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EXECUTIVE SUMMARY  

Strategic Water Source Areas (SWSAs) are areas of land that either: (a) supply a 

disproportionate quantity of mean annual surface water runoff in relation to their size and 

are considered nationally important; or (b) have high groundwater recharge and where the 

groundwater forms a nationally important resource; or (c) areas that meet both criteria (a) 

and (b) (Le Maitre et al., 2018).  They are critically important given that South Africa is a 

water scarce country with much of the available water already allocated to various uses. 

There is however presently no mechanism by which the state of these vital pieces of 

ecological infrastructure can be consistently monitored and reported on. The “State of the 

Sources” project, funded by the WWF Nedbank Green Trust and implemented by the 

Institute of Natural Resources aims to develop a monitoring and reporting framework for 

the SWSAs of South Africa, piloting this in the Southern Drakensberg Strategic Water Source 

Area (SDSWSA).  

 

This interim report presents the 

current state of the SDSWSA 

with respect to a range of 

variables. These variables have 

been identified through a 

process involving coarsely 

unpacking the complex SDSWSA 

socio-ecological system into 

three broad groupings viz. 

Governance, Socio-Economic 

and Ecological Infrastructure. 

This understanding was 

augmented by an assessment of 

available information gathered through literature review and engagement with catchment 

stakeholders. The report documents available information, what that information tells us 

about the area and where possible documents available reference data against which a 

comparison of present state can be drawn.  

 

The information from this report will inform the selection of practicable indicators which 

will comprise the body of the monitoring and reporting framework. This selection will also 

be informed by focused stakeholder engagement. Once the selection is completed, any 

indicators that are not currently described in the interim status quo report will be included, 

and the status quo report will be updated and finalised. This report will then be used to 

populate the reporting framework to develop the first “State of the Sources” report for the 

SDSWSA. 
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The complex SDSWSA socio-ecological system is coarsely represented in the diagram below. 

This mapping out process aims to assist in identifying key variables which should be 

monitored as indicators of the overall state of the SWSA. 

 

 
 

 

 

In the context of this project, the “state” of a SWSA is defined as the catchment’s ability to 

operate as a SWSA which includes being able to: 

1. sustainably produce natural quantities of fresh water of good quality to meet the 

needs of water users in and downstream of the catchment; 

2. maintain maximum natural storage of water in the catchment and mechanisms for a 

slow release; and to 

3. maintain an environmentally sustainable baseline 

 

The SDSWSA is located almost entirely in KwaZulu-Natal, but with portions overlapping into 

Lesotho and into the Eastern Cape (see the Figure below). For the purposes of this project, 

the portion in Lesotho has been excluded from consideration largely due to the fact that 

Lesotho is a sovereign state and the outcomes of this project will have no jurisdiction to 

impact on policy or management in the Lesotho sections. The SDSWSA is the largest of the 

delineated SWSAs occupying 2 049 626ha, and is home to the longest free-flowing river in 

South Africa, the uMkhomazi. The average rainfall across the region, 910mm/yr, is 

significantly higher than the entire countries MAP. Unfortunately, a large amount of this 

water is lost through evaporation, which occurs at a rate of 1609 mm/yr.  The major land 

uses include commercial agriculture and forestry plantations. Approximately 60% of this 
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area is still in a natural condition, whilst 29% of the region has been transformed mostly to 

agriculture.  

 

 
 

The governance section of this report documents the South African water resources 

management legislative framework. This includes reviews of all levels of legislation from the 

Constitution of South Africa, through the National Water Act and associated regulations, 

strategies and policies, to local government legislation and legislation governing the role of 

traditional authorities. This section then also reviews the existing water governance 

institutional arrangement in the SDSWSA.  

 

At the scale of the SDSWSA, the most important socio-economic information is that 

provided by the StatsSA 2011 Census. This information has been mined to generate a range 

of statistics which reflect the socio-economic situation in the wards and municipalities of the 

SWSA. This information has been compiled into a series of info-graphics in an attempt to 

make it more readable and useful. The key variables are further spatially depicted to provide 

an understanding of the spatial distribution of aspects such as poverty, unemployment and 

reliance on the natural resources of the SWSA. This is synthesized into a development need 

map at the municipal scale (see below) which highlights the socio-economic vulnerability 

and need for development in the Dr Nkosazana Dlamini Zuma and Umzimkulu local 

municipalities in KZN and the local municipalities in the Eastern Cape.   
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Socio-economic development need in the SDSWSA 

 

The ecological infrastructure of the SDSWSA is the backbone of its ability to produce water. 

A number of key aspects are unpacked, including the region’s climate, the state of the rivers 

from a flow and health perspective and the state of surface water storage. Wetlands are 

omitted from this interim report as the extent and condition of wetlands is being captured 

as part of the update of the National Wetlands Mapping process lead by SANBI.  

 

The terrestrial ecological infrastructure component focuses of land cover and on vegetation 

communities. Importantly, this section covers the impact of land cover change on the 

hydrological cycle and identifies impacts which negatively impact the SWSA’s ability to store 

and release fresh water. The section also documents a land cover change analysis which 

identifies the key drivers of land cover change in the SDSWSA between 1990 and 2014.  

 

Apart from the collation of relevant information, this report has drawn several key 

conclusions. These are:  

1. that the SDSWSA is spatially biased with respect to key factors: 

a. Use of water is concentrated in the northern catchments, with heavy 

utilisation of resources in the uMvoti, Mooi, and uMngeni Rivers. The 

uMkhomazi, Umzimkulu and Umzimvubu are large free flowing and less 
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heavily utilised rivers. It must be stated though that plans are well advanced 

for the damming of the uMkhomazi River to augment the supply of water to 

the UMngeni Water supply area. 

b. Monitoring of the rivers for the majority of variables is also concentrated in 

the heavily utilised northern areas meaning that information regarding its 

state is relatively plentiful in certain areas and for some variables it is non-

existent in the southern less utilised catchments 

2. That the biggest impact to the hydrological functioning of the terrestrial areas of the 

SWSA is related to the transformation of natural land cover categories to soft 

transformed categories viz. agriculture and forestry. These are also two critical 

economic activities in the SWSA which support the economies of the area and 

provide vital goods to the South African market.  

3. That the rivers of the SDSWSA are generally in a better condition higher up in the 

catchments, and that as use and impacts increase downstream, their condition and 

utility value diminishes. This means that users lower down the system experience 

greater operational and opportunity costs. 

4. The communities of the SWSA are also spatially and economically stratified. This has 

implications for the use of land and water resources and thus also for catchment 

management. Basic ecosystem goods and services such as the purification of water 

and the production of fuel wood are of greater value to communities in areas where 

poverty and unemployment are more prevalent.  These areas are also likely to 

support a greater need for subsistence farming.  

5. Comprehensive legislation exists for the governance of water resources, but water 

governance institutions are largely hierarchical in their approach to the management 

of resources (Stuart-Hill et al., 2020). Whilst efforts are being made to democratise 

catchment management and to delegate this responsibility to the catchment level, 

the CMA is currently still managed by the DWS and strategy and policy is still driven 

by national government priorities through the NWRS-2 and NW&SMP (Ibid). There 

are non-government institutions such as the UEIP and UCPP who are operating in the 

catchment management space and supporting community involvement in 

governance. 
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1. INTRODUCTION 

1.1 Water scarcity and Strategic Water Source Areas for surface water 

It has been well documented that South Africa is a water-scarce country with an uneven 

distribution rainfall pattern (Petersen et al., 2020; Adam, 2020; Zwart et al., 2018). The 

average annual rainfall is approximately 450mm (Botai et al., 2018) and high potential 

evaporation (PET) rates with an annual average (between years 2000–2012) of 2 236mm 

(Figure 1) (Jovanovic et al., 2015) translates to a very low percentage of water feeding into 

river systems. In many cases this is zero as PET exceeds precipitation. 

 

Given the highly variable climate 

and rainfall across South Africa 

reflected in the uneven distribution 

of water resources, the protection 

of water source areas is of national 

concern. In addition, the country is 

facing a looming water supply crisis 

with 98% of its surface water 

already developed; demand 

outstripping supply in most 

catchments; and a growing water 

quality problem (CSIR, 2011; DWAF, 

2013). Water managers therefore 

need to find innovative ways of improving both water quality and quantity to meet the 

increasing water demands of the country. It has been shown internationally that managing 

and protecting water source areas is a cost-effective means of delivering a continued supply 

of good quality water to users, both in situ and downstream (Le Maitre et al., 2018). 

Sustainable management of water source areas to enhance water security is therefore 

considered a necessity to meet this challenge. 

 

The recognition of mountain catchments as water source areas in South Africa has a long 

history and became a national concern following water shortages during droughts in the 

1800s and in the 1920s and 1930s (Beinart, 1984). The first national effort to identify and 

protect water source areas began in 1959 with the Soil Conservation Board’s 

interdepartmental committee (Le Maitre et al., 2018). The committee developed 

conservation strategies for the key mountain catchments in South Africa, which were 

considered to be the main sources of the country’s water supply1.  

                                                      
1 This study identified 109 important mountain catchments based on mountains or relatively high lying 
areas together with data on the key rivers, mean annual runoff and its importance, area of State Forest 

Figure 1: Annual potential evaporation over South Africa 
(taken from Jovanovic et al., 2015) 
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More recently, Nel et al., (2013) updated by Le Maitre et al., (2018) have provided a 

delineation of South Africa’s strategically important groundwater and surface water source 

areas. These areas are known as Strategic Water Source Areas (SWSAs). The study identified 

22 surface water SWSAs and 37 groundwater SWSAs (Figure 2). Some surface and 

groundwater SWSAs overlap spatially and surface SWSAs include portions which extend into 

Lesotho and Eswatini. Approximately 59% of South Africa’s surface runoff is generated off 

these areas which occupy only 12% of the countries land surface. The greatest volume of 

Mean Annual Runoff (MAR) is generated by the Southern Drakensberg SWSA (Le Maitre et 

al., 2018). These water source areas are considered to be strategically important at the 

national level for water and economic security for South Africa and have been recognised as 

being of particular importance for national-level water security2.  

 

 
 

The SWSA’s sustain major river systems across the country, supporting the social, economic 

and environmental sectors. While there are many water-related benefits that society 

obtains from water source areas, the supply of significant amounts of fresh water to 

downstream economies and urban/industrial hubs (including areas serviced by inter-basin 

transfers) is of particular importance. It is estimated that major urban centres of South 

Africa, which account for approximately 60% of the population (based on 2011 statistics) 

and 70% of national economic activities, source in excess of 90% of their water from surface 

water SWSAs (Le Maitre et al., 2018). Additionally, about 70% of the water used for 

irrigation is derived directly or indirectly (e.g. through river flows) from water from the 

SWSAs. 

                                                                                                                                                                     
land and ecological condition (Government of South Africa 1961). This eventually resulted in the 
proclamation of the Mountain Catchment Areas Act (Act No. 63) in 1970. 
2 Water Source Areas are recognised in the second edition of the National Water Resources Strategy 
(NWRS-2) as “strategic national assets that are vital for water security” (DWA 2013). The NWRS-2 goes 
on to identify the investment in SWSAs as a key strategic action (Action 5.4.2). 

“Strategic Water Source Areas 
(SWSAs) are areas of land that 
either: (a) supply a disproportionate 
quantity of mean annual surface 
water runoff in relation to their size 
and are considered nationally 
important; or (b) have high 
groundwater recharge and where 
the groundwater forms a nationally 
important resource; or (c) areas 
that meet both criteria (a) and (b).”  
 

            (Le Maitre et al., 2018) 

Figure 2 South African and transboundary SWSAs (taken from Le Maitre et al., 

2018) 
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As highlighted in Le Maitre et al. (2018), the amount of rain water which becomes stream 

flows or groundwater recharge (and hence the useable water) depends on several factors. 

These include the characteristics of the land and the vegetation, as these affect key 

hydrological processes such as evaporation and infiltration. The replacement of natural 

vegetation with impermeable surfaces or with non-native vegetation or indeed the loss of 

vegetation entirely can have significant impacts on the water cycle.  

 

Degradation of water quality by human activity in a catchment also affects the available 

water supply. Common impacts to water quality can be grouped into three broad classes: 

those involving the introduction of chemical compounds and elements (largely through 

industrial, waste management and agricultural activities); those involving increases in 

transported sediment load (through the loss of surface covering vegetation resulting from 

improper land use); and those involving increased concentrations of harmful living 

organisms (largely associated with poor sewage management in settlement areas). Changes 

in land use, and the distribution of impacting activities such as agriculture, industry and 

settlement can therefore alter both the quantity and quality of water generated by SWSAs.  

 

Only 11% of all SWSAs fall within formally protected areas and are therefore managed 

towards maintaining a natural state. The remaining 89% is subject to development pressure 

and a variety of land uses. There is therefore a clear need to monitor the condition of 

SWSAs; to facilitate improved land use planning and implementation to achieve enhanced 

sustainable land management practices; and to ensure the protection of the ecological 

infrastructure which underpins the water production services to improve water security.  

 

1.2 Project background, aim, and objectives  

The present state of the SWSAs from a water governance, socio-economic, and ecological 

infrastructure perspective is not comprehensively and systematically described anywhere, 

and the associated information is therefore not readily available to decision makers involved 

in catchment management activities or indeed to any relevant stakeholders. There is 

additionally no clear and repeatable means of monitoring or reporting on these areas. 

Without this information, there is no way of knowing whether these critical areas are 

functionally stable or if they are in decline and there is no way of moving forward with a 

national level project to safeguard SWSAs. 

 

Having identified this concern, the Institute of Natural Resources NPC (INR), in partnership 

with the World Wide Fund for Nature (WWF), Complex Systems in Transition (CST), Resilient 

Systems Institute (RSI), and the Council for Scientific and Industrial Research (CSIR), were 

successful in securing funding from the Nedbank Green Trust to undertake a pilot study to 

develop a monitoring and reporting framework and information platform for the Southern 

Drakensberg Strategic Water Source Area (SDSWSA).  
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The overarching aim of the project is to address the lack of a consistent and repeatable 

method for monitoring and reporting on the state of SWSAs, and to be able to gather and 

share this information through a readily accessible internet based platform. The SDSWSA 

was selected as the pilot SWSA to address this shortcoming, primarily because of the wealth 

of information that already exists for this area, and also because of its importance for the 

KwaZulu-Natal economy. It is important to highlight that for this pilot project, the focus is on 

the surface water SWSA and does not consider the groundwater SWSA. Only matters that 

pertain to the surface water source area are thus considered. It is also important to note 

that the study has excluded areas of the SDSWSA which fall outside the jurisdiction of the 

South African government and as such areas falling in Lesotho are also not considered.  

 

The objectives of the project are to: 

1. Develop a Monitoring and Reporting Framework (MRF) for the SDSWSA for surface 

water using locally and internationally relevant indicators;  

2. Build an information base for the SDSWSA for surface water that will inform the MRF 

and provide a baseline status quo assessment of the state of the SDSWSA; and 

3. Develop a proof of concept level online platform to gather and share MRF 

information relevant to stakeholders involved in the management of the SDSWSA for 

surface water. 

 

1.3 Project Programme  

The project programme is shown 

diagrammatically in Figure 3. This 

report is the Interim Status Quo 

Report. This is informed by the Socio-

Ecological Systems Theory component 

which has provided direction regarding 

the importance of various facets of the 

SWSA, as well as by the relevant input 

data and information. This report, 

together with a number of stakeholder 

engagements, informs the selection of 

indicators. This process may reveal 

aspects of the system which are important, but which were not considered in this interim 

report. This information will then be collected and the Status Quo report updated 

accordingly. The finalised SQ report will then be used to populate the 1st State of the 

Sources report for the Southern Drakensberg SWSA.  

  

Figure 3: State of the Sources Project work 
programme. 
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1.4 Definition of the ‘State’ of a SWSA 

Describing the ‘state’ of something is generally interpreted as a description of the condition 

of something. The Oxford English Dictionary defines ‘state’ as “The particular condition that 

someone or something is in at a specific time”. Using this definition the ‘State of the SWSA’ 

is then the particular condition that the SWSA is in at a specific time. It is however important 

to expand this definition to bring focus to the objectives of SWSAs. In the context of this 

project, the state of SWSA refers to the catchment’s ability to operate as a SWSA which 

includes being able to: 

1. Sustainably produce natural quantities of fresh water of good quality to meet the 

needs of water users in and downstream of the catchment; 

2. Maintain maximum natural storage of water in the catchment and mechanisms for a 

slow release;  

3. Maintain an environmentally sustainable baseline  

 

The ‘State of a catchment’ as defined above is also a dynamic construct. At a primary level, 

its state is a function of the condition of the physical variables which together constitute the 

hydrological cycle. However, the “state of the catchment” is dynamic and is changing. 

Measurement of the condition of physical hydrological variables alone provides a snapshot 

of the present day state. At a secondary level, the physical condition of the variables is a 

function of the land use and interactions between people and the landscape pressures. At a 

tertiary level, land use and the interactions between people and the landscape are a 

function of the socio-economic, institutional and governance context. These levels are also 

interlinked with factors, pressures and impacts being exerted across all three in multiple 

directions. Whilst primary physical level indicators provide insight into the state at a 

particular point in time, secondary and tertiary level understanding provides a better insight 

into the ‘dynamic state’ of the SWSA. Indicators are therefore required at all three levels to 

provide a holistic depiction of the “State of the SWSA”.   

 

1.5 Adopting a socio-ecological systems approach 

Water is the common connector between nearly every Sustainable Development Goal 

(SDG), and ensuring water security is a critical determinant for accelerating transformations 

to a more sustainable and equitable world. As described above, protecting SWSAs can 

reduce the potential impacts of decreasing and increasing rainfall and associated climate-

related hazards (e.g. droughts and floods), thereby enhancing the resilience of communities. 

Protection of SWSAs can also enhance water quality and quantity to downstream 

beneficiaries, improving multiple benefits for interconnected ecological and social systems 

and the economies and livelihoods they support. Thus, SWSAs are an example of coupled 

social-ecological systems (Figure 4), a framing which views societies as being embedded 

within natural systems and acknowledges the long history of societies and ecosystems 

shaping and being shaped by each other. This acknowledgement of the inseparability of 
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social-ecological systems presents a different entry point for exploring the challenges of 

sustainable development within the limits of finite resources and increasing human 

pressures and is a concept and framing that underpins this research. 

 

 
Figure 4: Conceptual social-ecological system model 

 

Gardner et al. (2016) provide an illustration of a social-ecological conceptual model (Figure 

4) and the interacting components of a hypothetical social-ecological system. The model 

shows how humans and nature are linked through the flow of material and non-material 

resources, cause-effect relationships, contexts linked to social and ecological domains and 

dimensions and feedbacks that occur between nature and biophysical components of 

society, across scales.  

 

The model also illustrates the outcome measures (e.g. related to human well-being, 

biodiversity and ecosystem service provision), impacts and social-ecological processes, 

which in combination, provide a foundation for setting specific management and policy 

objectives. The interactions and flows between system components are co-developed by 

natural and social processes, and are shaped by the cultural system of laws, norms, values, 

knowledge and beliefs. 
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Water security is now a necessity in South Africa where rising populations, increasing 

contestations for land, and urbanisation processes coupled with the impacts of global 

change are driving development trajectories that are progressively undermining key 

ecosystems that sustain human wellbeing (Skowno et al., 2018). These changes often play 

out in trade-offs within the food-water-energy nexus, especially linked to intensive 

agriculture and mining activities in South Africa. While these problems are integrated, 

solutions and monitoring mechanisms remain in disciplinary and sectoral silos and do not 

take future change and dynamics into account. Thus, more integrated approaches for 

understanding the key relationships, feedbacks and interactions between social and 

ecological systems are needed, especially in order to understand the current and future 

state of SWSAs.  

 

As mentioned, natural and working landscapes within SWSAs serve as vital natural water 

infrastructure for people, especially those concentrated in cities, by collecting, storing and 

filtering water. In order for landscapes to be managed in ways that can secure the flow of 

benefits to those that need it, data on how people benefit from SWSAs and what trade-offs 

and synergies are associated with different land-use management processes linked to food 

and energy security is needed. This information also needs to take into account how drivers 

of change (e.g. shifts in land-use activities, population growth, climate change and 

infrastructure) might change in the future and impact food, water and energy security and 

associated livelihood, wellbeing, and equity options.  

 

For this reason, a social-ecological systems lens is being applied to explore the 

interrelationships between social, economic, governance and ecological variables. This is 

primarily to inform the selection of the most appropriate indicators that characterise the 

state of the SDSWSA. To help guide the selection of variables to assess a socio-ecological 

systems (SES) view of the SDSWSA, a SES diagram was constructed consisting of interlinked 

social and ecological sub-systems. Initially, relevant system components within the SDSWSA 

were identified based on expert knowledge. Linkages and connections between each of the 

components were then identified following an iterative process, adding new components 

and connections as needed. The SES diagram was then refined from a very messy complex 

diagram to reflect grouped variables (Figure 5). The initial diagram is included in Appendix 1. 

 

In constructing a social-ecological systems view, the SDSWSA was conceptualised as 

interlinked social and ecological sub-systems. This provided an understanding of the 

dynamics within and between each of these sub-systems. Pollard et al (2008), note that 

understanding the underlying ecology surfaces possible opportunities and constraints of the 

use of natural resources, while examining the social sub-system (including demographics) 

offers insights into the demand for and dependency on these natural resources. This 

information highlights the direct interaction between people and the environment which is 
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captured in the concept of ecosystem services. These interactions are mediated through 

attributes of the social system such as governance and management practices. 

 

Given the focus of the project on SWSAs, we also applied an Integrated Water Resources 

Management (IWRM) lens in conceptualising the social-ecological system in the SDSWSA. 

IWRM is a holistic approach that seeks to integrate the management of the biophysical 

environment within the broader socio-economic and political framework. The IWRM 

framework underpins South Africa’s National Water Act and is reflected in three key 

principles of water management in South Africa: Sustainability, Equity and Efficiency. These 

principles are embedded within our social-ecological systems view of the SDSWSA. 

 

The systems diagram serves to illustrate some important systems dynamics that must be 

considered in developing indicators for SWSAs. These include the following: 

1. Social-ecological connections are not static but change dynamically over time (for 

example land cover and rainfall may change over time). 

2. These systems have multiple drivers and feedback loops which operate at different 

scales (for example harvesting natural resources may affect the condition of an 

ecosystem but the ability to harvest may only be possible in ecosystems in a 

particular condition). 

3. These multiple drivers and feedback loops cause changes in connections which are 

often uncertain and non-linear, with impacts appearing in seemingly distant and 

unconnected areas. 

 

The increased connectivity between ecological and social systems, and the associated 

interlinkages and dynamics present a number of challenges for tracking the state of these 

systems. Firstly, there is a need to identify indicators that represent the interconnections 

between these subsystems. Failing to track these may lead to the implementation of 

management interventions which result in undesirable trade-offs. Secondly, it is necessary 

to identify indicators that can track the dynamics of these systems including spatial,  
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Figure 5: Systems diagram for the SDSWSA showing the interconnected social and ecological sub-systems  
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temporal and cross-sectoral changes (Selomane et al., 2019). Conceptualising the SDSWSA as a 

social-ecological system is important for addressing these challenges.  

 

The current systems diagram will be used as a launch pad for engagements with stakeholders. 

These engagements, and additional steps in the project, will help us in developing an established 

list of relevant and feasible variables for characterising and tracking the SDSWSA in science, policy 

and management.  
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2. SOUTHERN DRAKENSBERG STRATEGIC WATER SOURCE AREA 

2.1 Introduction 

The SDSWSA for surface water totals an area of 2 049 629 ha, covering portions of the KwaZulu-

Natal and Eastern Cape Province as well as the Kingdom of Lesotho. It is the largest SWSA for 

surface water, which as previously mentioned generates the greatest volume of MAR (i.e. 9% of 

the total national output) in relation to the other SWSA’s (Le Maitre, et al., 2018). The SDSWSA for 

surface water overlaps with the Ixopo/Kokstad groundwater source area making the water source 

area important from both a surface and a groundwater supply perspective (Le Maitre, et al., 2018) 

(refer to Figure 2). As noted in the introductory text however, the groundwater component is 

beyond the scope of this study. It is also worth repeating that report will also only focus on the 

South African extent of the SDSWSA for surface water (Figure 6). 

 
 

 
Figure 6: The SDSWSA for surface water, showing the excluded Lesotho component 

 

2.2  The SDSWSA water supply at a glance 

Le Maitre, et al. (2018) provide an overview of the reconciliation strategy for the KwaZulu-Natal 

Coastal Metropolitan Area. This area is the economic hub of KZN and covers the eThekwini 

Metropolitan Municipality, uMsunduzi Local Municipality as well as portions of the 

uMgungundlovu, iLembe and Ugu District Municipalities (AECOM SA, 2015; DWAF, 2007). The 

overview takes into consideration the Mooi-uMngeni Transfer Scheme with Mearns Weir and 

Spring Grove Dam, and the linkages between the Northern and Western Aqueducts and the South 
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Coast Augmentation and Lower Thukela Bulk Water Supply Scheme conveyance infrastructure. 

The proposed transfer from the uMkhomazi catchment to the UMngeni catchment via the 

uMkhomazi Water Project Phase 1 is also taken into consideration. The findings of the 

reconciliation strategy include: 

 The Spring Grove Dam, which is part of the Mooi-uMngeni Trans Scheme, contributes 

about 14% to the total UMngeni Water Supply Scheme’s volume.  

 The combined dams on the UMngeni River (Midmar, Albert Falls, Nagle, Henley and 

Inanda) supply 84% of the total of the UMngeni Water Supply Schemes.  

 Hazelmere Dam, located on the uMdloti River contributes 2% (although this volume will 

change once the raising of the dam wall is completed).  

 The proposed uMkhomazi Water Project will be a major transfer scheme required to meet 

the growing demand for water. 

 

The eThekwini city region (Durban and surrounds) had a population of 4.4 million in 2011 and a 

Gross Value Add (GVA) of R174 billion. In summary, the eThekwini and Pietermaritzburg Water 

Supply System gets 97.8% of its water from the SDSWSA for surface water, mostly coming from 

the UMngeni River with contributions from the Mooi and uMdloti Rivers, and in the near future 

the uMkhomazi River (Le Maitre, et al., 2018) (Figure 7). 
 

 
Figure 7: Umgeni Water schematic of the greater UMngeni (UMngeni and Mooi), uMkhomazi, and uMdloti Systems 
(Bredin et al., 2020) 

 

In addition to the economic hub of the Pietermaritzburg – Durban corridor, the SDSWSA, to a 

greater or lesser degree, provides water supply and supports economic activity in a number of 

District municipalities. As an example, the Harry Gwala District is largely contained within the 

SWSA and includes the towns of Underberg, Creighton, Kokstad, Umzimkulu and Ixopo together 

with a multitude of smaller settlements. These areas support significant agricultural and 



Southern Drakensberg Strategic Water Source Area - Status Quo Report 

INSTITUTE OF NATURAL RESOURCES NPC 13 
 

afforestation activity including large areas under irrigation and almost all of the water used in this 

area is sourced from within the SDSWSA. 

 

Outside of the SDSWSA itself, flow by rivers such as the uMkhomazi, the Umzimkhulu and the 

Umzimvubu transport the benefit derived in this area to important economic areas such as the 

coastal settlements of the KZN South Coast, a major tourism destination and agricultural centre.   

The northern rivers including the Mooi and Bushmans Rivers, support large scale agricultural 

activities in the upper areas and supply towns such as Estcourt with water. Downstream, they 

contribute to the water supply schemes in the lower uThukela River.  
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3. GOVERNANCE OF THE SDSWSA 

3.1 Introduction 

The management of ecological infrastructure in SWSAs is largely dependent on the governance 

framework of institutions and people in the area. Governance is represented here by the 

legislative framework in place and the arrangement of institutions and people which 1) implement 

this framework; and 2) operate under it. A sound understanding of these governance elements is 

therefore fundamental to understanding the state of the SDSWSA in its broadest sense. In this 

section a review of the legislative instruments most influential in managing SWSAs is presented, 

followed by a description of the relevant institutions which influence the management of the 

SDSWSA.    

 

3.2 Legislative and policy framework for the management of SWSAs  

3.2.1 The Constitution of South Africa 

The Constitution of South Africa provides the legislative foundation for the management of 

catchments and water resources in South Africa. Section 24 provides everyone with the right to an 

environment that is not harmful to one’s health and the right to have the environment protected 

through “reasonable legislative and other measures which (…) prevent pollution and ecological 

degradation”. Section 27 establishes the right of everyone to access to sufficient water and 

requires that the state “take reasonable legislative and other measures, within its available 

resources, to achieve the progressive realisation of each of these rights”.  

 

The Constitution also establishes responsibility for the management of freshwater resources 

through the omission of this from Schedule 4 (functional areas of concurrent Provincial and 

National competence) or 5 (functional areas of exclusive Provincial competence). Thus this 

responsibility resides with the National Government, entrenching the State as the custodian of 

water resources as a public, not a private, good and upholding the principle that water is held in 

public trust by the government (Stein 2005).  

 

“Water and sanitation services limited to potable water supply systems and domestic waste-water 

and sewage disposal” is however included in schedule 4b as a local government competency. 

These two separate functional areas (water resources management and water services delivery) 

are given effect through two primary legislative instruments viz. the National Water Act 36 of 

1998 (NWA) and the Water Services Act 108 of 1997 (WSA).  

 

Chapter 12 of the Constitution states that “The institution, status and role of traditional 

leadership, according to customary law, are recognised”3. It also provides for the establishment of 

national legislation to establish traditional leadership as an institution at a local level4 and for 

                                                      
3 Constitution of South Africa Section 211(1) 
4 Constitution of South Africa Section 212(1) 
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national and provincial legislation which will establish houses of traditional leaders and a council 

of traditional leaders5. This is an important consideration with respect to the management of the 

SDSWSA given the extent of land under traditional authority management.   

 

3.2.2 National Water Act 

The NWA provides the legislative framework for the management of South Africa’s water 

resources. This act establishes sustainability and equity as the two central guiding principles as it 

seeks to “ensure that the nation's water resources are protected, used, developed, conserved, 

managed and controlled”6. It goes on to define a water resource as “a watercourse, surface water, 

estuary, or aquifer”7. Importantly from the perspective of this project, this definition does not 

include a catchment as part of the resource as this is almost entirely a terrestrial environment. A 

catchment is defined separately in the NWA as “the area from which any rainfall will drain into the 

watercourse or watercourses or part of a watercourse, through surface flow to a common point or 

common points”8.  

 

The classification of water resources is a critical element of the Act in that it provides for the use, 

development, conservation, management and control of all water resources9. It aims to achieve 

the balance between the use and protection of a resource. The classification process allows for 

the determination of a class for every significant water resource and the specification of 

associated resource quality objectives (RQOs) for each resource10. The RQOS should relate to11: 

(a) the Reserve; 

(b) the instream flow; 

(c) the water level; 

(d) the presence and concentration of particular substances in the water; 

(e) the characteristics and quality of the water resource and the instream and riparian habitat; 

(f) the characteristics and distribution of aquatic biota; 

(g) the regulation or prohibition of instream or land-based activities which may affect the quantity 

of water in or quality of the water resource; and 

(h) any other characteristic, 

of the water resource in question.   

This legislated process is a central component of the suite of management tools that are relevant 

to the management of SWSAs. Presently, the classification and determination of RQOs has been 

completed for the Umvoti to Mzimkhulu area (including the uMvoti, uMngeni, uMkhomazi, 

Umzimkhulu and Umtamvuna Rivers of the SDSWSA) and for the Umzimvibu Catchment. It is 

presently in the process of being undertaken for the uThukela River catchment (including the 

Mooi, Bushmans rivers of the SDSWSA).  

 

                                                      
5 Constitution of South Africa Section 212(2) 
6
 NWA Section 2. 

7
 NWA Section 1(xxvii) 

8
 NWA Section 1 (iii) 

9 NWA Chapter 3 
10 NWA Section 13(1) 
11 NWA Section 13(3) 
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The control of land based activities in a catchment is largely provided for through the definitions 

of the uses of water which include a range of activities not limited to the actual use of the liquid 

itself; through the declaration of certain activities as stream flow reduction activities12 or as 

controlled activities13 and through the regulation of such uses by the water use licencing system. 

The licencing system is therefore the primary instrument for the regulation of impacts by land 

based activities to water resources.    

 

The achievement of the NWA’s intention to delegate management of resources to the catchment 

level is made through the requirement of the Minister to publish a National Water Resource 

Strategy (NWRS), which is required to “establish water management areas and determine their 

boundaries”14 and in doing so, “the Minister must take into account watercourse catchment 

boundaries”15. The NWRS is also required to “promote the management of catchments within a 

water management area in a holistic and integrated manner”16. This requirement speaks to the 

integrated nature of the environment and to the requirement to consider not just the water 

component of the catchment, but the terrestrial environment as well, as is recognised in the 

Preamble of the Act 

 

The establishment and management of WMAs are supported by Chapter 7 of the NWA which 

provides for the progressive establishment of Catchment Management Agencies (CMAs) with the 

aim of establishing a CMA for each WMA17. This is to achieve the decentralisation of water 

resources management to a catchment level – a core principle of the NWRS and a recognised 

need of the NWA to delegate management to a regional or catchment level so as to enable 

everyone to participate18.  For WMA’s where no CMA exists, or where the CMA exists but is not 

functional, all powers designated to the CMA vest in the Minister19. Amongst other functions, the 

development of a catchment management strategy20 is one of the key functions of the CMA and 

one of direct relevance to this project. According to the NWA, the function of a CMA is to: 
(a) to investigate and advise interested persons on the protection, use, development, conservation, management 

and control of the water resources in its water management area; 

(b) to develop a catchment management strategy; 

(c) to co-ordinate the related activities of water users and of the water management institutions within its water 

management area; 

(d) to promote the co-ordination of its implementation with the implementation of any applicable development 

plan established in terms of the Water Services Act, 1997 (Act No. 108 of 1997); and 

(e) to promote community participation in the protection, use, development, conservation, management and 

control of the water resources in its water management area.  
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 NWA Section 36;   
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 NWA Section 37(1) and Section 38(1) 
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 NWA Section  6.1(c) 
15

 NWA Section 6.2(a) 
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The NWA also provides for lower tiers of Water Management Institutions including Water User 

Associations (WUAs) and Irrigation Boards (IBs). This is again to implement inclusive participatory 

management of water resources at a catchment level. As a Water Management Institution, the 

Minister may delegate certain water management powers to a WUA21, however they are 

essentially not involved in water management activities and “are in effect co-operative 

associations of individual water users who wish to undertake water-related activities for their 

mutual benefit”22. There are currently approximately 90 Water User Associations (WUAs) and 177 

Irrigation Boards (IBs) in South Africa which exist to manage common water resources. (NW&SMP) 

 

Whilst not specifically included in the NWA, a further tier of non-statutory institution is provided 

for through the NWRS-2 viz; Catchment Management Forums (CMFs). CMFs are voluntary 

organizations established at the most local level of catchments to “democratise participation in 

water resource management and to support Catchment Management Agencies” (DWA 2013). 

CMFs are aimed at facilitating the coherent participation of stakeholders with diverse interests in 

decision making about water resources management (DWA 2013) and creating a link between the 

CMA, on the one hand, and local communities, civil society bodies and other stakeholders with an 

interest in WRM, on the other (UCPP 2016). 

 

1.1.1.1 National Water Resource Strategy 

As per the provisions of the NWA, the NWRS provides the framework for the protection, use, 

development, conservation, management and control of water resources for the country as a 

whole (NWA). The first NWRS was published in 2004. This version was revised in 2013 resulting in 

the 2nd edition of the NWRS (NWRS-2) (Figure 8). The NWRS-2 focuses on equitable and 

sustainable access and use of water by all South Africans while sustaining our water resource. It 

identifies three broad objectives: 

1. Water supports development and the elimination of poverty and inequality; 

2. Water contributes to the economy and job creation; and  

3. Water is protected, used, developed, conserved, managed and controlled in an equitable 

and sustainable manner. 

 

These broad objectives are addressed in strategic themes with identified key principals to be 

sustained and specific thematic objectives. The strategy then identifies strategic actions required 

to achieve the objectives of each theme.  
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Figure 8: Summary of the National Water Resource Strategy, 2

nd
 edition (DWA 2013) 

 

There are two aspects of the NWRS-2 that are specifically important in the context of this project. 

The first is from an institutional perspective which is the establishment of WMAs and associated 

CMAs. Whilst 2004 NWRS-1 had identified nineteen WMAs, the NWRS-2 revised this number to 

nine. This revision was based on the findings of the Institutional Reform and Realignment (IRR) 

Project which advised the amalgamation to enable integrated planning and for socio-economic 

reasons. The key advantages given by this study for a smaller number of WMAs are (Mkhize 2016): 

 Improved management of integrated systems which were previously split across WMAs.  

 Support to a consolidated approach to international counterparts in international basins.  

 The enabling of more technically-capacitated areas to be linked to less-resourced 

capacitated areas.  

 An improved balance in institutional revenue streams and economies of scale.  

 

 The second and perhaps the most important aspect of the NWRS-2 relevant from the perspective 

of this project is the fact that the protection of SWSAs is specifically identified as an important 

issue in Chapter 5 - Water Resources Protection. This inclusion resulted in specific strategic action 

5.4.2, related to the protection of SWSAs, being included. 
 

 
 

Strategic Action 5.4.2 Invest in strategic water source areas: National Strategic Water Source Areas are 

endorsed and acknowledged as strategic national assets at the highest level in all sectors. They all enjoy 

legal protection that allows land to be managed in a way that does not significantly undermine their 

role as key water sources. The costs of catchment management of these areas are factored into the 

water price, and revenues are reinvested in the management of these areas for their water resources. 
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1.1.1.2 National Water and Sanitation Master Plan (2018) 

The DWS published the National Water and 

Sanitation Master Plan (NW&SMP) in 2018. This 

plan recognises the critical challenges facing 

South Africa with respect to water security and 

sanitation, referring to both of these as a crisis. 

The plan provides “a schedule of prioritised 

actions for the period to 2030 that will create a 

water and sanitation sector that can meet 

national objectives as set out in the National 

Development Plan (NDP) and the internationally 

agreed Sustainable Development Goals (SDGs)” 

(DWS 2018b).  

 

The plan consists of three volumes (Figure 9), 

with Volume 1: Call to Action providing a broad 

view of the challenges facing South Africa and the 

actions planned in response. Volumes 2 and 3 

provide more details on the analysis of and rationale for the key issues faced (Volume 2) and 

provides more specifics regarding the implementation of actions planned (Volume 3). The key 

issues are described in terms of two categories; 1) Water and Sanitation Management, and 2) 

Enabling Environment.  

 

The Water and Sanitation Management category includes a section entitled “Protecting and 

Restoring Ecological Infrastructure”. In this section, it is acknowledge that high water yielding 

areas play a critical role in securing South Africa’s water supplies and identifies the need to 

protect these areas. In support of this, a priority action is included in the plan which reflects this 

intention viz.:   

 

 
 

3.2.3 Water Services Act 

Whilst the NWA is primarily concerned with the management of water resources, the WSA is 

primarily concerned with, inter alia, the realisation of the rights of access to basic water supply 

and basic sanitation. From the perspective of this project, the WSA’s relevance is mostly related to 

the supply of water generated in SWSAs to users. There are however some important aspects 

which relate to the management of catchments and could therefore be relevant in the 

management of SWSAs. In the preamble, the WSA recognises that “the provision of water supply 

Volume 3, Action 1.6.1 - Declare strategic water source areas and critical groundwater recharge 

areas and aquatic ecosystems recognised as threatened or sensitive as protected areas. 

Responsible parties: DWS, CMAs, DEA. Date for completion: 2021 

Figure 9: The three volumes of the NW&SMP (Taken from 
DWS 2018a). 
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services and sanitation services . . . must be undertaken in a manner consistent with the broader 

goals of water resource management”. This reference to the broader goals implies the goals 

stipulated in the NWA which include the need to ensure that the nation's water resources are 

protected, used, developed, conserved, managed and controlled.  

 

The WSA also provides the legislative framework for the establishment of Water Boards. These 

institutions are recognised in the NWA and are listed as organisations to which the Minister may 

delegate water resource management powers and duties that are given in terms of the NWA. 

Whilst primarily established to provide water supply services and sanitation services to other 

water services institutions within its service area23, in terms of the WSA, Water Boards may also 

provide “catchment management services to or on behalf of the responsible authorities”24. Water 

boards, and specifically UMngeni Water are therefore a potentially important actor in the 

management of SWSAs.  

 

3.2.4 National Environmental Management Act and associated regulations 

The National Environmental Management Act 107 OF 1998 (NEMA) provides the framework for 

managing South Africa’s environment which is defined as “the surroundings within which humans 

exist and that are made up of— 
(i) the land, water and atmosphere of the earth: 

(ii) micro-organisms, plant and animal life: 

(iii) any part or combination of (i) and (ii) and the interrelationships among and between them: and 

(iv) the physical, chemical, aesthetic and cultural properties and conditions of the foregoing that influence human 

health and well-being”
25

. 

 

The NEMA sets out a framework of principles26 which are to guide environmental planning, 

decision making and implementation. The principles aim to achieve sustainable development27 

which the NEMA defines as “the integration of social, economic and environmental factors into 

planning, implementation and decision-making so as to ensure that development serves present 

and future generations”28. 

 

The principles also draw attention to the fact that the environment is an integrated system; 

environmental management must be integrated; and that there must be intergovernmental co-

ordination and harmonisation of policies, legislation and actions relating to the environment, a 

principle echoed in the NWA29.  The inclusion of water in the NEMA’s definition of the 

environment and its overlap with the provisions of the NWA demonstrates this need for an 

integrated approach. However, from the perspective of managing the vast terrestrial extent of 

                                                      
23

 WSA Section 29 
24

 WSA Section 30(2)(c) 
25

 NEMA Section 1.1(xi) 
26

 NEMA Section 2 
27

 NEMA Section 3 
28

 NEMA Section 1.1(xxix) 
29

 NWA Preamble 
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SWSAs, the NEMA’s mandate to manage impacts to the land, biota and ecosystems is most 

important. 

 

Chapter 5 of the NEMA lays down a framework for integrated environmental management which 

is the foundation of our Environmental Impact Assessment and Environmental Authorisation 

process. This chapter gives the Minister the power to identify activities which may not commence 

without authorisation and to identify sensitive areas where specified activities may not commence 

without authorisation. This chapter also requires that the potential impacts of the specified 

activities be investigated, assessed and communicated. Relevant Ministers and MECs are also 

required to prescribe the procedures for this process. These are currently given in the NEMA 

Environmental Impact Assessment Regulations. These Chapter 5 provisions and their associated 

regulations are particularly relevant for the management of SWSAs. They provide mechanisms by 

which such areas can be protected and for the regulation of potentially damaging activities. 

 

NEMA also provides for the development of compilations of information and maps regarding the 

attributes of the environment in defined areas including the sensitivity and significance of such 

areas. These compilations are required to be taken into account by organs of state when 

permitting or authorising an activity. This section is given effect through the gazetting of the 2010 

EIA regulations containing provisions for the development of Environmental Management 

Frameworks (EMFs) and the subsequent development and gazetting of the EMF guidelines. EMFs 

are important tools in the management of SWSAs as they are the vehicle by which a sensitive 

water producing area can be included into the EIA process and into the municipal land use 

planning process.    

 

3.2.5 Spatial Planning and Land Use Management Act 16 of 2013 

The Spatial Planning and Land Use Management Act 16 of 2013 (SPLUMA) is an important piece of 

legislation for the management of SWSAs in the fact that it provides a framework for spatial 

planning and land use management in South Africa. The Act recognises the constitutional 

imperative for South Africa’s planning system to protect the environment. It also includes five 

development principles30 which include the principle of spatial sustainability31 whereby spatial 

planning and land use management systems must, inter alia, (ii) Ensure that special consideration 

is given to the protection of prime and unique agricultural land, and (iii) Uphold consistency of 

land use measures in accordance with environmental management instruments.  

 

The SPLUMA is the legislative foundation for a three tiered planning system viz. National, 

Provincial and Municipal32 tiers. It requires the development of Spatial Development Frameworks 

(SDFs) at all three tiers and Integrated Development Plans (IDPs) and Land Use Management 

Schemes (LUMS) at the municipal level. All three of these instruments are required to take 

cognisance of any environmental management instrument adopted by the relevant environmental 

                                                      
30

 SPLUMA Section 7 
31

 SPLUMA Section 7(b) 
32

 SPLUMA Section 5 
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management authority (EMF as an example). All of these instruments, but particularly those at a 

municipal level are also relevant to the management and protection of SWSAs as they embody the 

development policy of the local authority and reflect the intention for local level land use.  

 

The SPLUMA provides for procedures and processes for land development applications to ensure 

alignment of development with the policies and plans described above. These include that all 

applications should first be made to the relevant municipality “as the authority of first instance”33. 

The municipal planning tribunal of the relevant municipality will then consider and decide on an 

application and is required to ensure compliance with the development principles and where 

relevant, with environmental legislation.  

 

3.2.6 Local Government  

The Local Government: Municipal Structures Act 117 of 1998 (LGMStA) provides for the 

establishment of municipalities in three categories: metropolitan, local and district municipalities. 

It defines the functions and operational requirements for municipal councils and sets out the 

internal structures and functionaries within municipalities (Toxopeüs, M 2020).  

 

The Local Government: Municipal Systems Act 32 of 2000 (LGMSyA) provides the fundamental 

principles, mechanisms and processes necessary for municipalities to ensure access to basic 

services, like water and sanitation services (Toxopeüs, M 2020). 144 Municipalities are designated 

as Water Services Authorities who are responsible for the supplying of potable water and 

sanitation services, either as water service providers (WSPs) themselves, or externally through 

third party WSPs (DWS 2018b). 

 

The Traditional Leadership and Governance Framework Act 41 of 2003 (TLGFA) gives effect to the 

constitutional acknowledgement of the institution, status and role of traditional leadership. 

Importantly the Act states that “the institution of traditional leadership must be transformed to 

be in harmony with the Constitution and the Bill of Rights”, ensuring that the rights accorded to all 

citizens are also recognised through the traditional leadership institutions. With respect to 

traditional leadership institutions, this framework act provides for the recognition and 

establishment of:  
1. traditional communities,  

2. principal traditional communities,  

3. kingships and queenships,  

4. traditional councils,  

5. principal traditional councils, and  

6. kingship and queenship councils.  

7. National and local houses of traditional leaders  

The TLGFA also sets out the functions of these institutions. Much of the legislation relating to the 

specific roles and functions of traditional leaders is contained in provincial acts, primarily the 
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KwaZulu-Natal Act on the House of Traditional Leaders (7 of 1994) and the Eastern Cape 

Traditional Leadership and Governance Act (1 of 2017). 

 

Also important from a SDSWSA perspective is that the TLGFA requires that traditional councils role 

includes “facilitating the involvement of the traditional community in the development or 

amendment of the integrated development plan of a municipality in whose area that community 

resides”34 and “promoting the ideals of co-operative governance, integrated development 

planning, sustainable development and service delivery”35.  

 

Local houses of traditional leaders are required “to advise the district municipality or metropolitan 

municipality in question on: . . . (ii) the development of planning frameworks that impact on 

traditional communities”36. They are also required to “participate in local programmes that have 

the development of rural communities as an object”37. Local houses are therefore required to 

work with the local government structures in the development of inter alia: SDFs, LUMSs or EMFs, 

all of which can be instruments in the management of SWSAs. 

 

Traditional leaders, through their involvement with local government structures, are therefore 

mandated to actively participate in the development of plans and to promote the principles of 

sustainable development.   

 

3.2.7 Other Legislation of Relevance 

There are several other national pieces of legislation which are relevant to the management and 

protection of SWSAs.  

 

1. The National Environmental Management: Protected Areas Act No. 57 of 2003 (NEMPAA) 

provides for the declaration and management of protected areas (PAs). The different types 

of PA listed in this act include nature reserves, special nature reserves, world heritage 

Sites, protected environments, specially protected forest areas, forest nature reserves, 

forest wilderness areas and mountain catchment areas declared in terms of the Mountain 

Catchment Areas Act. The NEMPAA gives the purposes for declaring areas as including “to 

assist in ensuring the sustained supply of environmental goods and services” and because a 

declaration of a PA restricts land use activities within that area, this is an important vehicle 

for the management and protection of SWSAs. This is particularly important given the 

intention of the DWS stated in the NW&SMP to protect SWSAs (DWS 2018a, 2018b, 

2018c). 

 

2. The Mountain Catchment Areas Act No. 63 of 1970 (MCAA) provides for the protection of 

important mountain catchment areas. This act was promulgated to provide for the 
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37 TLGFA Section 17.3(b) 
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conservation, use, management and control of land situated in mountain catchment areas. 

It gives the Minister the power to declare any area as a ‘Mountain Catchment Area’ and to 

issue directives with respect to the management of these areas. The act also outlines the 

requirement for the provision of compensation for any patrimonial loss suffered by the 

landowner as a result of such directives. 

 

3. The Conservation of Agricultural Resources Act No. 43 of 1983 (CARA) and associated 

regulations regulate the use of agricultural land; providing protection for water resources 

through protection of wetlands and riparian areas and limiting activities on erodible soils. 

 

3.3 Institutional arrangement in the SDSWSA 

3.3.1 Water Management Institutions 

3.3.1.1 Department of Water and Sanitation 

As the management of water resources is a national government competency, the National 

Department of Water and Sanitation is responsible for the management of the water resources in 

the SDSWSA. As described above, much of the responsibility for catchment management is in the 

process of being delegated to regional level water management institutions through the 

establishment of WMAs and associated CMAs, but until this process is complete, responsibility still 

rests with the Department. Two of the nine gazetted WMAs are of relevance to this project 

(Figure 10) viz.:  

1. The Pongola to Mtamvuna WMA, including, inter alia, the upper catchments of the 

Thukela, uMvoti, UMngeni, UMkhomazi, Umzimkulu and Mtamvuna Rivers which make 

up almost the entire SDSWSA, and the  

2. Mzimvubu –Tsitsikamma WMA, including, inter alia, the upper catchment of the 

Mzimvubu River which comprises the south western most portions of the SDSWSA.  

 

Because full CMAs have not yet been established for either of these WMAs, proto-CMAs have 

been established in both of these WMAs. Importantly, proto-CMAs are not fully capacitated CMAs 

and have not had all relevant powers and responsibilities delegated to them. As per to provisions 

of the NWA, they are therefore still the responsibility of the National Department of Water and 

Sanitation.  

 

It is also important to note in the context of this project, that the Pongola to Mtamvuna Proto-

CMA (previously referred to as the Pongola to uMzimkhulu Proto-CMA) is in the process of 

developing its catchment management strategy, and a 90% draft version is currently available for 

comment and stakeholder input. This State of the Sources project has an important opportunity to 

contribute to the formulation of this strategy and to the action plan for monitoring in the WMA.  
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Figure 10: Two WMAs are relevant to the management of the SDSWSA 

   

3.3.1.2 Water user Associations and Irrigation Boards 

There are five registered Water User Associations and 10 registered Irrigation Boards representing 

water users located within the SDSWSA. These are listed in Table 1. The majority of these 

organisations represent the interests of water users in the commercial farming sector and this is 

reflected in the spatial distribution of these institutions which correlates well with commercial 

farming areas.   
 

Table 1: List of WUAs and IBs that are registered to operate within the SDSWSA 

WATER USER 

ASSOCIATION (WUA) 
TOWN IRRIGATION BOARD (IB) TOWN 

Upper Mlazi WUA Umlaas Road Karkloof IB Howick 

Bushmans River WUA Estcourt Upper Mvoti IB Greytown 

Muden WUA Greytown Ngwangwane IB Underberg 

Nkonza WUA Creighton Umzukulwane IB Harding 

Upper Lovu WUA Richmond Underberg IB Underberg 

 

Umzalanyoni IB Ixopo 

Ixopo IB Ixopo 

Pholela IB Himeville 

Mooi River IB Mooi River 

Hlatikhulu / Little Mooi IB Mooi River 
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3.3.1.3 Water Boards 

UMngeni Water is the only Water Board operating within the SDSWSA. It is state owned and 

operates in terms of the Water Services Act (WSA). It reports directly to the Department of Water 

and Sanitation (DWS). It’s primary function is to provide potable water supply and sanitation 

services to other water services institutions and it is the largest supplier of bulk potable water in 

the Province of KwaZulu-Natal (KZN). Whilst its service area extends across much of the province, 

some of its most important infrastructure is located in the SDSWSA; including Spring Grove, 

Midmar and Albert Falls Dams and several waste water treatment facilities such as Darvill WWTW 

and Howick WWTW. In addition, plans are in an advanced stage for the construction of Smithfield 

Dam on the upper uMkhomazi River. 

 

Whilst their primary function is the supply of water services, the WSA also allows for them to 

pursue other activities including inter alia, catchment management services on behalf of the 

responsible authority. They are currently undertaking important restoration and rehabilitation 

work in the upper uMkhomazi River Catchment which is aimed at reducing the River’s sediment 

load in anticipation of the construction of Smithfield Dam.    

 

3.3.2 Environmental Management Institutions 

3.3.2.1 National and Provincial Departments of Environmental Affairs 

Environmental management is a concurrent responsibility of both national and provincial 

environmental departments. The National Department of Environment, Forestry and Fisheries is 

mandated to give effect to the constitutional right of citizens to an environment that is not 

harmful to their health or wellbeing, and to have the environment protected for the benefit of 

present and future generations. To achieve this, the department aims to provide leadership in 

environmental management, conservation and protection towards sustainability for the benefit of 

South Africans and the global community. The department is structured around 10 branches, 

three of which have direct relevance for the management of the SDSWSA viz.: 

1. Biodiversity and Conservation Branch – This branch is responsible for the establishment, 

management and maintenance of ecologically representative national and cross-border 

systems of protected areas. 

2. Environmental Programmes Branch – The Natural Resources Management programme is 

housed in this branch and is responsible for the “Working For” programmes. These 

programmes undertake a great deal of work in the SDSWSA including the clearing of 

invasive alien plants and the rehabilitation of wetlands and other ecosystems. They are a 

significant contributor to the green economy and aim to close the loop between 

environmental management and social upliftment through the creation of jobs.  

3. Forestry Management Branch – As the name suggests, this branch is responsible for the 

sustainable management of state plantation forests, natural forests and woodlands. There 

are several state plantations and natural forest areas within the SDSWSA. 

 

The South African National Biodiversity institute (SANBI) was established under the National 

Environmental Management: Biodiversity Act No 10 of 2004 as a statutory body of the 
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department. SANBI is currently managing an important GEF6 funded project with a focus in the 

Greater uMngeni Catchment (as well as the Berg-Breede Catchment) titled ‘Ecological 

Infrastructure for Water Security’ (EI4WS). This project has SWSAs as key focus areas for 

investment and includes important work packages focusing on socio-economic monitoring and 

information collection, natural capital accounting and support to water management institutions.  

Importantly, the project is supporting the Pongola to Mtamvuna Proto-CMA in developing their 

catchment management strategy.  

 

As mandated by the Constitution and by the NEMA, the provincial environmental management 

authority is responsible for implementing integrated environmental management at the provincial 

level and is responsible for managing land use and development through the regulation of 

environmental authorisation.  

The KZN provincial authority for environmental management is the KwaZulu-Natal Department of 

Economic Development, Tourism and Environmental Affairs (EDTEA). The provincial conservation 

body in KZN is Ezemvelo KZN Wildlife (EKZNW). EKZNW is responsible for the conservation of 

biodiversity in the province as well as the management of several protected areas in the SDSWSA. 

These include the Maloti-Drakensberg Park World Heritage Site, which covers a significant section 

of the SDSWSA and includes some of the highest water yielding areas. EKZNW’s mandate is 

derived from the KwaZulu-Natal Nature Conservation Management Act No.9 of 1997, which is to 

direct the management of nature conservation within the province including protected areas 

(PAs) (EKZNW Website). EKZNW is also central to the development of biodiversity conservation 

targets and plans for the province. 

In the Eastern Cape, the relevant environmental management authority is the Eastern Cape 

Department: Economic Development, Environmental Affairs and Tourism (EDEAT). EDEAT is 

responsible for biodiversity conservation in the Eastern Cape. The authority responsible for the 

management of protected areas is the Eastern Cape Parks and Tourism Authority (ECPTA). 

ECPTA’s dual mandate is to develop and manage protected areas and promote and facilitate the 

development of tourism in the province. ECPTA is therefore the management authority for the 

provincially declared protected areas. 

3.3.3 Local Government Structures 

Whilst not a local government structure, the national government’s CoGTA Ministry, comprising 

the Department of Cooperative Governance and the Department of Traditional Affairs is the 

ministry responsible for the oversight of local municipal governance. Its stated vision is “A 

functional and developmental local government system that delivers on its Constitutional and 

legislative mandates within a system of cooperative governance” (CoGTA Website). Its mission is 

stated as being “to ensure that all municipalities perform their basic responsibilities and functions 

consistently . . .” 

 

There are 19 local municipalities that intersect with the SDSWSA. These represent seven District 

municipalities. The largest representation by area is by the Dr Nkosazana Dlamini Zuma LM which 
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represents 21% of the SDSWSA’s area. Both Impendle and uMngeni LMs are entirely contained 

within the SWSA and 98% and 82% of Dr Nkosazana Dlamini Zuma LM and Umzimkhulu LM are 

contained in the area respectively. The Harry Gwala DM (41%) and the Umgungundlovu DM (34%) 

together account for 75% of the SWSA. Eastern Cape municipalities represent 14% of the SDSWSA.  

 
Table 2: Local and district municipal representation by area in the SDSWSA. 

 
 

Local and district municipalities are particularly important in the management of the SWSA 

because they are responsible for spatial land use planning in their areas. It is also at the local scale 

that environmental management frameworks are developed. From a water services perspective, 

all of the listed DMs are water services authorities (WSAs), but The Msunduzi LM is the only LM in 

the SDSWSA registered as a WSA.  

 

3.3.4 Traditional authority 

Provincial Houses of Traditional Leaders are in place in both KZN and the Eastern Cape. Local houses of traditional 
leaders exist in all of the KZN SDSWSA Districts which include land under traditional leadership. These District 
Municipalities are listed in  
 
 
 

Table 3. There is no traditional land in the Greater Kokstad DM, and hence it is excluded from this 

list. The status of Eastern Cape houses could not be confirmed and the only information available 

was a government press release from 201738 which stated that houses in Alfred Nzo and O.R. 

Tambo Districts were in the process of being formed. 

                                                      
38 https://www.gov.za/speeches/eastern-cape-co-operative-governance-and-traditional-affairs-establishment-
local-houses 

Local Municipality (LM) District Muncicipality (DM) Province Area (Ha) of LM

Area of LM/SDSWSA 

intersection (Ha)

Percentage of LM 

in the SDSWSA

Percentage of 

SDSWSA in the LM

Dr Nkosazana Dlamini Zuma Harry Gwala KZN 360192 352807 98 21

Umzimkhulu Harry Gwala KZN 243557 200419 82 12

Impendle Umgungundlovu KZN 160957 160957 100 9

uMngeni Umgungundlovu KZN 151959 151829 100 9

Greater Kokstad Harry Gwala KZN 1071888 110951 10 6

Inkosi Langalibalele Uthukela KZN 339876 93973 28 5

Mpofana Umgungundlovu KZN 175660 87740 50 5

uMshwathi Umgungundlovu KZN 186558 73378 39 4

Richmond Umgungundlovu KZN 123136 69251 56 4

Umvoti Umzinyathi KZN 270471 48128 18 3

The Msunduzi Umgungundlovu KZN 75109 47159 63 3

uMuziwabantu Ugu EC 108947 50804 47 3

Ubuhlebezwe Harry Gwala KZN 166891 37174 22 2

Maphumulo iLembe KZN 89591 55 0 0

Matatiele Alfred Nzo EC 2176155 81978 4 5

Umzimvubu Alfred Nzo EC 773670 60567 8 4

Mbizana Alfred Nzo EC 724647 43825 6 3

Ntabankulu Alfred Nzo EC 138452 40977 30 2

Ngquza Hill O.R.Tambo EC 247683 4957 2 0

KwaZulu-Natal

Eastern Cape
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Table 3: KZN District Municipalities in the SDSWSA with Local Houses of Traditional Leaders (KZN CoGTA) 

District Chair person 

Harry Gwala DM INkosi PDH Chiliza 

Ugu DM INkosi SR Shinga 

Umgungundlovu DM INkosi MZ Mthuli 

Uthukela DM INkosi SW Sithole 

Ilembe DM INkosi NA Bhengu 

 

3.3.5 Non-Governmental Organisations 

3.3.5.1 Catchment management forums 

There are currently 27 CMFs in the Pongola to Umtumvuna WMA and 8 in the Eastern Cape 

(Munnik et al. 2016). Of these, only four in the Pongola to Umtumvuna WMA are relevant for the 

SDSWSA (P Jairam and N. Mkhize pers. Com). These are given in Table 4. Importantly, these are all 

located in the northern areas of the SWSA and the mid and southern areas are devoid of this level 

of institution. It must be noted though that the Umzimvubu Catchment Partnership Programme 

(see section 3.3.1.3) in many ways fills the role of a democratic CMF in the Umzimvubu catchment 

although at a broader catchment scale. 

Table 4: List of CMFs actively involved in management of SDSWSA catchments (P Jairam pers. com). 

CMF Local Municipality  Water Resource Town / City 

Upper Mvoti CMF Mvoti LM Mvoti River from Source to Maphamulo Greytown 

Mooi-Mearns CMF Mpofanfa LM Lower Mooi River and Springgrove Dam Mooi River 

Upper uMngeni CMF uMngeni LM 
uMngeni River  from Source to inflow to 

Albert Falls Dam 
Howick 

Msunduzi CMF Msunduzi LM 

Catchment of Msunduze River, Also 

uMngeni River from inflow to Albert 

Falls Dam to inflow to Nagle Dam 

Pietermaritzburg 

 

3.3.5.2 uMngeni Ecological Infrastructure Partnership  

Description: The uMngeni Ecological Infrastructure Partnership (UEIP) is a voluntary partnership 

comprising government, business, academia, and civil society. Members are committed to finding 

ways of better integrating Ecological Infrastructure solutions into water resource management in 

the greater uMngeni River catchment. The primary focus of the UEIP is on the role ecological 

infrastructure can play in improving water security in the catchment. 

 

Mission statement: The UEIP is dedicated to harnessing the potential of intact, functioning 

ecosystems to complement built infrastructure in an integrated approach to managing water 

resources in the greater uMngeni River catchment. Strategic investment in the rehabilitation and 
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management of ecological infrastructure in the catchment will be enabled by coordination, 

collaboration and joint learning through the partnership. The partnership will strive to support 

more integrated and effective governance for land-use and water resource management, a 

deeper common understanding of the benefits of an ecological infrastructure approach, and 

improved capacity at all points along the science-society-policy-practice continuum. 

 

Area of operation: The UEIP operates within the greater uMngeni River catchment. This includes 

the uMngeni River catchment as well as the upper Mooi River catchment above Mearns Weir. 

 

3.3.5.3 Mzimvubu Catchment Partnership Programme 

Description: The Mzimvubu Catchment Partnership Programme is a partnership committed “to 

collective action to develop and implement a catchment management strategy and restoration 

plan for the Umzimvubu River corridor” (UCPP Website).      

Mission Statement: “The Umzimvubu Catchment Partnership Programme aims to conserve the full 

extent of the Umzimvubu River system (from source to sea) through the sustainable restoration 

and maintenance of the catchment area in a manner that supports economic development and 

job creation for local people and enhances flow of benefits from ecosystem goods and services to 

people and nature” (UCPP Website). 

Area of operation: The UCPP operates in the entire Umzimvubu River catchment, from its source 

to the sea in the Eastern Cape. 

3.4  Land tenure 

At the most local level, land tenure is a central consideration in the governance and management 

of land. It is also a central consideration as a socio-economic variable. The tenure of land in the 

Umzimvubu catchment, which encompasses the Eastern Cape portion of the SWSA is relatively 

simple (Figure 11), with the majority of the catchment made up of land of communal tenure in the 

former Transkei. This land is held by the Department of Rural Development & Land Reform on 

behalf of the communities who live on the land and managed by the traditional authorities in the 

area (ERS 2011). The section between Matatiele, Cedarville and Kokstad is privately owned 

commercial farmland. Pockets of land in and around the urban centres are also privately owned 

and titled. The towns all have their own Land Use Management Schemes (LUMS) (ERS 2011). 

Other tenure categories include State land (including municipal and provincial nature reserves) 

and Mission (religious organisations).  
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Figure 11: Land tenure in the Umzimvubu Catchment in the Eastern Cape (ERS 2011). 

 

In KZN, the tenure of land is made up of roughly the same categories; however the spatial 

distribution is somewhat more complex. In the Greater Kokstad municipality there is no 

communal tenure land and no registered traditional authority. Most other municipalities have 

some traditional communities with communal tenure land under traditional authority. These are 

clustered in the central regions of the SWSA in Harry Gwala and Umgungundlovu District 

Municipalities (Figure 12).  

 

 
Figure 12: Distribution of traditional communities in the KZN portion of the SDSWSA. 
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4. SOCIO-ECONOMIC ASSESSMENT OF TARGET LOCAL 

MUNICIPALITIES  

4.1  Overview  

This socio-economic assessment was undertaken for local municipalities (LMs) that intersect the 

SDSWSA. Inside these LMs, only wards which intersect the SDSWSA were included in the 

assessment. Where wards were not located completely within the bounds of the SDSWSA, the 

population of those wards was adjusted proportionally to the area of the ward included inside the 

SWSA boundary. It was assumed that populations were evenly distributed across their respective 

wards. The socio-economic profile of the focus areas was developed using most recent 

comprehensive census data from Statistics SA (2011). The Local Municipalities covered in this 

assessment include (Figure 13):  

 Dr Nkosozana Dlamini Zuma  Mpofana  uMsunduzi 

 Greater Kokstad  Ngquza Hill  uMuziwabantu 

 Inkosi Langalibalele  Ntabankulu  uMvoti 

 Maphumulo  Richmond  uMzimkhulu 

 Matatiele  uBuhlebezwe  uMzimvubu 

 Mbizana  uMngeni  

 Mpendle  uMshwati  

 

Socio-economic indicators that are considered in the assessment include statistics on the 

following:  

 Population  
o Total population (adjusted) 
o Number of households (adjusted) 
o Average household size  
o Female headed households % 

 Living conditions  
o Population density  
o Access to services and natural resources:  

 Source of water  
 Source of energy for cooking, and heating  

 Economy  
o Population living below poverty line  
o Income Categories  
o Unemployment rate  
o Percentage of labor force not working 

 Agricultural activity (livestock grazing, crop production, etc.) 
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Figure 13: Locality map for wards and local municipalities within the southern Drakensberg Strategic Water Source 
Area (SDSWSA) 

 

The socio-economic profile for each municipality based on the selected variable is presented in 

Section 4.2, and spatially represented in Section 4.3. A comparative analysis of the socio-economic 

profiles of target local municipalities is provided in Section 4.4. 

 

Key terminology used in socio-economic assessment is defined below: 

 Poverty line – The South African national poverty line is calculated by utilizing the cost-of-

basic-needs approach whereby welfare and the consumption of goods and services are 

linked. Statistics South Africa reports an upper-bound poverty line (UBPL) of R779 per 

person per month for 2011. The UBPL is inclusive of the food poverty line plus the 

average amount of money derived from non-food items of households whose food 

expenditure is equal to the food poverty line. No data on household poverty lines was 

available for 2011, therefore this assessment estimated the household poverty line by 

multiplying the UBPL by the average household size. The average of the household 

poverty line was calculated across municipalities (i.e. R2707.03). This figure was 
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multiplied by 12 months to determine the average household poverty line per annum (i.e. 

R32 484.36). This household level annual income figure was then comparable with the 

2011 census income categories, in order to determine the percentage of households living 

on or below the poverty line per municipality. 

 Unemployment rate – This is calculated as the number of people that are not employed 

(i.e. unemployed, not economically active and discouraged work seekers) divided by the 

total number of people who are of economically active age (i.e. older than 14 and 

younger than 65 years of age) within a particular population.  

 Sources of energy for domestic use - Sources of energy (i.e. cooking, and heating) on the 

Statistics SA database are categorized as electricity, gas, paraffin, solar, candles, wood, 

coal, animal dung, and other. In this assessment these categories were grouped into (i) 

fossil fuels (i.e. electricity, gas, paraffin, coal), (ii) natural resources (i.e. wood, animal 

dung), (iii) candles, (iv) other (including Solar), and (v) none. This allowed for the 

assessment of the level of dependence on natural resources for meeting domestic energy 

needs.  

 Sources of water for domestic use - Sources of water for domestic usage on the Statistics 

SA database are categorized as regional/local water scheme (i.e. operated by municipality 

or other water services provider), borehole, spring, rain water tank, dam/pool/stagnant 

water, river/stream, water vendor, water tanker, and other. In this assessment these 

categories were grouped into (i) Protected (i.e. regional/local water scheme), (ii) 

Unprotected (i.e. borehole, spring, rain water tank, dam/pool/stagnant water, 

river/stream, water vendor, water tanker), and (iii) Other.  

 

4.2  Socio-economic profiles of target local municipalities in the SDSWSA  

The info-graphics that follow summarize the 2011 Statistics South Africa census data for key 

socio-economic indicators in the target LMs.
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4.3 Spatial representation of socio-economic indicators of local municipalities within 

the SDSWSA 

Key socio-economic indicators for relevant local municipalities were mapped at a ward scale. 

Mapping was carried out using indicators of socio-economic wellbeing which were classified using 

the ArcMap (v10.7) Quantile Classification. This method distributes a set of values into groups that 

contain an equal number of values. The attribute values are added up, and then divided into the 

predetermined number of classes.  

 

The following is highlighted by a comparative assessment of key socio-economic indicators across 

the target Local Municipalities: 

a) Households living below the poverty line: The percentage of households living below the 

poverty line is very high across all LMs indicating very high poverty levels across the SWSA, 

with the highest being in Mbizana LM, Mpofana LM, Ngquza Hill LM and uMuziwabantu 

LM (where approximately 92-93 % of the households survive on less than R3 200 per 

month or less) (Figure 14 and Table 5). 

b) Population density (persons/km2): High population density can translate into high 

competition for access to resources and vulnerability, particularly in communities 

characterized by poverty. Population densities are moderate to high in uMsunduzi LM, 

Mbizana LM, and Ngquza Hill LM. Although, the high population density in Msunduzi LM 

can be attributed to large urban settlements in the area (Table 5).  

c) Unemployment rate: This is the unemployed as a percentage of the labour force (i.e. 

economically active population only, excluding who are not economically active and 

discouraged work seekers). The unemployment rate is moderately high across all LMs and 

very high in Ngquza Hill LM, uMsunduzi LM, Greater Kokstad LM, and Inkosi Langalibalele, 

where almost the official unemployment is 16-17 % (Figure 15 and Table 5). 

d) Percentage of population not employed: This percentage takes into consideration adults 

who are of economically active age but who are classified as out of the labour force, i.e. 

those who are not economically active and discouraged work seekers, as well as 

unemployed people. This rate is moderate to high across all LMs and particularly high in 

Maphumulo LM,  Ngquza Hill LM, Mbizana LM, Mpendle LM, and Ntabankulu LM where 

only between one to two out of 10 adults are employed (Table 5). 

e) Dependent on natural resources to meet domestic energy needs: Limited or unaffordable 

access to services such electricity, gas, paraffin or coal results in households being reliant 

on harvesting natural resources (woody biomass) to meet their domestic energy needs for 

cooking, heating and lighting. These households are therefore highly vulnerable as a 

scarcity of these resources severely impacts on household food security and well-being.  

i. Dependence on natural resources for cooking: Levels of dependence on 

natural resources for cooking is high in Ngquza Hill, Dr Nkosozana Dlamini-

Zuma, Ntabankulu, and Maphumulo LMs in particular (Figure 17 and Table 

5).  
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ii. Dependence on natural resources for heating: Levels of dependence on 

natural resources for heating is high in Ngquza Hill, Dr Nkosozana Dlamini-

Zuma, Ntabankulu, and Mbizana LMs in particular (Figure 16 and Table 5). 

 

f) Dependent on unprotected water sources: approximately nine in ten households in 

Mbizana and Ngquza Hill LMs are reliant on unprotected water sources for domestic water 

needs which place these households at risk for health issues and water borne illnesses 

(Figure 18 and Table 5). Dependency levels on unprotected water sources in Msunduzi and 

uMngeni (more urbanized areas with greater access to services) are relatively low because 

of the infrastructure and institutions present in these LMs. 

g) Percent of population living in traditional authority areas: At least 90 % of the people 

living in Maphumulo, Ngquza Hill, uMzimvubu, Ntabankulu and Mbizana LMs and within 

the SDSWSA are living in Traditional Authority Areas. However, less than 10 % of the 

people within the SDSWSA living in Greater Kokstad, Mpofana, uMngeni, and uMshwati 

LMs are living in Traditional Authority Areas (Figure 19Error! Reference source not found. 

and Table 5).  

 

 

Figure 14: Percentage of population within the SDSWSA which is living below the poverty line (set at R38, 400 per 
household per annum) 
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Figure 15: Percentage of population within the SDSWSA which is actively looking but unable to find employment 

 

 

Figure 16: Percentage of population within the SDSWSA dependent on natural resources for heating 
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Figure 17: Percentage of population within the SDSWSA dependent on natural resources for cooking 

 

Figure 18: Percentage of population within the SDSWSA dependent on unprotected sources of water for domestic 
purposes 
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Figure 19: Percentage of population within the SDSWSA living in Traditional Authority Areas 
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Table 5: Comparison of key socio-economic indicators across target Local Municipalities (source data from StatsSA 2016) 

Local Municipalities 

People 
below 

poverty 
line % 

Unemployment 
rate % 

% labour 
force 

unemployed 

Female 
households 

% 

Pop 
Density 

(People/ 
km2) 

Natural 
resources 

for 
cooking 

Natural 
resources 

for 
heating 

Tribal or 
Traditional 

area 

Urban 
area 

Farm 
area 

Unprotected 
water 

sources 

Greater Kokstad 81.43 16.07 53.51 39.89 13.06 19.98 26.63 0.0 65.5 34.5 37.44 

Inkosi Langalibalele 89.26 16.63 81.12 53.04 71.10 41.40 47.14 62.6 30.3 7.1 53.08 

Maphumulo 91.84 15.27 92.00 62.75 69.86 60.90 47.56 100.0 0.0 0.0 78.87 

Matatiele 86.71 13.44 71.67 54.21 47.40 32.79 44.80 82.0 14.8 3.2 40.04 

Mbizana 93.54 11.29 87.38 61.01 117.42 59.50 69.13 99.6 0.0 0.4 91.85 

Mpendle 84.36 10.05 87.18 56.62 18.87 46.92 62.41 73.0 6.3 20.7 65.69 

Mpofana 92.10 13.60 47.81 43.67 14.71 38.07 48.63 0.0 35.8 64.2 55.41 

Ngquza Hill 92.69 17.09 90.50 59.54 102.31 81.92 86.41 100.0 0.0 0.0 98.70 

Dr Nkosozana Dlamini-Zuma 90.15 11.97 75.31 54.41 30.55 63.57 70.52 72.9 8.4 18.8 76.89 

Ntabankulu 91.82 12.31 87.60 61.24 96.36 64.42 72.38 96.5 3.5 0.0 64.95 

Richmond 82.00 12.57 87.60 47.53 50.80 24.70 33.68 45.2 33.0 21.8 35.84 

uBuhlebezwe 81.69 10.52 73.72 53.07 48.98 54.62 60.58 44.4 22.7 32.9 57.63 

uMngeni 71.28 15.88 51.18 43.05 61.75 7.43 17.12 6.2 76.2 17.6 27.95 

uMshwati 83.89 8.03 51.76 43.51 38.26 29.12 43.34 5.4 29.1 65.6 51.46 

uMsunduzi 78.85 17.48 67.32 47.44 667.68 6.38 14.67 45.1 54.5 0.4 12.84 

uMuziwabantu 92.87 10.89 78.32 56.07 93.52 48.03 55.90 80.7 16.8 2.4 39.12 

uMvoti 91.34 12.25 78.57 61.28 44.21 46.81 54.71 66.3 4.8 28.9 78.23 

uMzimkhulu 91.39 13.49 78.57 60.63 74.39 53.32 66.88 44.9 12.5 42.7 70.28 

uMzimvubu 89.96 15.31 83.82 59.87 85.36 46.87 60.57 93.3 6.7 0.0 58.84 
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4.4  Socio-Economic Development Need - Comparative Assessment 

Several socio-economic indicators in Table 5 were aggregated into a rank for each Local 

Municipality by dividing each indicator value by the highest and displayed as a percentage, 

giving each component a score between 100 and zero (where 100 represents the highest 

socio-economic development need and zero represents the lowest socio-economic 

development need). The socio-economic indicators selected were people living below 

poverty line, unemployment rate, population density (People/ km2), people dependent on 

natural resources for cooking, dependent on natural resources for heating, and people 

dependent on unprotected water sources. These socio-economic indicators were selected 

as they represent people’s relationship with natural resources. These indicators provide a 

rich description about people’s reliance and impact on the environment, specifically relating 

to water. The final ranking per Local Municipality for all indicators was calculated as the sum 

of ranks for each of the 6 indicators, represented as a percentage (Table 6). 

 

Table 6: Final ranking per Local Municipality aggregated across all socio-economic indicators 

Local Municipalities Total 

Mbizana 71% 

Ntabankulu 69% 

Nkosozana Dlamini Zuma 68% 

uMzimkhulu 67% 

uMzimvubu 64% 

uMvoti 62% 

Inkosi Langalibalele 60% 

uBuhlebezwe 58% 

Mpendle 58% 

uMuziwabantu 56% 

Mpofana 56% 

uMsunduzi 54% 

Matatiele 52% 

uMshwati 47% 

Greater Kokstad 46% 

Richmond 45% 

uMngeni 39% 

Ngquza Hill* 85% 

Maphumulo* 68% 

*Whilst apparently ranking very highly, these municipalities do not overlap sufficiently with the SDSWSA to provide a basis for findings and 

have been removed from analyses from this point on. 

In summary, large areas of the SDSWSA contained in Mbizana, Ntabankulu, Nkosozana Dlamini Zuma 

and Umzimkhulu Local Municipalities consistently fall into the highest vulnerability categories, i.e. 

greatest socio-economic development need. This is significant in that ecological infrastructure in 

these areas is under pressure to supply ecosystem services to support the livelihoods of vulnerable 

communities. Richmond and uMngeni Local Municipalities have relatively less vulnerability and 
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socio-economic development need. The aggregated results of the socio-economic assessment are 

spatially presented in Figure 20. 

Municipalities which are more reliant on natural resources and unprotected water sources are more 

vulnerable and less adaptable. They are at a greater health risk due to their lack of water from a 

protected source. Households living below the poverty line may rely more on agricultural practices 

to meet daily calorie requirements, thus leading to land use changes and degradation of natural 

resources and ecological infrastructure. From a governance perspective, this means that people are 

less likely to be participating in institutions because their time is occupied with livelihood strategies 

 

 

Figure 20: Spatial representation of the final socio-economic development need scores. 
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5. THE WATER CYCLE AND ECOLOGICAL INFRASTRUCTURE 

5.1  Introduction 

The water-cycle describes the ways water is exchanged between the atmosphere and the 

earth’s surface and sub-surface. Water that evaporates from the earth’s surface condenses 

again to form clouds. The clouds then release their water as precipitation (Figure 21). Water 

that infiltrates into the soil percolates through it and either flows out to rivers and wetlands 

or continues downwards to the water table where it replenishes or recharges the 

groundwater aquifers (Le Maitre et al., 2018). Aquifers themselves contribute to the 

sustained flow of rivers during dry periods, referred to as baseflow. Vegetation covering the 

soil can assist in slowing runoff and aiding infiltration into the soil. Rain water can also be 

intercepted by vegetation from where it evaporates or it can be transpired by vegetation, 

both of which lead to the loss of water to the atmosphere.  

 

 

Figure 21: The water cycle illustrating surface water - groundwater connections and flows with the example 
of an unconfined aquifer underlain by impermeable bedrock (CSIR 2004 in 
http://www.limpopo.riverawarenesskit.org) 

 

Land management practices and land cover changes, even well away from any obvious body 

of water, can have effects on the water cycle elsewhere and, potentially, hundreds of 

kilometres away (Dabrowski et al., 2013; McDonald et al., 2016; Scanlon et al., 2007, 2005). 

Similarly, sediment, nutrients, chemicals, or pathogens released into a river at one point can 

affect community’s downstream (Le Maitre et al., 2018). From the perspective of managing a 

http://www.limpopo.riverawarenesskit.org/
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catchment area as large as the SDSWSA, it is important to understand the elements of the 

climate, land, wetlands and rivers that support the hydrological functioning of the area.  

  

This section aims to characterise key climatic variables in the SDSWSA together with aquatic 

ecological infrastructure, (including the health of river and wetland systems) and terrestrial 

ecological infrastructure. Where possible, the present state is compared to a baseline state 

to provide an indication of change. It is also important to understand trends in change in the 

landscape and for this reason a land cover change analysis is included. 

 

5.2  Climate 

Climate has a major influence on the ability of a resource to generate, store and distribute 

water for utilization. Rainfall is the primary input, recharging the system, while evaporation 

and outflow deplete water reserves (both surface and ground). It is the distribution of mean 

annual precipitation which is mostly responsible for the distribution of SWSAs, and so, 

although the management of climate is not possible in the same sense as managing a 

catchment, it is a key aspect of the SDSWSA that must be unpacked.   

 

5.2.1 Rainfall 

The type and frequency of rainfall strongly influences hydrological processes. The SDSWSA 

receives a Mean Annual Precipitation (MAP) of >900mm, with most precipitation occurring 

as rainfall during the warmer months (September – April) (O’Connor, 2005). Analysis of long 

term data reveals that the summer rainfall in the SDSWSA is variable and this variability is 

correlated with the El Nino/Southern Oscillation (ENSO) and the frequency and intensity of 

the ENSO affects the rainfall in the Drakensberg (Nel 2009).  

 

Globally, rainfall is predominantly measured using three broad techniques, viz. rain gauges, 

ground-based radar and satellite-derived rainfall estimates. Table 7 briefly summarises the 

ability of these techniques. 

 
Table 7: Rainfall measurement techniques 

Technique: Rain gauges Ground-based radar Satellite-derived measurement 

Spatial coverage: 
Poor spatial coverage Moderate spatial coverage Large spatial coverage 

Point measurement Spatial measurement Spatial measurement 

Length of record 
available: 

Long records Short records Short records 

Sources of error: 
Observer errors, logger 
malfunctions 

Beam blocking, calibration 
errors, biases 

Calibration errors, algorithm 
uncertainty, biases 

 

Rain gauges produce accurate on-the-ground measurements of rainfall however as point 

measurements they produce a poor spatial representation of the distribution of rainfall. 

Rain gauges are also sparsely distributed and networks are declining around the globe 

(Pitman, 2011; Hughes 2006). Figure 22 and Table 8 give an indication of the rain gauge 
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network overseen by the Department of Water and Sanitation and Human Settlements 

(DWSHS) across the SDSWSA, as well as length of record from each gauge.  

 

 
Figure 22: Rain gauge network in and around the SDSWSA (data: Department of Water and Sanitation and 
Human Settlements) 

 

Table 8: Rain gauge record details 

Station ID Start date End date Station ID Start date End date 

C5E009 01/08/1969 01/03/2019 U2E009 04/10/1991 01/11/2019 

T3E002 16/11/1959 01/10/1980 U2E001 09/01/1950 31/10/1966 

T3E001 05/06/1937 01/01/2020 U4E001 02/03/1966 31/08/1978 

T3E004 02/10/1992 30/03/1995 V1E003 07/09/1967 24/04/1970 

T5E002 02/08/1963 30/09/1980 V2E003 02/12/2003 01/11/2019 

U2E003 17/09/1964 01/11/2019 V2E002 02/10/1969 1/10/2019 

U2E002 10/06/1952 01/10/2019 V2E001 02/02/1966 30/06/1970 

U2E006 07/12/1973 01/11/2019 V7E001 06/12/1954 01/03/1973 

U2E004 17/08/1967 29/04/1995 V7E004 03/04/1973 01/10/1980 

U2E005 02/03/1966 24/08/1998 V7E003 03/03/1973 01/11/2019 

C5NP0002 Missing data    

 

As this information suggests, the DWSHS’s network of rain gauges is spatially unreflective of 

the study area, with many gaps in the record of unmonitored days and even months 

(Pitman, 2011; Hughes 2006). Rain gauges are clustered in the north and north eastern 

peripheries of the SDSWSA, and while they can be used in rainfall analyses within smaller 

catchments, they are a poor reflection of rainfall across the entire study area. Such large 

scale estimates rely heavily on modelling to produce a continuous distribution across a large 
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area. In this study modelled data has been used to characterise the distribution of MAP 

across the SDSWSA. Schulze and Lynch (2007), in the widely referenced South African Atlas 

of Climatology and Agro-hydrology, uses Lynch (2004), a quality controlled, updated rainfall 

dataset comprising 9600 stations with over 15 years of recorded data per station to model 

MAP across the country using the Agricultural Catchments Research Units Model (ACRU) 

(Smithers and Schulze, 1995). Using this spatial layer, the baseline MAP for the SDSWSA is 

calculated as 910mm, with a maximum value of 1558mm and a minimum of 507mm. The 

spatial distribution of this baseline value is shown in Figure 23.  

 

 
Figure 23: SDSWSA modelled mean annual precipitation (Schulze and Lynch, 2007) 

 

There are methods that can be used to be able to estimate precipitation across the SWSA on 

a continuous basis. These methods include recently developed technologies such as ground-

based radar and the use of satellite-derived rainfall estimates.  

 

Of these two, satellite derived estimation is preferred as a large scale areal measurement 

technique as ground-based radar does not detect weaker rainfall events accurately and 

topography poses an issue in terms of radar reach (Wetchayont et al., 2013). Most SWSAs 

occur predominantly in high mountainous catchments which would result in sever beam 

blocking. The well documented advantages of utilizing satellite derived rainfall 

measurements include large spatial coverages (some global), fine scale temporal resolutions 

(some at three hours), they are largely free of charge and offer measurement in areas that 

are not gauged.  
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The algorithms utilized to estimate rainfall make use of retrievals from sensors that measure 

active/passive waves of the electromagnetic spectrum. For example, the infrared spectrum 

can be used to measure Cloud Top Temperatures (CTT) which forms an indirect relationship 

to estimating rainfall rates. However, one of the disadvantages of the infrared spectrum is 

that it is less reliable at very fine spatial and temporal scales, and the relationship between 

CTT and rainfall rate is relatively weak (Derin et al., 2014). Therefore, modern day 

algorithms utilize integrated inputs from various sensors aboard various satellites to achieve 

rainfall estimations occurring on the Earth’s surface. A more detailed review of relevant 

satellites and rainfall estimation applications can be found in Appendix 3.  

 

5.2.2 Evaporation  

There are a number of South African Sugar Research Institute (SASRI) weather stations 

which collect relevant evaporation data. These are listed in the Table 9. This list and the 

locations of the stations displayed in Figure 24 show a clear continuation of the pattern 

shown by the rainfall gauges viz. that the central and southern areas are data poor relative 

to the uMngeni catchment.  

 
Table 9: South African Sugar Research Institute (SASRI) weather stations recording evaporation 

STATION ID NAME START DATE END DATE ALTITUDE 

22 Seven oaks - Saw Mill 1966/01/01 2005/05/01 1067 

23 Noodsberg - Illovo Sugar Mill 1971/07/20 2017/06/30 1008 

24 Wartburg - Windy Hill 1966/01/03 1986/02/28 988 

31 Tala Valley - Camperdown 1974/03/01 1978/01/01 692 

39 Cramond - Ellesmere Sugar Estate 1971/06/01 2003/04/30 823 

47 Thornville - Tin Shell Estate 1983/05/01 2000/02/28 860 

50 Wartburg - Windy Hill 1986/03/01 1995/03/01 890 

455 Wartburg - Bruyns Hill 1997/12/27  990 

483 Pietermaritzburg - Faulklands 1984/12/21 2016/02/29 740 

487 New Hanover - Camelhoek 1982/01/01 2005/11/05 750 

491 Tala Valley - Lelani Farm 2008/03/14 2016/02/29 610 

492 Pietermaritzburg - Ukulinga 2008/03/14 2016/02/29 775 

503 New Hanover - Torwoodlea 2008/12/10  822 

508 Glenside - SASRI Farm 2013/01/01  985 

512 Wartburg - Fountain Hill 2015/08/14  853 

513 Noodsberg - Illovo Sugar Mill 2016/05/06  1008 

520 Umkhomazi - Mt Home M 2016/07/29  1151 

538 Greytown - Ravensworth M 2016/07/29  1021 

541 Greytown - Mistley M 2016/07/29  1110 

543 Greytown - Seele Office M 2016/07/29  884 

545 Umkhomazi - Mt Shannon M 2016/09/07  1377 

546 Umkhomazi - Greenhill M 2016/09/07  921 

549 Umkhomazi - Donnybrook M 2017/07/01  1242 

550 Greytown - Umvoti Heights M 2019/09/01  1425 
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Figure 24: South African Sugar Research Institute weather stations 

 

Here too, the monitoring points are spatially unreflective of the SDSWSA and therefore an 

accurate characterisation of evaporation across the area cannot be given. As with 

precipitation, there are alternatives to using in-situ measurements for 

evaporation/evapotranspiration monitoring viz. modelling and to use satellite-derived 

estimates.  

 

Modelled data based on Schulze and Maharaj (2007), uses the widely accepted A-pan 

method to calculate (based on a regression equation using monthly means of daily 

temperatures) potential evaporation across the country. These estimates were used to 

illustrate (Figure 25) variability of potential evaporation in the SDSWSA, having calculated a 

high mean annual average of 1609mm. 

 

Two widely used freely available satellite products are MODIS and Global Land Evaporation 

Amsterdam Model (GLEAM). MODIS Evapotranspiration (MOD16) is part of NASA/EOS 

project to estimate global terrestrial evapotranspiration from earth land surface by using 

satellite remote sensing data. MOD16 global evapotranspiration product can be used to 

calculate regional water and energy balance, soil water status; hence, it provides key 

information for water resource management.  
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Figure 25: SDSWSA modelled mean annual potential evaporation (Er) (Schulze and Maharaj, 2007) 

 

With long-term ET data, the effects of changes in climate, land use, and ecosystems 

disturbances (e.g. wildfires and insect outbreaks) on regional water resources and land 

surface energy change can be quantified. The MOD16 global evapotranspiration (ET)/latent 

heat flux (LE)/potential ET (PET)/potential LE (PLE) datasets are regular 1-km2 land surface 

ET datasets for global vegetated land areas at 8-day, monthly and annual intervals. 

 

GLEAM is a set of algorithms that separately estimate the different components of land 

evaporation (or 'evapotranspiration’): transpiration, bare-soil evaporation, interception loss, 

open-water evaporation and sublimation. Additionally, GLEAM provides surface and root-

zone soil moisture, potential evaporation and evaporative stress conditions.  The Priestley 

and Taylor equation used in GLEAM calculates potential evaporation based on observations 

of surface net radiation and near-surface air temperature. Estimates of potential 

evaporation for the land fractions of bare soil, tall canopy and short canopy are converted 

into actual evaporation using a multiplicative evaporative stress factor based on 

observations of microwave Vegetation Optical Depth (VOD) and estimates of root-zone soil 

moisture. 
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Table 10: Satellite product summary for estimating evaporation 

Product Spatial 
Resolution 

Temporal Resolution Data Availability Source 

MODIS 500mx500m 8 day, monthly, yearly 2000-present https://modis.gsfc.nasa.gov/d
ata/dataprod/mod16.php 

GLEAM 250mx250m Daily, monthly, yearly 1980-present https://www.gleam.eu/ 

 

 

5.3 Aquatic ecological infrastructure 

5.3.1 River network  

The northern-most primary river system in the SDSWSA is the Boesmans/Bushmans River in 

the Thukela River Catchment (Primary catchment V). The southern-most primary river 

system in the focus area is the Mzimvibu River. There are 12 secondary catchments in the 

SDSWSA, which are broken up into 16 tertiary catchments. 

 
Table 11: Primary and secondary catchments in the Southern Drakensberg Strategic Water Source Area 

Primary  Tertiary Main River in Tertiary Catchment 

T T31 Mzimvubu 

T T32 Mzimvubu 

T T33 Mzimvubu 

T T40 Mzintlava 

T T51 Mzintlava 

T T52 Mzimvubu 

T T60 Mzimkhulu 

U U10 uMkhomazi 

U U20 uMngeni 

U U40 uMvoti 

U U60 uMlazi 

U U70 Lovu 

V V20 Mooi 

V V70 Boesmans 

 

The topography of the landscape in the SDSWSA gives rise to several large rivers, draining 

west to east, which include the Bushmans and Mooi Rivers which feed into the Thukela 

River and the uMngeni, uMkhomazi, Umzimkhulu and Umzimvubu Rivers which reach the 

Indian Ocean. Of these, the uMkhomazi, the Umzimkhulu and the Umzimvubu are free-

flowing un-dammed rivers.  

 

Table 12 indicates the lengths of each of some of the main river systems within the 

SDSWSA. The length of river is important from a water yield and quality perspective. These 

systems are the channels by which water is collected and transported from the catchment 

to abstraction points. In good condition, these features dilute and assimilate pollutants 

thereby improving water quality downstream. 

 

 

https://modis.gsfc.nasa.gov/data/dataprod/mod16.php
https://modis.gsfc.nasa.gov/data/dataprod/mod16.php
https://www.gleam.eu/
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Table 12: Length of the main rivers in the SDSWSA 

RIVER LENGTH (Km) 

uMkhomazi 180.5 

Umzimkhulu 191.8 

Mooi 97.4 

uMngeni 105.4 

Ngwangwane 116.2 

Pholela 104.9 

 

Figure 26, shows the major drainage network that occurs in the SDSWSA, as well as a graded 

drainage density categorisation which highlights the uMkhomazi and Boesmans River 

Catchments as having the highest drainage density of the catchments in the SDSWSA. This 

suggests these catchments are potentially more mountainous, underlain by more erosive 

materials and are likely to have a steeper hydrograph.   

 

 
Figure 26: Drainage density at tertiary catchment level within the SDSWSA 

 

5.3.2 River flow 

5.3.2.1 Available data 

A total of 43 gauging weirs are present across the SDSWSA, most of which are located in the 

uMngeni Catchment, (Figure 27). Of the existing weirs, flow data from 30 weirs was 

available from the DWSHS. As with the rainfall record, streamflow data has also not been 

consistently recorded. There are a variety of date ranges, with gaps in each record spanning 

months and sometimes years.  
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As with much of the climatology data, a limitation to understanding streamflow in the study 

area is the lack of measurements in the central and southern SDSWSA. In the case of 

gauging weirs, there is an absence of weirs on major rivers at the outlets of these 

catchments. In many instances, catchments are unmonitored due to inaccessibility or 

limited resources. Under these circumstances, assumptions / extrapolations need to be 

made in conjunction with the use of modelled data to get a broad understanding of 

expected flows.  

 

 
Figure 27: Weir network in the SDSWSA (data: Department of Water and Sanitation and Human 

Settlements) 
 

Table 13, below indicates the length of record per weir.  

 
Table 13: Weir record details 

WEIR RIVER RECORD LENGTH 

T3H008 MZIMVUBU RIVER 1962 - 2020 

T5H002 BISI RIVER 1934 - 2020 

T5H003 POLELA RIVER 1949 - 2010 

T5H004 MZIMKULU RIVER 1949 -2019 

T5H005 NKONZO RIVER 1949 - 2019 

T5H007 MZIMKULU RIVER 1956 - 2018 

U1H002 MKOMAZI RIVER 1933 - 1935 

U1H005 MKOMAZI RIVER 1960 -2020 
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WEIR RIVER RECORD LENGTH 

U2H001 MGENI RIVER 1948 - 1993 

U2H006 KARKLOOF RIVER 1954 - 2020 

U2H007 LIONS RIVER 1954 - 2020 

U2H011 MSUNDUZE RIVER 1957 - 2020 

U2H013 MGENI RIVER 1960 - 2020 

U2H014 MGENI RIVER 1964 - 2020 

U2H021 CRAMMONDSTROOM 1981 - 2000 

U2H044 UMTHINZIMA RIVER 1988 - 1992 

U2H045 NGUKU RIVER 1988 - 1992 

U2H046 KWAGQUSHI RIVER 1989- 1992 

U6H002 MLAZI RIVER 1981 - 2020 

U7H001 ZWATENI RIVER 1949 - 2020 

U7H003 LOVU TRIB. 1 1955 - 1974 

U7H004 LOVU TRIB. 2 1955 - 1974 

U7H005 LOVU TRIB. 3 1955 - 1973 

U7H006 LOVU TRIB. 4 1962 - 1974 

U7H007 LOVU RIVER 1964 - 2020 

V1H041 MLAMBONJA RIVER 1976 - 2019 

V2H003 MNYAMVUBU RIVER 1959 - 1960 

V2H005 MOOI RIVER 1972 - 2019 

V2H006 KLEIN-MOOI RIVER 1972 - 2019 

V2H007 HLATIKULU RIVER 1972 - 2019 

 

A summary of the average streamflow per tertiary catchment is presented in Table 14. 

 
Table 14: A summary of the average streamflow per tertiary catchment 

Tertiary catchment Weir Record Length Mean flow (m3s-1) 

T32 T3H008 1962 - 2020 7.3 

U10 U1H002 1933 - 1935 no streamflow recorded 

U60 U6H002 1981 - 2020 0.4 

U70 U7H001 1949 - 2020 0.1 

U20 U2H014 1964 - 2020 7.1 

V20 V2H003 1959 - 1960 no streamflow recorded 

T52 T5H007 1956 - 2018 24.1 

T52 T5H002 1934 - 2020 4.7 

V20 V2H006 1972 - 2019 1.9 

 

5.3.2.2 Reference flow in the SWSA 

To understand the present day “state of flow” in the rivers of the SDSWSA, present day 

values need to be compared to some historical reference value considered to be close to 

natural.  These values also need to take into account regional variations in factors which 

influence flow. A recent study by Rivers-Moore et al. (2020) has classified reference mean 
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daily flows between the years 1950 – 1999 across all 5838 quinnary catchments. The flow 

classification provides 6 to 12 flow types for each of 8 hydrological regions reflecting rainfall 

seasonality.  150 different characterising metrics were initially considered, and this was 

refined to between 8 and 20 metrics which accounted for site variability. This information 

provides reference flow conditions for any site in the country against which present day 

flow conditions can be compared.  

 

Note: This data has only recently been published (July 2020) and only more recently been 

brought to the project team’s attention. As such the project team has not had the 

opportunity to scrutinise the data and extract the relevant reference flows. These data have 

therefore not been included in this report. There is another key dataset which is in a similar 

position viz. updated wetlands layer and so both of these datasets will be extracted for the 

SDSWSA and included in the updated Status Quo report to be published after stakeholder 

engagement and finalisation of the list of State of the Sources indicators.  

 

5.1.1 Surface Water Storage - Dams  

5.1.1.1 Available Data 

Dams are an important indicator for the present day state of a SWSA in that they reflect the 

portion of the resource stored as surface water. There are 5 major dams that exist within 

the SDSWSA, which are listed in Table 15, alongside current dam levels (DWS, 2020). These 

large dams are all located in the uMngeni and Mooi River catchments. And the river systems 

upstream of these dams, particularly the Mooi and uMngeni are hardworking, providing 

water for a variety of uses i.e. agriculture, forestry, communities and industries as far away 

as Pietermaritzburg, Durban and Port Shepstone. The central and southern portions of the 

SDSWSA are devoid of large dams, but in these areas there are a great multitude of smaller 

farm dams which support the agriculture based economy and are used to supply water for 

irrigation, stock watering and recreation. Wagendrift Dam and the Ixopo Dam fall just 

outside the boundary of the SDSWSA yet are of importance as their catchment areas are 

located within the boundary of the SDSWSA.  

 
Table 15: Volumes of the major supply dams in the SDSWSA (data: Department of Water and Sanitation and 
Human Settlements) 

Dam River FSC (million m3) Recent (%) 
(17/08/2020) 

Last Year % 

Albert Falls Dam Mgeni River 288.2 37 42.4 

Craigie Burn Dam Mnyamvubu 
River 

22.5 77.7 72.6 

Mearns Dam Mooi River 5.2 49.5 69.6 

Midmar Dam Mgeni River 235.5 95.3 97 

Spring Grove Dam Mooi River 139.3 54.9 70.7 

Wagendrift Dam Boesmans River 55.9 95.2 96 
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Figure 28: Major supply dams in the SDSWSA (data: Department of Water and Sanitation and Human 
Settlements) 
 

The storage of surface water is important for local and downstream use of water. If the 

volume of stored water is low such as during a drought year, this can have significant 

implications for users. In considering the definition adopted by this project for the term 

“state”, this includes the ability of the SWSA to supply fresh water to users. The state of 

existing surface water storage facilities is thus an important factor to be able to measure 

and consider. There are existing satellite based applications which allow the determination 

of the surface area of water bodies. One such application is the Mzanzi Amanzi product 

(https://www.water-southafrica.co.za/) which provides the area of surface water per 

quaternary catchment on a monthly basis and has data from 2015 onwards. It additionally 

estimates the volume of impoundments using area / volume relationships derived from 

topographic data. Importantly, this data is available to government departments free of 

charge.  

 

5.1.1.1 Baseline surface water storage (area) 

As with flow, the state of surface water storage can only be determined if compared to a 

valid baseline state. The Mzanzi Amanzi product mentioned above is not able to provide this 

baseline as it is based on Sentinel 2 data which began operation in 2015 and has 

consequently not collected sufficient data to provide such a baseline. There are however 

other satellite derived data products which can be used to establish a baseline. Figure 29 is 

provided as an example for Albert Falls Dam on the uMngeni River utilising global water 

occurrence data provided by Pekel et al. (2016). This data represents the frequency with 

https://www.water-southafrica.co.za/
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which a particular point is covered by water over the period 1984 - 2019. Areas with 100% 

occurrence over 36 years (the permanent water surfaces) are represented in black, and 

areas where water is not permanently present are shown in scales of grey. The paler shades 

are areas where the water occurs less frequently.  

 

This data is generated by detection of surface water using archives of satellite derived 

images over the period 1984 – 2019. The data not only shows the spatial distribution of 

surface water but also provides additional information concerning overall water dynamics. 

This product captures both the intra and inter-annual variability and changes.  The 

construction of new dams will need to be taken into account but, for the purposes of this 

project, the ‘Water Occurrence’ product can potentially be used to establish baseline 

conditions (maximum, minimum, standard deviation etc.) for the area occupied by surface 

water stored within the SDSWSA.  

 

 
Figure 29: Water Occurrence in the Albert Falls Dam basin between 1984 and 2019 (Pekel et al., 2016) 

 

5.1.2 River health 

The assessments undertaken during this component of the study comprised of determining 

or evaluating the Present Ecological State (PES) of perennial lotic ecosystems located in the 

SDSWSA based on desktop methods using available data (Kleynhans and Louw, 2007). The 

Present Ecological State (PES) is commonly used to categorise ecological integrity. The 

overall PES (also referred to as Ecostatus) is determined using a range of indicators and tools 

including biotic indicator metrics such as: 

• The wellbeing of the physical habitat using the Index of Habitat Integrity, 
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• The wellbeing of aquatic invertebrates via the Macroinvertebrate Response 

Assessment Index (MIRAI),  

• The wellbeing of fish communities using the Fish Response Assessment Index 

(FRAI), 

• The wellbeing of the riparian vegetation by derivation of the Vegetation 

Response Assessment Indices (VEGRAI). 

• The integrated wellbeing of the rivers assessed using the Ecostatus model. 

 

The PES is described in terms of Ecological Categories (EC) of A to F with A being almost 

natural and F meaning critically modified.  

 
Table 16: Ecological Categories and their descriptions 

 

 
 

Several freshwater biomonitoring programmes have been carried out within the bounds of 

SDSWSA at various times, including River Health Programme/Rapid Eco-status Monitoring 

Programme (RHP/REMP) and the DWS Water Quality monitoring. The available data 

includes:  

1. PESEIS 

2. RQO, Classification and Reserve Determination Studies 

3. SASS5 data from the Freshwater Biodiversity Information System database 

4. miniSASS data from the miniSASS website 

5. The River Health Programme/Rapid Eco-status Monitoring Programme 

(RHP/REMP) was undertaken by UMngeni Water Board, on behalf of the 

Department of Water and Sanitation between November 2014 and March 2017. 

The following drivers and response components were included in the RHP/REMP 

surveys: 

o Water quality 
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o South African Scoring System/Macro-invertebrates Assessment Index 

(SASS5/MIRAI) 

o Fish Response Assessment Index (FRAI) 

o Vegetation Response Index (VEGRAI) 

o Index of Habitat Integrity (IHI) 

6. DWS Water Quality data 

 

5.1.2.1 Present Ecological State, Ecological Importance & Ecological 

Sensitivity Assessment (PES-EIS) 

The information obtained from these assessments should be used as first level desktop 

assessments for purposes of ecological reserve determination and for Ecological Water 

Resource Monitoring (EWRM). The objective of the PESEIS is to provide a desktop 

assessment of ecological issues as it relates to the protection and management of 

freshwater resources. For management purposes this refers specifically to the consideration 

of ecological reserve issues, water use licensing issues and EWRM and the determination of 

priorities for monitoring. PESEIS assessment of each SQR consists of three components, PES, 

EI and ES. The Present Ecological State (PES) is assessed according to 6 metrics that 

represents a very broad qualitative assessment of both the instream and riparian 

components of a river. Ecological Importance (EI) refers to biophysical aspects in the SQR 

that relate to its capacity to function sustainably. Ecological Sensitivity (ES) considers SQR 

attributes that relate to the sensitivity of biophysical components to general environmental 

changes such as flow, physico-chemical and geomorphic modifications. 

 

The Present Ecological State, Ecological Importance & Ecological Sensitivity (PESEIS) has 

been determined for all rivers in the SDSWSA except for those falling outside of South 

Africa. Rivers in D16 and D17 have no PESEIS determination.  

 

Present Ecological State in the Primary catchment T ranges from A to D, within the SD-

SWSA. Tertiary catchment T32 is dominated by C and D PES rivers and is subjected to areas 

of forestry and urban settlements, contributing flow and non-flow related impacts. 

Additional impacts on the PES include non-compliant WWTW, extensive irrigation and 

invasive alien vegetation in riparian areas. Parts of lower reaches of T32 pass through a 

deep gorge, which limits access, and therefore impacts, on the rivers. However, these 

reaches are still subjected to pressure from moderate rural settlements.  

 

The upper reaches of V20 are in a C PES, where flow-related impacts include abstraction, a 

water transfer scheme to the uMngeni River and two instream barriers. Non-flow related 

impacts include alien invasive plants in riparian zones and commercial farming in the 

catchment. Impacts in the middle reaches of V20 are similar in extent; most of the rivers are 

a C PES. However, parts of the middle reaches are a D/E PES, due to urban pressure, 

WWTW, and extensive commercial agriculture.  
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The upper reaches of U20 fall into the SD-SWSA and are mostly in a B or C PES. Forestry 

occurs in patches throughout the area. In between these patches are commercial farms 

comprising of irrigation and dryland agriculture. Flow impacts stem from damming and 

water transfers, while water quality impacts are associated with irrigation return flows, 

urban runoff and effluent from different sources (towns, farming, trout dams). Instream 

dams, forestry, road crossings, irrigation and cultivation result in PES ranging from D to E 

PES. The uMngeni River reach from Midmar Dam to Albert Falls Dam is in a C and B/C PES, 

except the Kusane River which is a D due to a combination of forestry, dams and irrigation 

impacts.  

 

 
Figure 30: Ecological categories PESEIS for sub-quaternary catchments within the Southern Drakensberg 
SWSA 

 

5.1.2.2 RQOs, Classification, and Reserve  

Based on the provisions of the NWA, the NWRS-2 stipulates that “Resource Quality 

Objectives might describe, among other things, the quantity, pattern and timing of instream 

flow; water quality; the character and condition of riparian habitat, and the characteristics 

and condition of the aquatic biota”. The integrated steps for the Water Resource 

Classification, the Reserve and RQOs are supplied in Table 1.1. 
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Table 17: Integrated study steps 

 
 

The status of RQOs and classification in a catchment is an important indicator of the state of 

water governance in a catchment. RQOs and classification studies are carried out by the 

South African Department of Water and Sanitation (DWS). DWS undertook the 

Comprehensive Reserve, to classify all significant water resources and determine the 

Resource Quality Objectives (RQOs) in the uMvoti to uMzimkulu WMA39 in 2012 and the 

uMzimvubu River system in 2015. The upper reaches of the Thukela catchment (Primary 

Catchment V) fall into the southern Drakensberg Strategic Water Source Area. The 

Department of Water and Sanitation is currently undertaking RQO and classification studies 

of the Thukela catchment. Table 18 outlines which tertiary catchments have completed RQO 

and Classification processes (i.e. classes and RQOs are gazetted). 

 
Table 18: State of RQOs and Classification in the tertiary catchments situated in the southern Drakensberg 
Strategic Water Source Area 

Tertiary Catchment RQOs Classification 

D16 No No 

D17 No No 

T31 Yes Yes 

T32 Yes Yes 

T33 Yes Yes 

T40 Yes Yes 

T51 Yes Yes 

T52 Yes Yes 

T60 Yes Yes 

U10 Yes Yes 

U20 Yes Yes 

U40 Yes Yes 

U60 Yes Yes 

U70 Yes Yes 

V20 No No 

V70 No No 

                                                      
39 The area previously known as the uMvoti to uMzimkulu WMA (which now forms part of the Pongola to Umtamvuna 
WMA) encompasses a total catchment area of approximately 27,000 km

2
 and occurs mostly within KwaZulu-Natal. 
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5.1.2.3 SASS5 and SASS4 

The SASS river biomonitoring method provides an integrated view on river health and is 

based on macro-invertebrate assemblages. There have been various iterations of the 

method, and data collection procedures changed in 2002 from SASS4 to SASS5. SASS5 is the 

most recent published version (Dickens and Graham, 2002). SASS Data was acquired from 

the Freshwater Biodiversity Information System (FBIS) website (FBIS, 2020), which contains 

freshwater biodiversity data from 1993 to present day. The data from all sites where SASS 

biomonitoring has been implemented within the SDSWSA were downloaded, including 

SASS4 data. Data that were collected using the SASS4 protocol were converted using the 

conversion formulae outlined in Dallas (2007), as seen below: 

𝑆𝐴𝑆𝑆 𝑆𝑐𝑜𝑟𝑒 5 = 1.02(𝑆𝐴𝑆𝑆 𝑆𝑐𝑜𝑟𝑒 4) − 1.64 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑆𝑐𝑜𝑟𝑒 𝑃𝑒𝑟 𝑇𝑎𝑥𝑜𝑛 5 = 0.83(𝐴𝑆𝑃𝑇 4) + 0.78 

 

Ecological Categories (ECs) were calculated using the biological bands developed by Dallas 

(2007), based on the sites’ Ecoregion. Results are displayed in Figure 29. The sites where 

data was collected using the SASS4 protocol were identified using unique symbols. 

 

 
Figure 31: Ecological categories (ECs) calculated from SASS data, obtained from the Freshwater Biodiversity 
Information Systems (FBIS) 

 

SASS sites are unevenly distributed across the SDSWSA, with the majority of sites being 

located on the uMngeni and uMkhomazi River systems. Additionally, no SASS data is 

available on FBIS for the SDSWSA that is more recent than 2015.  
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Tertiary catchments D16, D17, T31, T60, and V70 had zero SASS sites in the FBIS dataset. 

Sites with ecological categories of A or B (natural or largely unmodified) tend to be located 

away from centres of anthropogenic activity, such as the upper uMngeni and uMkhomazi 

catchments. Sites situated closer to cities tended to show larger variation in Ecological 

categories  

 

Primary Catchment T 

Catchment T32 had 5 SASS sites, situated on the Mzintlava River near Kokstad, or tributaries 

thereof. Macroinvertebrate communities at these sites indicated ecological categories 

ranging from B to C, suggesting that these systems are largely natural to moderately 

modified. Catchment T33 in the Eastern Cape had just one SASS site, on the Kinira River, 

which was found to be in a natural condition with an A ecological category, indicating that 

the system is unmodified and natural. The T40 catchment had four SASS sites, one on the 

Mtamvuna River and three sites on tributaries of the Mtamvuna. The EC at site on the 

Mtamvuna River was a B, indicating that the river is in a largely natural state, with limited 

modifications. Ecological categories at the sites on the tributaries of Mtamvuna varied from 

A to F.  

 

There are 17 SASS sites in the T5 secondary catchment, ranging from ECs of A to D. The sites 

in the upper reaches (T51) were mostly in an EC of A while sites in T52 catchment ranged 

from A to C.  

 

Primary Catchment U 

There are 128 SASS sampling events taken at 29 unique SASS sites in tertiary catchment U10 

(uMkhomazi catchment), ranging from natural to seriously modified (EC A-E/F). 47 of the 

SASS sampling events from the U10 catchment fell into the A ecological category, mostly 

situated in the upper reaches. Sites situated in the middle reaches of the uMkhomazi 

catchment are mostly in the Ecological Categories B and C, meaning they are largely natural 

to moderately modified. The basic ecosystem functions are predominantly unchanged. The 

majority of the sites in the upper uMkhomazi catchment are in an unmodified and natural 

state from a macro-invertebrate perspective, with an A EC.  

 

There are 1370 SASS samples at 43 unique SASS sites in the U20 catchment (uMngeni River), 

taken from the FBIS database. Of these, 52% of the sites (713) were in a seriously modified 

state (EC=E/F) and 8.7% of the sites (120) were found to be in a natural, unmodified state 

(EC=A). SASS sites in the Upper uMngeni catchment range from an A to E/F Ecological 

Category. Sites on the main stem of the uMngeni River, upstream of Midmar Dam, mostly 

showed ECs of A or B, indicating healthy populations of macro-invertebrates. However, sites 

on the Lions River and Karkloof River showed several sites with ECs of D and E/F. The main 

impacts on these sites include agriculture, WWTWs and informal settlements.  
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The two sites on the main stem of the uMvoti (U40) were in unmodified states (EC=A), and 

the two sites on tributaries of the uMvoti River were in slightly to moderately modified 

states (EC= B-C) 

 

Primary Catchment V 

There are just three unique SASS sites in the V primary catchment, all of which fall into V20, 

on the Mooi and Klein Mooi Rivers. However, these three sites have been sampled a total of 

53 times. The site situated most upstream was sampled three times and was found to be in 

a natural, unmodified state (EC=A) on all sampling events. The remaining two sites in V20 

were sampled twenty five times each, and were found to be a wide range of ecological 

conditions, from A to E/F.  

 

5.1.2.4 Citizen Science - miniSASS 

miniSASS Is an abridged version of the SASS5 monitoring protocol implementable by people 

who are not riverine biologists, including children. miniSASS data were obtained from the 

miniSASS website for the Southern Drakensberg Strategic Water Source Area 

(miniSASS.org). SASS scores were used to calculate ecological categories, based on the river 

category (Table 19).  

 
Table 19: Ecological categories for miniSASS data, for each river category 

 
 

As with the SASS5 data from the FBIS database, miniSASS sites are unevenly distributed 

across SD-SWSA. The majority of the miniSASS sites are situated in the U20 catchment with 

few sites scattered across the other catchments.  

 

The majority of the sites situated between Henley Dam and Pietermaritzburg were found to 

be in “Very Poor” condition, based on the miniSASS assessments. Sites situated in the upper 

reaches of U20 generally ranged from “Natural” to “Fair” ecological condition. Nine sites 

were located in the uMkhomazi River catchment, which ranged from “Good” to “Very Poor” 

in ecological condition based on the miniSASS assessments.  
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Figure 32: Ecological categories for miniSASS sites located within the Southern Drakensberg Strategic Water 

Source Area 

 

Limitations on the miniSASS data include the lack of verification and consistency between 

samplers and sampling events. There is no certification process for samplers and miniSASS is 

regularly undertaken by citizen scientists. Additionally, miniSASS assessments are usually 

undertaken by school groups and are, therefore, most regularly carried out near cities. This 

has resulted in the data being unevenly distributed across the Southern Drakensberg 

Strategic Water Source Area. 

 

5.1.2.5 RHP/REMP 

The River Health Programme/Rapid Eco-status Monitoring Programme (RHP/REMP) was 

undertaken by UMngeni Water Board, on behalf of the Department of Water and Sanitation 

between November 2014 and March 2017. It provides a comprehensive view of the 

ecological health of a river. The following drivers and response components were included 

in the RHP/REMP surveys: 

• Water quality 

• South African Scoring System/Macro-invertebrates Assessment Index 

(SASS5/MIRAI) 

• Fish Response Assessment Index (FRAI) 

• Diatoms (Specific Pollution Index- SPI) 
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• Vegetation Response Index (VEGRAI) 

• Index of Habitat Integrity (IHI) 

 

The River Health Programme (RHP), which underwent a name change in 2016, thereafter 

being called the River Eco-Status Monitoring Programme (REMP), operated in KwaZulu-

Natal from 2012 until 2018, monitoring 40 sites on rivers across the province.  

 

The RHP/REMP monitored eight (8) sites within the Southern Drakensberg Strategic Water 

Source Area (SD-SWSA) three to four times per year between 2014 and 2017. Two of the 

sites were located in the V primary catchment, on the upper Mooi River and the Boesman’s 

River. The remaining six sites were located in the U primary catchment, on the uMngeni, 

uMkhomazi, Lovu, uMvoti, and uMlazi Rivers. At each site visit, habitat was assessed using 

the Index of Habitat Integrity tool (Table 20: Ecological category percentages based on IHI 

data for RHP/REMP sites within the Southern Drakensberg SWSA 

Site Name River Catchment 
Nov 

2014 

Mar 

2015 

Jun 

2015 

Nov 

2015 

Mar 

2016 

Mar 

2017 

U1MKMZ-SANIP Mkhomazana Mkomazi U1 92 92 92 92 93 73 

U2MGEN-MIDMA uMngeni uMngeni U2 87 87 87 73 59 60 

U2MGNI-DRGLE uMngeni uMngeni U2 79 79 79 79 79 66 

U4MVOT-SHANK uMvoti uMvoti U4 84 84 84 - 84 64 

U6LOVU-RICHM Lovu Lovu U6 67 67 67 67 64 47 

U6MLAZ-USBAY uMlazi uMlazi U6 84 84 84 86 87 42 

V2UNSP-KMBRG Mooi/Mfulankomo Thukela V2 93 93 93 88 82 76 

V7BUSH-MOORP Bushmans Thukela V7 94 94 94 85 86 69 

 
Table 21: Ecological category percentages based on SASS data for RHP/REMP sites within the Southern 

Drakensberg SWSA 

Site Name River Catchment March 2015 March 2016 March 2017 

U1MKMZ-SANIP Mkhomazana Mkomazi U1 71 86 62 

U2MGEN-MIDMA uMngeni uMngeni U2 71 67 56 

U2MGNI-DRGLE uMngeni uMngeni U2 51 67 79 

U4MVOT-SHANK uMvoti uMvoti U4 90 48 73 

U6LOVU-RICHM Lovu Lovu U6 21 35 55 

U6MLAZ-USBAY uMlazi  uMlazi U6 39 77 52 

V2UNSP-KMBRG Mooi/Mfulankomo Thukela V2 85 88 90 

V7BUSH-MOORP Bushmans Thukela V7 85 81 79 

 

 
 
 

 and Figure 33), SASS5 (Table 21 and Figure 34), FRAI (Table 22 and Figure 35) and VEGRAI 

(Table 23 and Figure 36). This is an important indicator from the perspective of 

understanding the ecological integrity of not only the river itself, but the riparian and 
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floodplain habitat surrounding it. Very often the impacts of agricultural activity on rivers are 

most noticeable in the riparian areas.  

 
Table 20: Ecological category percentages based on IHI data for RHP/REMP sites within the Southern 

Drakensberg SWSA 

Site Name River Catchment 
Nov 

2014 

Mar 

2015 

Jun 

2015 

Nov 

2015 

Mar 

2016 

Mar 

2017 

U1MKMZ-SANIP Mkhomazana Mkomazi U1 92 92 92 92 93 73 

U2MGEN-MIDMA uMngeni uMngeni U2 87 87 87 73 59 60 

U2MGNI-DRGLE uMngeni uMngeni U2 79 79 79 79 79 66 

U4MVOT-SHANK uMvoti uMvoti U4 84 84 84 - 84 64 

U6LOVU-RICHM Lovu Lovu U6 67 67 67 67 64 47 

U6MLAZ-USBAY uMlazi uMlazi U6 84 84 84 86 87 42 

V2UNSP-KMBRG Mooi/Mfulankomo Thukela V2 93 93 93 88 82 76 

V7BUSH-MOORP Bushmans Thukela V7 94 94 94 85 86 69 

 
Table 21: Ecological category percentages based on SASS data for RHP/REMP sites within the Southern 

Drakensberg SWSA 

Site Name River Catchment March 2015 March 2016 March 2017 

U1MKMZ-SANIP Mkhomazana Mkomazi U1 71 86 62 

U2MGEN-MIDMA uMngeni uMngeni U2 71 67 56 

U2MGNI-DRGLE uMngeni uMngeni U2 51 67 79 

U4MVOT-SHANK uMvoti uMvoti U4 90 48 73 

U6LOVU-RICHM Lovu Lovu U6 21 35 55 

U6MLAZ-USBAY uMlazi  uMlazi U6 39 77 52 

V2UNSP-KMBRG Mooi/Mfulankomo Thukela V2 85 88 90 

V7BUSH-MOORP Bushmans Thukela V7 85 81 79 
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Figure 33: Ecological categories percentages based on IHI data for RHP/REMP sites within the Southern 

Drakensberg SWSA 

 

 
Figure 34: Ecological categories based on SASS5 data for RHP/REMP sites within the Southern Drakensberg 

SWSA 
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Table 22: Ecological category percentages based on freshwater fish data for RHP/REMP sites within the 
Southern Drakensberg SWSA 

Site Name Catchment 
Nov 

2014 

Mar 

2015 

Jun 

2015 

Nov 

2015 

Mar 

2016 

Mar 

2017 

U1MKMZ-SANIP Mkhomazana U1 74.2 74.2 71.7 76.8 74.1 76.0 

U2MGEN-MIDMA uMngeni U2 60.2 58.1 57.1 60.6 65.1 54.7 

U2MGNI-DRGLE uMngeni U2 75.1 75.1 74.8 75.1 75.3 64.8 

U4MVOT-SHANK uMvoti U4 37.5 30.5 30.5 37.5 51.4 58.8 

U6LOVU-RICHM Lovu U6 37.4 36.5 35.7 39.7 37.7 52.9 

U6MLAZ-USBAY uMlazi  U6 57.3 54.5 57.2 58.5 59 44.7 

V2UNSP-KMBRG Mooi/Mfulankomo V2 70.2 70.2 70.5 69.1 70.9 72.8 

V7BUSH-MOORP Bushmans V7 64.5 61.9 65.9 62.3 67.9 61.8 

 

 

 

 
Figure 35: Ecological categories based on Freshwater fish data for RHP/REMP sites within the Southern 

Drakensberg SWSA 
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Table 23: Ecological category percentages based on Riparian vegetation data for RHP/REMP sites within the 
Southern Drakensberg SWSA 

Site Name River Catchment June 2015 June 2017 

U1MKMZ-SANIP Mkhomazana Mkomazi U1 85 85 

U2MGEN-MIDMA uMngeni uMngeni U2 61.4 59 

U2MGNI-DRGLE uMngeni uMngeni U2 50 51 

U4MVOT-SHANK uMvoti uMvoti U4 74.8 66 

U6LOVU-RICHM Lovu Lovu U6 37.1 34 

U6MLAZ-USBAY uMlazi  uMlazi U6 36.6 40 

V2UNSP-KMBRG Mooi/Mfulankomo Thukela V2 70 87 

V7BUSH-MOORP Bushmans Thukela V7 72.8 73 

 

 
Figure 36: Ecological categories based on Riparian vegetation data for RHP/REMP sites within the Southern 

Drakensberg SWSA 

 

5.1.1.1 Limitations 

Despite there being a large body of data available with which to assess biotic integrity, there 

are limitations which restrict the extent to which this can be undertaken. A major limitation 

of the available data is the lack of continuity with respect to site selection between the 

different monitoring programmes. This means that a large number of sites have only one 

record of the state of indicators. A further limitation of the available data is that the 

majority is relatively old, with the most recent RHP/REMP assessment having been 

undertaken in 2017.  
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A limitation with the available data is the inconsistency with respect to the metrics used and 

the response indicators monitored between the different programmes. As is illustrated in 

Table 5, the most comprehensive monitoring programme is the RHP/REMP which includes a 

wide range of trophic level indicators,but this is also the programme with the least sites in 

the SDSWSA. A further limitation with the available data is the confidence in the data 

collection methods. miniSASS, for example, is collected by citizen scientists and is often 

unverified.  

 

Finally, the ecological category for each method of river health assessment is not necessarily 

aligned. The Surface Water Quality assessment results in four classes (Ideal, Acceptable, 

Tolerable and Unacceptable), whereas RHP/REMP results in six ecological categories (A-F).  

 

5.1.2 NFEPA River Status 

The rivers of the SDSWSA are important components of the freshwater ecological system of 

South Africa. This has been described by the National Freshwater Ecosystem Priority Area 

(NFEPA) project on a sub-quaternary catchment scale. This information shows that almost 

the entire SDSWSA is considered ecologically important, being either; an identified priority 

area, a fish corridor or a fish sanctuary. Areas in the upper reaches of the uMngeni, 

uMkhomazi and Umzimkhulu are highlighted as being large tracts of continuous priority 

catchments.  

 

 
Figure 37: NFEPA status of the rivers of the SDSWSA. 
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5.1.3 Water Quality 

Water quality monitoring is undertaken by the Department of Water and Sanitation (DWS) 

at 34 sites across the SD-SWSA area, monitoring a range of determinands including pH, SO4, 

PO4, NH3, Chloride and Electrical Conductivity. The DWS has set water quality guidelines in 

the “Planning level review of water quality in South Africa” (DWS, 2011) (Table 24). These 

limits were applied to the water quality data collected in the SDSWSA between 2009 and 

2019 and the results are shown in Figure 38.  In this figure, the 4,3,2,1 scoring shown in 

Table 24 is applied and reflected in the bar charts in the map. A scale reference line 

indicating a score of 4 is included in black at the bottom of each chart.   
 

Table 24: Generic Resource Water Quality Objectives set by DWS (2011) at a national level 

Determinand Units Ideal (4) Acceptable (3) Tolerable (2) Unacceptable (1) 

Ammonia mg/L 0.015 0.044 0.073 >0.073 

Chloride mg/L 40 120 175 >175 

EC mS/m 30 50 85 >85 

pH pH Units >6.5 & <8.0 >6.5 & <8.4 - <6.5 or >8.4 

PO4 mg/L 0.005 0.15 0.25 >0.25 

SO4 mg/L 80 165 250 >250 

 

 
Figure 38: Water Quality Score for sites within the SD-SWSA between 2009 and 2019 
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5.1.2 Wetlands  

Note: While the National Wetland Map 5 is available for use it only provides a low 

confidence wetland layer for the SDSWSA. Instead, we are currently working with SANBI to 

implement the most recent mapping tool - WetMap. This is the latest method and is still 

being tested. However, given the limitations of the best available wetland maps it was 

decided to partner with SANBI to apply the most recent mapping tool, with the aim of 

developing an improved map of wetland occurrence, extent, and condition throughout the 

SDSWSA. 

 

5.2 Terrestrial ecological infrastructure 

5.2.1 Land cover 

Hydrologically, Ecological Infrastructure (EI) influences the distribution and quality of 

catchment water resources. EI influences catchment water quality and distribution through 

flood attenuation, the dilution of pollution, water purification through biophysical and 

biological processes (retention of sediments and nutrients), sustaining baseflow levels 

during the dry season and the supply of good quality water (Hughes et al., 2018). The 

delivery of the aforementioned ecosystem services is heavily reliant on the condition of 

ecological infrastructure (i.e. pristine or degraded) as the condition of EI influences a 

catchments capacity to receive precipitation as well as the distribution of rainfall at the 

various partitioning points (Hughes et al., 2018). The degradation of ecological 

infrastructure has a marked impact of catchment hydrological response as catchment 

hydrology is dependent on catchment land use and the changes thereof.  

 

The volume of rainfall that eventually becomes streamflow is dependent on several 

characteristics with land use being one on the primary influencers. Land use is also the most 

important factor in the degradation of ecological infrastructure. Catchment land use 

controls key processes including evaporation, infiltration and plant water use (Le Maitre et 

al., 2018). The best available approach for mapping landscape altering land use is to use 

land cover maps. Members of the project team have undertaken a detailed review of 

various land cover categories that are included in the National Land Cover map to identify 

the different impacts that those categories have on aspects of the hydrological cycle namely 

baseflow, quickflow and streamflow. This review is included as a table in Appendix 2. 

 

The SDSWSA is mainly grassland, cultivated land (which includes commercial and emerging 

cane, cultivated commercial fields and pivots, subsistence farming, orchards and is classified 

here as soft transformed), and plantations and woodlots (Table 25). These three land cover 

types account for 80% of the SDSWSA with grasslands accounting for 50%, cultivated land 

accounting for 14%, and plantations and woodlots accounting for 15% of the SDSWSA.  
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Table 25: Land cover type and area within the SDSWA 

Tertiary 
Catchments 

Bare none 
vegetated 

Cultivated 
Soft 
Transformed 

Grassland Indigenous 
Forest 

Low 
shrubland 

Urban 
Built-up 

Plantation/
Woodlots 

Thicket 
/Dense 
bush 

Urban Soft 
Transformed 

Water Wetlands Woodland/
Open bush 

D16 5,7 0 100,5 0,0 146,1 0 0,0 0,3 0 0 0,8 3,3 

D17 1,7 0,9 240,8 0,0 20,2 0 0,1 2,4 0 0   2,8 

T31 805,4 5952,2 57066,9 156,4 271,4 0,6 1054,8 7830,6 2063,3 160,8 1778,2 1520,5 

T32 479,1 19811,1 79012,4 1195,2 845,3 463,5 3755,2 11251,4 11802,9 146,4 2960,6 1900,3 

T33 491,3 11424,0 39846,7 8,8 278,4 473,4 283,8 3544,6 7105,7 87,9 1975,9 893,7 

T40 85,0 13975,7 25448,9 2381,0 10,9 43,6 18560,1 4976,0 9652,2 6,4 837,5 560,2 

T51 1500,3 36795,6 171042,1 3809,4 497,3 533,9 19974,0 9614,0 13834,8 1338,1 11461,9 3197,0 

T52 74,8 29696,8 74521,1 5020,4 22,5 76,3 49054,8 15438,7 14116,1 197,8 3454,7 1387,7 

T60 0,4 1234,2 1965,1 61,0 0,3 0 90,7 283,2 824,4 0 72,4 16,6 

U10 2984,7 31188,0 186353,6 4507,6 2001,1 38,8 51559,2 35110,7 16087,6 413,7 6048,8 6597,0 

U20 201,8 44402,2 70175,1 8630,3 139,9 6281,1 63920,7 21857,5 14121,2 4085,3 5936,1 1775,5 

U40 139,4 6708,4 5823,9 376,2 41,1 58,3 29546,0 9664,8 2478,7 45,2 690,1 1515,9 

U60 7,7 2830,9 3478,1 837,9 0,8 4,1 7030,6 1996,2 268,2 52,4 289,9 91,2 

U70 15,3 3241,0 2213,5 808,2 5,3 344,4 9932,3 1416,7 854,8 63,4 234,0 82,4 

V13 0,0 0 7,6 0,0 0,0 0 0,0 0,0 0 0 0,0 0,0 

V14 0,0 0 0,3 0,0 0,0 0 0,0 0,0 0 0 0,0 0,0 

V20 187,2 29671,6 70955,8 283,2 105,2 137,6 10115,1 3864,7 491,2 1707,6 4903,7 1654,0 

V70 254,1 6380,1 61137,6 500,8 824,0 0,9 5313,8 4081,9 5055,5 76,6 811,4 2022,1 

Total 7233,8 243312,6 849389,9 28576,2 5209,7 8456,6 270191,4 130933,7 98756,7 8381,6 41456,0 23220,2 
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5.2.1.1 Land cover change analysis 

Method 

The land cover change analysis was prepared using land cover data from 1990 and 2014 

(South African National Land-Cover 1990 and 2014). Land cover change analysis processes 

were executed using ArcGIS 10.7 software. The 1990 and 2014 land cover classes from each 

image were aggregated into 4 classes, namely: Natural, Soft Transformed, Hard 

Transformed and Degraded (Table 26). These classes were then overlaid using the Intersect 

tool in order to identify areas of overlap where land cover has changed or remained the 

same. 

 
Table 26: Aggregated land cover classes for 1990 and 2014 

1990 Land Cover  2014 Land Cover  Aggregated Classes 
Water seasonal Water seasonal 

Natural 

Water permanent Water permanent 

Wetlands Wetlands 

Indigenous Forest Indigenous Forest 

Thicket /Dense bush Thicket /Dense bush 

Woodland/Open bush Woodland/Open bush 

Grassland Grassland 

Low shrubland Low shrubland 

Bare none vegetated Bare none vegetated 

Cultivated commercial fields  Cultivated commercial fields  

Soft Trans 

Cultivated commercial pivots Cultivated commercial pivots  

Cultivated orchards Cultivated orchards  

Cultivated subsistence Cultivated subsistence  

Cultivated cane commercial  Cultivated cane commercial 

- Cultivated cane emerging  

Plantations / Woodlots Plantations / Woodlots  

Urban school and sports ground Urban school and sports ground 

Urban smallholding Urban smallholding  

Urban sports and golf Urban sports and golf 

 Urban village Urban village  

Mines  Mines  

Hard Trans 

Urban commercial Urban commercial 

Urban industrial Urban industrial 

Urban informal  Urban informal 

Urban residential Urban residential  

Urban township Urban township  

Urban built-up Urban built-up  

Erosion (donga) Erosion (donga) Degraded 

 

Results 

Over the analysis period (1990 – 2014), the majority of the SDSWSA remained unchanged as 

mainly natural and soft transformed land cover types with natural land covers accounting 

for 60%, and soft transformed accounting for 29% of the extent of the SDSWSA. Some land 

cover changes occurred which included from natural to soft transformed land covers 

accounting for 6% of the SDSWSA (115 420 ha), followed by soft transformed to natural land 
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covers (60 285 ha) accounting for about 4 %. Very little change involved hard transformed 

land covers. 

 

The change in land cover appears to have a scattered distribution with evidence of soft 

transformed areas spread across the SDSWSA. The increase in soft transformed land covers 

is a result of the expansion of land covers such as plantation forests, commercial crops and 

emerging fields of cultivated sugarcane. This is indicative of the SDSWSA’s suitability for 

agricultural activities in a water stressed South Africa since the area is well drained and 

provides access to water for irrigation. An example of an extensive transformation from 

natural to soft transformed land covers is one which has occurred south of the Underberg 

region area where natural land cover, of mainly grassland, has been replaced by soft 

transformed land cover like commercial plantations and woodlots (Figure 39).  

 

 
Figure 39: Land covers distribution in the SDSWSA 
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Figure 40: Gains and losses of land cover types in SDSWSA 

 

 
Figure 41: Land cover change in SDSWSA  
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Table 27: Areas of change in land cover in the SDSWSA 

Changes (1990 - 2014) Area (ha) 

Natural (not changed) 1 030 250 

Soft Trans (not changed) 497 826 

Natural to Soft  115 420 

Soft to Natural 60 285,3 

Hard (not changed) 6 105,77 

Degraded to Natural 1 717,86 

Natural to Hard 1 697,57 

Hard to Natural 1 103,48 

Soft to Hard  645,716 

Natural to Degraded 522,993 

Degraded (not changed) 416,814 

Soft to Degraded 135,987 

Hard to Soft  126,602 

Degraded to Soft  104,239 

Degraded to Hard  4,53809 

Hard to Degraded 1,07693 

 

Natural Land Cover  

 
Figure 42: Areas of natural land cover in tertiary catchments in 1990 and 2014 

 

A significant portion of the natural land cover is in catchments U10 and T51. The two 

catchments account for 38% of the total natural land cover in the SDSWSA (Figure 42Error! 

Reference source not found.). However, there has been a 4% (54 500 ha) decrease in 

natural land cover from 1990 to 2014 with over 50 % of the decrease occurring in 

catchments U10, T51 and T52. The natural land cover in these catchments has been 

replaced by soft and hard transformed areas, mainly: commercial crops and sugarcane, 

plantations, subsistence farming and residential areas within the SDSWSA. 
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Soft Transformed Land Cover 

Soft transformed land cover types cover a large area in the SDSWSA (coming second to 

natural land covers types) and are scattered throughout the extent of the SDSWSA. Over 

60% of the soft transformed land covers is concentrated in catchment U20, U10, T51 and 

T52 (Figure 43). Of the four catchments, U10, T51 and T52 account for 65 % of the increase 

in soft transformed land cover types. Also, catchments U10, T51, T52 and U20 have the 

most significant change from natural to soft transformed land cover types (Error! Reference 

source not found. and Figure 45). The increase in soft transformed land covers is due to a 

growth in land cover types associated with agricultural activities such as commercial crops 

and sugarcane, plantations and small-scale subsistence farming land uses expanding into 

natural land cover types.  

 

 
Figure 43: Areas of soft transformed land cover in tertiary catchments in 1990 and 2014 

 

 

 
Figure 44: Change from natural to soft transformed land cover types 
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Figure 45: A comparison of change from natural to soft transformed land cover types at a tertiary catchment 

level 

Hard Transformed Land Cover  

Hard transformed areas have slightly increased in the SDSWSA and are concentrated in 

catchments U20 which accounts for 74% of the hard-transformed areas in the SDSWSA 

(Figure 46). In 1990, there were over 7500 hectares of hard transformed areas. Since then, 

there has been a 15 % increase (1 115 hectares) in hard transformed areas within the 

SDSWSA with catchment U20 accounting for significant portion of the increase (Figure 47 

and Figure 48) where soft transformed land cover has been replaced by hard transformed 

land cover types.  
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Figure 46: Areas of soft transformed land cover in tertiary catchments in 1990 and 2014 
 

 
Figure 47: Change from soft to hard transformed land cover types 

 

 
Figure 48: A comparison of change from soft transformed to hard transformed land cover types at a tertiary 

catchment level 
 

Degraded Land Cover 

Degraded areas occupy a small percentage of the SDSWSA in comparison to other land 

covers. Nonetheless, a decrease in degraded areas is of significance in the context of 

strategic water source areas because it reduces the sedimentation of waterbodies.  
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There has been a 51% decrease in degraded areas from 1990 to 2014. The decrease in 

degraded land covers is concentrated in catchments U10 and T52. These catchments 

account for over 57% of the decrease in degraded areas, with 35% of this change occurring 

in catchment T32 alone. Figure 49 and Figure 50 show that catchments T32 and U10 

demonstrate the highest transformation from degraded to natural land cover.  

 

 
Figure 49: Areas of degraded land cover in tertiary catchments in 1990 and 2014 

 

 
Figure 50: Change from natural to degraded land cover types 
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Figure 51: A comparison of change from degraded to natural land cover types at a tertiary catchment level 

 

The SDSWSA is dominated by natural and soft transformed land cover types with natural 

land cover having a significantly larger extent. Though natural land cover still dominates, 

land cover change is occurring rapidly throughout the extent of the SDSWSA as the area has 

lost a significant amount of natural land cover and gained degraded, hard transformed and 

soft transformed areas. Natural land cover accounts for 60% of the total extent of the 

SDSWSA, followed by soft transformed at 29% with dominant land covers being grassland 

vegetation, commercial forestry and agriculture, small scale subsistence farming and rural 

households.  

 

5.2.2 Biomes and vegetation types 

The SDSWSA area contains 24 terrestrial vegetation types that can be classified into 3 of 

South Africa’s terrestrial biomes, namely: grasslands, savannah and forest biomes. Of the 24 

vegetation types, 8 are categorised as having a ‘Vulnerable’ conservation status and 2 are 

categorised as ‘Endangered’. These biomes are severely threatened by changes in land use 

and land cover and invasive alien plant species (IAPs).  

 

The SDSWSA is dominated by grassland and savannah biomes, primarily the Drakensberg 

Foothill Moist Grassland, the Midlands Mistbelt Grassland and the Southern KwaZulu-Natal 

Moist Grassland (Table 28) which cover over 67% (over 1 million hectares) of the total area 

SDSWSA. 
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Table 28: Biomes and vegetation types in SDSWSA 

Biome Name Conservation Status 
Azonal Vegetation     

  Drakensberg Wetlands Least threatened 

Eastern Temperate Freshwater Wetlands Least threatened 

Lesotho Mires Least threatened 

Forests     

  Scarp Forest N/A 

Northern Afrotemperate Forest Least threatened 

Southern Mistbelt Forest Least threatened 

Grassland      

  East Griqualand Grassland Vulnerable 

Mabela Sandy Grassland Vulnerable 

Mooi River Highland Grassland Vulnerable 

Northern KwaZulu-Natal Moist Grassland Vulnerable 

Southern KwaZulu-Natal Moist Grassland Vulnerable 

Drakensberg-Amathole Afromontane Fynbos Least threatened 

Drakensberg Afroalpine Heathland Least threatened 

Drakensberg Foothill Moist Grassland Least threatened 

KwaZulu-Natal Highland Thornveld Least threatened 

Lesotho Highland Basalt Grassland Least threatened 

Northern Drakensberg Highland Grassland Least threatened 

Southern Drakensberg Highland Grassland Least threatened 

uKhahlamba Basalt Grassland Least threatened 

Midlands Mistbelt Grassland Endangered 

Savanna      

  KwaZulu-Natal Hinterland Thornveld Vulnerable 

Ngongoni Veld Vulnerable 

Eastern Valley Bushveld Least threatened 

KwaZulu-Natal Sandstone Sourveld Endangered 

 

5.2.2.1 Drakensberg Foothill Moist Grassland 

The Drakensberg Foothill Moist Grassland covers an area of 535 900 hectares of the 

SDSWSA and is classified as Least Threatened with a conservation target of 23%. 

Unfortunately, only 2 – 3% is conserved in the uKhahlamba Drakensberg Park and other 

nature reserves such as uMngeni Vlei, Impendle, Karkloof and Mount Currie Nature 

Reserves. Some parts of the areas have already been transformed for cultivation, plantation 

and settlements. The area also has IAPS such as Bramble (Rubus spp.) and Silver Wattle 

(Acacia dealbata) and Bugweed (Solanum mauritianum). 

 

5.2.2.2 Southern KwaZulu-Natal Moist Grassland 

This grassland covers an area of 220 800 hectares of the SDSWSA and is classifies as having a 

Vulnerable conservation status with a conservation target set at 23%. About 4% conserved 

in the Impendle, Midmar, Igxalingenwa and Ingelabantwana, Soada Forest Nature Reserve 

and in the uKhahlamba Drakensberg Park. More than 33% of the grassland has already been 

transformed for plantation, cultivation and building of dams such as the Midmar Dam. 

Numerous IAPS such as Bugweed (Solanum mauritianum), Giant Reed (Arundo donax), 

Eucalyptus species, Chinaberry (Melia azedarach) occur in the grasslands. 
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5.2.2.3 Midlands Moist Grassland 

This vegetation type has a scattered distribution covering the Ixopo, Howick, Karkloof and 

Edendale areas and covers over 394 000 hectares of the SDSWSA. The grassland is 

dominated by Themeda triandra grass with only a few patches of original species-rich 

grassland remaining (Mucina and Rutherford, 2006). The midlands mistbelt grassland is an 

important area for endemism and has been categorised as an endangered vegetation types; 

however, it is still heavily underrepresented in conservation plans. This grassland is 

threatened by cultivation, urban sprawl and forest plantations and it is threatened by 

numerous IAPs such as Bugweed (Solanum mauritianum) and Eucalyptus species occur in 

the grassland. 

 

 
Figure 52: Vegetation types in the SDSWSA 
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5.2.3 Critical Biodiversity Areas 

Critical Biodiversity Areas (CBAs) are natural terrestrial and aquatic habitats or landscapes 

that are considered critical for conserving important biodiversity features and species; 

protecting areas that safeguard functioning of species and ecosystems; meeting national 

and provincial biodiversity targets and thresholds – therefore, ensuring continuous function 

and provision of ecosystem goods and services.  

 

CBA Optimal areas represent an enhanced solution for meeting biodiversity conservation 

targets while avoiding areas where the risk of loss of biodiversity is high. CBA Irreplaceable 

areas are vital in security species populations and ecosystem functions. CBA Irreplaceable 

areas are also crucial for meeting biodiversity thresholds and targets. About 394 000 

hectares of the SDSWSA is categories as CBAs with over 285 000 hectares being CBA 

Irreplaceable and over 109 700 hectares being CBA Optimal (Figure 53)Error! Reference 

source not found.. This further highlights the significance of the SDSWSA as a biodiversity 

hotspot. 

 
Figure 53: Critical Biodiversity Areas in the SDSWSA 
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5.2.4 Protected Areas  

Protected Areas, as declared under NEMPA, are areas that are to be maintained in a natural 

state with limited to no biodiversity loss. Protected Areas assist to provide critical ecosystem 

goods and services, species habitats for vulnerable, threatened and endangered species. 

The SDSWSA has 56 protected areas including 20 stewardship sites and the uKhahlamba-

Drakensberg Park – World Heritage Site. The World Heritage Site is the most prominent 

feature in the SDSWSA (Figure 54).Table 29 provides an overview of the extent of different 

types of ‘protected areas’ throughout the SDSWSA. Overall, approximately 18% of the 

SDSWSA is under some form of protection. 

 
Table 29: Extent of Protected Areas, including stewardship sites, private, and other sites throughout the 

SDSWSA 

Protected Area Type Area (ha) % 

EKZNW Protected Area 267795,23 15.60 

DAFF 4096,20 0.24 

EKZNW owned not yet proclaimed 1101,96 0.06 

Other proclaimed 0,00 0.00 

Private 2325,43 0.14 

Biodiversity Agreement (Stewardship) 8328,62 0.49 

Nature Reserve (Stewardship) 12892,95 0.75 

Protected Environment (Stewardship) 10590,62 0.62 

Total Area of SDSWSA 1716914,8 100.00 

 

5.2.4.1 uKhahlamba-Drakensberg Park – World Heritage Site 

The uKhahlamba-Drakensberg World Heritage Site (UDP- WHS) located in one of southern 

Africa’s 19 plant endemic centres and has a total of 334 species endemic to the UDP region.  
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Figure 54: Protected Areas in the SDSWSA 
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Figure 55: Biodiversity corridors in the SDSWSA 

 

The UDP-WHS forms a significant role in the biodiversity of the SDSWSA as it houses a 

number of endangered and critically endangered flora and fauna. The Park provides 

important ecological services to about 2.5 million people in the Sisonke and Thukela 

districts. Downstream user benefits of the UDP Park include as water supply, soil stability, 

water supply regulation, water distribution, disaster damage control, moderating climate 

extremes and waste assimilation, fire damage control, disease control in stock, flood 

attenuation, pollination and soil formation.  

 

The SDSWSA is a biodiversity hotspot with critical ecological infrastructure that has been 

threatened by urban sprawl, increase agricultural activities (such as commercial crops and 

plantations), and alien invasive plant species that continue to spread uncontrollably within 

the SDSWSA. Even though there are multiple threats to biodiversity, there are also 

numerous efforts to conserve the natural land cover within the SDSWSA with the 

implementation of stewardship programmes and demarcation of protected areas as part of 

conservation efforts. This has helped to preserve the flora and fauna species, conserve 

ecological infrastructure and continue the provision of ecological services to populations 

within the area.  
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6. CONCLUSION AND WAY FORWARD 

The SDSWSA is a complex socio-ecological system. This includes linkages and feedbacks 

between social, economic, institutional, governance, ecological and hydrological variables. 

To understand the state of such a system is an equally complex undertaking. This report has 

sought to coarsely define the linkages within the system and illustrate this in a systems 

diagram (Section 1.5), to reduce this complexity to three broad categories of variables viz. 

governance, socio-economic and ecological infrastructure, and then to identify specific 

variables within this system with available data sources which provide insight into the 

condition of these variables.  

 

The state of different variables will not be summarised here, but key conclusions that can be 

drawn from the status quo assessment are:  

1. that the SDSWSA is spatially biased with respect to key factors: 

a. Use of water is concentrated in the northern catchments, with heavy 

utilisation of resources in the uMvoti, Mooi, and uMngeni Rivers. The 

uMkhomazi, Umzimkulu and Umzimvubu are large free flowing and less 

heavily utilised rivers. It must be stated though that plans are well advanced 

for the damming of the uMkhomazi River to augment the supply of water to 

the UMngeni Water supply area. 

b. Monitoring of the rivers for the majority of variables is also concentrated in 

the heavily utilised northern areas meaning that information regarding its 

state is relatively plentiful in certain areas and for some variables it is non-

existent in the southern less utilised catchments 

2. That the biggest impact to the hydrological functioning of the terrestrial areas of the 

SWSA is related to the transformation of natural land cover categories to soft 

transformed categories viz. agriculture and forestry. These are two critical economic 

activities in the SWSA which support the economies of the area and provide vital 

goods to the South African market.  

3. That the rivers of the SDSWSA are generally in a better condition higher up in the 

catchments, and that as use and impacts increase downstream, their condition and 

utility value diminishes. This means that users lower down the system experience 

greater operational and opportunity costs. 

4. The communities of the SWSA are also spatially and economically stratified. This has 

implications for the use of land and water resources and thus also for catchment 

management. Basic ecosystem goods and services such as the purification of water 

and the production of fuel wood are of greater value to communities in areas where 

poverty and unemployment are more prevalent.  These areas are also likely to 

support a greater need for subsistence farming.  

5. Comprehensive legislation exists for the governance of water resources, but water 

governance institutions are largely hierarchical in their approach to the management 
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of resources (Stuart-Hill et al., 2020). Whilst efforts are being made to democratise 

catchment management and to delegate this responsibility to the catchment level, 

the CMA is currently still managed by the DWS and strategy and policy is still driven 

by national government priorities through the NWRS-2 and NW&SMP (Ibid). There 

are non-government institutions such as the UEIP and UCPP who are operating in the 

catchment management space and supporting community involvement in 

governance. 

 

5.2.5 Way forward 

Having collated this interim status quo document as a reflection of the broad state of a 

number of key variables, the project’s next step (Red oval in Figure 56) is to identify which 

variables are of importance and are practicable as indicators in monitoring the state of the 

SDSWSA on an ongoing basis. This selection process will be informed by both the socio-

ecological theory and this report, but will most importantly be driven by the input of key 

stakeholders. These will include inter alia the DWS through the staff assigned to the proto-

CMA, DEFF and KZN EDTEA, non-governmental organisations such as UEIP and UCPP and 

stakeholders involved in applied research and catchment management projects such as the 

EI4WS project.  

 

 
Figure 56: Project work programme 

 

This process of indicator selection will form the foundation for the development of the 

monitoring and reporting framework which will describe the justification for each indicator, 

the metric associated with measurement for the indicator and the data source. Importantly, 

this document will identify indicators highlighted as important by stakeholders, but for 

which there is no readily available data with which to populate the framework. This will 

enable future work to be targeted to addressing these needs. 
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Once indicators have been selected, this interim status quo report will be updated to 

include any information related to indicators that have not been included in this report. This 

completed compilation of information will then be used to populate the framework and to 

produce the first “State of the Sources” report for the Southern Drakensberg.     
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8. APPENDICES 

8.1 Appendix 1 – Initial Socio-Ecological systems diagram for the SDSWSA showing the complexity of interconnected social and 

ecological sub-systems 
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8.2 Appendix 2 – Land use, condition, streamflow, base flow, and quick flow  

Land Use Condition Streamflow (Quality and 
quantity) 

Baseflow Quickflow Scoring 

Commercial 
afforestation 

Soft 
transformed  

Commercial afforestation is a 
streamflow reduction activity 
(SFRA) (Everson et al., 2014). 
Commercial plantations reduce 
streamflow levels by increasing 
rainfall interception, 
evapotranspiration, lowering 
baseflow and quickflow levels 
(Jewitt et al., 2009). 
Commercial plantations 
decrease groundwater recharge 
altering streamflow patterns 
with the greatest impact being a 
decrease in low flow levels 
during the dry season (Gush et 
al., 2002; Jewitt et al., 2009) 

Commercial plantations have a high 
Leaf Area Index (LAI) thus have a high 
interception capacity as well has a 
high surface area for 
evapotranspiration to occur (Everson 
et al., 2014).  
Commercial plantations reduce 
baseflow levels as a result of 
increased evapotranspiration and 
interception (Jewitt et al., 2009).  
Additionally, plantations reduce low 
flow levels due to their deep rooting 
and evergreen nature (Smakthin et 
al., 2001). 
The interception of rainfall by leaf 
litter reduces the amount of rainfall 
which enters the soil profile 
ultimately reducing baseflow levels.  
Evapotranspiration and interception 
levels increase as plantations mature 
and as a result, there is a lag between 
land use change and the impact of 
afforestation on baseflow levels.   

Forest litter on forest floors forms a 
humus layer allowing for the slow 
movement of water into the soil.  
Forest litter improves soil structure 
and as a result, infiltration rates are 
often higher under forest canopies.  
As a result of higher infiltration rates, 
less surface runoff is generated from 
commercial forests. Runoff response 
is also delayed (Everson et al., 2014).  

 

Artificial 
Waterbodies 
(Reservoirs) 

Soft 
Transformed  

Reservoirs alter annual and 
seasonal river flow patterns, 
volumes and water quantity for 

“Large artificial impoundments 
probably constitute the single most 
important direct impact on the low 

Quickflow peaks are attenuated and 
dampened due to the regulating 
nature of large reservoirs (Warburton 
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Land Use Condition Streamflow (Quality and 
quantity) 

Baseflow Quickflow Scoring 

rivers downstream (Hughes and 
Mantel, 2010). 
Reservoirs alter flood magnitude 
and frequency, reduce total 
flows and alter the timing of 
releases (Batalla et al., 2004).  
 

flow regimes of rivers” (Smakhtin, 
2001). 
Reservoir construction and the 
resultant flow regulation can lead to 
an increase or decrease of low flow 
discharges and is dependant entirely 
on the operational management and 
intended purpose of the reservoir 
(Smakhtin, 2001).  
A dam intended for flood control will 
have consistent releases sustaining or 
increasing baseflow levels while a 
dam for irrigation and hydroelectric 
power generation will have variable 
flows which are dictated by electricity 
and irrigation demands respectively 
(Batalla et al., 2004). 

et al., 2012).  
The frequency and magnitude of 
floods is often reduced due to the 
regulating effects of reservoirs 
(Batalla et al., 2004).  

Wetlands Natural Wetlands filter sediments, 
nutrients and pollutants helping 
to improve stream water quality 
(Woodward and Wiu, 2001).  
Wetlands stabilize/regulate 
downstream streamflow 
fluctuations (Wu et al., 2020). 

Wetlands support baseflow volumes 
and help to maintain low flow 
volumes through the storage and 
slow release of water (Wu et al., 
2020).  
 
 

Wetlands attenuate quickflow peaks 
and velocities. As flood water enters a 
wetland, it spreads out and loses 
velocity (Rebelo et al., 2015; Wu et 
al., 2020).  
 

 

Eroded areas Degraded The absence/reduction of a 
vegetative cover results in 
raindrops with high kinetic 
energy hitting the soil dislodging 

Due to a reduction in vegetation 
cover, degraded landscapes have 
lower soil organic matter contents, 
have high soil water evaporation 

Degraded landscapes have low soil 
organic matter contents along with 
unstable soil aggregates which can 
lead to soil crusting. Soil crusting 
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Land Use Condition Streamflow (Quality and 
quantity) 

Baseflow Quickflow Scoring 

soil particles which are carried in 
runoff water (van Lujik et al., 
2013). Degraded areas therefore 
degrade water quality through 
increased sediment loads 
(Schutte, 2014).  

rates, have increased surface runoff, 
lower infiltration rates and soil 
moisture levels thus lower baseflow 
levels (van Lujik et al., 2013).  
 

reduces infiltration rates promoting 
runoff generation (van Lujik et al., 
2013). 
Even in the absence of a soil crust, 
degraded areas have lower infiltration 
rates, promote runoff generation thus 
have higher quickflow volumes and 
velocities.  

Cultivated, 
irrigated 

Soft 
transformed 

Irrigation uses more water per 
unit area as farmers tend to 
maintain soil moisture levels at 
optimal or exceed optimal levels 
to promote plant growth 
(LeMaitre et al., 2018). 
Irrigation abstractions reduce 
downstream streamflow levels 
and have a more pronounced 
impact on streamflow during the 
dry winter season (Smakhtin, 
2001; Kienzle and Schmidt, 
2008). 
Evaporation from irrigation 
storage systems (e.g. dams) and 
evapotranspiration by the 
irrigated crop decreases 
streamflow levels at and 
downstream of abstraction 
points.  

Irrigation abstractions decrease 
downstream baseflow levels however 
also contribute to return flows 
through deep percolation (Kienzle 
and Schmidt, 2008). 
Where crops are irrigated from a 
surface water source linked to a river 
increased evapotranspiration can 
reduce baseflow levels (Price, 2011).  
The use of irrigation water which has 
been imported into the catchment 
provides an additional source of 
water for baseflow recharge (Price, 
2011).  
Irrigation abstractions exacerbate low 
flows during the non-rainy season 
(Schulze, 2007).  
Interflow 
Irrigation return flows are an 
additional source contributing to sub-

Irrigation application rates that 
exceed soil infiltration rates can lead 
to the runoff of irrigation water 
(Hansel and Trimmer, 1986). Over 
irrigation can lead to increased runoff 
and return flows.  
Antecedent soil moisture content 
influences runoff generation. 
Irrigating before rainfall events means 
the soil reaches saturation more 
rapidly resulting in increased runoff 
generation.  
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Land Use Condition Streamflow (Quality and 
quantity) 

Baseflow Quickflow Scoring 

The excessive use of 
agrochemicals and the leaching 
of nutrients and agrochemicals 
into rivers are deemed the 
primary impacts of irrigated 
agriculture on water quality 
(Foley et al., 2005).  
High irrigation return flows 
increase streamflow altering 
flow characteristics (Merchan et 
al., 2013) 
Poor quality irrigation return 
flows degrade the water quality 
of the receiving water body.  

surface drainage directly into the river 
channel or through “return” canals. 
(Smakhtin, 2001). 
Return flows are especially important 
if irrigation water has been imported 
into the catchment as these return 
flows provide a new water source 
which would have not been available 
(Smakhtin, 2001). 

Cultivated, 
dryland 
agriculture  

Soft 
transformed 

Poor tillage practises and the 
resultant increase in soil erosion 
and sediment loads are deemed 
the primary impact of dryland 
agriculture on water quality (Le 
Maitre et al., 2018).  
 

The impact of dryland agriculture on 
baseflow levels is dependent on 
management and land preparation 
i.e. conservation or conventional 
tillage.  
Conservation tillage (encompasses a 
range of no-till or reduced tillage 
practises which leave crop residues of 
at least 30%): promotes infiltration, 
reduces runoff and soil water 
evaporation, improves soil water 
holding capacity ultimately increasing 
soil moisture levels and maintaining 
baseflow levels (Van Wie et al., 2013).  

Land preparation influences runoff 
generation. 
Conservation tillage and no-till: 
improves soil structure, promotes 
infiltration and improves soil water 
holding capacity thus reducing 
stormflow generation.  
Conventional tillage: Reduced 
infiltration rates thus higher runoff 
generation (Kosgei et al., 2007).  
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Land Use Condition Streamflow (Quality and 
quantity) 

Baseflow Quickflow Scoring 

Conventional tillage: Reduces 
infiltration rates, reduces soil water 
holding capacity, high soil water 
evaporative losses thus lower 
baseflow levels. 

Fallow Lands 
and Old Fields 

Soft 
transformed 

In the absence of irrigation 
abstractions, a fallow field which 
was previously irrigated may 
lead to an increase in the 
streamflow levels due to 
reduction in irrigation demands.  

The influence of old fields/fallow 
fields on baseflow levels in largely 
dependent on management practises. 
For example, whether or not the 
fallow field has crop residues or soil 
cover (Price, 2011). 
The plant roots of crop residues 
support soil structure enhancing 
aggregate stability and formation. 
Plant root induced macropores play 
an important role in encouraging 
infiltration and percolation to deeper 
levels thus supporting baseflow levels 
(Yu et al., 2016). 
The hydrological impacts of a fallow 
field are largely dependent on 
management practises and whether 
the cultivated crops were dryland or 
irrigated.  
Without active cultivation, fallow 
fields will become a secondary 
grassland. The plant community of 
the secondary grassland will differ 

Without active cultivation, fallow and 
old fields will revert to a secondary 
grassland with increased vegetation 
cover. Increased vegetation promotes 
infiltration, reduces runoff thus 
reduces quickflow response as well as 
quickflow volumes.  
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Land Use Condition Streamflow (Quality and 
quantity) 

Baseflow Quickflow Scoring 

relevant to a natural grassland 
(Zaloumis, 2013) 

Fallow land & 
old fields 
(wetlands) 
(Floodplain) 

Soft 
transformed 

River channelization is often 
implemented along cultivated 
floodplains to avoid the flooding 
of cultivated fields. The flow 
patterns of a river along a 
formally cultivated floodplain 
will, in the short and medium 
term, continue to flow in a 
channelized manner.  

 Replacing wetlands with irrigated 
agriculture has been linked to 
increased runoff generation (Rebelo 
et al., 2015). When left fallow, 
formerly irrigated fields generate less 
runoff relative to irrigated agriculture.  
 

 

Built-up, 
Formal 
Residential 

Hard 
transformed 

Urban stormwater is a primary 
contributor to water quality 
degradation (Kim et al., 2016).  
The temperature of runoff can 
increase as it flows over 
impervious surfaces. Elevated 
water temperatures have been 
shown to increase the rate of 
biological processes altering 
urban river ecosystems 
(O’Driscoll et al., 2010). 
Stormwater drainage systems 
together with impervious 
surfaces have the potential to 
increase streamflow levels at 
downstream discharge points.  

The impact of residential areas on 
catchment baseflow levels is 
dependent on the density and 
percentage imperviousness of a 
particular residential area.  
A high density residential area will 
have a higher percentage impervious 
area thus limited pervious surfaces 
for infiltration.  
Due to limited infiltration, the 
baseflow levels in a high density 
residential area will be lower than 
those of a low density residential area 
with a low percentage 
imperviousness and a higher 
percentage pervious area to facilitate 
infiltration.  

Generally, formal residential areas are 
well drained by stormwater drainage 
infrastructure which reduces overland 
flow distances increasing stormflow 
peaks, magnitudes and reducing the 
time to peak.  
Quickflow response is dependent on 
the density of the residential area and 
the percent imperviousness i.e. a high 
density residential area will respond 
more rapidly and at a greater 
magnitude relative to a low density 
residential area.  
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Land Use Condition Streamflow (Quality and 
quantity) 

Baseflow Quickflow Scoring 

Leakages from urban drainage 
infrastructure as well as the over 
irrigation of parks and gardens can 
however support baseflow levels 
(Lerner, 2002). 

Built-up, 
Informal 
Residential 

Soft 
transformed  

Informal settlements often lack 
formal services (access to proper 
sanitation, electricity, running 
water inside the dwelling) 
(Bhatta, 2010).  
In the absence of proper 
sanitation services, many 
communities still rely on shallow 
pit latrines on river banks which 
may lead to the surrounding 
water bodies becoming 
contaminated by E. coli and 
other water borne diseases.  
The quality of water bodies in 
and surrounding informal 
settlements is often 
compromised by the lack of 
urban drainage, sanitation 
services and waste removal as 
waste from informal settlements 
is often deposited into water 
bodies(Fitchett, 
2017). 

The residents of informal settlements 
often use precast panels to pave their 
yards in an attempt to prevent soil 
erosion and in doing so, the pervious 
soil surface is replaced by an 
impervious surface with a high runoff 
potential (Fitchett, 2017). The 
presence of precast panels reduces 
infiltration thus baseflow levels.  
Vegetation within informal 
settlements is often sparse and the 
exposed soil is often compacted 
reducing infiltration and baseflow 
levels (Fitchett, 2017).  

The vegetation within informal 
settlements is often sparse and the 
exposed soil is often compacted 
increasing the areas imperviousness 
and runoff potential especially during 
large rainfall events (Fitchett, 2017). 
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Land Use Condition Streamflow (Quality and 
quantity) 

Baseflow Quickflow Scoring 

Built-up, 
Village 

Soft 
transformed 

This land use category does not 
have a marked impact on 
catchment water quality and 
quantity given that large scale 
abstractions are limited, 
stormwater drainage 
infrastructure and impervious 
surfaces are limited.  

This urban land use class has a low 
percentage imperviousness thus does 
not have a marked impact on 
catchment baseflow levels.  

Isolated communities such as those in 
this category often have no/limited 
drainage systems and are 
predominantly natural vegetation 
along with low intensity subsistence 
agriculture (Butler and Davies, 2011). 
This land use does not have a marked 
influence of catchment quickflow 
response as it has a low percentage 
imperviousness and limited drainage 
infrastructure.  

 

Built-up, 
Smallholdings 

Soft 
transformed 

Smallholdings use rivers as the 
primary source of irrigation 
water where water is either 
pumped directly or is diverted 
through weirs or through dam 
storage (Van Averbeke et al., 
2011).  
Smallholdings can therefore 
reduce streamflow levels at and 
downstream of abstraction 
points however also contribute 
to return flows through deep 
percolation  
(Kienzle and Schmidt, 2008). 

Smallholdings are characterised by 
small-scale farming, have a low 
percentage impervious area thus do 
not have a marked impact on 
baseflow levels.  
 
 
 

Small holdings have a limited 
percentage impervious area along 
with limited stormwater drainage 
infrastructure thus do not have a 
marked impact on catchment 
quickflow response.  
Irrigation application rates that 
exceed soil infiltration rates can lead 
to the runoff of irrigation water 
(Hansel and Trimmer, 1986). Over 
irrigation can lead to increased runoff 
and return flows.  
Antecedent soil moisture content 
influences runoff generation. 
Irrigating before rainfall events means 
the soil reaches saturation more 
rapidly resulting in increased runoff 
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Land Use Condition Streamflow (Quality and 
quantity) 

Baseflow Quickflow Scoring 

generation 

Built-up, 
Urban 
Vegetation 

Soft 
transformed 

 Urban vegetation, for example urban 
parks, is often constructed with 
imported materials that are mixed 
with the existing soil giving rise to an 
artificial soil.  
The construction process leads to soil 
compaction which alters the soil pore 
structure and organic matter content 
making the hydrological behaviour of 
urban parks different to the natural 
environment (McGrane, 2016). 
The impact of these changes on the 
baseflows of pervious areas within 
urban areas is unclear (Fletcher et al., 
2013).  
The over irrigation of urban 
vegetation contributes to and 
sustains baseflow levels (Lerner, 
2002). 

The cumulative impact of the removal 
of topsoil and compaction (due to 
construction, the loss of vegetation 
and organic matter) means that 
pervious surfaces in urban areas have 
uncertain rainfall-runoff 
characteristics (Fletcher et al., 2013). 
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Land Use Condition Streamflow (Quality and 
quantity) 

Baseflow Quickflow Scoring 

Built-up, 
Commercial 

Hard 
transformed 

When compared to their rural 
counterparts, rivers in urban 
areas are flashier and have a 
higher occurrence of extreme 
flow events (O’Driscoll et al., 
2010). 
Increased surface runoff 
generates higher peak flow 
volumes even for low intensity, 
short duration rainfall events 
increasing flood risks 
downstream (Chen et al., 2017). 
Artificial water courses such as 
canals impede infiltration 
reducing ground water recharge 
and increasing streamflow levels. 
Water imported into the 
catchment can increase 
streamflow levels (Marsalek et 
al., 2006) 
Urban stormwater is a primary 
contributor to water quality 
degradation (Kim et al., 2016). 
Urban areas degrade water 
quality through the increased 
generation of pollutants by 
human activities as well as the 
increased mobilization and 

The impact of urban land use on 
baseflows is site specific.  
Generally, it is understood that an 
increase in impervious surfaces 
reduces infiltration reducing baseflow 
levels (Rose and Peters 2001; Chang 
2007). Artificial water courses such as 
canals impede infiltration reducing 
baseflows ground water recharge.  
The presence of trenches for pipes 
and other urban infrastructure may 
act as drains, influencing flow paths 
(Fletcher et al., 2013). 
The loss of vegetation may reduce 
evapotranspiration increasing 
infiltration and baseflows (Rose and 
Peters, 2001; Barron et al., 2013). 
Most urban areas import water from 
neighbouring catchments. Leaking 
water supply infrastructure and the 
over irrigation of parks and gardens 
contributes to and sustains baseflows 
especially during the dry season 
(Lerner, 2002). 
Given that water released during 
leakages is often imported into the 
catchment, leakages and over 
irrigation introduce a new water 

The CBD is often the most densely 
constructed urban land use within a 
city thus has the highest runoff 
potential due to its high percentage 
impervious area.  
The predominance of impervious 
surfaces reduces rainfall infiltration 
increasing the velocity and volume of 
surface runoff generated from this 
land use (Choi and Deal, 2008).  
The CBD is well drained with 
extensive stormwater drainage 
networks which channel stormwater 
from inlet points to downstream 
discharge points. 
Stormwater drainage systems reduce 
overland flow distances ultimately 
decreasing the time to peak. 
Additionally, the smooth nature of 
urban surfaces allows stormwater to 
flow more rapidly relative to rougher 
natural surfaces (Jacobson, 2011). 
Due to the high percentage 
imperviousness and extensive 
drainage, peak flows generated from 
the CBD peak more rapidly and are of 
a greater magnitude relative to non-
urbanised catchments as well as 
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Land Use Condition Streamflow (Quality and 
quantity) 

Baseflow Quickflow Scoring 

transport of pollutants through 
increased surface runoff and the 
hydraulic conductivity of 
drainage systems (Fletcher et al., 
2013). 
 
 

source for baseflow recharge which 
would not be available in an 
undeveloped catchment (O’Driscoll et 
al., 2010). 
Conclusive research on the impacts of 
urban land use on baseflows is limited 
(Price, 2011). 

other urban land use categories. 
 
 
 

Built-up, 
Industrial 

Hard 
transformed 

When compared to their rural 
counterparts, rivers in urban 
areas are flashier and have a 
higher occurrence of extreme 
flow events (O’Driscoll et al., 
2010). 
Increased surface runoff 
generates higher peak flow 
volumes even for low intensity, 
short duration rainfall events 
increasing flood risks within the 
catchment (Chen et al., 2017). 
Artificial water courses such as 
canals impede infiltration 
reducing ground water recharge 
and increasing streamflow levels. 

The impact of urban land use on 
baseflows is site specific. 
An increase in impervious surfaces is 
understood to reduce infiltration 
reducing baseflows (Rose and Peters 
2001). 
The presence of trenches for pipes 
and other urban infrastructure may 
act as drains, influencing flow paths 
(Fletcher et al., 2013). 
The loss of vegetation may reduce 
evapotranspiration increasing 
infiltration and baseflows (Rose and 
Peters, 2001; Barron et al., 2013). 
Leaking water supply infrastructure 
contributes to baseflows (Lerner, 

Industrial areas generally have a high 
percentage imperviousness and are 
well drained by stormwater drainage 
infrastructure.  
The predominance of impervious 
surfaces reduces rainfall infiltration 
increasing the velocity and volume of 
surface runoff generated from land 
use (Choi and Deal, 2008).  
Industrial areas are well drained with 
extensive stormwater drainage 
infrastructure which channel 
stormwater from inlet points to 
downstream discharge points. 
Stormwater drainage systems reduce 
overland flow distances ultimately 
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Land Use Condition Streamflow (Quality and 
quantity) 

Baseflow Quickflow Scoring 

Water imported into the 
catchment can increase 
streamflow levels (Marsalek et 
al., 2006) 
Industrial areas have a marked 
impact on river water quality 
primarily through the direct 
discharge of industrial effluents 
into rivers (Smakhtin, 2001).  
Effluent discharges have a direct 
impact on the quality and 
composition of low flows. The 
deterioration of water quality 
reduces water availability for 
downstream users (Smakhtin, 
2001).  

2002). 
Conclusive research on the impacts of 
urban land use on baseflows is limited 
(Price, 2011) 

decreasing time-to-peak. Additionally, 
the smooth nature of urban surfaces 
allows stormwater to flow more 
rapidly relative to rougher natural 
surfaces (Jacobson, 2011).. 
Due to the high percentage 
imperviousness and extensive 
drainage, peak flows generated from 
the industrial areas peak more rapidly 
and are of a greater magnitude 
relative to non-urbanised catchments 
as well as other urban land use 
categories. 
 

Mines and 
Quarries, 
Extraction Site 

Hard 
transformed 

When compared to unmined 
areas, mined areas have higher 
daily runoff volumes and peak 
flow responses thus higher 
streamflow volumes (Evans et 
al., 2015). 
Acid Mine Drainage (AMD) can 
degrade the water quality at and 
around mining sites (Ashton et 
al., 2001; 
Effluents generated from mined 
areas may have heavy metals 

When compared to unmined 
catchments, mined catchments have 
been shown to have greater baseflow 
durations due to lower 
evapotranspiration levels (Evans et 
al., 2015). 
Soil compaction as a result of heavy 
machinery increases runoff response 
and slows baseflow recharge (Evans 
et al., 2015). 
Some studies have found little 
difference in the baseflow generated 

The removal of vegetation for the 
mining process reduces 
evapotranspiration levels which has 
been linked to the increased 
stormflow peaks and shortened 
stormflow response periods observed 
in recently mined areas (Evans et al., 
2015). 
In the absence of a vegetative cover, 
raindrop induced soil dispersion can 
lead to soil crusting in recently 
established mines (Evans et al., 2015). 
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Land Use Condition Streamflow (Quality and 
quantity) 

Baseflow Quickflow Scoring 

and cyanide which can degrade 
the quality water resources 
(Akcil and Kodlas, 2006).  

from mined and unmined 
catchments; this was attributed to 
the lower infiltration capacity of 
surface spoils (Evans et al., 2015).  
Older mined areas with a vegetation 
cover and advanced soil development 
will have higher infiltration capacities 
thus higher baseflow levels (Evans et 
al., 2015). 
The pumping of subsurface water is 
an integral part of the subsurface 
mining process. The lowing of the 
water table and a reduction in 
baseflow levels can occur as a result 
of continued pumping (Karmakar and 
Das, 2012). 

Soil crusting impedes infiltration 
ultimately increasing quickflow 
volumes.  
Soil compaction as a result of heavy 
machinery can decrease infiltration 
and increase quickflow response.  

Mines and 
Quarries, 
Waste and 
Resource 
Dumps 

Hard 
transformed 

Runoff generated from mined 
areas often carries suspended 
and dissolved solids from waste 
and resource dumps degrading 
the water quality of surrounding 
water bodies.  
Waste rock piles may contain 
reactive materials which may 
lead to acid mine drainage 
(AMD) (Martin et al., 2017).  The 
leaching of heavy metals from 
waste rock piles degrades the 

Infiltration through waste rock piles is 
dependent on grain size distribution 
within the waste rock pile (Martin et 
al., 2017).  
 Preferential flow occurs through 
coarse grained waste rock piles while 
matrix flow occurs through fine 
grained waste dumps (Namaghi et al., 
2015).  

Fine particles within waste rock 
dumps have the potential to decrease 
infiltration and increase surface 
runoff generation (McPhail and 
Wilkinson, 2004).  
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Land Use Condition Streamflow (Quality and 
quantity) 

Baseflow Quickflow Scoring 

water quality of surrounding 
water bodies. 
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8.3 Appendix 3 - Satellite-derived Rainfall 

Satellite-derived Rainfall Products 

Ever since the launch of the Tropical Rainfall Measuring Mission in 1997, much of the 

ground-breaking pioneering work has been laid down for estimation of rainfall utilizing 

satellites. Since then many satellite products are available provided by different 

organizations (e.g. the National Oceanic and Atmospheric Administration (NOAA). The 

characteristics of some satellite-derived rainfall products are described below.  

 

 Famine Early Warning Systems African Rainfall Climatology (FEWS ARC 2.0) 

The African Rainfall Climatology (ARC, version 2) is a daily product for monitoring rainfall 

over Africa (Novella and Thiaw, 2013). The original version of ARC (ARC 1) is based on the 

same algorithm used in the FEWS RFE 2 product, however the algorithm excludes inputs 

from the microwave range which may affect the estimation accuracy (Novella and Thiaw, 

2013). The main purpose of the FEWS ARC 1.0 was to develop a consistent and continuous 

rainfall dataset. The strength of FEWS ARC 2.0 are to provide daily images of rainfall 

anomalies over different time scales in order to identify and understand trends in rainfall 

anomalies at a near real-time scale (Novella and Thiaw, 2013). The FEWS RFE 2 product 

obtains inputs from geostationary infrared data and 24-hour rainfall accumulations obtained 

from the Global Telecommunication System (GTS) rain gauge data over Africa (Novella and 

Thiaw, 2013). There are two key differences between FEWS RFE 2.0 and ARC 2.0. Firstly, ARC 

2.0 incorporates only a subset of the inputs incorporated in RFE 2.0 (Novella and Thiaw, 

2013). Geostationary infrared data are used to obtain GPI estimates and gauge data are 

used as inputs (Novella and Thiaw, 2013). Secondly, to obtain the GPI only three hourly 

infrared cloud-top temperatures are used as opposed to half hourly being utilised in the RFE 

2.0 (Novella and Thiaw, 2013). Infrared data and longer historical rain gauge data were used 

in developing the ARC 2 algorithm to produce a more consistent and stable dataset as well 

as to remove a bias introduced in processing that affected the ARC 1 product (Novella and 

Thiaw, 2013) 

 

 Famine Early Warning Systems Rainfall Estimator 2.0 (FEWS RFE 2.0) 

The Climate Prediction Centre (CPC), part of the National Oceanic and Atmospheric 

Administration (NOAA), developed the Rainfall Estimator (RFE) product in 1995 (Herman et 

al. 1997). This was developed to meet the need for higher spatial resolution daily rainfall 

estimates to support the United States Agency for International Development (USAID) and 

Famine Early Warning Systems Network (FEWS-NET) (Novella and Thiaw, 2013). Novella and 

Thiaw (2013) report that the product is unique in that it has a high spatial resolution of 0.1˚ 

(10 km x 10 km), and its ability to combine satellite and gauge data to produce daily rainfall 

estimations at a near real-time basis over Africa. In 2001, the CPC implemented the second 

generation of the RFE which includes an advanced RFE algorithm. Love et al. (2004) reports 

that the advanced algorithm enhanced computational efficiency, estimation accuracy and 
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reduced the bias errors. The RFE 2.0 obtains inputs from four different sources, of which 

three are satellite-based sources (Love et al., 2004). These are from the daily rain gauge 

data of the Global Telecommunications System (GTS); the Geostationary Operational 

Environmental Satellite (GOES) precipitation index (GPI) which is calculated from infrared 

cloud-top temperatures from EUMETSAT; rainfall estimates based on the Advanced 

Microwave Sounding Unit (AMSU-B), which replaced the older AMSU-A; and estimates 

based on the Special Sensor Microwave Imager (SSM/I) (Novella and Thiaw, 2013). 

 

 Climate Hazards Group InfraRed Precipitation with Station data (CHIRPS 2.0) 

CHIRPS was developed to support the United States Agency for International Development 

Famine Early Warning Systems Network (FEWS NET). CHIRPS uses the Tropical Rainfall 

Measuring Mission Multi-satellite Precipitation Analysis version 7 (TMPA 3B42 v7)7 to 

calibrate global Cold Cloud Duration (CCD) rainfall estimates. CHIRPS uses a ‘smart 

interpolation’ approach, working with anomalies from a high resolution climatology (Funk et 

al., 2015). CHIRPS incorporates station data in a two phase process, producing two unique 

products. The first process yields a preliminary rainfall product which blends World 

Meteorological Organization’s Global Telecommunication System (GTS) gauge data and 

CCD-derived rainfall estimates for every pentad (Funk et al., 2015). The second phase yields 

the final product whereby the best available monthly (and pentadal) station data are 

combined with monthly (and pentadal) high resolution CCD-based rainfall estimates to 

produce fields that are similar to gridded monthly station products (Funk et al., 2015).  

 

 Precipitation Estimation from Remotely Sensed Information using Artificial Neural 

Networks (PERSIANN) 

The Precipitation Estimation from Remotely Sensed Information using Artificial Neural 

Networks (PERSIANN) for the estimation of rainfall is consistently enhanced by the 

University of Arizona. The artificial neural algorithm uses longwave infrared imagery to 

obtain cloud texture to produce rainfall rates (Sorooshian et al., 2000). Low orbiting passive 

microwave estimates provide model parameters which are constantly updated (Hsu and 

Sorooshian, 2009). The fundamental algorithm that drives the product is flexible in that it 

allows for incorporation of various forms of data as they become available (Sorooshian et 

al., 2000). The algorithm has been constantly developing since 2000 which has been 

producing near real-time estimates which have been utilised in global rainfall research (Hsu 

and Sorooshian, 2009). 

 

 CPC’s Merged Analysis of Precipitation (CMAP) 

The CPC’s Merged Analysis of Precipitation is a product that produces images of 2.5˚ spatial 

resolution and consists of monthly and pentad aggregations (temporal scale) (Dinku et al., 

2007). The algorithm used is based on a merging technique, described by Xie and Arkin 

(1996). The merging technique utilises inputs from precipitation indices derived from 

infrared estimates from the Geostationary Operational Environmental Satellite (GOES), 

https://www.nature.com/articles/sdata201566#ref-CR7
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passive microwave retrievals and gauge data (Dinku et al., 2007). Dinku et al. (2007) report 

that estimates produced using two steps. The first step is the merging of infrared data and 

passive microwave data in a maximum likelihood approach and then bias is removed with 

the use of surface gauge data through a blending technique. The merged products are then 

produced by determining the structure of rainfall which formulates the Poisson equation. 

 

 The Climate Prediction Centre Morphing Technique (CMORPH) 

The Climate Prediction Centre Morphing Technique (CMORPH) is a relatively new product 

that merges different passive microwave data with infrared data (Dinku et al., 2007). The 

product incorporates estimates from AMSU-B, AMSR-E, TMI (from the TRMM satellite) and 

the SSM/I (Joyce et al., 2004). The CMORPH technique is not a rainfall estimation algorithm, 

but a means by which different rainfall algorithms can be combined (Joyce et al., 15 2004). 

The technique uses rainfall estimates from passive microwave data and then propagates the 

features in space with the use of motion vectors which are derived from 30-minute infrared 

data obtained from geostationary satellites (Joyce et al., 2004). The product determines 

feature motions from infrared data which determines the displacement vector used for 

“morphing” the time intervals between microwave observations (Joyce et al., 2004; Dinku et 

al., 2007). Dinku et al. (2007) reports that that the product combines the accuracy of passive 

microwave retrievals with the high temporal resolution of the infrared data. Thus, the 

product is classified as passive-microwave with the indirect use of infrared data, where 

infrared data are used when microwave data are not available (Dinku et al., 2007, Joyce et 

al., 2004) 

 

 Tropical Applications of Meteorology Using Satellite Data and Ground-Based 

Observations (TAMSAT) 

The TAMSAT technique obtains a rainfall estimate by combining geostationary Meteosat 

data with gauge data through a calibration process focused on drought monitoring 

(Tarnavsky et al., 2014; Maidment et al., 2017). Up till 2009, TAMSAT only operated in the 

north and south-eastern areas of Africa (Tarnavsky et al., 2014). In that time, only rainy 

seasons were considered, May-October for the Northern Hemisphere and November-April 

for the Southern Hemisphere and rain gauged input data used in the calibration varied 

based on quality and availability of the measurement on the day (Tarnavsky et al., 2014). 

The current product utilises specific rain gauge measurements within the calibration 

(Tarnavsky et al., 2014). The rainfall algorithm is based on Meteosat TIR imagery obtained 

every 15 minutes, from July 2006 to present, and every 30 minutes prior (Maidment et al., 

2017). The algorithm uses cold cloud duration (CCD) to obtain rainfall estimates (Maidment 

et al., 2017). The product has been updated to include the whole of Africa, including 

Madagascar, and the time period of available observations extends from January 1983 to 

present (Maidment et al., 2017; Tarnavsky et al., 2014). 

 

 Global Precipitation Mission (GPM) 
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Following the discontinuation of the Tropical Rainfall Measuring Mission (TRMM) in 2015, 

the Global Precipitation Mission (GPM) was launched in February 2014 by NASA and JAXA. 

The GPM is a constellation-based mission which provides a new scope of snow and rainfall 

measurement to better understand the Earth’s precipitating cycles (Hou et al., 2014). GPM 

provides near real-time data with a higher accuracy than TRMM and a temporal resolution 

of three hours (Hou et al., 2014). TRMM validation activities and algorithms focuses more 

on medium to heavy rainfall events over tropical oceans whereas, GPM observes light 

rainfall events as well as cold season snow fall (Hou et al., 2014). GPM obtains retrievals 

from microwave radiometers in conjunction with brightness temperatures and a common 

hydrometeor database which incorporates radar measurements (Hou et al., 2014). GPM has 

a much larger global coverage compared to TRMM which allows for enhanced measurement 

over land, different climate regimes and over the high and middle latitudes (Hou et al., 

2014).  

 

The table below summarizes the characteristics of the satellite-derived rainfall products. 

 

 
*0.1®= 1 km (i.e. 1 km x 1 km pixel size) 

*Based on freely available products. 

*Daily temporal resolutions can be aggregated to monthly, yearly etc. 

*Reliability based on experience- Ranked from Good, Average, Poor in terms of accuracy of 

estimates (should be tested in study area before use). 

Sources of product data retrieval: 

 FEWS RFE2- NOAA National Weather Service Climate Prediction Centre (FEWS Net): 

http://www.cpc.ncep.noaa.gov/fews/fewsdata/africa/rfe2  setup an FTP. 

 FEWS ARC2- NOAA National Weather Service Climate Prediction Centre (FEWS Net): 

http://www.cpc.ncep.noaa.gov/fews/fewsdata/africa/arc2  setup an FTP. 

 CMAP- http://www.esrl.noaa.gov/psd/ 

 CMORPH- http://ftp.cpc.ncep.noaa.gov/gov/precip/CMORPH_V1.0/RAW/0.25deg-

DLY_00Z  setup an FTP 

http://www.cpc.ncep.noaa.gov/fews/fewsdata/africa/rfe2
http://www.cpc.ncep.noaa.gov/fews/fewsdata/africa/arc2
http://www.esrl.noaa.gov/psd/
http://ftp.cpc.ncep.noaa.gov/gov/precip/CMORPH_V1.0/RAW/0.25deg-DLY_00Z
http://ftp.cpc.ncep.noaa.gov/gov/precip/CMORPH_V1.0/RAW/0.25deg-DLY_00Z
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 PERSIANN- http://chrs.web.uci.edu/persiann/data.html    

  setup an FTP 

 TAMSAT- https://www.tamsat.org.uk/data/rfe 

 CHIRPS2.0- https://chc.ucsb.edu/data/chirps 

GPM- Successor to the famous TRMM product- https://gpm.nasa.gov/data-

access/downloads/gpm 

 

http://chrs.web.uci.edu/persiann/data.html
https://www.tamsat.org.uk/data/rfe
https://chc.ucsb.edu/data/chirps
https://gpm.nasa.gov/data-access/downloads/gpm
https://gpm.nasa.gov/data-access/downloads/gpm
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8.4 Appendix 4 – River information 

River Name Primary Tertiary Quaternary Main River in Tertiary Catchment 

Moremoholo D D16 D16E Senqu 

Senqu D D16 D16E Senqu 

Sangebethu D D16 D16F Senqu 

Mokhotlong D D16 D16G Senqu 

Redi D D16 D16G Senqu 

Befali D D16 D16H Senqu 

Sakeng D D16 D16J Senqu 

Sehonghong D D16 D16J Senqu 

Linaheng D D16 D16K Senqu 

Mangaung D D16 D16K Senqu 

Bobatsi D D16 D16M Senqu 

Mashai D D17 D17G Senqu 

Melikane D D17 D17H Senqu 

Legooa D D17 D17J Senqu 

Tsoelike D D17 D17K Senqu 

Qabane D D17 D17M Senqu 

 

River Name Primary Tertiary Quaternary Main River in Tertiary 

Mzimvubu T T31 T31A Mzimvubu 

Klein Mzimvubu T T31 T31E Mzimkhulu 

Tswereka T T31 T31E Mzimkhulu 

Mvenyane T T31 T31H Mzimkhulu 

Mzintlava T T32 T32C Mzimvubu 

Droewig T T32 T32D Mtamvuna 

Mvalweni T T32 T32E Mzimkhulu 
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Kinira T T33 T33A Mzimvubu 

Caba T T33 T33H Mzintlava 

Mnceba T T33 T33H Mtamvuna 

Goxe T T40 T40A Mzintlava 

Mafadobo T T40 T40A Mzimvubu 

Weza T T40 T40B Mtamvuna 

Ludeke T T40 T40C Mtamvuna 

Mtamvuna T T40 T40C Mzimkhulu 

Tungwana T T40 T40D Mtentu 

Mzimkhulu T T51 T51B Mzintlava 

Pholela T T51 T51D Mzimkhulu 

Ngwangwane T T51 T51F Mzimkhulu 

Ndawana T T51 T51G Mzimkhulu 

Gungununu T T51 T51H Mzimkhulu 

Cabane T T52 T52B Mzimvubu 

Upper Bisi T T52 T52E Mzimvubu 

Little Bisi T T52 T52F Mzimvubu 

Mbumba T T52 T52F Mtamvuna 

Bisi T T52 T52H Mtamvuna 

Mahobe T T52 T52H Mzimkhulu 

Mzimkhulwana T T52 T52K Mzimkhulu 

Nkondwana T T52 T52K Mzimkhulu 

Nqabeni T T60 T60B Mzimkhulu 
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River Name Primary Tertiary Quaternary Main River in Tertiary 

Lotheni U U10 U10A Mkomazi 

Nhlathimbe U U10 U10A Mkomazi 

Mqatsheni U U10 U10B Mkomazi 

Nhlangeni U U10 U10B Mkomazi 

Mkhomazana U U10 U10C uMngeni 

Mkomazi U U10 U10E uMngeni 

Elands U U10 U10G uMngeni 

Ngudwini U U10 U10H uMngeni 

Toleni U U10 U10H uMngeni 

Lufafa U U10 U10J uMngeni 

Xobho U U10 U10K Lovu 

uMngeni U U20 U20A Mkomazi 

Ndize U U20 U20B Mkomazi 

Gqishi U U20 U20C Mkomazi 

Lions U U20 U20C Mkomazi 

Nguklu U U20 U20C Mkomazi 

Karkloof U U20 U20D uMngeni 

Doring Spruit U U20 U20E uMngeni 

Nculwane U U20 U20E uMngeni 

Mpolweni U U20 U20F uMngeni 

Cramond Stream U U20 U20G uMngeni 

uMnsunduze U U20 U20H Mvoti 

Slang Spruit U U20 U20J uMlazi 

Mvoti U U40 U40A Mkomazi 

Hlimbitwa U U40 U40G uMngeni 

uMlazi U U60 U60A Mvoti 

Lovu U U70 U70A Mkomazi 
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River Name Primary Tertiary Quaternary Main River in Tertiary 

Mooi V V20 V20A Mooi 

Hlatikulu V V20 V20C Mooi 

Klein-Mooi V V20 V20D Mooi 

Mnyamvubu V V20 V20F Mooi 

Mpatheni V V20 V20F Boesmans 

Rietvleispruit V V20 V20F Boesmans 

Ncibidwana V V70 V70B Mooi 

Boesmans V V70 V70C Mooi 

Klein Boesmans V V70 V70D Boesmans 

 

 


