oct 1 18.0 15.5  Apr 1 42.4 36.7 

Oct 2 22.6 19.5  Apr 2 36.6 31.6 

Oct 3 28.6 24.7  Apr 3 32.3 27.9 

Nov 1 34.7 30.0  May 1 28.1 24.3 

Nov2 40.7 35.2  May 2 23.9 20.6 

Nov 3 46.6 40.3  May 3 20.0 17.3 

Dec 1 52.5 45.4  Jun 1 16.1 13.9 

Dec 2 58.5 50.5  Jun 2 12.2 10.5 

Dec 3 57.4 49.6  Jun 3 13.3 11.5 

Jan 1 56.3 48.6  Jul 1 14.5 12.5 

Jan 2 55.2 47.7  Jul 2 15.7 13.5 

Jan 3 61.5 53.1  Jul 3 13.2 11.4 

Feb 1 67.8 58.6  Aug 1 10.8 9.3 

Feb 2 74.1 64.0  Aug 2 8.4 7.2 

Feb 3 67.4 58.3  Aug 3 8.5 7.3 

Mar 1 60.8 52.5  Sep 1 8.6 7.5 

Mar 2 54.1 46.7  Sep 2 8.8 7.6 

Mar 3 48.3 41.7  Sep 3 13.4 11.5 

   
   1064 
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Figure 16. Annual hydrograph of the Pongola River before construction of the Dam 

 

 

 

 

 

 

 

6.6.2 Effect of supply on flooding 
While for some of the water use sectors, the benefits gained stem from the consumption of water, 
those on the floodplain arise through the area inundated by flood events.  Thus to determine 
benefits from areas flooded and wetted for agriculture, natural resources and fish, and cattle, the 
project modelled pan filling at different river flows, from 14 to 350 m3/s (Table 10).  Areas inundated 
from pan filling were taken from previous surveys conducted by Heeg & Breen (1982). 
 
Two relationships were found to fit the data, split at 142 m3/s (Figure 17 and Table 10). In addition, 
residual pool and accelerator functions were used to generate areas wetted and exposed as a result 
of pond shrinkage between flood events and area expansion post floods.  The residual pool was 
selected as 25% of the pan area, and the accelerator function was 160% creating further moist and 
wetted area via groundwater seepage and supplementary pumping of irrigation to support natural 
resources, cropping and cattle. 
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Table 10.  Calculations of flooded area under different discharges 
 

Pan name 
(Phelines, et al., 

1973)* 
(Heeg & Breen, 

1982)* 
(Basson et al. 

2006)* 
Average flow 

(m3/s) Pan area (ha) 
Cumulative area 

(ha) 
Residual pan 

25% of pan area 
Max watered area 

(160%) of pan 

Msenyeni 15 7 20 14 74 74 19 119 

Bumbe 30 28 - 29 58 133 15 93 

Ngodo 30 28 - 29 22 155 6 35 

Nomaneni 25 28 65 39 63 218 16 101 

Tete 70 57 30 52 116 334 29 185 

Tetemcani  57 
 

57 24 358 6 38 

Maleni 85 85 35 68 47 404 12 74 

Sivunguvungu 80 85 40 68 40 445 10 65 

Khangazeni 80 85 50 72 74 519 19 118 

Mengu 85 85 45 72 32 551 8 52 

Sokhunti 100 57 60 72 101 652 25 162 

Mandlankunzi 80 85 70 78 255 907 64 408 

Nzila 
 

85 
 

85 14 921 4 23 

Mithekeni 85 85 - 85 45 967 11 73 

Pokolo 
 

85 
 

85 14 981 4 23 

Subane 
 

85 
 

85 60 1041 15 96 

Ndugozabo  85 
 

85 15 1055 4 23 

Ulusundu 
 

85 
 

85 50 1105 13 81 

Ulujwe 
 

85 
 

85 38 1143 9 60 

Polwe 
 

85 
 

85 23 1166 6 37 

Nyamithi 
 

85 
 

85 183 1349 46 293 

Bakabaka 
 

85 
 

85 23 1372 6 37 

Nsimbi 85 142 40 89 16 1388 4 25 

Shalala 100 198 50 116 49 1438 12 79 

Matutwana  142 
 

142 27 1465 7 43 

Stutshanene  142 
 

142 10 1474 2 15 

Somtshatsha  142 
 

142 11 1485 3 18 

Mlawanyana  142 
 

142 18 1503 4 28 

Ntunte 
 

142 
 

142 24 1526 6 38 

Mholo 
 

142 
 

142 56 1582 14 90 

Singulungwane  142 
 

142 14 1597 4 23 

Nhlanjane 
 

142 
 

142 17 1613 4 27 

Ebugubugwini  198 
 

198 9 1622 2 14 

Pongolwane  198 
 

198 10 1632 2 16 

Nhlanjane 430 300 20 250 38 1670 9 61 

Mayazela 430 300 - 365 26 1696 6 41 

Mfongosi 430 300 - 365 21 1716 5 33 

         *The river flow at which the plan was observed to begin filling 
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Figure 17. Relationship between discharge volume and area flooded. 

 

 
 

6.6.3 Determining water demands 
The model ignores grassland and forest evaporation (green water) upstream of the Pongolapoort 
Dam and downstream of South African border in Mozambique. To determine outcomes of different 
options, the project built an excel spreadsheet to capture within each sector the amounts of water 
diverted and/or consumed (Table 11) and the economic returns to water for the total sector and the 
poorest in that sector (Table 12). 
 
 

Table 11.  Water demand (consumed/depleted) for sectors supplied by the Pongolapoort Dam 
 

Sector  Water demand  Total water value  Water value to poorest 

Urban areas (Jozini) Municipal records of volumes 
(withdrawn & consumed) 

National estimate of household 
beneficiation of water 

Provincial estimate of % poor in 
population 

Dam tourism Annual evaporation  
(consumed) 

Total tourist revenue Blue collar 
labourers/dependents 

Mkuze farms Abstraction records & license 
(withdrawn & consumed) 

Total revenue per tonne cane Blue-collar labourers 
/dependents 

Makhathini Crop water requirements 
(withdrawn & consumed) 

Total revenue to mixed cropping Existing farms so 20% poor as 
labour 

Cash crops Crop water requirements 
(withdrawn & consumed) 

Total revenue per tonne crop Approx 10% poor 

Mixed crops Flooding patterns (ET & 
seepage) (Used/consumed) 

Total revenue to mixed cropping 90% poor 

Natural resources & 
fish 

Flooding patterns (ET & 
seepage) (Used/consumed) 

Total value 100 % poor 

Cattle Flooding patterns (ET & 
seepage) (Used/consumed) 

Total value 100 % poor 
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Notes of special significance 
The above table (Table 11) describes four sectors where the calculation of water demand and 
consumption is straightforward (urban, Mkuze, Makhathini and cash crops) utilising concepts of 
water withdrawal and consumption depending on the sector.  The other use sectors require a brief 
explanation:  

• It is important to note that the project took the decision to ascribe the annual net 
evaporative loss from the Pongolapoort Dam to the tourism sector that has settled around 
it, rather than apportioning this to all sectors.  This was done in order to reflect the critical 
wish by major tourist companies that the dam is treated as a recreational lake, despite the 
fact that its level will fluctuate as a regulating reservoir.  

• The consumptive use of water for the ecological floodplain sectors (covering three sectors 
i.e. mixed crops, natural resources/fish and cattle) from the evaporation and non-returned 
seepage was established.  This gives a much lower volume of water requirement from in-
stream water use as a function of water flooding to inundate land the bulk of which then 
passes to Mozambique. 

 

6.6.4 Determining hydrological variables of the three scenarios 
Input variables that characterized the three selected scenarios were then selected (Table 12) 
ensuring that the unstructured economy (or status quo) scenario received one flood event; a 
structured diverse economy scenario received two, including one in March; and a structured single 
sector economy scenario had no flood releases - although the base flow was maintained at 12 
cumecs (m3/s) to feed the agricultural water requirement yet not putting the below-dam river basin 
into water deficit.  The area of cash crops, principally sugarcane, was also varied according to the 
scenario.  In keeping with our trial basis of the methodology the PRESPA team refrained from adding 
further variables to the hydrological model and three scenarios – for example it would be possible 
adjust both peak and duration of the flood release. 
 
 
 

Table 12. Input variables for three scenarios to drive the hydrological model 
 

Key hydrological variables Base flow 
through year 

(m3/s) 

Peak flow for first 
release 

(Date, m3/s) 

Peak flow for 
second release 

(Date, m3/s) 

Size of cash 
crops project 

(ha) 

% Households 
accessing NR 

and Fish 

Sc 1 Unstructured (status quo) 5 Sept, 200 None 1500 40% 

Sc 2 Structured diverse 5 Oct, 150 March, 300 5000 80% 

Sc 3 Structured single sector 12 None None 15000 40% 
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7 RESULTS 
 

7.1 Change in ecosystem services pre- and post-dam 

7.1.1 Overview of assessment 
As discussed under section 6.2.2, the percentage contribution of each of the respective functional 
cover classes to the total transect area was calculated for each transect in the study area and control 
area. The corresponding statistical analysis are presented in Appendix 1. The majority of the sites, 
particularly in the study area, displayed dramatic changes in the cover classes noted. This is 
illustrated in Figure 18 below which shows the percentage contribution of each of the cover classes 
to the total area of transect 6. The most obvious change is the conversion of the grass community 
and terrestrial tree community to cultivated land. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 18. Change in functional cover classes between 1955 and 2003 at Transect 6 in the 
Pongola study area 
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Figure 19. Proportional contribution of each cover class to the total transect area for Transect 6 in the 
Pongola site for 1955 (top image) and 2003 (bottom image). 
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7.1.2 Changes in functional cover classes 
The percentage change in cover classes for all transects in the Pongola study area is summarized in 
Figure 20. There have been substantial changes to the many of the cover classes. Changes to the 
cultivated land component, terrestrial tree component Cyperus cover class and cultivated land were 
all highly significant (P < 0.01). Although the data suggest that there has been a decrease in the 
percentage cover of the terrestrial grass community, shrub/tree community, grass community and 
Phragmites community, statistical analysis indicates that these changes were not significant.  
Similarly, the observed changes in mud-flats and open water were also not significant. 
 
 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 20. Summary of the cover classes over time (1955-2003) in the Pongola River study area 

 
 
 
In 1955, cultivated land comprised 0.44% of the total area of all transects and by 2003 this 
percentage had increased to 42.98%. The majority of this cultivation occurred in the shrub/tree 
community and grass community. The decline in the terrestrial tree component is also attributed to 
the increase in cultivated land. Cultivation has also had a significant impact on the Cyperus 
community. Spatial analysis indicated that although the majority of the Cyperus community had 
been converted to cultivation, a large proportion of the Cyperus community had changed to grass. 
 
The Ndumo area, or control area, has also exhibited changes in the functional cover classes (Figure 
21). The terrestrial grass and terrestrial tree components, Phragmites community and mud flats 
remained relatively unchanged whilst the area of both the shrub/tree community and grass 
community increased. The most notable change is the reduction of the Cyperus community and the 
open water component. Both these changes are highly significant (P < 0.01). 
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Figure 21. Summary of the cover classes over time (1955-2003) in the Ndumo study area.  

 
 
In 1955,  Cyperus community accounted for approximately 33.2% of the total percentage area of all 
transects in the reference area and almost 50 years later only 1.1% of this community remained. By 
2003, the majority of the Cyperus community had changed to grass.  
 
Significant changes in the open water component were also evident. Although a portion of this area 
had changed to Phragmites and shrubs/trees, the majority of this area had changed to mud-flats and 
grass. It is probable that the mud flats would be open water following rain so this change should not 
be considered as significant and indeed the sum of mud flats and open water in 2003 is nearly the 
same as open water in 1955.  It is thus suggested that there has not been any change to the open 
water area.  This is an interesting finding in that it suggests that the percentage open water has only 
decreased in the populated area nearer to the dam and not in the Ndumo area.  The cause of this is 
not known but may be either that the lower reaches are receiving better flooding than the upper 
reaches, or that the open water areas in the upper reaches are for some reason being reduced 
possibly by drainage or due to reduced entry of flood waters.  This would have to be investigated 
more closely to provide a definitive answer. 
 

7.1.3 Change in ecosystem services provided by primary and secondary producers 
The change in cover classes has resulted in a corresponding change in the ecosystem services 
supplied by the primary producers of the system (Table 13). In the Pongola River study area there 
has been an expansion of areas under cultivation but a decline of both the Cyperus community and 
terrestrial tree component. This may have resulted in increased food production depending on 
nutrient levels and farming practices. However, other provisioning services such as grazing, reeds 
and sedges for thatching and building and wood for building and fuel have been reduced. Various 
regulating and supporting services including biodiversity, nutrient cycling, flood attenuation, erosion 
control, sediment retention, water quality and primary production, are also likely to have been 
reduced. There has been no significant change in the area of Phragmites reed beds and 
consequently no change in the availability of reeds for one cultural service – the annual reed dance. 
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Table 13. Change in ecosystem services at the Pongola study area 
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As evident in the Pongola area, the change in cover classes in the Ndumo area has also lead to a 
consequent change in the ecosystem services provided by the floodplain vegetation communities 
(Table 14). The decrease of the Cyperus community, which has largely been replaced by grass, has 
possibly resulted in a decline in biodiversity, nutrient cycling and flood attenuation functions of the 
floodplain. However, there has been a corresponding increase in available grazing and sedges for 
thatching. The increase of woody vegetation has also increased the supply of wood for building and 
fuel. 
 
Although it was not possible in the scope of this study to collect actual data on the current status of 
the secondary producers in the Pongola system, anecdotal information suggests that there has been 
a significant change in the ecosystem services supplied by these producers. Discussions with 
community members and management authorities revealed that there has been a considerable 
decline in the number of hippopotamus, crocodiles and white-faced duck which were previously in 
abundance in the area. These changes have occurred both within and outside Ndumo Game Reserve 
however the decline appears to be less dramatic in the Reserve largely because these animals are 
afforded some level of protection within the Reserve boundaries. 
 
 
 
 
 

 
No change in service 

  
Decrease in service 

  
Increase in service 

     
 
*Light shades indicate a moderate supply of a service by a particular cover class while dark shades indicate a high supply of a service by a 
particular cover class. 
** Note: There may be other provisioning, regulating, supporting and cultural services associated with the floodplain which are not 
considered here. 
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Table 14. Change in ecosystem services at the Ndumo control area 

Ndumo control area 
Ecosystem services 

Provisioning Regulating and Supporting Cultural 

Cover classes 
G

ra
zi

n
g 

R
ee

d
s 

&
 s

ed
ge

s 
fo

r 

th
at

ch
in

g 
&

 b
u

ild
in

g 

W
o

o
d

 f
o

r 
b

u
ild

in
g 

&
 f

u
el

 

B
u

lr
u

sh
es

 f
o

r 
m

at
s 

Fo
o

d
 p

ro
d

u
ct

io
n

 

B
io

d
iv

e
rs

it
y 

N
u

tr
ie

n
t 

cy
cl

in
g 

Fl
o

o
d

 a
tt

en
u

at
io

n
 

Er
o

si
o

n
 c

o
n

tr
o

l 

Se
d

im
en

t 
re

te
n

ti
o

n
 

W
at

er
 q

u
al

it
y 

P
ri

m
ar

y 
p

ro
d

u
ct

io
n

 

R
ee

d
s 

fo
r 

re
ed

 d
an

ce
 

Terrestrial grass community              

Terrestrial tree community              

Shrub/Tree community              

Grass community              

Cyperus community              

Phragmites community              

Mud flats              

Open water              

Cultivated land              

Settlement              

Overall 
   

  

   

  

  

 

 

 
 
 

7.1.4 Drivers of change of functional cover classes and ecosystem services 
The state of the functional cover classes and ecosystem services on the Pongola floodplain is 
influenced by a combination of natural and anthropogenic impacts. Ecosystems are in a constant 
state of flux and consequently some degree of natural variation can be expected. However, 
anthropogenic drivers may cause changes in the biophysical state of a system which may not have 
occurred under natural conditions. The complex nature of ecosystems and ecological processes 
makes it difficult to assess how a change in one component may impact the state of another. 
However, understanding these drivers and their associated impacts is extremely valuable and could 
help managers to minimise negative impacts on natural processes and enhance selected ecosystem 
services. 
 
Two key drivers have been identified in the Pongola system; increased human populations which 
have placed greater demands on the environment and a change in river flow which may be affected 
either by rainfall or releases from the Pongolapoort Dam. Although both these drivers are likely to 
have exerted some level of change in the Pongola area, the impacts of human populations on 
functional cover classes and ecosystem services in the Ndumo area should be negligible as human 
activities have largely been excluded from the Reserve since its proclamation in 1924. Anthropogenic 
activities which may have impacted the functional cover classes in the reserve include the use of fire 
as a management tool, and the authorised harvesting of Phragmites and Cyperus by community 
members from surrounding areas at designated sites and during specified months of the year. 

 
No change in service 

  
Decrease in service 

  
Increase in service 

     
 
* Light shades indicate a moderate supply of a service by a particular cover class while dark shades indicate a high supply of a service by a 
particular cover class. 
** Note: There may be other provisioning, regulating, supporting and cultural services associated with the floodplain which are not 
considered here. 
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Changes in functional cover classes in the Reserve which are not directly linked to fire and harvesting 
are likely to be induced by altered river flows.  
 
A summary of the significant changes in functional cover classes at both the Pongola and Ndumo 
areas is provided in Table 15.  
 

Table 15. Summary of significant changes in functional cover classes in the Pongola and Ndumo areas 

 

 
 
 
 
 
 
 
 
 
 
 

 
No change  

  
Decrease  

  
Increase  

     

* Dark shades indicate a significant change in a particular cover class 

 
The reduction in the terrestrial tree component in the Pongola area is attributed to slash and burn 
agricultural activities by human populations in the area. This practice entails cutting and burning 
trees to make way for agricultural fields. This theory is supported by results from the spatial analysis 
which indicate that the majority of areas which were classified as terrestrial trees in 1955 had 
changed to cultivated areas by 2003. The expansion of cultivated areas is attributed to increasing 
human populations. 
 
The most notable result is the decrease in the Cyperus community in both the Pongola and Ndumo 
areas (Figure 22). The spatial analysis indicated that the majority of areas previously classified as 
Cyperus in the Pongola area had changed to cultivated lands suggesting that this change should be 
attributed to anthropogenic rather than flow-related impacts. However, it is plausible that these 
areas have become more accessible for cultivation because the system has dried out. This theory 
was supported by the results from the spatial analysis which revealed that a large proportion of the 
area previously classified as Cyperus had changed to grass. Furness identified a combined Cyperus 
fastigiatus – Echinochloa pyrimidalis community however Kotze (2009) indicated that this 
community tends to be dominated by Cyperus in wetter conditions but by Echinochloa in drier 
conditions.  
 
Similar results were evident in the Ndumo area where anthropogenic impacts had been excluded. In 
this area, the Cyperus community had also decreased significantly with the majority of the Cyperus 
beds having changed to grass.  On investigation of the two key anthropogenic activities that may 
have caused this change, namely fire and harvesting, it was found that no harvesting of Cyperus had 
taken place for the entire year prior to when the 2003 aerial photograph was taken. It has not been 
possible to obtain burning records for the area however it is unlikely that fire would have had such a 
widespread and substantial impact. 
 
 

Functional cover class Pongola Ndumo 

Terrestrial grass community No change No change 

Terrestrial tree community Decrease No change 

Shrub/Tree community No change Increase 

Grass community No change Increase 

Cyperus community Decrease Decrease 

Phragmites community No change No change 

Mud flats No change No change 

Open water No change Decrease 

Cultivated land Increase No change 

Settlement No change No change 
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Figure 22. Change in Cyperus at one site in the Ndumo study area 

 
The change in the Cyperus community both inside and outside Ndumo Game Reserve (seen in Figure 
22) is likely to be the result of a flow-related impact. Flows in the Pongola River are affected by 
rainfall and releases from the Pongolapoort Dam. Investigation of the rainfall data revealed that the 
years preceding the 1955 study year were drier than those preceding 2003. It is therefore unlikely 
that changes in rainfall have played a significant role in the decline in the Cyperus community.  
 
An assessment of the flood releases from the Pongolapoort Dam for the five years preceding the 
2003 study period indicated that only one flood release per annum was made with no release in 
2001 (Table 16). In addition, the months within which these releases were made varied with the 
majority of releases occurring in October. The 2002 release however took place in July which is the 
dry period in the region and does not reflect the natural hydrograph (although does occur 
infrequently).  This release coupled with the failure to release in 2001 and a failure to release a mid-
summer flood is likely to have had a considerable impact on the functional cover classes and 
associated ecosystem functioning of the system.  
 
 

Table 16. Flood releases from the Pongolapoort Dam from 1998 to 2003 (Basson et al., 2006) 
 

Year Month Qpeak (m
3
/s) Volume (million m

3
) 

1998 October 593 181 

1999 October 621 192 

2000 October 586 480 

2001 - 0 0 

2002 July 627 143 

2003 September 612 168 
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7.2 Livelihoods and dependency on the floodplain 
The household survey conducted by PRESPA in July 2009 (see section 6.3.3) highlighted a range of 
key issues regarding land use, farming practices and resource use on the Pongola floodplain. This 
provides insight into the dependence by local households on ecosystem services from the floodplain 
and the importance these have for poverty alleviation. The survey results also provide an indication 
of the impacts and risks of the timing of flood releases from the Pongolapoort Dam for agricultural 
practices on the floodplain. The key results from the survey are summarized below. 
 

7.2.1 Land allocation and use 
Approximately 76% of the households have lived in the area and been farming their fields on the 
floodplain for 35 years or more (i.e. before or soon after the operationalisation of the Dam), and 
most inherited these fields from their parents. Households’ average field size on the floodplain is 
approximately 1 ha12. Approximately 46% of the households have fields of 1 ha or less, 40% have 
fields of between 1 ha – 2 ha. Only 8% of the households have more than 8 ha. As described in 
section 4.6, under traditional land tenure, land may be forfeited or transferred if no longer used by 
the original “owner”. Twenty eight percent of the households surveyed had either lost or voluntarily 
given away part of their field area on the floodplain. The main causes of these losses were (i) 
because the household could not work the field any longer (52%) and (ii) they re-allocated a portion 
of their field to a family member such as a son or brother (15%). Twelve percent of the survey 
respondents reported that they had benefitted from additional allocations of land to expand their 
farming activities on the floodplain. 
 
Households walk up to 4 hours (10 km – 12 km) from homesteads to the east and west of the 
floodplain in order to reach their fields. The willingness to walk these long distances is indicative of 
the importance and value of these fields for the food security of households in the area. Figure 23 
illustrates the eastern and western limits from which households walk in order to access their fields 
on the floodplain. 
 
Each household individually plants and tends their field and plant a range of crops on the field 
simultaneously according to the seasons. They also practice rotational cropping with more than one 
crop being planted in an area over the course of the year. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                           
12 The local unit of measurement used by households is the ‘folo’. One folo equates to ¼ ha.   



67 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

  

 

   Figure 23. Extent of area from which households walk in order to access fields on the floodplain 

 
 

7.2.2 Agricultural production 
The crops most widely cultivated on the floodplain by local households to supplement household 
food security are: 

 Maize  

 Sweet potato  
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 Pumpkins and butternuts  

 Beans  

 Groundnuts  
 
Households also allocate a small portion of their field (about ¼ ha) to grow a range of short rotation 
vegetable crops including onions, carrots, cabbage and spinach. These are usually planted between 
May and June (i.e. after the harvest of other crops) and harvested in July. 
 
These farming activities are largely subsistence with the primary goal being to improve household 
food security. Small amounts of the crops may be sold to supplement the households’ scarce cash 
resources, however the farming practices are characterised as subsistence rather than commercial.  
 
a) Maize 

All households grow maize and most (44%) plant between 1.0 ha and 1.25 ha of maize on their 
allotted fields. Areas as small as ¼ ha may be planted to maize by households with very small 
fields. The maximum area reported to be planted to maize by a single household was 3.0 ha. The 
preferred month for planting is September (88%) however some households plant as late as 
November each year. March is when most households (68%) harvest their maize, but some start 
in January while others wait until April. About 24% of the households cultivating maize sell a 
small percentage of their crop to supplement scarce cash resources. The primary value of the 
maize crop is to provide a staple diet for the family, and maize was unanimously ranked as the 
most important crop by the households. 
 
Fifty two percent of the households surveyed perceive that the maize productivity on the 
floodplain has decreased over time, while none reported increased productivity. No inputs are 
(or have previously) been used to boost yields; only pesticides are used by a few households 
(8%) to protect the crop.  

 
b) Sweet potatoes 

Approximately ½ ha is planted for sweet potatoes by most households (43%), while 26% plant up 
to 1.0 ha. Sweet potatoes are usually planted in September (87%) with harvesting between April 
and June (70%).  About half of households (52%) do not sell any of their crop providing an 
important starch source for the family, being ranked as the second or third most important crop 
by 87% of the households. Crop yields are reported to have decreased by 52% of the households 
with 48% suggesting their returns have remained constant.  

 
c) Pumpkins and butternuts 

Most households (77%) plant less than ½ ha of their floodplain field to either pumpkins or 
butternuts. The preferred month for planting is September (85%) however some households 
plant as late as November. March and April are when most households (62%) harvest their 
butternuts and pumpkins, but they may start as early as February or finish as late as May. Most 
households 69% sell a portion of their crop to supplement their scarce cash incomes. A few 
households (30%) believe that the productivity on the floodplain has decreased, while most 
(70%) reported no change. Pesticides are used by a few households (8%) to protect the crop, but 
no fertilizers are applied to boost yields.  

 
d) Groundnuts 

Most households (80%) plant less than ¼ ha of groundnuts. The preferred month for planting is 
September (90%) however some households plant as late as October each year. Harvesting 
mainly takes place between March and April (89%) but may start as early as January. Few 
households (40%) sell a small percentage of their groundnut crop, to supplement incomes. The 
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groundnuts provide an important protein supplement in a largely protein scarce diet of poor 
households. 
 
Most households (70%) perceive the yield of groundnuts on the floodplain to have remained 
constant while only 30% reported decreased productivity. No inputs are (or have previously) 
being used to improve yields.  

 
e) Beans 

Sixty seven percent of the households grow between ¼ ha and ¾ ha of beans on the floodplain. 
Beans are typically planted between March and May (67%) with harvesting in June and July 
(75%). About 50% of the households sell a small percentage of their bean crop to supplement 
incomes. Beans are rated as the second most important household crop by 58% of the 
households, providing important nutrient and protein supplements in the diet. While most 
households (50%) believe the yield of beans from their fields has remained constant, 8% suggest 
yields may even have increased. No inputs to boost the yield of beans are applied, other than a 
small number of households that use pesticides.  

 
The farmers typically wait for the August or September flood release from the Pongolapoort Dam to 
flood their fields on the floodplain before they start preparing for planting. The most important 
planting season is September (start of Spring) with most harvesting taking place from March the 
next year (Table 17). This has important implications for the timing of flood releases from the 
Pongolapoort Dam as floods between September and April, or even as late as July, would impact on 
the cultivation of crops that the households are able to produce for themselves in order to improve 
household food security. Any crop losses would have devastating nutritional and financial impacts to 
these households. 
 
 
   Table 17. Preferred planting dates for the most widely cultivated crops on the floodplain 

Crop Preferred planting season Preferred harvesting season 

Maize September March 

Sweet potatoes September April – June 

Pumpkin and butternut September March – April 

Groundnuts September March – April 

Beans March – May June – July 

General vegetables (onions, carrots, 
cabbage and spinach etc.) 

May - June July 

 
 
 
A small number (8%) of the households also grow sugarcane and cotton as commercial crops: 
a) Sugarcane 

Commercial sugarcane production on the floodplain takes place on fields of, on average, 1 ha to 
4 ha, with income returns ranging between R24 000 to R125 000 per season.  Planting takes 
place between August and December, with harvesting in June and July. The sugarcane is sold to 
large commercial sugarcane companies, and transported up to 200 km to the nearest mill. 
Transport costs, which are paid by the grower, are therefore very high and may cost as much as 
50% of the income. However this is still a popular faming activity for local households as it offers 
the potential to generate substantial cash incomes for households with large land allocations on 
the floodplain. 
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b) Cotton 
A very small number of the local households appear to be producing cotton on the floodplain, 
however this is being encouraged driven by the cotton companies and is likely to continue 
expanding. One factor that has inhibited expansion to date is the market. Cotton is currently 
supplied to a small ginnery on the Makhathini Flats however the gin has experienced financial 
and operational problems in the past which has made some farmers reticent about becoming 
involved. Field sizes on average vary between 1 ha to 2 ha, generating incomes of about R5 000 
in total per season. Planting mainly takes place between October and December, with harvesting 
in April. 

 
As in the case of subsistence crop production, the most important planting season for the 
commercially cultivated sugarcane and cotton is August to December, after the flood waters from 
the release from the Dam have receded and the spring rains have started.  Harvesting is undertaken 
as late as June and July. 
 
Table 18. Preferred planting dates for commercial sugarcane and cotton on the floodplain 

Crop Preferred planting season Preferred harvesting season 

Sugarcane August – September June - July 

Cotton December June - July 

 
 
Again, flood releases between September and July would flood the crops in the floodplain and result 
in partial or total crop failure (Table 18). This would negatively impact on poverty via the loss of 
valuable incomes upon which households’ are highly dependent.  Ninety-six percent of households 
reported having suffered crop losses as a result of flooding. Approximately 60% of these were 
attributed by households to flood releases from the Pongolapoort Dam (either in the wrong season 
or without notice) and the balance to natural floods as a result of high rains. 
 
Water quality and availability for agriculture were widely reported to have improved since the 
construction of the Dam, particularly during dry winter months. Farmers no longer have to depend 
on the Spring rains for planting as they are assured of the August / September flood release from the 
Dam. Some households reported soil erosion (24%) and sedimentation (4%) as problems negatively 
impacting on their farming activities, and these were attributed to bad management of the flood 
releases from the Dam. 
 
Forty eight percent of the households believe that all their crops could be successfully cultivated in 
areas off the floodplain if irrigation was provided. Many (20%) believed cultivation off the floodplain 
would even be easier as they would not have the concern of crop losses due to unscheduled floods. 
However 16% were concerned that there would not be enough land available off the floodplain to 
support all the agricultural activities required.  
 

7.2.3 Natural resource harvesting 
Seventy two percent of the households regularly utilize natural resources from the floodplain. The 
resources most widely harvested by local households include: 

 Fish from river and pans (60%) 

 Reeds (Phragmites sp) (28%) 

 Thatching grass (Cyperus sp) (16%) 

 Bulrushes (Typha sp) (12%) 

 Wild figs (Ficus sp) (12%) 

 Water lilies (Nymphae sp) (8%) 
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Only fish and reeds were widely and regularly used by households. The remaining resources were 
used intermittently. 
 
a) Fish 

Forty percent of the household catch fish every week and, of these, 20% said that they do so on 
a semi-commercial basis selling, a portion of their catch to local households and in local towns in 
order to earn an income. Some fishermen reported earning as much as R3 000 per month from 
fish sales. The best fishing season is September and October after the August or September 
flood release from the Dam and the start of the summer rains. 
 
Seventy three percent of the fishermen reported a decrease in both the size and number of fish, 
and they largely attribute this to overfishing and the use of nets by local fishermen. 
 
Fish are an important source of food and protein for the households and are used to supplement 
the small quantities of meat that they household can afford to buy. 
 

b) Reeds 
Approximately 28% of the households regularly harvest reed resources from the floodplain. The 
reeds are mainly harvested in June and July when they have dried and the water level in the 
pans is low. Reeds are used for building (walls and roofs) of houses and are an important 
alternative to corrugated iron and brick which are expensive and largely unaffordable to local 
households. About 28% of the households regularly sell a portion of their reed harvest. Most 
reed harvesters (87%) report a deterioration in the quality (shorter and thinner) and quantity of 
the reeds, and this is mainly attributed to over-harvesting and erosion in areas around the pans 
where the reeds grow.   

 
Thatching grass is harvested for roofs, and bulrushes are used for sleeping mats/mattresses. Water 
lilies (available June and July) and figs (available January and February) provide food supplements for 
the households. However these lilies and fruits are not usually the households’ first choice of food 
and only use them when they are available to top-up the households’ food supply. Very little change 
in quality or quantity of these resources is perceived by local households, however where it is 
reported it is generally attributed to harvesting pressures by local people. 
 
 

7.2.4 Contribution of ecosystem services to livelihoods and well-being 
7.2.4.1 Provisioning services 

There is substantial evidence of the importance of the provisioning services in supporting 
livelihoods, and therefore in providing a level of resilience to poverty. The Pongola floodplain 
provides access to a supply of both natural resources as well as to agricultural production 
opportunities for the estimated 11 225 households in the target study area.  
 
On the basis of the PRESPA household survey it is estimated that approximately 15% to 25% of 
households are also using these provisioning services to generate small incomes to help to alleviate 
the financial challenges of poverty. A number of households harvest surplus quantities of fish and 
reeds and sell them to supplement household cash incomes. A similar pattern holds true for 
agricultural production, where a number of crops are grown on small fields on the floodplain to 
provide for household nutritional needs, while small amounts are sold to supplement household 
incomes. An increasing quantity of commercial cotton and sugarcane production is also produced on 
the floodplain. The importance of these agricultural activities to the livelihoods and well-being of the 
local households is summed up in the statement made by one of the household survey respondents: 

“I hold my breath for fear of losing my crops if there is an unexpected flood” 
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The floodplains provisioning services that provide natural resource harvesting and agricultural 
production opportunities therefore provide an important safety net for the survival of these poor 
households. Degradation of some or all of these natural resource or agricultural services will have a 
serious impact on poverty levels in this area. There should therefore be concern about the local 
perceptions of deteriorating resource condition and agricultural yields from the floodplain. 
 

7.2.4.2 Regulating and supporting services 
Regulating and supporting services are not directly consumed by the local households, and they 
cannot be traded to generate incomes. They are therefore frequently not perceived to be directly 
linked with poverty alleviation. There are a number of examples from the Pongola floodplain that 
illustrate how important these services are for poverty alleviation: 

 Natural ecosystems such as the pans on the floodplain provide refuge and reproduction 
habitat to animals (e.g. fish) and plants (e.g. reeds, bulrushes) thereby contributing to the in 
situ conservation of biological diversity and providing the foundation for the provisioning 
services from natural resources, and the benefits accruing from their utilisation. 

 Flooding patterns maintain soil fertility and nutrient cycling, which sustains the provisioning 
services for crop production practices that provide essential nutritional and income 
supplements for the poor households. 

 The floodplain also provides valuable flood attenuation and regulation services. While the 
flood timing and patterns are largely dominated by the operation of the Pongolapoort Dam, 
the floodplain provides a level of safety for the attenuation of potential floods that may 
overspill the Dam wall and cannot be controlled through dam operations. 

 
7.2.4.3 Cultural services 

Cultural services are seemingly sacrificed in the face of poverty when households are forced to 
prioritise provisioning services over cultural activities in order to meet food production or income 
needs. However erosion of cultural services presents the risk of weakening the social fabric that 
helps poor communities to collectively overcome material shocks that they are exposed to, and thus 
makes them more vulnerable to the effects of poverty.  Three examples of critical cultural services 
provided by the Pongola floodplain include: 

 Religious practices such as baptisms rely on sites along the river and pans. Water quality and 
the condition of the pans are important factors providing for these religious practices. 

 Cultural practice of ‘fonya’ fishing (ukufonya) using baskets is undertaken in pans on the 
floodplain (people with dome-shaped baskets collectively moving in line across a pan and 
driving the fish into the shallows to be caught in the baskets). This traditional fishing practice 
provides opportunities to instil a sense of ubuntu (togetherness and responsibility) within 
the community, as well as ukuhlaba (traditional control over the use of open access 
resources).  Ukufonya is also used as a platform for sharing indigenous knowledge and 
traditional practices between elders and youth. The practice of ukufonya is affected by 
availability of fish as well as the water quality and condition of the floodplain pans. 

 Fishing and swimming in the river and pans are also popular recreational activities, 
particularly for children. Recreation adds substantially to the quality of life of people and 
enriches social interaction and cohesion. These recreational activities are however 
sometimes negatively impacted on by poor water quality and very dense growth of water 
lilies in the pans, particularly during the dry winter months. 

 
Culture is strategic to poverty alleviation due to the critical role it plays in promoting social cohesion, 
and individual and group identity formation. Cultural services from the floodplain are therefore 
important for addressing key non-financial aspects of poverty. 
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7.2.5 Conclusions 
Because of the clear association between food security and crop production, agriculture is 
frequently perceived to be the most important provisioning service for addressing poverty 
alleviation. Pressures are therefore often greatest on the management of flood releases from the 
Pongolapoort Dam in late Winter and early Spring to align with planting and harvesting cycles of 
crops such as maize, sweet potatoes and beans, and more recently the commercial crops such as 
sugarcane and cotton.  
 
Unfortunately the production cycles of these crops tend to clash with the natural flooding patterns 
that best support the maintenance of the regulating, supporting and cultural services (i.e. flooding 
twice per annum in Spring / early Summer and mid-Summer - see natural annual hydrograph (Figure 
16 in section 6.6.1). Collectively, the regulating, supporting and cultural services may be just as 
important for the alleviation of poverty in the long term.  
 
Dam operations and floodplain management that maintains the long term functioning and diversity 
of services from the floodplain, including the regulating, supporting and cultural services may 
therefore not directly lift the poorest households out of poverty. But it will contribute to the long 
term resilience and sustainability of the ecosystem, which provides the fundamental basis for local 
livelihoods and well-being. 
 
 

7.3 Constraints and opportunities of current institutional arrangements and 
processes 

This section will assess the current institutional arrangements and processes that are in operation 
for the governance of the Pongolapoort Dam. These centre on the interactions between the 
Department of Water Affairs (DWA) - the key state regulatory authority for the dam - and the 
Imfunda Yophongola Water Users Association (WUA), the statutory local body responsible for 
managing water usage through consultative processes, which came into existence after the passage 
of the National Water Act 1998. However, while DWA and the WUA are the key institutions under 
consideration, the roles and strategies of a variety of other stakeholders that are interested in flood 
releases are also significant. The discussion will aim to highlight the main opportunities contained in 
the envisioned system of governance, but also to critically analyse the factors that have led to 
serious constraints in these opportunities being fully realised. There are four main dimensions that 
will be used to organise the discussion; the nature of floodplain governance (decentralisation); the 
political economy of floodplain cultivation (transition from subsistence to commercial); the nature of 
property rights in the floodplain that underpin expectations of resource use as well as involvement 
in collective management and decision-making, and finally; the democratic nature of representation 
that is currently being pursued. 
 

7.3.1 Decentralisation  
7.3.1.1 Formalisation and resources 

Water User Associations were statutorily established by the National Water Act 1998 (NWA). In the 
Pongola floodplain, informal water committees had already been in operation since the mid 1980s 
to facilitate consultation with the wide range of stakeholders. Thus, intended decentralisation 
through the NWA in effect meant a process of formalisation of the existing water committees, which 
became transposed into a single body that is statutorily recognized as the Imfunda Yophongola 
WUA. The general idea is for the WUA to collect fees from its members, formulate a business plan, 
raise other resources privately and gradually expand the remit of its functions from coordinating 
consultative decision-making for managing flood releases to undertaking measures for the 
integrated development of the flood plain area. In the past few years since the WUA was formalised 
in 2004, these aims have not been fully realised. 
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Since its inception, the Imfunda Yophongola WUA has been crippled by the lack of finances making it 
difficult for members of the management committee even to travel to Mboza for the meetings. This 
is a symptom of a more fundamental problem to do with extremely mismatched expectations 
amongst the various stakeholders regarding the outcomes of the formalisation process. Interviews 
conducted with a range of management committee members revealed a great deal of 
disappointment at what respondents described as the near absence of any ‘reimbursements’ for 
travel from their respective places of stay across the 50 km stretch of the floodplain for committee 
meetings. Office bearers from the operational committee or executive also expressed helplessness 
at the lack of funds available for organising meetings and maintaining the basic office infrastructure 
and secretarial assistance necessary for running the WUA’s operations. There is a widespread sense 
of being ‘let down’ by DWA which is seen to have set up the WUA on the assurance that it would 
support it to a particular ‘level’ and then reneged on its promises. A number of other stakeholders 
from other government departments shared a similar view of DWA needing to do more to make the 
WUA work in various respects, from supporting its organisational needs to managing its elections. 
 
DWA officials, while being aware of this situation, see the impasse as the result of an unintended 
outcome from the formalisation process and the granting of statutory status to the WUA as a result 
of the NWA, 1998. All WUAs are statutorily empowered to collect their own fees and DWA’s internal 
policies ‘do not allow it to reimburse a statutory body that is in a position to raise funds for itself.13    
While many other WUAs in the country have been formed from previously functioning irrigation 
boards, subterranean water boards, and water boards established for stock watering purposes, and 
are able to continue with the practice of fees collection from members, the Imfunda Yophongola 
WUA has no such precedent. Besides, as DWA officials amply recognise, the members of this 
particular WUA are very largely poor farmers who mostly practise subsistence cultivation and may 
not be ready to pay fees. There is nonetheless, they claim, not much they can do to compensate. A 
recent payment made to the WUA (in July 2009) was justified not as a step towards comprehensive 
travel reimbursements, but as a small measure of support to the Management Committee for 
attending an important meeting in Durban.  
 
Despite these hitches, the DWA officials interviewed shared the view that ‘NWA 1998’ was a 
progressive and more long-term statutory recognition that was ultimately more empowering than 
receiving small reimbursements from the state.14  But they also recognised that the act of 
formalisation had created expectations within the community of more sustained support from the 
state, akin to the start of a development project with funds, and were unable to become financially 
self-sufficient in the absence of a viable fees collection system. Officials at the provincial level admit 
there is a problem with the legislation that makes no distinction between those WUAs that are 
carved afresh and those that are restructured from fully functioning irrigation boards. 
 

7.3.1.2 Asymmetries in operation: Information, trust and forward planning 
Effective decentralisation is premised on a clear division of roles and responsibilities as well as 
mutual accountability between different levels of government. But decentralisation within DWA 
down to the WUA has been affected by serious asymmetries (and repercussions) between central 
and provincial levels of DWA. The provincial tier of DWA is in every sense the ‘public face’ of the 
department as it is responsible for interacting with the WUA. The central office in Pretoria, though 
less obviously visible, plays a critical role in the flood release process. Amongst other things, it 
formulates the hydrograph with inputs from the provincial office and monitors the volume of water 
that has been released from the dam during the entire period of the flood release. But if there are 

                                                           
13 Interview with DWA officials, Durban, July 2009. 
14 ‘How better to remunerate them for their efforts than to give them legal standing?’, said one DWA official in an interview, Durban, July 
2009. 



75 
 

unpopular outcomes at least partly as a result of the actions of the central government, then this 
creates discontent amongst community members who understandably direct their discontent and 
mistrust at the officials they most closely interact with; the provincial DWA. There are two specific 
instances that substantiate this point well and show how such asymmetries in operation have 
impaired the working relationship between provincial DWA and the WUA. 
 
The first instance is that of the formulation of the business plan that the WUA was expected to have 
completed in the first 3-6 months after its constitution was approved in 2006. This is an important 
task, containing a statement of the WUA’s plans, and is the basis for appraisal of its performance by 
the Minister of Water Affairs and Forestry. Besides, it is only once the business plan has been 
formulated and approved by central DWA that the WUA can proceed to mobilise resources privately. 
As things stand, the business plan has not been completed. Key members of the executive alleged 
that this situation has transpired due to the appointment of private ‘consultants’ by DWA to assist 
the WUA, and while this has been profitable for the consultants, it has not yielded any significant 
returns for the WUA which remains without a business plan. They were irked that these consultants 
were essentially ex-DWA officials who were being given contracts due to their contacts with those in 
government. Executive members also hinted at the consultants’ incompetence which resulted in a 
draft of the plan being rejected at Pretoria. 
 
Provincial officials from DWA confirmed the impasse as reported by the executive members of the 
WUA, but offered some more insight into the chain of events. They explained that the consultants 
had been appointed in the first place because the WUA had requested assistance with the 
formulation of the plan. The consultants’ had presented the plan to DWA in Pretoria because the 
management committee had reported a ‘lack of capacity to present it’. The principal reason for the 
rejection of the plan was that it did not clearly chart out how the WUA would sustain itself 
financially. Moreover the main cause of disgruntlement by the management committee with the 
consultant was his negligible ‘presence in the field’ and inadequate consultations with the former for 
the purposes of preparing the plan. They also viewed that while it was true that the consultant was 
formed from amongst ex-DWA officials;- this fact itself was not central to the problem. Consultants 
are appointed by the central DWA to assist WUAs that request such assistance and in the interests of 
uniformity in planning, but there was nothing inherently exclusionary in this process. The concerned 
consultant could well have done a better job in terms of consulting the WUA. At the time of 
research, the business plan was with a member of the WUA who had volunteered to amend the plan 
since the management committee did not want to continue working with the consultant. The entire 
episode, combined with the travel reimbursement issue, has seriously impaired communication 
between the management committee of the WUA and DWA, particularly its provincial department. 
 
The second instance unfolded on the 4th of March 2009 when an unannounced flood release 
created massive devastation of crops. Farmers who were not expecting a ‘second release’ (the only 
release that is currently agreed upon is in September) at this time lost standing crops- many of which 
were ready for harvest - and there was not enough time to salvage anything. PRESPA interviews with 
ordinary people and also some management committee members confirmed the extent of anger 
about this episode. Approximately 44% of households interviewed reported that nobody had told 
them anything about the imminent flood release, another 48% said they saw the floods 
unexpectedly, and the remaining concurred that they only got to know of the flood when they saw 
the water on the floodplain, and were totally shocked by it. One executive member used the release 
to comment on the poor state of communication with DWA in general, remarking that the March 
release shows ‘that we are not fighting the government for nothing!’ There is also considerable 
irritation at the tardy response of DWA since the episode as compensation has been concertedly 
sought but not yet received by most. Approximately 64% of households interviewed reported that 
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they had yet to see any compensation, whereas 28% had received some compensation (16% 
between 600-1000 RR and 12% between 1100- 1500 RR).  
 
Interviews undertaken as part of PRESPA revealed that the release occurred upon a directive from 
the central DWA in Pretoria to the dam engineers on the basis that cracks on the dam walls meant 
that ‘too much’ water could not be stored in the dam and had to be released on an emergency basis. 
The ‘operational’ rule dictates that this level should be at 80% of the dam capacity and if the water 
level exceeds this then a release is imminent. There were also conflicting reports from DWA officials 
that the March release had taken place because central DWA had taken the view, without 
appropriate consultations, that this maximum level should be lowered to 67% in the interests of dam 
safety. But it was not possible to verify this information any further and provincial officials 
interviewed for the study insisted that they ‘could not engage us any further’ on this discussion 
because of its sensitivity. They revealed nonetheless that DWA had not yet undertaken any public 
participation on the issue of the operational rules but was committed to working with the WUA on 
communicating the operating rule to the downstream users.15    
 
In both instances, DWA has suffered disrepute amongst WUA members; these episodes illustrate 
asymmetries in operation and information-sharing between the central and provincial levels. These 
asymmetries produced distrust amongst community members that were then most visibly felt by 
provincial level officials. Interestingly enough, community members still reposed greater faith in 
central DWA. So when compensations after the March release did not appear as per expectations, 
the management committee directly contacted the Minister to try and engage him on the issue and 
several members openly expressed that no good would come of interacting with Durban. Provincial 
officials from DWA are very aware of this distrust, and put it down to the ‘top-down legacy’ of the 
department. They viewed that it was far from easy trying to work with ‘legislation that seeks to 
empower the people’ in a hostile ‘institutional and social environment’ of Northern Kwazulu-Natal. 
When the community’s expectations of the department are not fulfilled, then it is easy for the 
community to infer that the department is working ‘against’ and ‘not with them’. 
 
From a natural floodplain operation point of view, the above situation is even more ironic, in that 
the magnitude of the flood released in March, which caused this heated situation, was only of the 
order of 50 m3/s, far less than any natural flood and far less than even the spring flood that would be 
released early in the season.  The fact that there was so much damage indicates the extent to which 
farmers are moving onto the floodplain in areas which would never have been used under natural 
conditions. Yet, farmers blame the damage caused by the March release on its unexpectedness and 
not their proximity to the floodplain. 
 
 

7.3.2  Floodplain cultivation and flood releases 
Although the WUA has the mandate to work more generally towards promoting ‘the economic 
efficiency and environmental integrity of the floodplain area’ (DWAF, 2008), its principal 
preoccupation to date has been the organisation of consultations for deciding on flood release 
dates. As discussed in section 4.3.1, the key source of contention regarding the flood release is the 
trade-off between ‘environmental’ and ‘developmental’ considerations that govern the 
management of the Dam. But equally, the different stakeholders especially from the various 
government departments (DWA, Agriculture, Environment) do not share a coordinated view of how 
best these releases can be managed for the integrated development of the floodplain ecosystem 
and of those who depend on it. This has produced a disengaged process of consultation that is 
detrimental to an effectively decentralised system of floodplain governance. Such a situation can be 

                                                           
15 Interviews with DWA officials, Durban, July 2009. 



77 
 

usefully understood within a larger context of the political economy of floodplain cultivation and the 
gradual transition from subsistence to commercial cultivation in the entire region. 
  
Ecologists in particular are worried about the steady increase of commercial cultivation on the 
floodplain. There has been a perceptible rise in pressures over the years from the respective cotton 
and sugarcane cultivators who have specific water needs. Disagreements between the two groups 
have been regularly expressed at WUA meetings. Nonetheless, DWA officials clarified that people 
attending the meetings appreciate that in the end a compromise needs to be forged and the agreed 
date may suit some groups less than others. Farmers engaged primarily in subsistence cultivation are 
rarely in conflict with the commercial growers, adapting their crops to the flood release. A few 
subsistence farmers even expressed that a second release in Feb-March would be acceptable 
provided they had advance notice of it (the unannounced release was due to the lack of consultation 
with farmers about an acceptable date). This position is very different from that of the commercial 
cultivators of sugarcane and cotton whose longer cropping cycles and considerations of harvesting 
and processing are inimical to a ‘second’ release. From this viewpoint, subsistence cultivation is in 
principle compatible with flood releases for ecological purposes (as the late summer release in Feb-
March that is particularly good for fish), whereas commercial cultivation is less so. It could be argued 
that poorer people who might be more directly dependent on various natural resources (reeds, 
water lilies, fish etc) from the river and floodplain are at risk of not having their interests 
safeguarded in the decision-making process. But the reality in the floodplain is that the actual 
practices of subsistence cultivation have adapted to a cropping cycle (planting September, 
harvesting March-April; see table 17) that many subsistence farmers would also be hurt by a Feb-
March ‘ecological’ release. 
 
Commercialisation of agriculture is the preferred development strategy of the Department of 
Agriculture in the region. The Makhathini Master Plan (MMP) is an integrated development plan 
with multiple parts, though agriculture and tourism are the key drivers of the plan; and agriculture 
has four further components- irrigation, dryland agriculture, livestock development and aquaculture. 
The MMP actually extends beyond the Makhathini flats to the rest of the floodplain, but only a small 
area is presently irrigated, and there is a plan to extend irrigation off the floodplain in its second 
phase. Importantly however, the Department of Agriculture does not intend to develop irrigation on 
the floodplain itself and provides no other support to farmers cultivating on the floodplain.  
 
Direct cultivation on the floodplain is in fact not permitted by the Conservation of Agricultural 
Resources Act, 1983. Act 43 states ‘Subject to the provisions of the Water Act, 1956 (Act 54 of 1956), 
and subregulation (2) of this regulation, no land user shall utilise the vegetation in a vlei, marsh or 
water sponge or within the flood area of a water course or within 10 metres horizontally outside 
flood area in a manner that causes or may cause the deterioration of or damage to the natural 
agricultural resources’ and also directs every land user not to ‘cultivate any land on his farm unit 
within the flood area of a water course or within 10 metres horizontally outside the flood area of a 
water course’. However, floodplain cultivation has continued for decades and does not risk 
enforcement of the law by the state. Senior officials from the Department of Agriculture viewed that 
this was mostly because floodplain cultivation around the Pongola River was largely of subsistence 
variety, and the state (in this case the national Department of Agriculture) did not prioritise 
subsistence areas for the implementation of the Act. 
 
Ecologists concur that subsistence cultivation in riverine areas is the reality of Africa and also that it 
is compatible with the preservation of riverine vegetation and other floodplain ecological 
considerations. However, there has been an undeniable increase in commercial cultivation on the 
floodplain itself. Farmers in the floodplain area claim that they are not directly supported by the 
Department of Agriculture in their ventures and some view that commercialisation of agriculture on 
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the floodplain has occurred because the Department of Agriculture has not been effective enough in 
promoting small-scale irrigation on the Makhathini flats (McCartney et al., 2003). It is the opinion of 
some conservation officials that the entire thrust on commercialisation as a “misguided 
developmental strategy” for the region. This is because links to markets are generally poor and 
yields are not very high given that soils are sandy, prone to leaching and poor in nutrients.16   
Officials from the Department of Agriculture are well aware of these difficulties but they see a long-
term value in commercialisation. One official from the Department of Agriculture (interviewed for 
the study) blamed farmers on the Makhathini Flats for demonstrating a poor commercial spirit, not 
honouring contracts with private investors and not playing a transparent game which was necessary 
for commercial transactions.17   
 
For many farmers on the floodplain interviewed for this study, while some recognised the gradual 
depletion of natural resources from the river, they did not perceive a rolling back of commercial 
cultivation on the floodplain itself. While there have been shifts from cotton to sugarcane in recent 
years on account of difficulties with the cotton gin, commercial sugarcane cultivation has continued 
to grow, even though links with markets are neither cheap nor easy. One sugarcane farmer 
explained that they get better yields supplied by shallow groundwater on the floodplain than 
farmers off the plain utilising irrigation, putting it down to the enriching nutrients that come from 
the river. Indeed, several farmers interviewed for the study did not see floodplain cultivation ever 
coming to an end even if they were given access to irrigated lands off the floodplain. Among the 
various reasons offered was the apprehension that the extension of irrigation would lead to 
dislocation from homesteads.  
 
It follows that the near total absence of interest by the Department of Agriculture in the flood 
release process is a result of its commercialisation strategy that is not concerned with cultivation on 
the flood release areas. A very senior official from the Department of Agriculture said; ‘We are not 
really concerned about flood releases because we are not concerned with developing agriculture on 
the floodplain’.18   But other officials added that the Department of Agriculture is concerned about 
future planning in the interests of the floodplain farmers and therefore needs better recourse to 
‘scientific information’ regarding the volume of waters in the dam reserve. Officials attending WUA 
meetings are often junior extension officers who have insufficient knowledge about hydraulics and 
therefore their presence is very largely ineffectual. This general lack of engagement is resented by 
floodplain residents, and the Chairperson of the Management Committee lamented that the 
Department of Agriculture has shown little interest in sending ‘experts’ to the floodplain or indeed 
devising strategies to improve links with markets. DWA officials observed as well that the absence of 
appropriate engagement by the Department of Agriculture was impairing the ability of the WUA to 
take on a broader role with respect to regulating as well as coordinating floodplain cultivation. 
 
The other major stakeholder in the flood release process is the Department of Environment19. 
Ecologists interviewed for the study felt that the Department of Environment could do more to 
prioritise ecological considerations in the flood release process. Better environmental legislation was 
in place (with the National Water Act and other progressive measures) but enforcement lagged 
behind considerably. Officials from the Department of Environment generally expressed the absence 
of a well-articulated position within the Department regarding an appropriate regime for flood 
releases. They acknowledged certain damaging effects of the flood releases, including erosion, but 
felt that there was no way out since ‘people need water to cultivate’ and there was little they could 

                                                           
16 Interview with a resource use ecologist, Pietermaritzburg, July 2009. 
17 Interview with a Department of Agriculture official, Pietermaritzburg, July 2009. 
18 Interview with a senior official from the Department of Agriculture, Durban, July 2009. 
19 This reference to the Department of Agriculture refers to the Directorate of Environment within the Provincial Department of 
Agriculture, Environmental Affairs and Rural Development. 



79 
 

do.20  But the Department of Environment, as with the Department of Agriculture, a pertinent issue 
raised was the lack of attendance by officials with appropriate seniority and expertise who would be 
able to make a difference to the decision-making process. Local Department of Environment officials 
attending these meetings strongly felt that specialists from Environmental Impact Assessment 
division would be more effective. Amongst the other stakeholders, officials from the Department of 
Health - especially Malaria Control - are regularly present at WUA meetings.  
 
The institutional structure of the WUA with its multi-stakeholder membership is meant to facilitate a 
wider consultation, but not all stakeholders are vitally interested in the flood release process. The 
WUA has not progressed to a stage in its institutional development where a more integrated 
approach to floodplain governance is being actively discussed. A better formulated engagement by 
the Departments of Agriculture and Environment would almost certainly have balanced the decision-
making process which at present is driven by DWA and the more powerful voices within the 
floodplain farming community. 
 

7.3.3 Resource use and collective action in the Pongola floodplain 
Finally, the nature of property rights and practices of resource use are significant factors shaping the 
expectations of people from the WUA and their involvement in its functioning. This institution came 
about to manage the growing complexity of interests that needed consideration while deciding flood 
releases, preceded by informal water committees in the 1980s whose main function was to serve as 
a mode of communication between DWA and floodplain residents. But the expectation of the law is 
for the WUA to serve as a ‘cooperative association of individual water users who wish to undertake 
water related activities for their mutual benefit’ (NWA, 1998). WUAs are authorised to raise their 
own resources and gradually take on a broader role in the appropriate management of floodplain 
resources (not just water, but also land, cultivation and so on). From an institutional design point of 
view, the Pongola River and its floodplain are to be treated as common property resources which 
need to be governed accordingly. 
 
However, while it is patently clear to floodplain residents that these are common resources to be 
shared by communities of users, practices of land and water use have historically been determined 
on an individual household basis. Individual land allocations for cropping are made to households by 
local Headmen (Izinduna) on behalf of the local Chief (Inkosi) who is the holder of his subjects’ land 
(Poultney, 1982). The floodplain commonage is a communal resource and harvesting or use of 
resources on the commonage is traditionally controlled by the Izinduna, however these traditional 
controls are currently weakly enforced.  
 
The construction of the Dam interfered with the natural flooding regime and introduced greater 
demands for collective decision-making. It also progressively pushed up the stakes in contrasting 
water uses leading to an institutional arrangement that brought together these multiple 
stakeholders. But changes in behaviour to adapt to this collective engagement have not occurred to 
the same extent. Ordinary floodplain residents are unable to fully accept the idea of a fee-collecting 
WUA and expect these resources to come from the state which was responsible for the creation of 
the formal body. DWA officials recognise that it is unfair to form a WUA that has had no history of 
fees collection and treat it at par with WUA that are formed from ex-irrigation boards, but this 
realisation is not enough to reform practice or protocols. Moreover, while many people feel the 
urgent need for integrated planning in the floodplain area, there are also others who do not see 
their decisions, e.g. commercial cultivation on the floodplain, as entirely their own. It is possible that 
changes might come about over time, so people are persuaded to cultivate off the floodplain on 
irrigated lands but there are no signs that this would be a smooth and quick transition. 
 

                                                           
20 Interview with Environment Department officials, Pietermaritzburg and Jozini, July 2009. 
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7.3.4 A household level view of governance 
Finally, consideration is paid to the realities of democratic representation as currently ensured by 
WUA-led governance arrangements. The preceding discussion has shown that the everyday 
functioning of this body has been impeded by mismatched expectations, and there have been 
difficulties with respect to its practical operations. These are also very clearly illustrated at the 
household level. The respondents were asked a range of questions to do with their involvement in 
the committee, and say in its principal area of decision-making, i.e. the timing of releases. Questions 
were also asked about other interactions concerning the expression of grievances and the demand 
for compensation for losses as a result of the recent March 2009 flooding episode.  
 
To begin with, a mere 4% of respondents confirmed participation in the Water Users’ Association, 
whereas 92% denied any participation. But respondents were engaged in other fora: 8% in school-
related committees, 4% in assisting the headmen, 8% in headmen’s councils, and 4% each in the 
ward and church committees respectively. This general pattern was echoed in the PRESPA interviews 
and conversations with ordinary farmers who often expressed disengagement with the WUA as 
such, even as several of them reported an active engagement in other more routine traditional fora, 
especially related to the headman. This picture became complicated with more specific questions, 
especially as it emerged that people were vitally concerned with the releases and needed to know 
about their timing one way or another. 
 
People found out about timings of releases from a variety of sources. When asked about this, in the 
first instance 36% confirmed they were informed by the WUA (colloquially referred to as the 
committee), another 32% over the radio, 20% at the meeting called by the headman and 4% each 
informally through neighbours and at their children’s school. Forty percent respondents 
reconsidered their responses: 8% reported receiving this information from the committee, 4% over 
the radio, 4% at the headman’s meeting, 4% through other meetings with farmers, 12% through 
notices on public buildings and 4% each through loud hailing and word of mouth. Approximately 8% 
of respondents ranked their preferences for a third time: 4% mentioning the committee as their key 
source of information and 4% at headman’s meetings. These responses illustrate the full range of 
formal and informal mechanisms at play for the dissemination of vital information. These points 
were verified additionally by conversations with DWA officials who emphasised the efforts of their 
department to make information about release dates available through radio broadcasts and public 
notices. It follows also that no one institution or body is held as responsible for the governance of 
the floodplain. When asked about who they contacted to express their grievances, 36% said they 
contacted the committee, 8% mentioned DWA and another 8% the headman while 4% said they 
approach their ward councillor. Twenty-eight percent did not answer the question at all.  
 
The links between the WUA process and traditional structures are also evident, with a considerable 
number of respondents mentioning headmen’s meetings as the place where they receive 
information on release timings. Sixty-eight percent of households reported no significant change in 
these methods in recent years, but 28% did observe some changes. When pressed further, 60% 
respondents did not elaborate upon the nature of these changes, but a few did and the changes 
reported included a drop in activity of elected members (4%), dissatisfaction with elected members 
passing on information compared with earlier (8%), more radio announcements and visible notices 
in recent times (4% respectively). A few households (12%) mentioned the unannounced March 
release as a major departure from the usual procedure followed in communicating release timings to 
farmers. Accordingly, 60% of households interviewed confirmed that the unannounced flood release 
in March was an unprecedented event, and not common practice, though 36% also answered that 
such incidents had happened before, and another 4% reported that such releases had taken place 
several times before the WUA was elected.  
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Since consultation on the topic of releases is the key governance concern, respondents were asked 
further questions on various aspects of this process. When asked if they were consulted on the best 
release times, 32% answered yes, but worryingly, 44% said no. Four percent of all households 
respectively reported that they were not informed and that only those on the MANCO were 
consulted. When pressed further on whether their voices were heard at these consultation events, 
then only 20% answered yes, while 12% answered no and 52% said the question was not applicable 
to them. Others were more specific in their responses: 8% indicated that their voice was heard 
sometimes but not at others, 4% reported that they were yet undecided because they were still 
waiting to see concrete outcomes from consultation meetings and 4% said they had raised the 
matter of the September release. When asked about what they would prioritise in their expectations 
from the WUA on the whole, 68% households said they wanted more meetings with the community, 
16% mentioned improved communication on the subject of flood releases and the remaining 
highlighted aspects like more commitment and downward accountability.  
 
Interestingly however, despite high levels of dissatisfaction on consultation procedures and other 
aspects of the WUA’s functioning, 64% of all respondents interviewed confirmed that they attended 
meetings, and a much smaller 32% reported that they did not or that the question was not 
applicable to them. For those confirming attendance, their reasons for making the effort to attend 
revealed legitimate expectations from a governance arrangement that is meant to be democratic 
and responsive, and ranged from wanting to know about water affairs and other specific matters like 
water releases to expressing their preferences and demands and getting an opportunity to ask 
questions as well as receive information. Even though 48% of households interviewed said that they 
would not stand for elections to the executive, it is significant that an equal number said they would 
in order to make a difference to its functioning.  
 
In conclusion, the issue of governance of flood releases of the Pongolapoort Dam has continued to 
preoccupy the major institutions concerned with this process. But mismatched expectations 
between DWA, as the key regulatory authority, and the WUA as the principal local body in charge, all 
in the context of the latter’s new found statutory status have continued to undermine its operations. 
Further, the wider context of commercialisation of floodplain agriculture has been extremely 
significant in shaping the nature of engagement of key stakeholders with the decision-making 
process of the WUA. These larger trends are reflected at the micro level of the household, with 
respondents expressing dissatisfaction but not disinterest in the WUA process. While there is 
potential for the WUA to take on a broader and more proactive role in floodplain governance, as 
opposed to a more limited concern with the timing of flood releases, this cannot happen until its 
regular operations can be smoothly ensured. Besides, key stakeholders like the Departments of 
Agriculture and Environment need to take a more active interest in the impacts of expanding 
cultivation on the floodplain on the ecosystem more generally. 
 
 

7.4 Results of economic valuation of goods and services 
A summary of the estimated economic values is illustrated in Table 19.  The table outlines the annual 
returns to the main land use in the basin associated with the Pongolapoort Dam and its downstream 
catchment in South Africa.  The assessment only shows consumptive use of food products, water 
and natural products like wild plants and fish. 
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Table 19. Summary of the economic values of land uses in the basin and on the floodplain 

Land uses in the basin and on the 
floodplain 

 

Return on land use per 
hectare per year 

(incomes or non-market 
use values) 

Return on land use 
per year (incomes 
or non-market use 

values) 

Gross margin 
ha/yr (incomes 

less costs) 

Return per m
3
/yr 

used 

Numbers of 
beneficiaries - 

households 

Numbers of 
beneficiaries - 

individuals 

Senekal farms R27,906.93 R97,674,270.00 R4,510.84 R6.98 1,000 6,000 

Dam tourism enterprises R2,989.16 R44,837,411.00 R1,162.62 NA 415 2,489 

Jozini municipality - urban water users 
only 

NA 
 

R4,095,300.00 
NA R2.55 16 254 97,524 

Makhathini flats - irrigated mixed crops R6,986.64 R35,492,146.00 R2,737.18 R0.83 456 2,736 

Floodplain agriculture - rain fed mixed 
crops 

R7,358.18 R95,560,626.00 R3,175.90 R0.32 12,987 77,922 

Floodplain natural products harvesting - 
plants and fish 

R2,273.21 R49,569,691.00 R1,231.56 R0.17 12,987 77,922 

Floodplain cattle  R620.90 R3,539,445.00 R461.75 R0.05 3,896 23,377 

Total value  
 

R340,768,889.00 
  

31,112 186,671 

       Pongola floodplain Values R10,252.00 R158,669,762.00 R4,869.21 R0.53 12,987 

 Natural resource use combined R 2,894.00 R63,109,136.00 R1,693.00 R0.21 12,987 

 Household benefits from the floodplain 
 

R12,218.00 
   

 

 



83 
 

 7.4.1.1 Total incomes derived from water use 
There is a substantial economy associated with the water use of the Pongola River in and around the 
Pongolapoort Dam.  The total value of water use is estimated to be R341 million.  The largest 
incomes are generated by the Senekal farms, and closely followed by the rain-fed agriculture by 
largely subsistence farmers (with a small cash crop component).  Urban water use generates a 
relatively low value due to the use being dominated by domestic consumption, with practically no 
high value commercial or industrial use in and around Jozini town.   
 
On the floodplain itself, the natural products harvesting (some R63 million pa) and floodplain 
agriculture (some R96 million pa) are worth a combined R159 million a year (some 10 times greater 
value than the urban use) or some R12 000 a year for individual households.  A substantial value, 
especially in that the value does not include woodfuel energy.   There are substantial economic 
benefits gained through the use of the floodplain flood recession processes.   
 

7.4.1.2 Gross margins of land uses 
The gross margins per hectare illustrate the incomes less the costs.  This shows the real level of 
benefits to the land users.  At the upper end of the range, well-managed commercial cane farms are 
generating some R4,500 a hectare profit (assuming there are no capital costs for the land). At the 
lower end of the range cattle farming generates the lowest level of profit.  Interestingly, the natural 
products use generates some R1,693 net benefit per hectare to floodplain residents. The 
productivity of the floodplain, in terms of supplying multiple services, is illustrated by the combined 
gross margin of cultivation, natural products harvesting, fishing and stock farming, with a total gross 
value of R4,870 per year.  This exceeds the high end cane production value, and importantly, does 
not have any associated capital costs.  These high values are reflected in the migration of 
settlements to the floodplain.  Local households are clearly aware of these implicit values.   
 
However, a strong incentive for establishing crop lands on the floodplain is that converted lands 
‘privatizes’ the commons to some extent, guaranteeing returns to some floodplain residents.  The 
more conversion, the more benefits accrue to the individual user.  The returns to floodplain resource 
use are some 53% of the floodplain agriculture use, incentivizing land conversion to crops.  As more 
markets develop for agricultural products in the region, local residents are likely to respond with 
increased supply.   
 

7.4.1.3 Returns to water use 
As with gross margins, the returns to water use show a similar pattern, with the Senekal farms 
generating considerable value (some R6.98 per m3). This shows a very effective use of water.  Urban 
users generate value of some R2.55 per m3.  The floodplain users generate much lower benefits per 
unit of water – some R0.53 per m3.   This is due to the fact that while the Senekal farms abstract 14 
000 m3 for cane irrigation, the flood releases from the dam could be some 300 000 million m3.  
Importantly, the Senekal farms’ abstraction for irrigation is for a single use – crop irrigation, with 
some modest return flows to the Mkuze River. On the other hand, the flood releases service all 
households on the floodplain in both South Africa and Mozambique, and may supply between 
twenty to forty ecosystem services to rural households.  In summary, water abstraction by 
individuals generates high returns, while water left in the river system generates large public 
benefits or services, for a substantial fraction of the regional population.  On the other hand, water 
abstraction for domestic use, also supplies large public benefits such as improved health and 
welfare.    
 

7.4.1.4 Number of beneficiaries 
The numbers of beneficiaries using the Pongolapoort Dam basin and downstream river system is 
estimated to be 31 000 households or 187 000 people.  These estimates are probably an 
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underestimate given that they are from the 2001 census, but these are the figures being used by 
local government for the planning and service delivery.  The private use of water benefits about 2 
000 households, or 12 000 people.  These are the Senekal farms, the Makhathini irrigation scheme 
and the dam tourism.  Water abstracted for public use – via the municipal water supply services – 
benefits some 16 000 households or 98 000 people – the largely urban people.  There are some 78 
000 people use undeveloped water sources, such as the rivers, streams, springs and boreholes.   The 
majority of these benefit from accessing the Pongola River resources.   
 
A key consideration in terms of beneficiaries is the Mozambique population.  The numbers of people 
living on the Rio Maputo (the Pongola River changes it name in Mozambique) have not be estimated, 
but from a cursory look at housing and cultivation patterns with Google Earth, the population is 
likely to be substantially less than the population on the South African floodplain.  However, the 
levels of dependence on the floodplain are likely to be much greater, given that there are no transfer 
payments, such as pensions or unemployment benefits, paid to vulnerable households in 
Mozambique.   
 

7.4.1.5 Economic Implications of water allocation and flooding decisions 
Land use on the floodplain is part of a complex social ecological system, where changes to either the 
social variables or the ecological variables can have large impacts on the entire system and the 
associated people, both in South Africa and Mozambique. 
 
There is a large and growing economy associated with the floodplain.  The floodplain generates a 
suite of benefits – such as food security, water security and energy security.  Importantly these 
benefits have practically no capital costs for the users unlike irrigation farming.  These floodplain 
uses also require very little in terms of cash injections, with watering and nutrient applications being 
delivered by the flood system.  There is a paradox in that the flooding maintains the long term 
productivity of a diverse range of ecosystem goods and services with a net high social benefit – as it 
creates a safety net for the poor, in times of economic shocks.  However, the flooding can result in 
crop losses with short term welfare implications.   
 
Flooding regularly recalibrates the use of the floodplain – re-establishing ecological services, 
enhancing public benefits, but pushing back encroaching human settlement.  The exclusion of 
flooding encourages conversion of the floodplain to individual croplands, thereby enabling a 
privatizing of the system, running down the ecosystem services (especially soil moisture and soil 
fertility), and increasing the need for agricultural inputs such as fertilizer and irrigation equipment, 
thereby reducing the safety net role of the floodplain.  The use of the floodplain will become risky – 
as cash is required and resale markets are required if households are to earn good returns from the 
land.  If for some reason, agricultural inputs can’t be purchased, or poor cash crop prices dominate 
the market, or climatic perturbations result in the cash crop failing, then the households have no 
alternatives, as the natural areas will have been converted, with little or no alternative ecosystem 
goods being generated.  In this event, the national government would likely be compelled to finance 
the disaster relief.  Importantly, large and destructive floods will occur in the future as they have 
regularly done so in the past and thus without private insurance, the national government will have 
to play the insurers role.   
 

7.4.1.6 Calculations of total economic value and amounts accruing to poor people 
The hydrological model incorporates the gross revenue data for each economic water use sector 
accounting for changes in land and water use on a seasonal and 10-day basis.   The model expressly 
determines value as gross revenue from either farm-gate prices of goods or from surveys 
determining the within-household usage that replaces goods purchased for consumption.  Our 
modeller argued that gross revenue rather than gross margin should reflect value because of the 
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manner in which costs accrued in raising or producing the good remained for the most part within 
the Pongola economy and thus became a benefit for another person in the vicinity.  (Not all costs 
remain locally generated and attributable, examples include transport to major commercial 
companies, fuel and tax.  A future iteration of the model should try to refine portions of costs that 
flow out of the floodplain). 
 
Tables 20 to 23 provide the results of the economic valuation for the three scenarios.  Table 20 gives 
the values for four sectors below the Pongolapoort Dam on the floodplain, giving an indication of 
how water supports livelihoods in different sectors.  The dramatic increase in revenues in Scenario 3 
is a reflection of large economic impact that a sugarcane project would have within the area – 
although also depressing the economic value of other floodplain activities of mixed agriculture, 
natural resources and fish, and cattle-keeping. 
 
 
Table 20. Revenue value to the poorest in four sectors below the Dam 

Scenario 
Cash project 
Rand/year 

Mixed agric 
Rand/year 

NR & fish 
Rand/year 

Cattle Total 

Sc 1  Unstructured R2,367,123 R4,850,419 R 1,238,343 R5,068,348 R13,524,234 

Sc 2 Strct diverse R7,890,411 R6,687,277 R 1,751,605 R 6,493,531 R22,822,824 

Sc 3 Strct single sect 23,671,233 R3,324,226 R 386,981 R4,873,978 R32,256,418 

 
 
 
 

 

 

 

 

 

 

 

 

 

 

Figure 24. Graph of value of four sectors under three scenarios (Table 20)  

 
 
Table 22 provides the total value of the three scenarios, and contrasts this to the value of that 
ascribed to poor people working in those sectors and then four of the sectors on the floodplain.  
Table 23 provides the percentage changes for this information giving scenarios 2 and 3 compared to 
the baseline scenario.   The results show that a considerable diversion of water to a large sugarcane 
project below the dam (the defining feature of a single sector investment) would result in a doubling 
of economic activity and approximately a doubling of economic provisioning for poor people.   
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Table 21. Percent increase in different sectors over the baseline (unstructured) scenario 

Scenario 
Total value 
Rand/year 

Poverty value 
Rand/year 

Floodplain poverty 
Rand/year 

Sc 1  Unstructured R224,156,279 R31,130,064 R13,524,234 

Sc 2 Strct diverse R294,885,298 R40,428,654 R22,822,824 

Sc 3 Strct single sect R478,877,603 R49,862,248 R32,256,418 

 
 
 

Table 22. Total and poverty-related economic value for water depletion 

Scenario 
Total value 
Rand/year 

Poverty value 
Rand/year 

Floodplain poverty 
Rand/year 

Sc 1  Unstructured R224,156,279 R31,130,064 R13,524,234 

Sc 2 Strct diverse R294,885,298 R40,428,654 R22,822,824 

Sc 3 Strct single sect R478,877,603 R49,862,248 R32,256,418 

 
 
 
Table 23. Percent increase in economic value (total and to poor) 

Scenario Total value Poverty value Floodplain poverty 

Sc 1  Unstructured Baseline Baseline Baseline 

Sc 2 Strct diverse 
32% increase over 

Scenario 1 
30% increase over 

Scenario 1 
69% increase over 

Scenario 1 

Sc 3 Strct single sect 
114% increase over 

Scenario 1 
60% increase over 

Scenario 1 
139% increase over 

Scenario 1 
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Figure 25. Graph of total and poverty-related economic value for water depletion (Table 22) 

 

As discussed earlier, while the economic benefits of a sugarcane project in Scenario 3 are without 
question (although scale and distribution of benefits to poor people have been estimated), PRESPA is 
unable to accurately model the long-term consequences for the ecology of the floodplain as a result 
of large amounts of water reserved for an expansion of formal irrigation, and the resulting 
diminishing resource base for rural subsistence livelihoods. 

 

7.4.1.7 Distribution of economic value within each scenario 
This section presents the results in both tabular and graphic form of the distribution of value 
accruing to each water-use sector within each of the three scenarios. 
 
Results of scenario 1: Unstructured 
Table 24 gives the total value and value to the poorest for Scenario 1 where an ad hoc growth of 
today’s unstructured economy is envisaged.  These proportions of value per sector were graphed as 
pie-charts (Figures 26 to 27).  These show dramatic differences in both total gross revenue and in the 
distribution of that income to poor people living on the floodplain.   Thus the formal commercial 
operations of the dam tourism, Mkuze and Makhathini sugarcane-based farming, plus presence of a 
cash cropping irrigation system on the floodplain all generate sums in excess of 25 million rand per 
year.  All other sectors generate about a fifth of less of this; between 1 and 5 million rand/year.  
 
Also noticeable is that the revenues to the poorest people within the eight water-use sectors are 
more or less within the same order of magnitude; between 1 to 7.5 million rand/year.  This 
distribution is a reflection of a number of factors depending on the sector in question.  For the 
commercial sectors, poor people have low-task, low-skill jobs that are either not well paid or are 
seasonal in nature.  For the rural subsistence sectors it is the total, or high proportion thereof, 
revenue that flows to the poor, but the former is small to start with. 
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Table 24. Value accruing to each sector (Rand/year) Scenario 1: unstructured 

Sector 
Total 

Rand/year 
Poorest 

Rand/year 

Urban R4,095,300 R3,276,240 

Dam tourism R44,837,000 R3,591,000 

Mkuze farms R97,468,000 R3,248,000 

Makhathini R37,452,952 R7,490,590 

Cash master R28,606,981 R2,367,123 

Mixed floodplain R5,389,355 R4,850,419 

NR & fish R1,238,343 R1,238,343 

Cattle R5,068,348 R5,068,348 

 
 

 

 

       Figure 26. Results of scenario 1: Unstructured (Rand/year) 
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Figure 27. Value accruing to poorest within each sector in scenario 1: 
Unstructured (Rand/year) 

 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 28. Value accruing to each sector, total and poorest Scenario 1: Unstructured (Rand/year) 
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Results of scenario 2: Structured diversified  
The results of the second scenario where the economy of the floodplain is balanced between 
maintaining a flow of water to the floodplain (providing two major floods at different times of the 
year) for natural-resource based livelihoods and water for an irrigation system of 5000 ha.  By 
comparing with Scenario 1, it is possible to detect the considerable increase in gross revenue to 
‘cash master’ plus a slight increase in revenues to the other floodplain activities as a result of the 
‘two floods’ that define Scenario 2.   
 
 

Table 25. Value accruing to each sector (Rand/year) Scenario 2: structured diversified 

Sector 
Total 

Rand/year 
Poorest 

Rand/year 

Urban R4,095,300 R3,276,240 

Dam tourism R44,837,000 R3,591,000 

Mkuze farms R97,468,000 R3,248,000 

Makhathini R37,452,952 R7,490,590 

Cash master R95,356,603 R7,890,411 

Mixed floodplain R7,430,308 R6,687,277 

NR & fish R1,751,605 R1,751,605 

Cattle R6,493,531 R6,493,531 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 29. Results of scenario 2: Structured diversified (Rand/year) 
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Figure 30. Economic value of water to poorest, Scenario 2: structured diversified (Rand/year) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 31. Value accruing to each sector, total and poorest Scenario 2: Structured diversified (Rand/year) 
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Results of scenario 3: Structured single sector  
In this sector, the lack of managed floods to generate flood-dependent production diminishes the 
scale of associated livelihoods – instead giving rise to a far greater economic boost from the 15 000 
ha system defined by the Agricultural master plan to which water is allocated.  Nevertheless, there 
remain some floodplain-related activities because in this scenario a maintenance flow of 12 m3/s is 
provided down the river for minor pan filling and abstraction by small irrigation pumps. Table 26 and 
Figures 32 – 34 present the economic values calculated for this scenario, including the total value 
and that which is ascribed to the poorest. Notable is the considerable increase in the total value 
under the cash crop master plan project and its resulting impact on incomes to the poorest via 
employment and possible farm ownership.  
  

Table 26. Results of scenario 3: structured single sector 

Sector 
Total 

Rand/year 
Poorest 

Rand/year 

Urban R4,095,300 R3,276,240 

Dam tourism R44,837,000 R3,591,000 

Mkuze farms R97,468,000 R3,248,000 

Makhathini R37,452,952 R7,490,590 

Cash master R286,069,808 R23,671,233 

Mixed floodplain R3,693,584 R3,324,226 

NR & fish R386,981 R386,981 

Cattle R4,873,978 R4,873,978 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 32. Results of scenario 3: Structured single sector (Rand/year) 
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Figure 33. Distribution of poverty benefits of scenario 3: Structured single sector (Rand/year) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 34. Value accruing to each sector, total and poorest (Rand/year) Scenario 3: single sector 
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7.5 Key principles of hydrology 
 

7.5.1 Water use by sector 
There are several ways of showing water use by sector and for the purposes of simplicity these have 
been divided into a) an annual regime method and b) via annualized usage, using pie charts.  These 
are taken in order. 
 
Hydrographic regime  
Under the hydrographic regime method, water consumption patterns for each of the 8 water use 
sectors are provided in Figures 35 to 37.  The following observations apply to these results: 

• It has proved difficult to draw both the water supply regime and the water demand curves 
within the same graph – although the choice of graph here presents what seems to be a 
good choice giving logarithmic axes where required and the use of two Y-axes, the left hand 
for the demand curves and the right hand Y-axis for the supply curve. 

• The supply curve is not the hydrograph of the river prior to entry into the Pongolapoort 
Dam, but instead it gives the release pattern subject to decisions regarding the management 
of floods. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 
Figure 35. Hydrographic regime analysis of water consumption in Scenario 1 

 

 
Figure 36 clearly shows the two flood peaks in October and March of each year, the defining feature 
of Scenario 2 which attempts to provide water for commercial activities and for ecosystem 
functioning.  Figure 37 (without log axes) shows a much lower and more steady release flow of 12 
m3/s and the greater depletion of water by the ‘cash master plan’ project set at 15 000 ha. 
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Figure 36. Hydrographic regime analysis of water consumption in Scenario 2 
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Figure 37. Hydrographic regime analysis of water consumption in Scenario 3 (not log scale) 

 
 
 
Annualized usage 
Table 27 provides the water consumption by sector for the three selected scenarios.  This shows that 
volumetrically most (approximately 65%) water is passed to Mozambique during the main flood 
period.  However moving from the unstructured to diversified to single sector scenarios more water 
is diverted to and depleted from the ‘Cash Master Plan’ project where the area under sugarcane is 
progressively increased.  This leads to less water for the floodplain as lower floods are expected.   
 
The pie-charts for the figures given in Table 27 are given in Figures 38 to 40, and again clearly depict 
the relative volumes of water consumed by each of the eight water-use sectors.   
 
It is worth reiterating that the ‘surplus’ volume that passes down to Mozambique provides 
important water provision functions to generate the areas flooded on the floodplain, and that the 
pie-chart segments for the natural resource, fish, mixed agriculture and cattle are instead the net 
amount depleted from evaporation and non-returned seepage. This considerable difference in water 
requirement (nearly an order of 100) provides evidence for a discussion around whether the 
ecosystem benefits of flooding could be generated by the specific control of flows on the wetland via 
the introduction of further infrastructure to control and place water where required.   This debate is 
picked up in section 7.5.2 below.  
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Table 27. Depletion of water per sector for three scenarios (million m
3
) 

Sector 
Sc1 

Unstructured 
Sc 2 

Strct diverse 
Sc 3 

Strct single sect 

Urban 1.6 1.6 1.6 

Dam tourism 256.2 256.3 256.3 

Mkuze farms 41.4 41.4 41.4 

Makhathini 51.4 43.1 51.4 

Cash master 26.9 89.7 269.1 

Mixed floodplain 6.5 8.6 5.7 

NR & fish 7.2 6.2 4.5 

Cattle 7.9 4.2 5.0 

Surplus 665.0 613.1 429.2 

 

1064.2 1064.2 1064.2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 38. Water demand results of scenario 1: Unstructured 
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Figure 39. Water demand results of scenario 2: Structured diversified 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 40. Water demand results of scenario 3: Structured single sector 
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7.5.2 The value of water 
The economic value of water depletion for each sector can be calculated by simple division of the 
gross revenue by the volume of water consumed giving the results in Table 28 in Rands per cubic 
metre.   These compare favourably to findings in the literature of between 0.1 to 0.3 Rands per cubic 
metre for similar production. The highest values are generated in the urban and Mkuze sugarcane 
sectors.  The value of water for mixed floodplain agriculture, natural resources, fish and cattle is 
much lower because of the combined effects of both greater volumes of water used in creating the 
floods that sustain those uses and the lower monetary value of the goods produced. 
 
 

Table 28. Value of water in each sector, plus average, in Rands and in Dollars 

Sector 
Sc 1  

Unstructured 
Sc 2 Strct 
diverse 

Sc 3 Strct 
single sect 

Average 
R/m

3
 

Average  
US$/m

3
 

Urban 2.55 2.55 2.55 2.55 0.338 

Dam tourism 0.15 0.15 0.15 0.15 0.020 

Mkuze 2.81 2.81 2.81 2.81 0.372 

Makhathini 0.95 0.95 0.95 0.95 0.126 

Agric cash master plan 1.23 1.23 1.23 1.23 0.162 

Mixed floodplain 0.85 0.91 0.57 0.78 0.103 

NR & fish  0.17 0.17 0.08 0.14 0.018 

Cattle 1.49 1.77 1.87 1.71 0.226 
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8 IMPLICATIONS OF SCENARIOS FOR MANAGEMENT AND POVERTY ON THE 
FLOODPLAIN  

 
The impacts and implications of each of the 3 scenarios are considered and presented below. 
 
 

8.1 Impacts and implications of the unstructured diversified scenario 
 
 
 
 
 
 
 
 
 

8.1.1 Changes to functional cover classes and ecosystem services 
As described above, low levels of governance are likely to affect the flow releases from the dam 
which may become sporadic and ecologically insensitive, with proper flooding of the floodplain 
curtailed. This would in turn affect the provision of ecosystem services including the functional cover 
classes that have been measured in this project, in a number of ways. The Cyperus - Echinochloa 
community is likely to dry out and shift towards a grass dominated community. The open water and 
mudflats components are likely to decrease while the shrub-tree community is likely to increase as 
the floodplain becomes more terrestrial in nature. 
 
Human population numbers are likely to increase and the lack of governance may result in three key 
impacts: 

• Increased and uncontrolled settlement 
• Increased and uncontrolled agricultural expansion including cultivated lands and livestock 

numbers 
• Increased and uncontrolled use and harvesting of natural resources 

 
These increased anthropogenic impacts might affect the functional cover classes in a number of 
ways. The settlement cover class is likely to increase. Although settlement usually takes place off the 
floodplain, the lack of regular floods and lower levels of flow may enable more people to settle on 
the floodplain itself. The area under cultivation would follow a similar trend, probably increasing 
dramatically as more land which was previously prone to flooding becomes accessible. 
Consequently, large areas of Cyperus and grass would be cleared to make way for this cultivation.  
 
The increasing population may also result in increased cattle numbers. The floodplain vegetation 
provides an important source of forage during the winter months. It is likely that the Echinochloa 
and Cynodon communities could be reduced through grazing pressure.  The increased use and 
uncontrolled harvesting of natural resources is likely to result in a decrease in the Phragmites and 
Cyperus communities. Certain species in the grass community are also likely to be used extensively 
resulting in a decrease in these particular species rather than a change in the overall community.  
The anticipated changes to the functional cover classes and associated ecosystem services are 
summarised in Tables 29 and 30 respectively. 
 
 
 
 

• Low or ineffective levels of governance

• Freedom to develop as desired

• Water releases variable and on demand by various 
players

Unstructured 
Diversified 
Economy
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Table 29. Anticipated changes to functional cover classes under the 
unstructured diversified scenario 

Functional cover class Anticipated change 

Terrestrial grass community Decrease 

Terrestrial tree community Decrease  

Shrub/Tree community Increase 

Grass community Decrease 

Cyperus community Decrease 

Phragmites community Decrease 

Mud flats Decrease 

Open water Decrease 

Cultivated land Increase 

Settlement Marginal increase 

 
 
 
Table 30. Anticipated changes to the ecosystem services under the unstructured diversified scenario 

Unstructured diversified 
Ecosystem services 
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8.1.2 Livelihood trajectories and trade-offs: Implications of an unstructured 
diversified economy for equity and risk on the floodplain 

It is probable that the people associated with the floodplain would live in a more vulnerable state 
where they may benefit in the short term or may also risk losing everything that they have. The 

 
No change in service 

  
Decrease in service 

  
Increase in service 

     
 
*Light shades indicate a moderate supply of a service by a particular cover class while dark shades indicate a high supply of a service by a 
particular cover class. 
** Note: There may be other provisioning, regulating, supporting and cultural services associated with the floodplain which are not 
considered here. 
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gradual deterioration of ecosystem services resulting from this scenario would however likely create 
the impression that it is the norm and most people would accept it and do their best to cope. 
 
Cultivation of crops would be unpredictable as it could never be guaranteed when the floods would 
arrive. Poor governance of the flood releases would translate into uncertainty about when a release 
would or should be made. In the natural state (before the construction of the Dam) there would also 
have been a level of uncertainty, but the local people would have relied on indigenous knowledge 
about when floods could be expected because of the seasons, which they had developed over 
decades. However since the advent of the Dam, indigenous knowledge about flooding seasons is no 
longer applicable as floods are now largely determined by external decisions. Local people therefore 
become dependent on advance warnings from the authorities on when to expect the floods. If the 
advance warning is not adequately broadcast the people on the floodplain have no way of knowing 
when the flood releases will occur. The risk of crop loss is therefore a function of governance and the 
effectiveness of broadcasting of information. As the unstructured diversified economy scenario is 
characterized by weak governance, this means that there is a high likelihood of frequent losses from 
unannounced floods which would escalate poverty on the floodplain. 
 
Perceptions about the ability to use the Dam to attenuate and control floods would also encourage 
local people, pressured by increased competition for space associated with population growth, to 
encroach into the higher flood risk areas of the floodplain closer to the River. However the low levels 
of governance associated with this scenario would reduce the ability of the authorities to effectively 
manage the Dam to effectively attenuate natural floods and control flood releases to minimize 
losses on the floodplain. In effect the risk of people losing their crops and access to natural resources 
on the floodplain would be escalated, and this would exacerbate the impacts of poverty on local 
households. As a result the most risk-averse people end up being placed in a very high risk situation. 
 
Poor environmental management on the floodplain would result in a diminution of most floodplain 
ecosystem services and deterioration in the quality and quantity of natural resources harvested by 
local households, in particular the fish and vegetation resources. This would result in increased 
stresses being placed on households as they experience increasing shortages and deprivation, as 
well as increasing need to spend scarce cash reserves to purchase alternative resources historically 
harvested cost free from the floodplain. The consequence of this decreased reliance on floodplain 
resources would likely be a decreased prioritisation of the natural resources by local households and 
increased dependence on agricultural activities to generate more cash in order to purchase the 
alternatives. This devaluation of the natural resources and increased relative valuation of agriculture 
would induce the local households, as well as authorities responsible for governance, to manage the 
floodplain and flood releases in favour of agricultural production (e.g. timing and volumes of water 
releases) and trade this off against management for the conservation of the natural functions and 
ecosystem services on the floodplain.  
 
In the short term this approach may appear to address the challenges of poverty alleviation however 
in the long term it could compromise the functioning of the ecosystem and the generation of the 
range of services which support the livelihoods. This would undermine the provisioning services and 
the benefits generated through agricultural production and natural resource harvesting. A 
weakening of regulatory and supporting services could also in the long term undermine the 
agricultural productivity of the floodplain, and reduced yields would lead to increasing household 
food insecurity. Erosion of cultural services from the floodplain, for example an inability to practice 
cultural and recreational traditions such as isifonya might erode the community’s social cohesion.  
 
In this scenario, the safety net supporting poor local households who are reliant on the ecosystem 
would be weakened and there would be widespread increase in poverty. The exception may be 
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those who are able to garner most of the ecosystem services from the floodplain to suit themselves, 
e.g. the rural elite, such as increasing their land holdings and maximizing the commercial cultivation 
operations on the floodplain.  
 

8.1.3 Condition and trends related to the hydrology and dam management 
Under this ‘status quo’ scenario the dam is managed much as it is now – that is in ways that are seen 
to be deleterious to full ecological functioning of the floodplain and to livelihoods across many 
sectors.  This means that the main flood releases take place in late Winter/early Summer in 
approximately September or October, which is prior to period that should ordinarily be a natural 
flood, and therefore discordant with other biological signals that initiate animal and vegetative 
growth such as higher temperature.  A second flood release may be possible later in the summer 
dependent upon the levels of water in the Pongolapoort Dam, but is often of a smaller peak flow and 
has insufficient volume to flood pans and hollows to the required depth.  Another feature in recent 
times has been that this flood event has been criticised by local people on the plain for not having 
been forewarned by sufficient notice from the authorities or better still timed with the agreed 
sanction of a wider group of stakeholders.   
 
The PRESPA project believes that under this continuing flood regime there will be further loss of key 
riverine vegetation and increasing vulnerability experienced by local people as they attempt to 
cultivate more of the floodplain – remaining susceptible to large unforeseen events as a function of 
natural upstream rainfall variability.  
 
Under this scenario, a limited change on today’s institutional framework or schedule of meetings is 
envisaged.  In other words, an ad hoc approach to full stakeholder engagement is likely leading 
ultimately to insufficient engagement with the question of how to manage the Pongola catchment. 
 

8.1.4 Governance 
This scenario would signal deterioration from the present arrangement where there is an agreement 
between different stakeholders to coordinate flood releases, although the resulting arrangement is 
biased towards commercial agriculturists and there are concerns for the health of natural resources, 
fish life and so on in the river.  

 A totally “unstructured” economy would probably be accompanied by an aggressive pursuit 
of short term gains via commercialization of agriculture on the floodplain without any 
coordination of needs or demands, since there is a very strong inclination amongst 
floodplain farmers towards building better links with markets and growing commercial 
crops. There is already a clear resentment on the part of floodplain farmers that officials 
from the Department of Agriculture show little interest in their prospects for 
commercialization. But farmers would find it difficult to make this transition to commercial 
agriculture since there would no system for regulation of flood releases and the lack of 
certainty would mean that those who are richer, with better developed capacities for 
commercialized agriculture would benefit unduly from whatever arrangement develops. 

 An unstructured scenario might allow uncoordinated commercialization (as explained 
above), which could harm the ecological functioning of the Pongola ecosystem.  

 There would be a dramatic rise in conflicts between different stakeholders: for example 
between upstream game lodge owners and downstream farmers, and cotton and sugarcane 
growers. It would imply a reversal to the period in the early 1980s, before the formation of 
the informal water committees when farmers’ activities were marked by conflicts fuelled by 
uncertainty. The difference would be that many of these conflicts would be intensified given 
the advancements in commercialization and also be the perceived ability to regulate the 
flow of resources (floods). 
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 Relationships between local communities and key government departments would 
deteriorate as well. Even if there is no governance system for managing flood releases, 
Departments of Agriculture, Water Affairs, Environment and Health would continue to 
implement a range of other activities on the floodplain and the Makhathini flats, but would 
find their work much more challenging. It would be difficult for example for water affairs 
officials to explain the implications of this ‘unstructured’ situation to irate farmers who 
would inevitably express their discontent to state officials.  

 There would be a further deterioration in inter-departmental coordination. Even at present 
the institutional arrangements for the governance of the flood releases envisage committed 
multi-stakeholder involvement in a common forum (the Management Committee of the 
Water Users’ Association), but the different stakeholders have not necessarily devoted 
themselves to working together. Without the need for any coordination, as an unstructured 
scenario would imply, there would be a decline in the quality of inter-governmental linkages, 
coordination and working, which is a desirable governance objective even beyond the 
particular issues to do with the floodplain. 

 
 

8.2 Impacts and implications of the structured diversified scenario 
 
 
 
 
 
 
 
 
 
 

8.2.1 Changes to functional cover classes and ecosystem services 
The structured diversified scenario enables flows from the dam and anthropogenic activities on the 
floodplain to be regulated. Managed flows would enable the maintenance of the Cyperus - 
Echinochloa community although it is likely that some drying out could be expected shifting this 
community to a grass rather than Cyperus dominated community. However, this shift would not be 
as dramatic as in the unstructured scenario with some Cyperus still persisting. The open water and 
mud flats cover class may decrease from that of baseline but these areas would still form an 
important part of the floodplain system. 
 
Anthropogenic impacts are similar to those in the unstructured scenario as population numbers are 
still likely to rise. However, scheduled releases will prevent extensive settlement and cultivation on 
the floodplain. Regular floods will also afford some of the vegetation, particularly the grass 
community, protection from overgrazing as these communities will not be accessible to livestock 
during flood periods which should coincide with the growing season. Elevated numbers of people 
will still increase pressures on natural resources and result in a reduction in the Phragmites 
community. 
 
The anticipated changes to the functional cover classes and associated ecosystem services are 
summarised in Tables 31 and 32 respectively. 
 
 
 
 

• Good governance and balance between sectors

• Close control of developments to ensure diverse 
range of land use coupled with maintenance of the 
floodplain

• Water releases optimised to suite a range of users

Structured 
Diversified 
Economy
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Table 31. Anticipated changes to functional cover classes under the structured diversified scenario 

Functional cover class Anticipated change 

Terrestrial grass community  Decrease 

Terrestrial tree community No change 

Shrub/Tree community Marginal increase 

Grass community Marginal increase 

Cyperus community Marginal decrease 

Phragmites community Decrease 

Mud flats Marginal decrease 

Open water Marginal decrease 

Cultivated land Increase 

Settlement Increase 

 

 

 

Table 32. Anticipated changes to the ecosystem services under the structured diversified scenario 

Structured diversified 
Ecosystem services 

Provisioning Regulating and Supporting Cultural 
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Terrestrial grass community              

Terrestrial tree community              

Shrub/Tree community              

Grass community              

Cyperus community              

Phragmites community              

Mud flats              

Open water              

Cultivated land              

Settlement              

Overall 
 

    

       
 

 

 
8.2.2 Livelihood trajectories and trade-offs: Implications of the structured diversified 

economy scenario for equity and risk on the floodplain 
 
While there would be agriculture practiced on the floodplain, this would only involve crops with 
growing seasons that accommodate flood releases according to the natural hydrograph (i.e. bi-
annual releases in Spring and Summer). The bi-annual flood releases would be key to sustaining the 

 
No change in service 

  
Decrease in service 

  
Increase in service 

     
*Light shades indicate a moderate supply of a service by a particular cover class while dark shades indicate a high supply of a service by a 
particular cover class. 
** Note: There may be other provisioning, regulating, supporting and cultural services associated with the floodplain which are not 
considered here. 
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diversified economy, together with a strong governance system that maintains the balance between 
(i) the requirements of the ecosystem, (ii) the needs of various water users on the floodplain, and 
(iii) the needs of water users above and below the Pongolapoort Dam. 
 
Agricultural crops that cannot be maintained on the floodplain with Spring and Summer flood 
releases (i.e. crops such as sugarcane, maize and cotton that have extended growing cycles) would 
be accommodated off the floodplain in organized irrigation schemes. These irrigation schemes 
would be sustained with water allocations delivered via canal systems, either gravity fed directly 
from the Dam or pumped from the River. These irrigation schemes would accommodate the largely 
commercial cultivation operations while short rotation subsistence cropping could still be 
accommodated on the floodplain between the flood releases. These areas would be carefully 
planned and managed to ensure that there are no negative impacts on the natural functioning of the 
floodplain, e.g. erosion, siltation of pans, pollution by pesticides. 
 
The protection of the natural ecosystem functioning and floodplain habitats would ensure the 
provision of refugia and habitats to support the rich biodiversity of the floodplain. This biodiversity in 
turn would support two livelihood strategies of local households: 

 Sustainable harvesting of natural resources such as fish, fruits and foods, thatch grass and 
reeds, for direct consumption by the household as well as sale of small surpluses. The 
effective governance associated with this scenario ensures that distribution of these benefits 
if equitable and harvesting levels are sustainable. 

 The well managed natural environment and rich biodiversity might enhance tourism 
opportunities on the floodplain. The re-establishment of impressive natural events such as 
the migration and visits from large flocks of waterfowl to the larger pans on the floodplain 
attracts tourist interest and creates the opportunity of enterprises that would generate jobs 
and incomes for local people. This commercial non-consumptive use of the floodplain in turn 
enhances the perceived value of the natural environment which increases the incentive for 
management that protects the ecosystem functions.  

 
Under this scenario, the careful management of the natural environment maintains the water 
quality and condition of locations that are important for cultural services such as baptism sites, 
traditional practices such as isifonya, and recreational activities such as fishing and swimming.21 This 
helps to maintain the social cohesion and sense of community (ubuntu). This social cohesion 
provides important social safety nets in times of stress (e.g. drought, financial loss or personal 
misfortune) in the form of community support for the particularly vulnerable households and 
prevents them from becoming even more marginalized and deprived. Strong cultural services and 
traditional practices in the area also enhance the tourist appeal of the area and strengthen the 
viability of tourism operations.  
 
The diversity of the economy and the complimentary way the various sectors are managed helps to 
address poverty in two ways: 

 It provides income generation opportunities (on and off the floodplain) associated with 
more than just agriculture, which maximizes earning and employment potential for local 
households. This helps to address the financial challenges associated with poverty. 

 It enhances non-consumptive and non-commercial opportunities for local households and 
addresses some of the non-financial aspects of poverty such as culture, religion, social 
cohesion, etc.  

  

                                                           
21

 Table 32 (Section 8.3.1) illustrates a deterioration in reeds which are an important contribution for the cultural practice 
of the annual reed dance. While this aspect of the cultural services is negatively affected, the cultural ecosystem services as 
a whole are enhanced in the structured diversified economy scenario. 
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The diversified economy is also more robust and resilient to shocks, which reduces the vulnerability 
of the local households: 

 While agriculture would remain the key commercial operation in the area, tourism related 
activities and sustainable resource harvesting activities provide alternatives that help to 
supplement household incomes as well as buffer them during times of hardship such as 
drought or outbreaks of crop diseases which might cause their crops may fail. 

 Natural resources from the floodplain harvested for direct consumption by households 
provides alternatives to supplement what they can produce for themselves from small fields 
on the floodplain. These alternatives improve the financial resilience of the households’ by 
negating the need to spend incomes on purchasing commercial alternatives. 

 Increased commercial opportunities (e.g. tourism and commercial agriculture off the 
floodplain) increases local employment opportunities. This helps some households to 
diversify their income streams by members working in their own fields or harvesting 
floodplain resources while others find employment with local commercial operations. This 
adds to the resilience of the household to the impacts of poverty. 

 
In this structured diversified economy scenario trade-offs are carefully balanced and managed in an 
equitable manner. The effective governance system ensures that the voices of the poorest and most 
vulnerable members of the community are still heard and their needs considered.  In addition, there 
is a careful balance between the maintenance of benefits from provisioning services with those from 
regulating, supporting and cultural services. Where trade-offs need to be made (e.g. no cultivation of 
commercial crops such as sugarcane on the floodplain), alternatives are implemented (e.g. 
development of irrigation schemes off the floodplain) to establish a win-win situation and maximize 
the potential of the area as a whole, not just harness the potential of the floodplain. 
 
This rich blend of commercial versus non-commercial, consumptive versus non-consumptive and 
enterprise versus subsistence utilisation of the floodplain’s ecosystem services most holistically 
addresses the complex challenges associated with poverty. The success is reliant on an integrative 
and co-operative inclusive approach to effective governance with clearly defined objectives. 
  

8.2.3 Condition and trends related to the hydrology and dam management 
Because this scenario attempts to strike a balance between environmental sustainability and 
economic development, the flood regime is accordingly managed.  Thus, natural variability of 
droughts and unseasonal rain notwithstanding, two flood events take place, one in early summer, 
approximately October and the other in a late summer period defined by local stakeholders, but 
possibly March.   Critically, the peak and duration of the flood, and the manner in which flows are 
stepped up and down to and from the peak flow, are managed in ways that attempt to very 
purposively strike a balance between releasing water for environmental benefits and retaining water 
in the dam to provide for non-floodplain livelihoods.   
 
Moreover, it is under this scenario that ideas of enhanced control of water on the floodplain would 
be discussed and possibly tested.  In other words, the depths of water and water placement are 
managed via implementing a designed array of check-gates, weirs and conduits.   If successful under 
test conditions, examining areas flooded and benefits gained for volumes used, then further 
infrastructure might be warranted.  
 
Clearly, this scenario, with its more purposive timing, volume and subsequent downstream control 
of floodwaters would rely on new or strengthened and successful institutional arrangements. 
Probably best described as a ‘catchment management association’ made up of representatives of 
the eight water use sectors (and other interested parties), this organisation would determine how 
best to manage the Pongolapoort waters. 
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8.2.4 Governance 
The wide acceptability of the structured diversified scenario (by PRESPA’s November workshop’s 
respondents) is  unsurprising because it essentially points to an extension of what is currently 
happening, but with the correction or removal of the inconveniences and incongruities of the 
present arrangements. Yet it is difficult to imagine the plausibility of this scenario from a governance 
perspective, since it assumes that fundamental contradictions (as between commercial agriculturists 
on the floodplain and ecologists) would have been reconciled within a consensual governance 
scenario. This is a word of caution to be read alongside the ensuing depiction of such an 
arrangement. In an ideal world, the governance arrangements for a structured diversified economy 
to work effectively would have some of the following components: 

 Greater attention to the pursuit of commercial agriculture off the floodplain by the 
Department of Agriculture, and discouragement of commercial agriculture on the floodplain 
itself. With better facilities and resources provided to farmers in cultivating for cash off the 
floodplain, farmers would be able to see the point of restricting floodplain cultivation to 
subsistence farming alone. This would in turn enrich the ecosystem and improve the 
availability of other natural resources from the river. 

 A better understanding between the Departments of Environment, Agriculture and Water 
Affairs, engaging with each other more constructively than the present circumstances. 

 A more proactively engaged water users’ association would see its committee work more 
broadly towards the ‘economic efficiency and environmental integrity of the flood plain 
area’ rather than being caught in more narrow disputes around the timing the flood releases 
alone. 

 
But admittedly, the downside is that such an optimal governance arrangement may be difficult to 
create and the demands of consultation would be too onerous to bear by the concerned institutions. 
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8.3 Structured single sector scenario 
 

 
 

 

8.3.1 Changes to functional cover classes and ecosystem services 
In this scenario, where a single sector (probably agriculture) dominates, increased populations would 
apply similar pressures to those exhibited in the other two scenarios although the domination by 
agriculture would ensure that the nature of settlements was less inclined to subsistence. Increasing 
population is likely to increase pressure on harvestable natural resources although this pressure may 
not be as great as in the unstructured scenario as community members would possibly have an 
alternative source of income from the floodplain agriculture.   
 
Flooding would be managed in favour of a particular agricultural venture. Agriculture would take 
place both on and off the floodplain. Off the floodplain a single or a number of new irrigation 
systems would be established with the purpose of cultivating sugarcane (in the modelling exercise 
this features as a 15 000 ha cash cropping project) requiring the necessary diversion and depletion of 
water.  On the floodplain, land would be converted to a mixed mosaic of subsistence and 
commercial crops.  The lack of major artificial flood releases offers the opportunity to encroach 
down to the river.  The combined effects of land conversion and reduced volumes of water would 
result in a significant decrease in the terrestrial grass component, terrestrial tree component, grass 
community and Cyperus community. However, the shrub-tree community would possibly increase as 
previous wetlands become terrestrial in nature.  
 
The anticipated changes to the functional cover classes and associated ecosystem services are 
summarised in Tables 33 and 34 respectively. 
 
 

Table 33. Anticipated changes to functional cover classes under the structured single sector scenario 

Functional cover class Anticipated change 

Terrestrial grass community Decrease 

Terrestrial tree community Decrease  

Shrub/Tree community Increase 

Grass community Decrease 

Cyperus community Decrease 

Phragmites community Decrease 

Mud flats Decrease 

Open water Decrease 

Cultivated land Increase 

Settlement No change 

 
 
 
 
 

• Single sector (e.g. agriculture) dominates 
developments

• Floodplain ecosystem ignored

• Water releases to suit a single sector - flooding 
minimised

• Strong governance

Structured 
Single-sector 

Economy
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Table 34. Anticipated changes to the ecosystem services under the structured single sector scenario 

Structured single sector 
Ecosystem services 

Provisioning Regulating and Supporting Cultural 

Cover classes 
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Terrestrial grass community              

Terrestrial tree community              

Shrub/Tree community              

Grass community              

Cyperus community              

Phragmites community              

Mud flats              

Open water              

Cultivated land              

Settlement              

Overall 
            

 

 
 
 

8.3.2 Livelihood trajectories and trade-offs: Implications of the structured single 
sector economy scenario for equity and risk on the floodplain 

 

Agricultural activities would dominate land and water use both on and off the floodplain. 
Agricultural production would become increasingly commercial where the focus is predominantly 
the generation of surplus crops to sell as a way of maximising cash incomes. The status quo of 
current agricultural practices would be reversed with relatively small quantities of crops produced by 
households being kept by the household for consumption and the majority being sold to fund 
household activities. 
 
Commonage and shared natural resources (e.g. grazing, water lilies from pans, fruits, reeds and 
thatch) would be lost with the transformation and allocation of all land to households for farming. 
The land allocations would start to mirror the land allocations on the Makhathini Irrigation Scheme 
(closer to the Dam and off the floodplain) with ‘wall-to-wall’ fields across the floodplain. These fields 
would stretch from the edge of the floodplain right to the banks of the River because flooding risks 
would be minimised due to a well structured and implemented flood release programme, aimed to 
protect the agricultural activities. Households would rely on the cash incomes to purchase 
alternatives to replace all resources previously harvested ‘cost free’ from the floodplain, which are 
no longer available because of the management of the floodplain for agriculture.  
 

 
No change in service 

  
Decrease in service 

  
Increase in service 

     
  
*Light shades indicate a moderate supply of a service by a particular cover class while dark shades indicate a high supply of a service by a 
particular cover class. 
** Note: There may be other provisioning, regulating, supporting and cultural services associated with the floodplain which are not 
considered here 
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The lack of flooding of the floodplain would eliminate the services related to nutrient cycling, soil 
conditioning and watering of the soil, and farmers would therefore need to start fertilizing the soil to 
maintain production levels and yields, and irrigating their fields for most of the year.  Irrigation water 
would be conveyed by canals.  Salination of the soil would be an ever present threat and would need 
to be managed by flushing with larger quantities of water from the Dam. As a result, in the long term 
production costs would escalate and net returns or profits would start to shrink. It is possible this 
would strengthen the position of the ‘rural elite’ who could buy-out the smaller farmers whose 
operations become more marginal as production costs increase. Increasingly, individual small-scale 
farmer system would be replaced by the commercial larger scale operations. The small scale farmers 
who sell out would need to start selling their labour to the larger operations in order to earn 
incomes to support themselves.  
 
Most of the indigenous fruits and foods provided by the floodplain system would have disappeared, 
including the fish and water lilies and chestnuts from the pans.  Household wages would now need 
to be used to purchase all domestic requirements as harvesting of free resources from the floodplain 
would no longer be an alternative.  
  
It is possible to conjecture that the increased short-term productivity and associated perceptions of 
the agricultural value of the floodplain would also encourage the trade in field allocations on the 
floodplain, with relatively wealthy people (both from surrounding areas as well as outside of the 
immediate area) using their influence and wealth to secure highly productive farm land on the 
floodplain. Poor households would be tempted to ‘sell’ their land allocations, due to the appeal of 
short term financial benefit. However in the long term, when their financial injection from the sale of 
their land is spent, they would need to rely on finding work with the large scale farmers in order to 
earn incomes to support themselves. Alternatively they would emigrate from the area to towns or 
areas where they think they would have a better chance of finding work. This increasing dependency 
on wages would likely result in an escalation of poverty levels in the medium to long term as 
employment opportunities would be limited and minimum wages for farm workers would provide 
an very limited cash income for supporting large households. 
 
While the flood releases from the Pongolapoort Dam would be well regulated to protect the farming 
operations on the floodplain, there is no way that the authorities can guarantee that a large natural 
flood will always be attenuated by the Dam. Over-spilling of the Dam by a natural and unscheduled 
flood would have devastating impacts on the farmers downstream who have encroached ever closer 
to the river and invested in farming operations. Therefore while returns from these floodplain farms 
would potentially be high, the risks of losses from natural flood events might equally be high. Poor 
people are inherently risk averse, yet the allure of increased incomes from these agricultural 
activities on the floodplain would be perceived as a way to lift them out of poverty. The perceived 
guarantee of the governance structures to attenuate floods and schedule flood releases to promote 
farming would be seen as a safety net by the poor. However when the safety net fails and a 
devastating flood that cannot be attenuated by the Dam occurs, the losses to the downstream 
households would possibly be devastating. Not only would the farmers lose their incomes and 
investments, but all those employed by the farmers would also lose their only source of income. 
There would be no alternative floodplain resources to turn to in order to support themselves while 
they try to re-establish their farming operations. 
 
Governance to promote a single sector agricultural economy on the floodplain would result in 
maximization of a very narrow band of provisioning (i.e. agricultural production) and regulatory (i.e. 
flood regulation and attenuation) ecosystem services from the floodplain. This narrow focus would 
compromise the long term potential of the supporting (e.g. biodiversity, nutrient cycling and soil 
formation) and cultural services (e.g. religion, traditional and recreation activities), as well as the 
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wider range of provisioning (e.g. natural resource production) and regulatory services (e.g. carbon 
storage, disease control). While short term cash incomes from agriculture may be increased, long 
term poverty would likely be entrenched for the vast majority of the local households.  
 

8.3.3 Condition and trends related to the hydrology and dam management 
In this scenario, by definition, the release of water from the dam is allocated towards a future 
sugarcane project, leaving volumetrically far less for possible ecologically targeted flows.  In the 
model it was suggested that no flood would be possible, instead a ‘flat’ 12 m3/s was released to 
provide water for a smaller range of pans and for livelihood and downstream needs.  While this may 
not be wholly accurate (intended as a modelling exercise as one of three tested release regimes), the 
risk is that water is increasingly allocated towards consumptive agriculture, both on and off the 
floodplain beneath and above the dam.  Without an attempt at secondary control and adjustments 
of river water to ‘stretch’ water to various pans and swamps, this scenario depicts a future where 
ecosystems services come under the greatest threat.  Under such circumstances, flood events would 
not be annual, but instead would be the result of infrequent though natural ‘extreme’ rainfall 
patterns.  Whether or not this results in a floodplain society that becomes ill-prepared for floods is a 
mute point because this depends on other factors, but PRESPA believes that on current evidence the 
trend would be towards a collective understanding that floods should and can be controlled. 
 

8.3.4 Governance 
This scenario would imply the formal recognition of commercialized agriculture as a comprehensive 
livelihoods-strategy by the major stakeholders involved in the governance of the Pongola floodplain, 
and the clear undermining of ecological interests leading to further marginalization of the 
Department of Environment within the management system.  Other governance concerns include: 

 The preoccupation of the management committee would be to reconcile the demands of 
the major commercial lobbies, which are at present the sugarcane and cotton growers. 
Although many subsistence farmers can organize their cropping within the ensuing flood 
release regime, their production systems might possibly be disproportionately undermined 
by the potential damage caused to the health of the ecosystem (as such a scenario would 
neglect ecological considerations in the flooding regime). 

 The Department of Agriculture would play a much stronger role in the management 
committee than it does at present. It would also have to shift from its current stance of 
disinterest in floodplain cultivation itself. It would also have to work closely with the 
Department of Water Affairs in developing appropriate irrigation on the floodplain. 

 The legality of floodplain cultivation is already in doubt since direct cultivation on the 
floodplain is in fact not permitted by the Conservation of Agricultural Resources Act, 1983. 
But floodplain cultivation has continued for decades and does not risk enforcement of the 
law by the state, and this is mostly because such cultivation has been predominantly of 
subsistence variety. But with the character of floodplain cultivation becoming 
overwhelmingly commercial, there is the potential risk of overt illegality. Of course law 
enforcement is another matter altogether, and contingent upon the political understandings 
between the central and provincial governments as well. 
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9 SUMMARY OF KEY PROJECT OUTCOMES  
 

9.1 Stakeholder perceptions of an ideal future for the management of the 
floodplain 

 

9.1.1 Workshop with stakeholders 
A workshop was held in November 2009 to present the scenarios and key findings of the PRESPA 
study and at the same time register the views of stakeholders on how the floodplain is and should 
best be managed.  A total of 25 stakeholders attended representing the following constituencies: 
 
 

Representing Number 

Department of Water Affairs (Head Office – 
Pretoria) 

1 

Department  of Water Affairs (Regional 
Office – Durban) 

2 

Provincial Department of Agriculture, 
Environmental Affairs & Rural Development 

6 

Ezemvelo KwaZulu-Natal Wildlife 6 

Department of Health 2 

Other conservation agencies (Working for 
Wetlands, WWF, Wildlife and Environment 
Society) 

4 

Community representatives 2 

Water User Association 1 

Representatives from other projects 
underway in the area 

1 

 
 
 
The workshop followed the following format: 

• Presentation of outcomes of the PRESPA project 
• Group assessment of the anticipated changes to ecosystem services under three different 

future scenarios (described in the previous section, above) 
• SWOT analysis of the different scenario approaches to management of the floodplain 
• Consideration of institutional issues and the way forward 

 
There are merits to each one of the scenarios, so consideration was given to which of these would 
best support the floodplain ecosystem services and thus support poor people associated with the 
floodplain.  At this workshop, these three scenarios were considered in detail and stakeholders were 
given an opportunity to indicate which scenario they felt accomplish the task best.  
 
The workshop was enthusiastically supported and participation was vigorous.  It was revealing that 
this diverse group of stakeholders overwhelmingly (21 of 25 respondents) supported the adoption 
of a Structured Diversified approach to the management of the floodplain (Table 35). In other 
words, retention of a level of ecosystem diversity, with the floodplain continuing to operate in a 
semi-natural way, with inhabitants adopting a diverse range of livelihoods.   
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Table 35. Representation of the stakeholder workshop and their support for a particular future scenario 
 

Sector Unstructured economy Structured diversified 
economy 

Structured single 
sector economy 

No choice made 

Environmental 
Management 

1 10 - - 

Governance - 2 - - 

Community - 4 1 - 

Agriculture - 4 - - 

Other (Health) - 1 - - 

TOTAL 1 21 1 2 

 
 
 
In arriving at this choice, stakeholders considered the probable change in the supply of ecosystem 
services that would likely take place under the three scenarios.  Interestingly, the combined 
stakeholder group found that the Unstructured and the Single Sector Economy would both lead to a 
massive loss of services, more so with the Structured Diversified (Figure 36).  The stakeholders also 
found that the Diversified Economy would lead to an increased supply of services when compared to 
the present situation. 
 
 

 
Table 36. Summary of the assessment by two independent stakeholder groups who considered whether there would 
be an increase (↑), decrease (↓) or no change (↔) to the ecosystem services likely due to the three scenarios.  (Note 
that the (↑) in parentheses under the heading Structured single focus economy, reflect a view where agriculture would 
be maximised in a diverse way, including conversion of the pans to aquaculture ponds (thus the increase in fish). 

 
Ecosystem service 

category 
Ecosystem services Unstructured 

economy 
Structured 
diversified 

Structured 
Single sector  

Provisioning 

Grazing ↓ ↑ ↓↓ (↑) 

Reeds & sedges for thatching & building ↓ ↑ ↓↓ 

Wood for building and fuel ↓ ↑ ↓↓ 

Bulrushes for mats ↓ ↑ ↓↓(↑) 

Food production ↓ ↑ ↓↓(↑) 

Fish ↓ ↑ ↓↓(↑) 

Regulating and 
Supporting 

Biodiversity ↓ ↑ ↓↓ 

Nutrient cycling ↓ ↑ ↓↓(↑) 

Flood attenuation ↓ ↑ ↔ 

Erosion control ↓ ↑ ↔ 

Sediment retention ↓ ↑ ↔ 
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9.1.2 SWOT analysis of the three scenarios 
In attempting to document the pros and cons of the different scenarios, stakeholders were asked to 
evaluate the Strengths, Weaknesses, Opportunities and Threats (SWOT) associated with each 
scenario.  These can be summarised as follows (also see mind-map summary in Appendix 3): 
 

 
9.1.2.1 Unstructured economy 
• Strengths – given that there would be minimal government interference, stakeholders would 

be free to set their own agenda and would seek to maximise benefits for themselves.  This 
would lead to innovation and creativity and indigenous local knowledge would become all 
important.  

 
• Weaknesses – it is believed this scenario would lead to conflict between stakeholders as 

they compete for limited resources, those with the strongest voices getting their way and 
the weak being severely compromised.  Uncontrolled land use would lead to unsuitable 
developments that would compromise underlying natural resources.  It is possible these 
could result in disparate ventures none of which would reach an economy of scale sufficient 
to ensure economic viability.  Because of this, the overall scale of productivity on the 
floodplain would be compromised and benefits to the poor would diminish.   

 
• Opportunities. (These were difficult to find by workshop participants).  A rather cynical 

opportunity might arise from the chaotic situation to attract international donor funding. 
There are also opportunities for entrepreneurs to make something out of a poor situation.   

 
• Threats – international downstream obligations would skew the potential to make this 

scenario work, as, despite the best local attempts, water would be released or withheld for 
international reasons which may put local operations at risk.  Furthermore, an uncontrolled 
access to resources could lead to an influx of those seeking an easy solution in the short 
term, (a “quick buck” was the term used).  This could also result in uncontrolled use of 
chemicals and the introduction of alien species both of which may damage the ability of the 
floodplain to provide services.  Similarly, external agents could impact negatively on the 
floodplain where, from afar, they extract resources to the detriment of the local 
stakeholders (e.g. export of Tamboti wood).  Some stakeholders felt there could be 
widespread social disruption and a decline into lawlessness.   

 
9.1.2.2 Structured diverse economy 
• Strengths – this situation brings benefits to the widest range of people, mixing indigenous 

knowledge and new developments and thus creating a larger output of benefits.  Both 

Definitions 
 

Strengths:  Internalities - internal strengths of the Scenario that will sustain ecosystem goods and services 
to best address poverty alleviation 
 

Weaknesses:  Internalities - internal weaknesses of the Scenario that will undermine ecosystem goods and 
services and escalate poverty 
 

Opportunities:   Externalities - external opportunities for the Scenario that will enhance ecosystem goods 
and services to contribute to poverty alleviation 
 

Threats:   Externalities - external threats to the Scenario that will undermine ecosystem goods and services 
and escalate poverty 
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health and welfare, including education, would improve on the floodplain.  Stronger 
governance would provide access to specialist knowledge and assistance thus enhancing the 
opportunities to use resources sustainably.  As access to resources would be regulated, this 
would improve the chances that the floodplain would continue to supply benefits in the 
long-term.  The flooding that would take place would be designed to provide for both the 
ecosystem as well as stakeholders making use of resources, providing for the greatest 
degree of satisfaction.  A multidisciplinary decision making process would ensure that the 
various options are continually scrutinised.   

 
• Weaknesses – the costs of good governance may seem daunting unless weighed against the 

costs of not having good governance.  The consultation of a wide range of stakeholders 
would make management slow and laborious and also difficult to manage.  The diverse 
activities on the floodplain would serve to weaken the collective voice, thus reducing the 
ability of individual stakeholders to exercise their rights.  

 
• Opportunities – the growth of the informal market in South Africa favours a diverse 

development on the floodplain, as there will be easier access to local markets.  The diversity 
of ventures on offer also make this a less vulnerable economy as there will always be 
potential to adapt to changing situations in the National and International arena.  The 
creative and diverse nature of the economy also favours cooperation and collaboration, thus 
making integration with the wider economy easier.  The acceptance of the diverse range of 
role-players also means that the voice of all players will be heard in society, thus raising the 
prospects for the poor to be heard.  The higher levels of governance will mean that 
environmental and other laws will be properly implemented and enforced, thus making for a 
more lawful society.   

 
• Threats – governance conditions wider afield in South Africa pose a risk to the 

implementation of this scenario.  The diverse range of permissible activities exposes the 
floodplain to the importation of unwanted guests ranging from diseases, alien infestations to 
people looking for a new place to settle.  Population growth could lead to expansion of 
urban development adjacent to the floodplain thus increasing pressure on resources.  The 
more open economy can also be exploited by external parties who do not have the best 
interests of the local stakeholders at heart, where they, for example, could introduce 
perverse financial incentives to skew developments on the floodplain. 

 
9.1.2.3 Structured single sector economy 
• Strengths – the larger scale of operations on the floodplain make for a larger industry with 

greater penetration and impact on the regional market and greater ability to set an own 
agenda.  The greater scale of operations enable the maximisation of efficiency including 
potential for the full cycle of operations e.g. from seed to processing mill.  A single 
agricultural endeavour would also generate an overall greater income for the region which 
would mean greater security and health for those who participate.   

 
• Weaknesses – this economy would be associated with the largest transformation of the 

ecosystem with an associated loss of natural ecosystem services in particular water.  Water 
for the environment would be reduced as would water quality.  Communities who are not 
involved in the single sector endeavour would be marginalised and would go deeper into 
poverty and would lose access to their traditional way of life.  This would include a large 
percentage of the local population as it is unlikely that a local agricultural endeavour could 
employ the large number of people on the floodplain.  The focus on a single endeavour 
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would also make the floodplain and its people more vulnerable to change as the investment 
in a single sector would be considerable and would reduce adaptability.  

 
• Opportunities – the greater scale of the agricultural venture would mean a greater 

opportunity to capitalise from this scenario.  This could include the affordability and ability 
to ensure development of infrastructure including roads, schools etc.  The larger voice of a 
single sector would have more political clout in society and thus could be used to leverage 
external resources to benefit the floodplain.  The style of agriculture on the floodplain could 
be upgraded to best practice and the higher profile and presence of companies with a 
corporate and social responsibility would mean that environmental laws could be better 
applied.  

 
• Threats – the greatest threat is that the lack of diversity would increase vulnerability to 

external changes e.g. changing financial situation, markets etc (the present over supply of 
sugar on the world market being a case in point).  The floodplain would be more vulnerable 
to environmental catastrophes ranging from extreme floods to disease outbreaks.  The 
intensive nature of the development could also push people into urban developments, 
which may not be good for the region. 

 
 

9.1.3 Stakeholder perceptions of management of the floodplain 
The workshop (see section 9.1.1) revealed that stakeholders perceive that the Pongola floodplain in 
historical times was likely characterised as follows: 

• Zero formal governance or interference by society 
• Natural flooding events probably flooded most of the pans each year 
• Subsistence society living in harmony with the natural flooding 
• Large diversity of ecosystem services were available 
• Although inhabitants would have been vulnerable to flooding, they would have been 

protected by the diversity of the ecosystem services.  They would also have had strategies to 
survive unexpected flooding.  

 
The advent of the Dam meant that for the first time it was possible to regulate the flooding on the 
floodplain.  Stakeholders argue that while there have been some benefits as a result of this, there 
also appears to be some losses. The floodplain today could be characterised as follows: 

• Governance structures variable and not always effective in optimisation of flooding 
• Increasing human population pressure on the floodplain 
• Increasing commercial agriculture with requirements for particular flood regime 
• Encroachment of agriculture into previously vulnerable areas 
• Unnatural flooding regime with only a single flood per annum in Spring 
• Large-scale changes to primary producer ecosystem services e.g. distribution and abundance 

of sedges 
• Large-scale changes to secondary producers e.g. fish production 
• Reduction in cultural services 
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9.2 Tools to inform decision making and management of the floodplain 
 

9.2.1 The river basin game 
The PRESPA project explored local viewpoints on the governance of the floodplain through a role 
playing exercise using the river basin game (RBG).  This workshop was held in June 2009 with 
farmers and natural resource users on two consecutive days.  The river basin game is a physical 
representation of a river basin with a wooden board on a gradient and glass marbles to show 
upstream-to-downstream flow of water.  Upstream abstractors/users of water are favoured over 
downstream abstractors and users of water.  
 
The game ran successfully, allowing local water users to reflect on the management of water in 
various situations and to strategize accordingly. The game then asked players to act co-operatively, 
and in doing so, generates discussion on ways to manage water.  Although several discussions were 
captured by the project, Box 4 contains some results of a visioning process of an ‘ideal future’, held 
after the game was played.  A YouTube video of the game can also be viewed on the devschooluea 
channel.22  
 
On the basis of this experience PRESPA believes and indeed partly demonstrated that a range of 
stakeholder concerns can be captured by such a tool in order to produce two different types of 
outcomes.  First, local users can explore their responsibilities and capabilities to co-manage the 

                                                           
22 Or using this URL http://www.youtube.com/devschooluea#p/c/BED15BB127A10DCB/6/vkZosvtprnM 

Box 3. Local farmers’ perceptions on an ideal future for agricultural practices and management on the floodplain 
(PRESPA Focus Group Meetings, May 2009) 

 Farmers must be supported and given advice by extension services on ideal crops to plant, e.g. 
crops that do not clash with flood releases 

 Farmers must be encouraged to apply good farming practices on the floodplain 
 Farmers should only plant short season cash crops on the floodplain that don’t clash with natural 

flood releases - farmers cultivate all year round now, whereas in the past is was seasonal 
 Government must assist with irrigation further from the floodplain so that the environment can be 

rehabilitated and farmers can be moved off the floodplain. For example crops such as sugarcane 
can planted off the flood plain but will require irrigation 

 The river banks are eroded and this has been caused by heavy flood releases, but  farmers 
contributed to erosion by farming too close to the river and cutting down big trees that were 
holding the river banks together – these practices should not be allowed and damage should be 
repaired 

 

Box 2. Local natural resource users’ perceptions on an ideal future for natural resources use and management on the 
floodplain (PRESPA Focus Group Meetings, May 2009) 

 Use of the floodplain should be tightly controlled and carefully managed by local farmers and local 
resource users using the floodplain (work together). For example unsustainable harvesting  of 
reeds has also resulted in erosion on the flood plain 

 Cattle should be moved off the floodplain 
 After a flood release, a designated person should inspect the floodplain and check if any damage 

has been caused by the release, e.g. soil erosion, and this should be repaired 
 Farmers must always make sure that they only plant crops in places that don’t conflict with natural 

resources, e.g. thatch grass and reeds. 

http://www.youtube.com/devschooluea#p/c/BED15BB127A10DCB/6/vkZosvtprnM
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floodplain and second, they can vocalise prioritised and cross-checked needs through to the 
appropriate authorities and service providers.  The game in essence examines critically who has 
authority in the area and how local users might safeguard the environment. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

9.2.2 The hydrology model 
PRESPA developed and tested a proof-of-concept Excel model to explore how a) water is 
apportioned to different sectors that utilise water from the Pongola River and b) how this supports 
economic activities amongst the poorest of the communities.  While this primarily was for the 
purposes of analysing ecosystems functioning and poverty alleviation to derive results and findings, 
the model can also be used as a discussion-aid for managing the floodplain.  This was briefly 
demonstrated at the November stakeholder meeting where the model was used and agreed to be a 
relevant tool.   
 
A future version of the model will most likely have to be improved by having its input variables re-
examined and the format made more user-friendly.   A screen capture of the main ‘dashboard’ 
worksheet is given in Figure 41.  This allows users to ‘drive’ the model in different directions to 
observe outcomes by various tabled and graphed results.   
 
Taken together the project has developed and trialled two decision tools that could be used at 
different policy levels to explore water and natural resource governance. 
  

Box 4. Outcomes of the workshop held, using the river basin game 

Question: What is the ideal future for natural resources use and management on the floodplain: 
Local stakeholder responses included: 

- The floodplain should be controlled and managed by farmers and others using the floodplain, not 
just anybody! 

- Cattle should be moved off the floodplain, and taken inland. Having cattle on the floodplain clashes 
with farmers.  

- After water release, responsible persons should walk down the floodplain and check if there are any 
damages caused by the release, e.g. soil erosion 

- Government should intervene to provide assistance e.g. Fencing for farmers 
- Farmers must always make sure that they only plant crops in places that don’t conflict with natural 

resources, e.g. thatch grass. 
- Never experienced that releases for agriculture clash with natural resources, e.g. after harvesting 

reeds, once growing again? 
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Figure 41. Screen capture of the main dashboard worksheet of the PRESPA model 
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9.3 Considerations for governance and institutional reform 
The management of the Pongolapoort Dam presents lessons with resonances beyond the Pongola 
River system, Kwazulu-Natal and South Africa. This study has both described the emergence of the 
current institutional arrangement for the governance of the Dam, as well as critically interrogated its 
contemporary functioning. The study’s analysis of governance can be summed up as: for a country 
that is at a nascent stage of its historical transition from apartheid, institutional arrangements (with 
elements of legal ratification, decentralization, participation and multiple stakeholder involvement) 
are reasonably well conceived but this is not enough to ensure effective governance of the Dam and 
the floodplain, especially in a manner most sensitive to the interests of the poorest communities and 
the integrity of the ecosystem. The case profoundly illustrates that formal institutional arrangements 
can be achieved through political and administrative intent, but governance is about the actual 
interplay of these formal institutions and processes with historically derived constraints (such as the 
asymmetries between central and provincial DWA) and dominant political economy (overwhelming 
influence exerted by commercial farmers on the flood release process).  
 
Above all, there is the question of meaning that the institution created (the WUA in this case) 
assumes in a particular context, for simply creating a local body that is expected to function in a 
contemporary spirit of community-based governance and giving it recognition in law, does not in any 
way necessitate that this will indeed be the case. The case has shown how the WUA evolved from 
informal water committees to a formal association, but in this process it was transposed into a fee-
collecting body that has the onus of financing its own costs. So although the formalization was 
meant to channelize multiple stakeholder consultation with the state through a body that is local 
and accessible, much local energy has gone into trying to finance the costs of the WUA in the face of 
unwillingness (and ostensible inability) to pay. Given the significance of this issue and the import it 
has for actual working, the WUA has found itself in a position where it has been unable to pursue 
broader matters to the extent desired. Besides, simply enlisting various departments in the 
management committee of the WUA does not lead to their equal engagement, for designated 
individuals prioritise engagement in ways that reflect their organizational frameworks and 
discourses. These are tied in with organisational priority setting in the area: for example, the pursuit 
of commercialization by the Department of Agriculture in the Makathini flats plays a key part in that 
Department’s lack of active engagement in a body that is largely associated with the flood-release 
process, which it has little interest in. 
 
In the end, governance of the Pongola floodplain will reflect these historically rooted contextual 
factors. Yet, improvements within the current context are possible with the resolution of the 
relatively minor disagreements around financing, the preparation and acceptance of a business plan 
and clarity about communications on flood releases. These are possible to resolve and will enable 
relevant parties (both locally and from the government) to focus their concerns on stepping up the 
working of the WUA towards tackling more difficult issues. 
 
In the broader context, if the support and cooperation of local floodplain users for improved 
governance is to be secured, an understanding of the natural functioning of the floodplain and its 
associated ecosystem services needs to be shared with the people. Changes in resource use 
behaviour and management cannot be purely enforced. Change in behaviour is best facilitated 
through education and awareness-raising. Improvements in the governance of the floodplain and 
management of the flood releases should therefore be a multi-dimensional strategy involving 
institutional reform and empowerment of local people.  
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10 COMMENTS ON ECOSYSTEMS THEORY 
 

In a dynamic environment under-pinned by considerable seasonal variability, PRESPA has 
demonstrated the utility of a hydrographic approach to understanding water-reliant livelihoods.  
PRESPA took an innovative methodological approach to unpack the drivers and outcomes of water 
apportionment to the different key sectors expressed in 10-day segments.  This step-wise 
computation allows for an accurate picture of integrated annualised results.  This method is briefly 
described before some of the insights of the research are outlined. 
 
The approach employed a 10-day step-wise analysis of the volumes of water use in eight different 
sectors made available by an average 10-day expression of the river’s supply, as recorded prior to 
entry into the Ponglapoort Dam.  For five of these sectors (tourism on the dam, the main two urban 
centres,  Mkuze sugar scheme, the Mahkatini irrigation system and the new cash cropping project), 
demand was established either by reference to historical records or as a function of underlying 
factors (e.g. area and cropping in the case of Makhathini).  For the remaining three sectors (cattle, 
natural resources and fish, and mixed cropping), water use was established as a response to flooding 
patterns on the Pongola floodplain which in turn was determined by a regression analysis of prior 
studies of river discharge and pan flooding area.   In each of these three separate productivity 
algorithms were employed to turn the area flooded into a provisioning services utilized for 
livelihoods and economic gain.   The summation of results within the 10-day steps over several 
worksheets within Excel allows an accurate (weighted) averaging towards annual synthesized 
results.   An additional bonus is that it allows different methods of economic values and water use to 
be computed for each sector. 
 

10.1 Key theoretical insights 
Each of the key insights below were revealed or hinted at as a part of PRESPA fieldwork and 
modelling.  Yet reviewers and readers should be reminded that PRESPA was a one-year project 
constructed to build scientific networks and capabilities, and thus the sections below are probably 
best described as early findings requiring further substantiation and refinement.  Each of the 
subsections below are related to one another, and all stem from the system of services offered by 
the Pongola River water and floodplain. 
 

10.1.1 Value of water expressed volumetrically 
As a result of an innovative approach to modelling, PRESPA identified economic values of water 
expressed volumetrically in rands per cubic metre of water in each of the main use sectors (Table 
37).  In some instances these fall within observations noted elsewhere for irrigated produce and 
urban benefits (Kadigi et al 2005).  However the extremely low values of water expressed for the 
floodplain uses of mixed cropping fish and natural resources, (0.78 and 0.14 US $/m3 respectively) 
are direct reflections of the very large volumes required to generate an expansion of the flood pans 
and ponds.  Similarly tourism supported by the evaporation from the lake (an assumption that can 
be questioned) provides a low value per cubic metre.  
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Table 37. Value of water expressed volumetrically in Rand and US Dollars 

Sector Rand/m
3
 US $/m

3
 

Urban 2.55 0.338 

Dam tourism 0.15 0.020 

Mkuze 2.81 0.372 

Makhathini 0.95 0.126 

Agric cash master plan 1.23 0.162 

Mixed floodplain 0.78 0.103 

NR & fish 0.14 0.018 

Cattle 1.71 0.226 

 
 
It should be noted that these values do not in any way capture the full range of ecosystem services 
provided on the floodplain; if anything they ‘measure’ provisioning services only (and that via the 
combined usage of other capital such as labour and equipment), and are pegged through a dilution 
effect of the total diverted amount of water required to uphold them (discussed also below). 
 

10.1.2 Managing water to enhance economic productivity 
The results point to sectors where water generates higher value.  Discounting a fanciful notion of 
large swathes of population moving to different locations a more sensible debate then follows along 
two main topics.  First, this analysis offer the opportunity to raise the economic productivity of the 
catchment’s water by allocating to sectors where higher values are generated.  Water allocation on 
the basis of an underlying analysis of benefit should be treated cautiously due to the limited manner 
in which those values have been captured (for example missing out non-monetised social and 
environmental benefits) and the extent to which productivity can be raised in sectors without 
requiring more water (examples include civic planning in Jozini town, or improving crop husbandry in 
the agricultural sectors).  Nevertheless, the results start to illuminate these intersections between 
ecosystem services, water allocation and economic activity. 
 
Second, and in the assumption that water will move to sustain other economic production, can the 
floodplain be managed to both maintain provisioning services but to reduce the volumes of water 
used?  To do this requires the artificial placement of the required amounts, depths and timings of 
water at key locations.  This would have to be achieved using a series of bunds, weirs, channels and 
sluice-gates and to have the institutional mechanisms in place for achieving this kind of water 
control and distribution in ways that met multiple needs.   
 
The alternative to this purposive distribution would be to use water as currently managed; to 
generate benefits through use of flood events by adjusting only the duration, timing and sequencing 
of flood releases, yet with minimal secondary effort applied to placing water across the floodplain.  
There is no doubt that if less water can be used volumetrically then the value of water increases if 
only because the denominator of the ratio decreases.  Even so, in a future floodplain (either 
diversified or single sector scenario) water will be more limited, giving rise to alternative benefits 
and costs of where water is placed.  Under such conditions, floodplain stakeholders will look to 
refining the current dichotomous definitions of beneficial and non-beneficial fractions of water use.  
Further reflections on this question are given below. 
 

10.1.3 Purposive management of floodplain water for poverty alleviation 
Based on an understanding of the previous two sub-sections the purposive management of 
floodwaters to derive or maximize provisioning and cultural services for poverty alleviation (or to 
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balance services that generate economic output with those that regulate and support an underlying 
ecology) can be debated. Although PRESPA results are highly preliminary, it would appear that some 
400-500 million m3 is passed through the floodplain in order to support 650 ha of mixed cropping, 
1000 ha of ponds and approximately 10,000 cattle.   While alternative calls on that water have not 
yet emerged, there is the likelihood that in the structured single sector scenario a major irrigation 
system of 10-15,000 ha would require some 270 million m3 of this water, leaving approximately 130-
230 million m3 to pass downstream to Mozambique.   This would reduce the flood size and limit the 
various supporting services associated with depth and breadth of flooding.  At the moment, the only 
aspect of water management applied to this volume of released water is the timing and duration of 
a flood event; no attempt is made at further manipulation of flows on the floodplain in order to 
extend flooding area with lower discharge volumes.    
 
While it cannot be within the scope of this preliminary research project to predict the outcomes and 
benefits of further water management on the floodplain, it is sensible to suggest that should a large 
irrigation system be constructed that attempts are made to extend and deepen the depths of water 
in pans by adjusting stage-discharge relationships by artificial means.   As explored in Pittock and 
Lankford, 2010, there are an increasing number of experiments and trials that aim to purposively 
interact and manipulate natural river flows to extend and lock-in ecological services.  Even without a 
putative new irrigation system to focus minds, scientists might usefully ask how might ecosystem 
services be made more productive by lowering the denominator volume of water involved in 
providing those services?  As far as the project has been able to tell, although there is an expectation 
(and also implicitly) of the quality and quantity of ecosystem services, there is little within the 
literature about raising the productivity of water related eco-system services.   Some of that 
literature is given in Pittock and Lankford 2010.  
 
 

10.1.4 Observations on linearity within ecosystem services theory 
The original PRESPA proposal submitted to NERC hypothesized that the Pongola floodplain could be 
used to reflect upon current ecosystems theory.  The PRESPA team contended that current 
conceptions of ecosystems theory are linear and mono-directional; in other words, seeing 
ecosystems as a pristine upland sources feeding downstream systems with no recursive feedback or 
internal locales of ‘waste’.  The aim of the project was therefore to determine whether this model 
could be refined by examining recursive and circular connections between sources and sinks.  The 
case study in northern KwaZulu-Natal provided both some evidence of interconnected circularity 
within the system, but also frustrated the original aims.  Thus in the original proposal the PRESPA 
team set out to argue that provisioning services enabled by a flow of water also could be diminished 
or maintained or enhanced by managing water in different ways.  Particularly if water was managed 
cautiously and carefully, a reduction in the non-beneficial depleted fractions associated with poor 
water management would be observed and that this in turn would support productive use, either as 
ecological regulating or supporting functions or as provisioning services leading to livelihood benefits 
and poverty reduction.   
 
However with regards to the original aims of the project, it is now realized that the high volumes of 
water in the system moving directly from Pongolapoort Dam to the border with Mozambique did 
create a system of linear offtakes and usage, but with only a few sectors (with a relatively small area) 
using water in ways that could beneficially either flow back into the system (therefore not creating a 
larger non-beneficial depleted fraction), or where savings could be cascaded up to the point of 
diversion, thereby retaining water in the channel for downstream use.   
 
This analysis is explained in Figures 42 and 43 which show schematics of the sectors where water is 
withdrawn, consumed and recovered and non-recovered.  Prior to that discussion it is necessary to 
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Within withdrawals,  
a. Changes in Storage (positive or negative) - changes in storage include any flows to or from 
aquifers, in-system tanks, reservoirs, etc. The key characteristic of storage is that the water 
entering and leaving is essentially of the same quality. 

 
b. Consumed Fraction (evaporation and transpiration) comprising: 

i. Beneficial Consumption: Water evaporated or transpired for the intended purpose - for 
example evaporation from a cooling tower, transpiration from an irrigated crop. 
ii. Non-beneficial Consumption: Water evaporated or transpired for purposes other than 
the intended9 use - for example evaporation from water surfaces, riparian vegetation, 
waterlogged land. 

c. Non-Consumed Fraction, comprising: 
i. Recoverable Fraction: water that can be captured and re-used - for example flows to 
drains that return to the river system and percolation from irrigated fields to aquifers; 
return flows from sewage systems. 
ii. Non-recoverable Fraction: water that is lost to further use - for example flows to saline 
groundwater sinks, deep aquifers that are not economically exploitable, or flows to the 
sea. 

 

explain terms used by Perry (2007) in describing fractions of water used, diverted, consumed and 
returned (Box 5). 
 
Thus in some sectors such as the Mkuze sugar system, water use falls easily into two types of 
consumption; beneficial and non-beneficial.  In the former, as one example, water is drawn from the 
Pongolapoort Dam to irrigate sugarcane in the Mkuze catchment.  Once it is apportioned to the 
Mkuze water it is either consumed (evapotranspires) through beneficial sugarcane growth or is 
evapotranspired water that provides little or no beneficial use.  For the non-consumed fraction, 
water can then either return to the Mkuze catchment or to a sink – but none returns to the Pongola 
catchment.   In this sense, and in the sense that improved management of water in the Mkuze is 
likely not to be regulated back up to the abstraction but instead be used to extend the irrigated area 
of sugarcane, there is very little water that can be ‘switched’ to extend benefits within the Pongola. 
 
However water distribution and patterns in the Pongola indicate a further discussion of the fractions 
outlined by Perry and how this relates to the linearity of ecosystems services.  
 
A calculation of the irrigation losses that could be retained in the floodplain to enhance 
opportunities for allocation to other sectors is given in Table 38.  A combination of the relatively 
small losses compared to the considerable volumes that pass down the river indicate that the 
proportion of total river flow that can be reallocated from raising irrigation efficiency is in the order 
of 2% or less, depending on the future scenario selected.    
 
The conditions of the case study have framed the final location and magnitude of these losses, 
whether to sinks or to outside the floodplain, or returned to the floodplain.  It is worth noting that in 
Scenario Three where the area of irrigation becomes much larger, that the relative impact of 
irrigation losses (and therefore the potential to manage them down) becomes greater.   
 
 
 

 
Box 5. Current definitions for water use fractions (Perry, 2007) 
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Figure 42. Schematic of Pongola floodplain showing eight users (including the dam) 

 
 
 
 
 

 
 

Figure 43. Pongola floodplain with diversions and return flows 
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Table 38. Calculation of water fractions to explore effect of raising effective irrigation efficiency 

 

 Sector  Scenario = Sc 1  Unstruct Sc 2 Strct div Sc 3 Str sing sect 

 
Available vol   1064 1064 1064 

Urban 
  
  

Diverted 1.6 1.6 1.6 

Consumed 1.6 1.6 1.6 

Returned 0.0 0.0 0.0 

Dam tourism 
  
  

Withdrawn 0.0 0.0 0.0 

Consumed 256.3 256.3 256.3 

Returned 0.0 0.0 0.0 

Mkuze Withdrawn 44.3 44.3 44.3 

Efficiency Consumed 42.1 42.1 42.1 

95% Returned 2.2 2.2 2.2 

Makhathini Withdrawn 80.3 80.3 80.3 

Efficiency Consumed 52.2 52.2 52.2 

65% Returned 28.1 28.1 28.1 

Agric cash master plan Withdrawn 42.0 140.1 420.2 

Efficiency Consumed 27.3 91.0 273.1 

65% Returned 14.7 49.0 147.1 

Irrigation losses   45.0 79.3 177.4 

Sub-totals 
  
  

Withdrawn 168.2 266.2 546.3 

Consumed 379.4 443.1 625.2 

Returned 45.0 79.3 177.4 

Available for floodplain   684.8 621.0 439.0 

Mixed floodplain 
  
  

Used 398.7 700.9 378.8 

Consumed 7.5 11.1 6.6 

Returned 391.2 689.8 372.3 

NR & fish  
  
  

Used 398.7 700.9 368.3 

Consumed 8.3 10.3 5.0 

Returned 390.3 690.6 363.3 

Cattle 
  
  

Used 398.7 700.9 368.3 

Consumed 8.0 9.0 5.0 

Returned 390.7 691.9 363.3 

Sub-totals Consumed 23.8 30.3 16.6 

Exit at Mozambique border   660.9 590.7 422.3 

Total consumed   403.3 473.4 641.9 

Raise irrigation efficiency 75% 
  

  

Irrigation efficiency gain 10% 
  

  

Savings transferred 
 

4.5 7.9 17.7 

Proportion avail water   0.4% 0.7% 1.7% 
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Although the Pongola case study revealed a less than 2% volumetric opportunity to relocate water 
from areas where it is effectively serving an unknown or minimal service to areas where provisioning 
is enhanced, the concept that water can be switched in this way has been demonstrated.  The 
method used of hydrographically parsing the annual flow into different fractions of water 
withdrawal, consumption and return within the different water use sectors on a 10-day basis 
provides basin stakeholders with a picture of where water is being used beneficially.  Clearly much 
more work can be done to improve the underlying data and computations as well as the 
presentation of results.  On the basis of this the project team would be in a position to question and 
then characterise the water pathways that shape current and new thinking on ecosystems services.  

 
 
11 CONCLUSION 
 
Altered flow regimes as a result of the construction of the Pongolapoort Dam coupled with 
anthropogenic impacts, have had a significant effect on the functioning of the downstream 
ecosystems and the associated supply of ecosystem services. The PRESPA study illustrates trade-offs 
between ecosystem services in the region. A trade-off occurs when the provision of one ecosystem 
service increases at the expense of another. In the Pongola region, the decision to convert large 
portions of the floodplain to cultivated land and to alter flooding regimes to support food and cash 
crops has come at the expense of other less tangible ecosystem services.  
 
Results from the PRESPA study suggest that overall there has been a downward trend in almost all 
ecosystem services since 1955. Most importantly, all regulating and supporting services considered 
in the study (which underpin all other services) have shown a decline. This decline suggests that 
while cultivation of food and cash crops may render reasonable yields in the short term, it is unlikely 
to be sustainable in the longer-term without the application of fertilizers and pesticides. The 
decisions made by stakeholders and managers regarding trade-offs illustrate the perceived value of 
ecosystem services by different stakeholder groups particularly in respect of provisioning services. 
 
Consideration of alternative management scenarios suggests that without effective management 
interventions the decline in ecosystem services on the floodplain is likely to continue into the future. 
Careful consideration needs to be given to the type of economy and associated institutional 
arrangements which are necessary to ensure the continued supply of important ecosystem services 
on which the well-being of current and future generations depend.  
 
In the short term the single sector economy (i.e. agriculture), either structured or unstructured, may 
appear to address the challenges of poverty alleviation by creating tangible benefits through the 
provisioning services. However in the long term it could compromise the overall functioning of the 
ecosystem and the generation of cultural, regulating and supporting services, which holistically 
support the livelihoods of the poor.  
 
In a structured diversified economy approach trade-offs are carefully balanced and managed in an 
equitable manner. The effective governance system ensures that the voices of the poorest and most 
vulnerable members of the community are still heard and their needs considered.  In addition, there 
is a careful balance between the maintenance of benefits from provisioning services with those from 
regulating, supporting and cultural services. Where trade-offs need to be made (e.g. no cultivation of 
commercial crops such as sugarcane on the floodplain), alternatives are implemented (e.g. 
development of irrigation schemes off the floodplain) to establish a win-win situation and maximize 
the potential of the area as a whole, not just harness the potential of the floodplain. 
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This rich blend of commercial versus non-commercial, consumptive versus non-consumptive and 
enterprise versus subsistence utilisation of the floodplain’s ecosystem services most holistically 
addresses the complex challenges associated with poverty. The success is reliant on an integrative 
and co-operative approach to effective governance. 
 
The PRESPA study has identified the lack of structured and effective governance to be a key threat to 
ecosystem services in the region. In addition, the management of flood releases to support a single 
sector economy again illustrates a trade-off to enhance a particular provisioning service at the 
expense of the less tangible regulating and supporting services. The lack of attention afforded to 
regulating and supporting services may result in a lack of resilience and render the socio-ecological 
system on the Pongola floodplain more vulnerable to environmental change or extreme events such 
as droughts and flooding. 
 
A future study in this area by our team would adopt an action-research approach to exploring 
changing hydrological allocation and related ecosystem services with the aim of improved 
management via working closely with stakeholders. PRESPA would continue to test initial findings 
and theoretical insights, particularly looking to refine the model to assess the various productivities 
of water and other natural resources, and address the marginal value of water under different water 
availability scenarios (for example during floods and droughts).  The team would also wish to trial 
mechanisms to extend the benefits of flooding on the plain via the use of new but locally sanctioned 
infrastructure to control water depth, location and timing.  
 
In a future project, dialogue would be a critical component and accordingly the project team would 
especially work towards supporting the Water User Association and its partnership with the 
Department of Water Affairs.  In addition, as invited by the latter, PRESPA would seek to expand our 
case study area to cover a larger part of the Pongola Basin, to incorporate the Usuthu river, both 
comprising the Maputo Basin.  To do this our team members would work alongside scientists from 
Swaziland and Mozambique, with the aim of strengthening governance capacity of all partners, 
including policy-makers, and more strongly embed ecosystems concepts and thinking within our 
partner organisations.  
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APPENDICES 
 

Appendix 1. Vegetation statistics 
 
Table 39. Summary of the statistical analysis for each functional cover class in both the Pongola and Ndumo study areas 

Non-floodplain grass comparisons per site 
Site/Year Pongola River 1955 Pongola River 2003 Ndumo 1955 Ndumo 2003 

Cover classes  Non-floodplain grass Non-floodplain grass Non-floodplain grass Non-floodplain grass 

Mean 3.570 2.839 3.033 0.031 

Variance 27.284 29.154 21.834 0.010 

Observations 10 10 10 10 

Pearson Correlation 0.656   0.416   

Hypothesized Mean Difference 0   0   

df 9   9   

t Stat 0.524   2.049   

P(T<=t) two-tail 0.613 (NS) 0.071 (NS) 

t Critical two-tail 2.262   2.262   

Non-floodplain trees comparisons per site 
Site/Year Pongola River 1955 Pongola River 2003 Ndumo 1955 Ndumo 2003 

Cover classes  Non-floodplain trees Non-floodplain trees Non-floodplain trees Non-floodplain trees 

Mean 37.265 17.069 19.207 22.357 

Variance 354.492 54.833 91.922 147.264 

Observations 10 10 10 10 

Pearson Correlation 0.626   0.934   

Hypothesized Mean Difference 0   0   

df 9   9   

t Stat 4.167   -2.131   

P(T<=t) two-tail 0.002 ** 0.062 (NS) 

t Critical two-tail 2.262   2.262   

Shrub/Tree community comparisons per site 
Site/Year Pongola River 1955 Pongola River 2003 Ndumo 1955 Ndumo 2003 

Cover classes  Shrub/Tree community Shrub/Tree community Shrub/Tree community Shrub/Tree community 

Mean 15.302 10.758 5.619 19.5 

Variance 172.279 47.045 6.709 178.732 

Observations 10 10 10 10 

Pearson Correlation -0.098   0.156   

Hypothesized Mean Difference 0   0   

df 9   9   

t Stat 0.934   -3.321   

P(T<=t) two-tail 0.375 (NS) 0.009 ** 

t Critical two-tail 2.262   2.262   

Grass community comparisons per site 
Site/Year Pongola River 1955 Pongola River 2003 Ndumo 1955 Ndumo 2003 

Cover classes  Grass community Grass community Grass community Grass community 

Mean 14.767 16.768 18.178 32.187 

Variance 99.654 147.667 194.121 77.570 

Observations 10 10 10 10 

Pearson Correlation 0.237   -0.315   

Hypothesized Mean Difference 0   0   

df 9   9   

t Stat -0.459   -2.372   

P(T<=t) two-tail 0.657 (NS) 0.042 * 

t Critical two-tail 2.262   2.262   
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Cyperus community comparisons per site 
Site/Year Pongola River 1955 Pongola River 2003 Ndumo 1955 Ndumo 2003 

Cover classes  Cyperus community Cyperus community Cyperus community Cyperus community 

Mean 15.747 0.257 33.234 1.106 

Variance 183.762 0.660 99.786 3.848 

Observations 10 10 10 10 

Pearson Correlation -0.371   0.695   

Hypothesized Mean Difference 0   0   

df 9   9   

t Stat 3.530   11.623   

P(T<=t) two-tail 0.006 ** 0.000 ** 

t Critical two-tail 2.262   2.262   

Phragmites community comparisons per site 
Site/Year Pongola River 1955 Pongola River 2003 Ndumo 1955 Ndumo 2003 

Cover classes  Phragmites community Phragmites community Phragmites community Phragmites community 

Mean 0.715 0.300 13.304 18.311 

Variance 2.873 0.322 55.259 217.120 

Observations 10 10 10 10 

Pearson Correlation 0.060   0.810   

Hypothesized Mean Difference 0   0   

df 9   9   

t Stat 0.748   -1.626   

P(T<=t) two-tail 0.474 (NS) 0.138 (NS) 

t Critical two-tail 2.262   2.262   

Mud flats/Sandy areas comparisons per site 
Site/Year Pongola River 1955 Pongola River 2003 Ndumo 1955 Ndumo 2003 

Cover classes  Mud flats/Sandy areas Mud flats/Sandy areas Mud flats/Sandy areas Mud flats/Sandy areas 

Mean 3.050 3.761 0.615 3.176 

Variance 14.230 94.448 1.905 20.762 

Observations 10 10 10 10 

Pearson Correlation -0.348   0.781   

Hypothesized Mean Difference 0   0   

df 9   9   

t Stat -0.194   -2.260   

P(T<=t) two-tail 0.850 (NS) 0.050 (NS) 

t Critical two-tail 2.262   2.262   

Cultivated land comparisons per site 
Site/Year Pongola River 1955 Pongola River 2003 Ndumo 1955 Ndumo 2003 

Cover classes  Cultivated land Cultivated land Cultivated land Cultivated land 

Mean 0.444 42.987 

N/A 

Variance 1.155 209.865 

Observations 10 10 

Pearson Correlation 0.192   

Hypothesized Mean Difference 0   

df 9   

t Stat -9.395   

P(T<=t) two-tail 0.000 ** 

t Critical two-tail 2.262   
 

 

 

 

 

 

 

 

 

 

 

 



136 
 

Settlement comparisons per site 
Site/Year Pongola River 1955 Pongola River 2003 Ndumo 1955 Ndumo 2003 

Cover classes  Settlement Settlement Settlement Settlement 

Mean 0.055 2.591 

N/A 

Variance 0.015 57.696 

Observations 10 10 

Pearson Correlation 0.890   

Hypothesized Mean Difference 0   

Df 9   

t Stat -1.071   

P(T<=t) two-tail 0.312 (NS) 

t Critical two-tail 2.262   

Open water comparisons per site 
Site/Year Pongola River 1955 Pongola River 2003 Ndumo 1955 Ndumo 2003 

Cover classes  Open water Open water Open water Open water 

Mean 9.085 2.666 6.808 3.263 

Variance 93.432 2.540 7.202 1.752 

Observations 10 10 10 10 

Pearson Correlation 0.399   -0.027   

Hypothesized Mean Difference 0   0   

df 9   9   

t Stat 2.219   3.706   

P(T<=t) two-tail 0.054 (NS) 0.005 ** 

t Critical two-tail 2.262   2.262   
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Appendix 2.  Calculations of water demand and poverty analysis per sector 
 
Tables 40 to 47 give the detailed breakdown of the determination of water demand and economic 
value per sector.  Although the tables are not explained in detail, key salient information is 
identified: 
 Urban water demand   

The total abstraction from license records is given, plus the size of the two main towns supplied 
by the reservoir.  Separate analyses (Jozini Municipality 2008) show that the majority of the 
population is classified as very poor. 
   

Table 40. Water demand and poverty analysis: Urban towns 

 
Value Unit 

Jozini town 1,095,000 m
3
/year 

Mkuze towns 511,000 m
3
/year 

Total town 1,606,000 m
3
/year 

Total abstraction 0.051 million m
3
/s 

Jozini popl 33,000 households 

Jozini popl 188,100 people 

Mkuze towns 700 households 

Mkuze towns 3,990 people 

   Total population 192,090 people 

Hhold income 3200.0 R/year 

Percentage poor 80% 
 Total poor pop 153,672 
 Total town economy 27,922,500 R/year 

 
 
 Dam tourism  

Benefits flowing to the poorer employees of the tourist industry were estimated from the 
number of beds and blue-collar employees per beds available around the Dam.  Water demand 
was taken as the annual open water evaporation required to keep the water to a set level.  
(PRESPA acknowledges that the water level drops as a result of water releases to other sector, 
and that it is arguable whether annual evaporation should be shared between all sectors). 

 
Table 41. Water demand and poverty analysis: Pongolapoort Dam 

 
Value Unit 

Area of dam 15000 ha 

Total running 36,311,568  Rand/yr 

Size regulator 100%   

No of tourist beds 280   

No employees 1.5 per bed 

Total no empl 420   

Total population 2394   

Total blue collar 50%   

Total BC no. 210   

Av salary 3000 Rand/month 

Total BC beneficiaries 1197 numbers 
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 Mkuze sugar estates  
The total water demand for Mkuze was determined from the annual abstraction license of 14 
million m3.  Total value was calculated from the production of sugarcane at current prices, while 
the fraction of value flowing to blue-collar workers water determined from the number of 
labourers on the payroll. 
 

Table 42. Water demand and poverty analysis: Mkuze irrigation 

 
Value Unit 

Area 3,500 ha 

Effective irrig efficiency 90% % 

Abstraction m3 14,000,000   

Additional  m3 3,600,000 emerging fs 

Total m3 17,600,000   

License m3 32,000,000   

Depth app 5,029 m3/ha 

Depth app 503 mm 

Total employees 1,000   

Total beneficiaries 5700   

Total blue collar 580   

Total BC beneficiaries 3306   

BC salary /month 2000 rand/mo 

 
 Makhathini irrigation 

Demand was calculated from first principles in the spreadsheet using crop factors that reflected 
standard sugarcane cultivation under perennial cropping.   The project determined that most of 
the black farmer-owners were not ‘poor’ but that they employed labourers that constituted 20% 
of their total number.  Total values were determine from the income of sugarcane on an average 
plot size of approximately 8 hectares. 

 
Table 43. Water demand and poverty analysis:  Makhathini irrigation 

 
Value Unit 

Total area 3,000 ha 

Effective irrig efficiency 65.0 % 

Farmers 380 number 

Additional labour 76 number 

Percentage poor 20%   

Total working 456 number 

Average farm size 7.9 ha 

Mixed crop revenue 
 

R/year 
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 Floodplain mixed vegetable agriculture 
 

Table 44. Water demand and poverty analysis:  Floodplain mixed vegetable agriculture 

 
Value Unit 

Percentage poor 90%   

Seasons per year 3   

Total irrigated area 6174 ha 

Total productive area 18522 ha 

Irrig efficiency 50% % 

Farmers 11225   

Farm size 0.55 ha 

Total population 63983   

Total poor pop 57584   

Gross income/ha 2250 R/ha 

Gross income/ha/year** 6750 R/ha 

 
  

% wetted land mixed 54%   

** This is high because three seasons per year 

 
 
 Masterplan cash agriculture 

This sector is programmed by adjusting the total area set under different future development 
scenarios.  The command area is incorporated into a basic perennial cropping system to 
determine the water demand for the project.  The area cropped also establishes the number of 
farmer-owners and the number of blue-collar labourers then hired. Because it is believed both 
types of livelihoods will be drawn from poor people in the area, these two are pooled into an 
employment generation figure of 0.5 persons per hectare.  The average salary is then taken as 
first approximation of the value of this development to poverty in the area.   

 
Table 45. Water demand and poverty analysis:  Masterplan cash agriculture 

 
 Value  Unit 

Selected area 1500 ha 

Employment generation 0.5 person/ha 

Monthly income generation 3200 R/month/pp 

Total employed 750   

Total beneficiaries 4275   

Percentage poor 100%   

Poor employed 750   

Poor beneficiaries 4275   

Effective irrig efficiency 65 % 

Recalculated percentage poor 8%   

 
 
 Natural resources & fish 

Natural resources and fish are grouped together as both are dependent on the flooding patterns 
of the pans in the floodplain, and both are accessed by rural families in similar ways.  PRESPA 
determine that 80% of all (11225) households in the area were partially dependent on these 
resources for income and consumption, and that the income was approximately R 463 /year. 
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Table 46. Water demand and poverty analysis:  Natural resources & fish 

 
Value Unit 

Percentage poor 100%   

Total hholds accessing 11225   

Total population 63983   

Poor hholds NR/fish 11225   

Total poor pop 63983   

Income from NR + fish 463 R/year 

Percent accessing NR & fish 80%   

 
 
 Cattle 

PRESPA distinguished cattle from other natural resources in the area because of the patterns of 
access and income.  PRESPA determined that 100% of households had cattle and that income 
was approximately R500/year.  A number of corrections were employed to find an appropriate 
livestock density in the floodplain and adjusted for cattle that are grazed outside the area.  

 
Table 47. Water demand and poverty analysis:  Cattle 

 
Value Unit 

Percentage poor 100%   

Total hholds accessing 11225   

Total population 63983   

Poor hholds cattle 11225   

Total poor pop 63983   

Income from cattle 534 R/year 

Carrying capacity correction 180%   

  50%   

% cattle outside flooded plain  25%   
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Appendix 3.  Summary of the SWOT analysis for the Pongola scenarios 
 
 
 


