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EXECUTIVE SUMMARY 

Water plays a significant role in the economies of the agricultural, business and industrial sectors. 
Expanding populations, economies and climate change have put pressure on the quality and availability 
of water resources in South Africa. Water resource protection therefore becomes increasingly important 
for sustainable water supply management. 

Hence, a review of the state-of-the-art of water resource protection in South Africa has been undertaken. 
Gaps in scientific understanding and implementation regarding water resource protection have been 
identified through literature review and discussions with stakeholders and experts. Aiming to improve 
the water resource protection in South Africa, a research strategy has been developed to tackle the 
most relevant of the identified gaps. 

Literature Review 

The literature was reviewed with a system of pillars and layers in mind. The three pillars of the various 
disciplines and human activities significantly affecting water resource quality and quantity are: legislative 
framework; implementation and management; and scientific complex systems understanding. These 
pillars are based on the governance framework as defined by Riemann et al. (2016), comprising 
government, society and science. The pillars are broken into layers that focus on resource-directed 
measures (RDM) for water resource protection, water use authorisation/source-directed controls (SDC), 
and land use/land care and its impact on water resource protection, based on the mandate and chapters 
in the National Water Act (NWA), Act 36 of 1998. 

Various issues regarding implementing the NWA have been identified; for example, the classification 
procedure identified in Chapter 3 of the NWA is not applicable to aquifers; furthermore, once a water 
resource has been classified, it cannot be reclassified. As a result, changes to water resources because 
of climate change or usage are not considered regarding classification. The concept of a Groundwater 
Reserve is not implementable. 

The Water Research Commission (WRC) has set out a roadmap for research, development, and 
innovation (WRC, 2015). The two main focus areas are water supply and water demand. Sub-sections 
under water supply are improving governance, planning and management; improving performance and 
infrastructure; managing water as an economical and sustainable business; using more resources and 
utilising these resources to their full potential. Under water demand, the focus is on improving 
governance, planning and management; reducing losses of water; and improving pricing, monitoring 
and metering. 

Gap Analysis 

The identified gaps in knowledge and understanding of water resource protection processes and 
implementation of associated regulations for the different water resources can be grouped into several 
aspects that are common for all or most of the water resources: 

 The standard methodology for determining RDM is not applicable to all water resources and is 
mostly carried out at a scale that is insufficient for effective water resource protection. The 
methodology must be updated to incorporate potential impacts of climate change, changing land 
use and changing demographics. The different elements of the RDM methodology need to be 
aligned. 

 The behaviour of emergent contaminants in different water resources and their impact on water 
resources have not been determined yet. The research programme into emergent contaminants 
should be expanded in this regard. 

 The role of different water resources and their sub-types in catchment functioning is crucial for the 
complex system understanding that is required for integrated catchment management to be 
implemented. 

 There is an insufficient spatial and temporal distribution of monitoring networks for most water 
resources. There is no standard regarding how, what and where to monitor and the subsequent 
process of quality control, data analysis and decision-making. 



 

iv 

The identified gaps in knowledge and understanding of water resource protection processes and 
implementation of associated regulations for the different activities and challenges, impacting on water 
resources, can be grouped into several aspects that are common for all or most of the activities: 

 The responsibility for authorising activities impacting on water resources is often split between 
several departments; for example, mining activities are authorised by the Department of Mineral 
Resources and the Department of Water and Sanitation (DWS). In reality, there is no cooperative 
governance as required for integrated catchment management and water resource protection. 

 There are no case studies regarding the success of rehabilitation and remediation actions with 
respect to complying to RDM limits. 

 The diffuse discharge and uncontrolled discharge from a range of land use activities are not 
regulated and do not have limits or standards determined. 

 There is an insufficient spatial and temporal distribution of monitoring networks for most water 
resources and relevant activities. Hence, compliance and enforcement are lacking. The crucial 
parameters for monitoring the impact of agricultural, industrial or urban activities need to be 
determined. 

It is important to note that advances in knowledge and systems in one pillar or layer does not necessarily 
translate into advances in the other pillars or layers. Hence, emphasis should be placed on translating 
scientific understanding into regulations and implementation strategies. Similarly, advances in complex 
systems understanding and its meaning for integrated catchment management must feed into updates 
of the RDM methodology and permit limits on RDM and SDC. 

Research Strategy 

The objective and strategic intent of follow-up research studies is to build knowledge for: 

Enabling water resource protection through integrated catchment management that supports adaptation 
to climate and socio-economic change. 

The gaps identified and their causes were turned into research questions and prioritised according to 
the following criteria: 

 Possible short-term gain by changing implementation (Pillar Society). 

 Possible medium-term gain by reviewing and updating legislation/regulations (Pillar Legislation). 

 Initiating a structured, longer-term programme to build knowledge (Pillar Science). 

The following five research studies or programmes were prioritised: 

 Auditing the current status of RDM and SDC implementation and enforcement. 

 Establishing “model catchments” on a sub-catchment and catchment scale. 

 Implementing awareness campaigns and training programmes for social behaviour changes. 

 Rolling out a cooperative governance framework ensuring cooperative governance across all 
sectors and all tiers of government, and enabling enforcement of compliance with rules and permits. 

 Reviewing and updating existing tools and best practice guidelines. 

Recommendations 

The currently initiated research studies for emerging contaminants and recommended catchment 
management need to be expanded into research programmes and linked to the research programmes 
listed below. 

The following research studies or programmes should be initiated by the WRC or DWS within the next 
financial year: 

 Doing a detailed audit of the current status of RDM and SDC implementation and enforcement with 
the aim of highlighting crucial shortcomings not identified yet. 

 Initiating the improvement and further establishment of “model catchment” on a catchment scale to 
study and understand the complex relationships between different water resources and different 
land use activities. 
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 Developing and rolling out awareness campaigns and training programmes for social behaviour 
changes. 

 Developing and rolling out a cooperative governance framework ensuring cooperative governance 
across all sectors and all tiers of government, and enabling enforcement. 

 Reviewing and updating existing tools and best practice guidelines. 

Further research studies and programmes should be initiated within the next five years. Each research 
programme should include an implementation or roll-out phase, which then needs to be evaluated 
regarding the effectiveness of changes towards improved water resource protection. To achieve this, 
an independent monitoring network and national monitoring programme has to be installed, monitored 
and evaluated by the DWS and or relevant catchment management agencies. 
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1. INTRODUCTION 

Water plays a significant role in the economies of the agricultural, business and industrial sectors. 
Expanding populations, economies and climate change have put pressure on the quality and availability 
of water resources in South Africa, therefore, water resource protection becomes increasingly important 
for sustainable water supply management. 

1.1 Study Outline 

Umvoto Africa (Pty) Ltd was appointed by the Water Research Commission (WRC) in April 2016 to 
undertake a research study on Water resource protection: A review of the state-of-the-art and research 
and development needs for South Africa. 

The aims of the project were: 

 To review current legislation, regulations, implementation strategies and academic research with 
respect to water resource protection. 

 To identify gaps in legislation, implementation and or knowledge for improved water resource 
protection. 

 To develop a research strategy for future studies into the identified research gaps with emphasis 
on incipient threats to water resources (quality and quantity). 

The project comprised three phases; namely, a literature review and initial gap analysis, a detailed gap 
analysis, and a research strategy. 

Gaps in scientific understanding and implementation regarding water resource protection have been 
identified through a literature review and discussions with stakeholders and experts. Aiming to improve 
the water resource protection in South Africa, a research strategy has been developed to tackle the 
most relevant of the identified gaps. 

Although the literature review (Deliverable 1) and the gap analysis (Deliverable 2) have been reported 
separately, this report summarises the findings from these two tasks and then presents the research 
strategy. The report comprises: 

 Relevant definitions in Section 1.2. 

 Outline of the research methodology for the literature review and gap analysis in Section 2. 

 Findings from the literature review on legislative issues and scientific studies in Section 3. 

 Summary of the research gap analysis in Section 4. 

 Outline of the research strategy as final product of the study in Section 5. 

1.2 Definitions 

1.2.1 Water resources 

The water resources focused on during the study include water courses as defined in the National Water 
Act (NWA), Act 36 of 1998 (see Figure 1), namely: 

 Surface water (perennial and ephemeral). 

 Wetlands. 

 Estuaries. 

 Aquifers. 

Water resources also include the near-shore marine environment.1 The off-shore marine environment2 
falls outside the scope of work of the study. 

                                                      

1 The area encompassing the transition from subtidal marine habitats to associated upland systems (Centre for 
Coastal Resources Management, 2016). 

2 Area from and beyond subtidal marine habitats. 
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Figure 1: Water cycle, indicating water resources and their interaction (Owens, 2006) 

1.2.2 Water resource protection 

The NWA (Act 36 of 1998) defines water resource protection as being fundamentally related to the use, 
development, conservation, management, and control of water resources. The Act divides water 
resource protection into three sections of different activities and focus points to ensure the 
comprehensive protection of water resources in South Africa (see Section 3.1.1). 

1.2.3 Ecosystem health 

A healthy ecosystem is often defined as one not showing signs of illness such as pollution, algae or 
loss of species. (Rapport et al., 2001). Relevant aspects include flow requirements and water quality. 

Flow requirements and future use 

Flow requirement is the existing flow of a river to meet the current lawful uses of the water and the 
requirements of the existing ecosystem. The future use of a water resource needs to consider existing 
flow requirements as well as future conditions relating to recharge of the resource. 

Water quality 

Water quality is defined as the physical and biological characteristics of a particular water resource. 
This is in relation to its particular usage and ecological requirements. 

1.2.4 Risks to water resources 

The United Nations Office for Disaster Risk Reduction defines “risk” as being the combination of the 
probability of an event happening and the negative consequences thereof (UNISDR, 2009). Risks in 
the context of water resource protection include any event or activity that can threaten or have a 
negative impact on a water resource. Hence, water resource protection should comprise risk 
management measures to identify and mitigate against these risks. The main risks are summarised in 
the sub-sections that follow: 
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Pollution threats 

Pollution threats include any form of pollution that decreases the present quality of a water resource 
thus making it unsuitable as a water resource for human usage and has a negative impact on the 
ecology of the water resource. 

Encroachment 

Infrastructure developments close to or encroaching on water courses could threaten the ecological 
requirements of the water resource and the availability and water quality of the water resources for 
human consumption. 

Overallocation 

It is important to allocate the correct quantity of water to the various stakeholders to ensure equity and 
sustainability in the usage of water resources. However, allocation needs to ensure that aspects of 
water resource replenishment and ecological requirements are met when making allocations. 
Overallocation of water resources can result in permanent damage to water resources and hinder 
meeting future allocation goals. 

Climate change 

It is also important to consider aspects of climate change and the likelihood of less water resources in 
the future when making water resource allocations. 

1.2.5 Land use activities 

A variety of land use activities affect water resources. These activities need to be considered for the 
protection of water resources (see Figure 2). 

 

Figure 2: Example of land use activities that could negatively affect water resource integrity in a 
catchment landscape (Water Sanitation Program, 2016) 
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Based on the extent of possible impacts, involved pollutants and spatial scale of activities and impacts, 
these land use activities can be grouped into: 

 Agriculture. 

 Mining and industry. 

 Urbanisation. 

Agriculture 

While agriculture is the biggest water user in South Africa, agricultural activities, such as irrigation and 
use of fertilisers and pesticides, are a constant threat to the functioning of water resources. This is 
exacerbated by the diffuse nature of impacts, which are often only detected far downgradient of the 
sources. 

Mining and industry 

Mining and large industry are big contributors to the economy. However, they are large water users and 
are among the biggest polluters of water resources, especially old closed mines where contaminated 
water decants into surface water ecosystems and further pollutes groundwater resources. Other 
impacts include mining in wetlands, sand mining in riverbeds, acid rain, emissions, brines and other 
effluents from industries. 

Urbanisation 

The growing urbanisation and concentration of possible pollution sources is an ongoing trend that could 
threaten water resources and human health (see Figure 3) if not managed properly. 

 

Figure 3: Urban impacts on water resources (Schreier, 2015) 

Legend: 
DO: Dissolved oxygen 
BOD: Biological oxygen demand 
COD: Chemical oxygen demand  
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2. RESEARCH METHODOLOGY 

The study commenced with a literature review of current legislation, regulation and governance to 
identify gaps in water resource protection. In addition, recent reports on water resource protection were 
reviewed to provide a starting point for identifying gaps in legislation, regulation and governance. 

The literature was reviewed with a system of pillars and layers in mind. The three pillars are: 

 The legislative framework.  

 The implementation of rules and societal interaction.  

 The scientific understanding of complex natural systems.  

These three pillars are broken into layers, which focus on resource-directed measures (RDM) for water 
resource protection, water use authorisation or source-directed controls (SDC), and land use/land care 
and its impact on water resource protection. A fourth overarching layer comprises monitoring and 
enforcement of activities. 

2.1 Defining the “Pillars” 

The pillars are based on the governance framework as defined by Riemann et al. (2016) using the 
Trialogue approach (Turton et al., 2006) comprising government, society and science (see Figure 4). 

 

Figure 4: Governance framework, using the Trialogue approach (Turton et al., 2006) 

2.1.1 Government/legislation 

The legal framework pillar includes Chapters 2, 3, 4 and 14 of the NWA, Act 36 of 1998, the National 
Environmental Management Act (NEMA), Act 107 of 1998, associated regulations and relevant national 
strategies and plans. 

2.1.2 Society/implementation and management 

The implementation and management pillar focuses on the governance and management aspect of 
water resource protection, whilst also including societal aspects such as access to water and water 
allocations. 
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2.1.3 Complex scientific systems understanding 

The scientific pillar focuses on developing scientific and academic knowledge into water resource 
protection. Identifying knowledge, data, and insight gaps in this pillar can assist with addressing gaps 
in legislation and management surrounding the implementation of sound water resource protection 
strategies. 

2.2 Defining the “Layers” 

The layers are defined by the legislative framework of the NWA and comprise: 

 Chapter 2 – Water Management Strategies. 

 Chapter 3 – Protection of Water Resources. 

 Chapter 4 – Use of Water (Authorisation). 

 Chapter 14 – Monitoring. 

2.2.1 Integrated catchment management (ICM) 

Catchment management and developments are aspects of land use and land care that influence water 
resource protection. These include areas of agriculture, mining, urban expansion/development, and 
protected areas. 

2.2.2 RDM 

Water resource protection is described in the NWA and implemented through RDM, comprising 
concepts of water resource classification, ecological reserve and resource quality objectives. 

2.2.3 Water use authorisation/SDC 

This layer focuses on permits, authorisations, and limits for water use, such as licensing of water use 
under section 21 and section 40 of the NWA, and water quality limits for discharge into the environment. 

2.2.4 Monitoring and enforcement 

It is crucial to monitor the water resource and possible impacts to understand the complex system and 
to translate this understanding into actions towards water resource protection. This must comprise both 
monitoring of regional and ambit conditions, and more local compliance monitoring, using a range of 
parameters and indicators. The monitoring results must feed into proper data analysis, resource 
management or operational decisions, and enforcement of regulations and standards. The combined 
framework is shown in Figure 5. 

 

Figure 5: Review framework of pillars and layers related to water resource protection 
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2.3 Literature Review 

A literature review was conducted on the various legislations in South Africa surrounding water resource 
protection, namely the NWA (Act 34 of 1998), the NEMA (Act 107 of 1998) and the various regulations 
and guidelines. A review was also conducted on the implementation of these legislations, which are 
shared between various institutions and involve ecological conservation, land use management, 
catchment management, urban growth management, water sensitive design, integrated development 
planning, as well as prompt remedial actions in cases of negative impacts. 

Recent studies on water resource protection were reviewed, which specifically focused on governance 
(control) and management of water resources but not on legislative gaps nor systems understanding 
gaps, especially emerging threats to sources of water (quality and quantity). The latter would promote 
proactive protection, informed development and conservation of our water resources. 

Based on the literature review, an initial gap analysis was carried out. Various gaps were identified in 
the review of legislation surrounding water resource protection. These included that the classification 
procedure does not include aquifers, and does not make provision for climate change. The concept of 
the “Groundwater Reserve” is also not implementable as the socio-economic impact of this is often not 
considered and the volume to be reserved cannot be measured. Licensing is also a very drawn-out 
procedure, which makes access to water resources often very difficult for those who urgently need it. It 
was also noted that the general authorisation procedure needed to be reviewed, and that there was a 
lack of experience within the government surrounding water resource protection. There was also a great 
deal of institutional complexity within the realm of water resource protection. The results of the literature 
review are summarised in Section 3. 

2.4 Stakeholder Engagement 

The initially identified research gaps were further discussed with various stakeholders who are experts 
working in the field of water resource protection or who have in-depth knowledge and understanding of 
the subject. The engagement was facilitated through an online discussion forum and direct invitations 
to selected stakeholders to participate. The process was divided into the different layers (RDM, SDC 
and ICM) and categories related to the different water resources and various threats. Topics and leading 
questions were provided per layer and category. Stakeholders were invited per category (see Table 1). 

Table 1: Selected topics for online discussion forum 

Category Topic/Key Questions 

RDM  

Groundwater • Legislative framework inadequate for groundwater protection 

Estuaries/Wetlands • Scale issue of RDM for wetlands 

Rivers  • RDM for ephemeral rivers and water courses 

SDC  

Agriculture • Responsibility for legislating and enforcing agricultural activities and 
agricultural water use; cooperative governance 

• Water quality of return flow – best practice, monitoring, enforcement 

Urbanisation • Multiple sources of pollutants, multiple responsibilities – cooperative 
governance 

• Contaminants of emerging concern 

Mining • Responsibility for legislating and enforcing mining activities and water 
use – cooperative governance 

• Legacy of old mines 

• Best practice guidelines – do they help to protect water resources? 

ICM  

Catchment 
Management 

• Multiple role players – cooperative governance 

• Understanding interactions between water resources and activities, 
evaluating impacts, trade-offs 
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3. LITERATURE REVIEW 

3.1 Legislative 

3.1.1 NWA 

The NWA (Act No. 36 of 1998) is the overarching legislation governing South Africa’s water resources. 
The NWA promotes the development, protection and equitable use of water resources for present and 
future generations. The Minister of the Department of Water and Sanitation (DWS) is entrusted with the 
duty of overseeing and managing the implementation of the NWA requirements. The NWA recognises 
that South Africa is a water-scarce country. The average rainfall is only about 60% of the world average 
which is distributed unevenly across the country due to factors such as climate, rainfall intensity and 
soil factors (CSIR, 2010). 

Chapter 1 of the NWA sets out guiding principles for all water users. These guiding principles give effect 
to the purpose of the NWA whilst promoting social and economic development and ensuring sustainable 
use of water resources. Chapter 2 of the NWA provides for the establishment of a National Water 
Resource Strategy (NWRS) that will outline the specific objectives, procedures, plans and institutional 
arrangements relating to the management and control of water resources in various regions of South 
Africa. The required contents of the NWRS are specified as well as the need for demarcating water 
management areas. Chapter 2 of the NWA also provides for the establishment of catchment 
management agencies (CMAs). 

Chapter 3 of the NWA provides for the protection of water resources through the conservation, use, 
development and control of water resources. It also sets out the measures to be taken to prevent the 
pollution of water resources and to remedy the effects of pollution of water resources. Part 1 of Chapter 
3 provides that the Minister may issue a classification system to classify the country’s water resources 
for effective management. The classification system may also list certain water uses for instream and/or 
land-based activities to protect water resources from degradation. Chapter 3 of the NWA also provides 
consideration for the “Reserve”, which is the quantity and quality of water required to satisfy basic 
human needs and protect aquatic ecosystems. Under the context of the “Reserve” and section 18 of 
the NWA, all water resources must be classified. This is the responsibility of the Minister, Director 
General, and all organs of state. 

Section 19 of the NWA addresses the prevention of pollution and remedial interventions for water 
resources. It provides that any person who owns land on which pollution occurs or undertakes an activity 
that results in pollution is responsible for remedying the pollution and preventing it from recurring. Such 
person must take all measures necessary to do so. If the person does not take the necessary steps as 
set out by the CMA, the CMA may undertake the necessary steps to control the pollution and recover 
full costs from the responsible person. This is also specified in similar fashion in section 30 of the NEMA 
(Act 107 of 1998). 

Section 20 of the NWA provides for emergency incidents resulting in pollution of a water resource. It 
defines an emergency incident as being an incident or accident where a substance may, or is likely to 
result in pollution of a water resource. The responsible person must report the incident to the department 
(the NWA does not stipulate national or provincial department), the police services or fire department, 
or the relevant CMA. A verbal directive may be issued to the responsible person, and must be followed 
up in writing by the department within seven days or it will be deemed to be withdrawn. 

Chapter 4 of the NWA focuses on the use and authorisation of water. Water use is defined as the: 

 Taking and storing of water. 

 Undertaking of any activities that reduce stream flow. 

 Discharging and disposing of waste. 

 Engaging in controlled activities (activities which impact detrimentally on a water resource). 

 Altering a water source. 

 Removing groundwater for certain purposes. 

 Using water for recreational purposes.  
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The Minister may limit water allocations and differentiate between water resources when making 
regulations. Activities reducing stream flow must be declared as such by the Minister and must include 
land use practices. Controlled activities are listed by section 37 of the Act. The Act allows for the Minister 
to declare other activities as controlled activities if the need arises. Water use must be licensed, unless 
specified under schedule 1, is an existing lawful use, is permissible under general authorisation, or if a 
responsible authority waives the need for a licence. The granting of a licence has conditions attached 
to it, as well as effective periods. The granting of a licence does not guarantee the availability or quality 
of the water which it covers. Existing lawful uses of water repealed by the Act may continue, provided 
that they are not limited, prohibited, or terminated by the Act. A licence for such usage is not required 
until a person or responsible authority requires a person claiming lawful use to apply for a licence. 
General authorisations do not require a licence, but may be restricted to a particular water resource, 
category of persons, defined geographical area, or period of time. 

An application for a water use licence must be done through a responsible authority where a licence is 
required to use water. However, part 8 of Chapter 4 of the NWA lays out the procedure for a responsible 
authority to undertake compulsory licensing for any aspect of water use in respect of one or more water 
resources in a specific geographical area. In this case, a general invitation must be sent out to all users 
of water within the area to apply for a water use licence. Licences must be reviewed within the time 
frame stipulated on the licence. Contraventions for disobeying licence conditions are laid out in part 10 
of Chapter 4 of the Act. 

3.1.2 NEMA 

The NEMA (Act No. 107 of 1998) is South Africa’s primary environmental framework legislation. 
According to NEMA, the environment includes water, land, all micro-organisms, plants, and animals 
associated with land and water. The Constitution empowers the Department of Environmental Affairs 
and the Minister of Environmental Affairs to carry out the functions required by the NEMA. 

The NEMA principles in Chapter 1 of the Act specify guidelines that stem from the Constitution and 
apply to all people and organs of state. The NEMA principles promote equitable use of natural 
resources, sustainability, and a balanced social, economic and environmental development. The NEMA 
provides for the administration and enforcement of the Act where necessary. It aims to ensure the 
proper management of land, agricultural and water resources, especially where new developments are 
concerned. These functions are delegated to the respective provincial ministers. Existing developments 
must also adhere to the provisions as set out in the NEMA, as each person has a duty of care towards 
the environment. 

There are five specific environmental management acts (SEMAs) that fall under the auspices of the 
NEMA. The SEMAs were promulgated so that each address a specific aspect of the environment, 
namely, air quality, coastal areas, biodiversity, protected areas and waste. Most of the SEMAs have an 
interest in the protection of water resources, such as the Biodiversity Act (Act No. 10 of 2004), the 
Protected Areas Act (Act No. 57 of 2003), the Integrated Coastal Management Act (ICMA) (Act No. 24 
of 2008), the Air Quality Act (Act No. 39 of 2004) and the Waste Act (Act No. 59 of 2008). 

All SEMAs, except for the Air Quality Act, have a significant interest in the protection of water resources. 
The Biodiversity Act of 2004 supports the conservation of plant and animal biodiversity, as well as the 
soil and water resources upon which they depend. The Protected Areas Act of 2003 also promotes the 
conservation of biodiversity, soil and water. The ICMA of 2008 promotes the conservation of estuaries, 
the coastal landscape, coastal waters, and all ecosystems that rely on them to function optimally. The 
ICMA also supports the use of natural resources within coastal areas that are sustainable and 
economically justifiable. The Waste Act of 2008 serves to regulate waste and disposal thereof. It also 
promotes the reuse of waste and the prevention of pollution, environmental degradation and land 
contamination. 

3.1.3 Disaster Management Act 

The Disaster Management Act (Act 57 of 2002) is usually neglected in discussions around water 
resource protection, but plays a crucial role regarding the coordination of activities in case of failure of 
the above systems and regulations. The Act provides “for an integrated and co-ordinated disaster 
management policy that focuses on preventing or reducing the risk of disasters, mitigating the severity 
of disasters, emergency preparedness, rapid and effective response to disasters and post-disaster 
recovery”. It contains rules for intergovernmental, national, provincial and municipal level institutions 
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and actions. Hence, some of the responsibilities are delegated to the third tier of government, while 
national oversight is maintained. 

3.2 Implementation of Legislation 

Implementation of the legislation is done via several government departments (see Table 2). The DWS 
and various CMAs deal with aspects of catchment vision, regulation, classification and Reserve 
defining, licensing, compliance monitoring, and resource monitoring. The Department of Environmental 
Affairs deals with environmental authorisations and pollution incidents, whilst various environmental 
programmes such as Working for Water, Working for Wetlands, and Working on Fire are involved in 
various aspects of water resource management. 

Implementation of the legislation was reviewed through the scope of where it falls short and where 
issues with the legislation arise. Various issues of implementation arise in Chapter 3 and Chapter 4 of 
the NWA. For example, the classification procedure identified in Chapter 3 of the NWA does not apply 
to aquifers. Furthermore, once a water resource has been classified, it cannot be reclassified. As a 
result, the classification does not consider changes to water resources because of climate change or 
usage. Chapter 3 defines the concept of a “Groundwater Reserve”, but it was found not to be 
implementable as the volume to be reserved is not measurable, the volume allocated is of no guarantee 
for non-impact, and the definition of aquifer stress is not a suitable guidance. Ultimately, the 
Groundwater Reserve does not support groundwater management and groundwater protection. 

Chapter 4 of the NWA, which focuses on the use of water and water authorisation, also has several 
implementation issues. The licensing process is long and onerous, and the general authorisation 
process needs revision. There is also a lack of clarity surrounding the verification and validation of 
existing lawful users. Water use is still linked to property and property size, and licensing is per single 
user and not per resource. Thus, the accumulative impact on the water resource is often not known. 

Table 2: Responsibilities of different government departments for various activities that could 
impact on the water resource integrity 

Activity/Threat DWS/CMA Department of 
Environmental 

Affairs 

Department of 
Agriculture, 
Forestry and 

Fisheries 

Department of 
Mineral 

Resources 

Abstraction x    

Dam, weir, etc. x x   

Waste water x    

Agriculture  x (x)  

Mining (x) (x)  x 

Industry (x) x   

Solid waste  x   

Soil contamination (x) x (x)  

Urbanisation (x) x   

Catchment management x    

Land use  x (x) (x) 

Climate change (x) x (x)  

3.3 Scientific 

3.3.1 National 

Several articles were selected for a review of national scientific information surrounding water resource 
protection. Articles from the WRC such as project reports, articles on the state of water in South Africa, 
conference papers, and scientific journals were analysed. The literature was selected to encompass 
the pillars and layers previously defined, to analyse where the literature was lacking regarding resource 
protection, and to show gaps between the literature and the legislation. 
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The research funded by the WRC in the 2014/2015 financial year (WRC, 2016) focused on water 
services issues (40%) and water resource related research (29%). Only 16% of the research was in the 
Key Strategic Area (KSA) 2: Ecosystems, while 13% focused on water in agriculture (see Figure 6). 
Water resource related research between 2011 and 2016 focused on perennial rivers (38%) and 
groundwater (29%), while wetlands were covered in 16% and estuaries in 13% of studies. Only 4% of 
studies were undertaken for non-perennial water courses. 

 

Figure 6: Split of research funded by the WRC between KSAs and water resources 

Literature reviewed from 2011 to 2016 showed that 44% of research focused on implementation and 
management, and the societal aspects of water resource management. Of literature, 29% focused on 
scientific systems and understanding of water resource protection, whilst only 27% focused on 
legislation and law, and the implementation of governance in water resource protection. In relation to 
the layers defined in Section 2.2, 37% of the literature reviewed focused on RDM and the protection of 
water resources. There was a 39% focus on land use/land care and water management strategies, 
whilst 24% focused on water use authorisations/SDC (see Figure 7a). 

Interestingly, there was a shift in thinking regarding the literature reviewed over the period of 2014/2015 
(see Figure 7b). Regarding the pillars, scientific systems and understanding of water was at 41% of all 
literature for that period. Regarding the layers, protection of water resources and RDM was at 47% of 
all literature reviewed for the period. This shows that academic thinking is shifting towards bridging the 
scientific understanding of water resource protection with legislation and resource protection strategies. 

a)  
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b)  

Figure 7: Split of research on water resource protection between pillars and layers; a) for the 
years 2011 to 2016, b) for the financial year 2014/2015 

The WRC has set out a roadmap for water resource protection research, development and innovation 
(WRC, 2015). The two main focus areas are water supply and water demand. Sub-sections under water 
supply are improving governance, planning and management; improving performance and 
infrastructure; managing water as an economical and sustainable business; using more resources; and 
utilising these resources to their full potential. Under water demand, the focus is on improving 
governance, planning and management; reducing losses of water; and improving pricing, monitoring 
and metering. 

3.3.2 International 

International and national literature were compared. On the positive side, South Africa is noted to have 
a very high quality of water supply and resource management legislation, but with severe delays in 
implementation. There is a wide array of in-depth scientific knowledge, yet little uptake of this into 
resource management. South Africa also has a well-thought out division of water management areas, 
and a good planning horizon of 25 years. However, the classification of water resources is not sufficient 
to take aspects of climate change and changing water resources into account, and the economic value 
of water is not considered. 

3.4 Summary 

Based on the literature review, it can be concluded that the legislation with respect to water resource 
protection is state-of-the-art and one of the best in the world. However, there is still space for 
improvement – the different acts can be aligned better to facilitate cooperative governance and improve 
implementation. Regulations and guidelines are plentiful covering most of the relevant activities and 
various water resources. Similarly to the legislation, these regulations should be aligned to cover all 
water resources effectively and to cater for all critical activities that could impact negatively on water 
resources. 

The literature review also indicated the vast amount of scientific knowledge and research underway. 
The gaps and suggested further research are detailed in Section 4 and Section 5. 
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4. RESEARCH GAP ANALYSIS 

Since there was only very limited feedback from the stakeholders via the online discussion forum, 
further literature review has been undertaken to prepare a research gap analysis. The review and gap 
analysis was structured according to the different water resources, possible threats and applying the 
research methodology, as detailed in Section 2. 

4.1 Water Resource Specific  

Although water resource specific gaps in knowledge and implementation of water resource protection 
mainly apply to the layer of RDM, as defined in Section 2.2, research gaps were also identified for the 
other layers, where relevant to specific types of water resource. 

4.1.1 Perennial surface water 

Perennial rivers are probably the best understood and studied water resources with respect to water 
resource protection. The rules and processes for determining the Reserve, undertaking the 
classification and providing resource quality objectives (RQOs) have been developed for perennial 
rivers, and subsequently applied to other water resources. 

The main gap identified relates to the implementation of these rules and the outcome of the processes. 
Adjustments to the rules and processes are also suggested to cater for the changing environment.  

A summary of the identified gaps is provided in Table 3. 

Table 3: Research gaps for protection of perennial rivers and streams 

Pillar 
Layer 

Rules and Legislation Society/Implementation Scientific 
Understanding 

RDM Classification does not 
cater for changes due to 
climate change, land use 
practices etc. 

Alignment of Reserve, 
classification and RQO 
processes required 

Drought resilience of 
aquatic biota uncertain 

SDC  Implementation of the 
Reserve still lacking 

Impact of emergent 
contaminants on surface 
water environment 

ICM  RDM processes are often 
applied in isolation without 
considering other water 
resources 

Role of perennial rivers 
in catchment functioning 

Compliance, 
Monitoring 
and 
Enforcement 
(CME) 

 Insufficient spatial and 
temporal distribution of 
monitoring network 

 

4.1.2 Non-perennial surface water 

While perennial systems are well-understood, until recently, non-perennial rivers and water courses 
have been neglected in research. The standard methods for RDM are not applicable to non-perennial 
systems and there is no guidance yet. This is partly due to a lack of scientific research into the role of 
non-perennial systems and their interaction with other ecosystems and water resources.  

A summary of the identified gaps is provided in Table 4. 
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Table 4: Research gaps for protection of non-perennial rivers and streams 

Pillar 
Layer 

Rules and Legislation Society/Implementation Scientific 
Understanding 

RDM No guidance for RDM for 
non-perennial streams 

 Interaction between non-
perennial streams and 
ecosystems not fully 
understood 

SDC   Impact of land activities 
on non-perennial 
systems and water 
courses 

ICM  Non-perennial systems 
often not considered in 
CMS and NWRS 

Role of water courses in 
catchment functioning 

CME  Insufficient spatial and 
temporal distribution of 
monitoring network 

How and what to 
monitor? 

4.1.3 Wetlands 

Due to the variety of wetland types (for example perennial, non-perennial, groundwater-dependent, 
geomorphological; see Figure 8), their various positions within catchments and their relatively small 
size, the implementation of any scientific understanding or existing rules becomes difficult and 
cumbersome. The standard RDM methodology is also not applicable to wetlands.  

A summary of the identified gaps is provided in Table 5. 

Table 5: Research gaps for protection of wetlands 

Pillar 
Layer 

Rules and Legislation Society/Implementation Scientific 
Understanding 

RDM Standard methodology 
not applicable to 
wetlands 

Scale of standard 
investigation insufficient 
for protection 

Determination of water 
source for wetlands on 
local and catchment 
scale  

SDC   Buffer and treatment 
capacity of wetland types 
currently unknown  

ICM  Identification of wetland 
location and wetland 
types in catchments 
across South Africa 

Role of wetlands in 
catchment functioning 

CME  Insufficient spatial and 
temporal distribution of 
monitoring network 

What parameters need to 
be monitored for wetland 
protection? 
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Figure 8: Examples of wetland types (Olis et al., 2013) 

4.1.4 Estuaries 

Estuaries are situated at the lowest point of catchments and are thus the receiving environment of all 
activities upstream (see Figure 9). This puts pressure on understanding and properly modelling these 
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interactions, and further research might be required for these aspects. A summary of the identified gaps 
is provided in Table 6. 

Table 6: Research gaps for protection of estuaries 

Pillar 
Layer 

Rules and Legislation Society/Implementation Scientific 
Understanding 

RDM  Link between river water 
balance and estuary 
hydrodynamic model 

Impact of different water 
sources on estuary 
ecosystem functioning 

SDC   Impact of land use and 
direct discharge on 
estuary ecosystem 
functioning 

ICM   Role of estuaries in 
catchment functioning 

CME  Insufficient spatial and 
temporal distribution of 
monitoring network 

 

 

 

Figure 9: Variety of selected upstream impacts on estuaries (Teachoceanscience, 2016) 
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4.1.5 Groundwater 

Aquifers play an important role in providing water resources in South Africa as well as providing socio-
economic benefits within the scope of South Africa’s Reconstruction and Development Programme 
(RDP). The concept of the “Groundwater Reserve” is enshrined in the NWA, which stipulates that a 
classification of all significant water resources must be undertaken and that the Reserve requirements 
be determined and gazetted. However, the classification procedure as it currently stands under the 
NWA (Act 36 of 1998) does not make provision for aquifers. 

The concept of the “Groundwater Reserve” does not exist as a separate component within the bounds 
of the NWA (Act 36 of 1998). Rather, it adopts from the methodology developed for surface water 
resources. Hence, the implementation of this methodology often results in undesirable outcomes and 
is one of the inhibiting factors for sustainable groundwater development. The concept of the 
“Groundwater Reserve” is misleading and not implementable as the relevant spatial and temporal scale 
of investigation, the integration with the surface water Reserve and the buffer capacity of aquifers 
against droughts are not taken into account.  

A summary of the identified gaps is provided in Table 7. 

Table 7: Research gaps for groundwater protection 

Pillar 
Layer 

Rules and Legislation Society/Implementation Scientific 
Understanding 

RDM Standard methodology 
not applicable to 
groundwater 

Scale of investigation 
often incorrect and 
insufficient for protection 

Buffer capacity of 
different aquifers to 
external impacts 

SDC  Calculation of discharge 
limits for diffuse/indirect 
input of biological and 
chemical constituents  

Behaviour of emergent 
contaminants in aquifers 

ICM   Integral part of aquifers in 
maintaining ecosystem 
functioning not fully 
understood or 
overemphasised 

CME  Insufficient spatial and 
temporal distribution of 
monitoring network 

Inadequate time series 
data of quality and 
quantity to develop 
scientific understanding 

4.1.6 Near-shore marine environment 

The near-shore marine environment is impacted by direct discharge of effluent, pollution of surface and 
groundwater on-shore and other land-based activities (see Figure 10). However, the marine 
environment is usually not considered as receiving environment, as it is not governed under the NWA, 
but only under NEMA (see Section 3.1.2).  

A summary of the identified gaps is provided in Table 8. 
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Table 8: Research gaps for protection of near-shore marine environment 

Pillar 
Layer 

Rules and Legislation Society/Implementation Scientific 
Understanding 

RDM Marine environment is 
governed by NEMA and 
not linked to freshwater 
resource protection via 
NWA 

NEMA only considers 
impact from on-shore land 
use and direct discharge 

Impact of polluted 
groundwater or surface 
water discharging onto 
near-shore waters 

SDC Marine environment is 
governed by NEMA and 
not linked to freshwater 
resource protection via 
NWA 

Limits for discharge loads 
not determined 

 

ICM   Role and functioning of 
near-shore marine 
environment as receiving 
body  

CME  Insufficient spatial and 
temporal distribution of 
monitoring network 

How to monitor impact of 
land-based activities on 
marine environment? 

 

 

Figure 10: Possible impacts on near-shore marine environment (Heyvaert, 2013) 

4.2 Activity/Challenge Specific 

Activity-specific water resource protection focuses on the layer of SDC, as defined in Section 2.2. 
However, aspects of other layers were considered in the gap analysis provided below. The activities 
and challenges considered in the analysis are based on the risk assessment in Section 1.2.4 and 
comprise urbanisation, agriculture, mining and industry, and climate change. 
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4.2.1 Urbanisation 

The varying sources of pollution in an urban environment, from storm-water run-off to effluent from 
waste water treatment works, industrial pollution inter alia, impact on water resources. At the same time, 
the natural buffer capacity of streams, wetlands and aquifers is compromised through developments, 
road networks and hard surface decreasing infiltration and increasing storm water run-off. The 
cumulative impact of these varying activities is not fully understood. In addition, urban planning usually 
does consider the impact on water resources. 

A summary of the identified gaps is provided in Table 9. 

Table 9: Research gaps for protection of water resources regarding urbanisation 

Pillar 
Layer 

Rules and Legislation Society/Implementation Scientific 
Understanding 

RDM  Water resource 
management in urban 
environment 

 

SDC Responsibility for 
authorisation of activities 
impacting on water 
resources split between 
several departments 

Permits and limits for 
storm water run-off 

Impact of leaking sewage 
and supply pipelines on 
surface and groundwater 

ICM Cooperative governance Environmental compliance 
and enforcement 

 

CME  Insufficient spatial and 
temporal distribution of 
monitoring network 

What and how to monitor 
urban water resources, 
impacts and causes? 

4.2.2 Agriculture 

While agriculture is the biggest water user in South Africa, agricultural activities, such as irrigation and 
use of fertilisers and pesticides, are a constant threat to the functioning of water resources. This is 
exacerbated by the diffuse nature of impacts, which are often only detected far downgradient of the 
sources. Proper management measures can prevent or mitigate against these treats (see Figure 11). 

The responsibility for the authorisation of the activities is split between the Department of Agriculture, 
the Department of Environmental Affairs and the DWS. 

A summary of the identified gaps is provided in Table 10. 

Table 10: Research gaps for protection of water resources regarding agricultural activities 

Pillar 
Layer 

Rules and Legislation Society/Implementation Scientific 
Understanding 

RDM  Success of rehabilitation 
and remediation of 
pollution 

Possibilities for soil and 
water remediation 

SDC Responsibility for 
authorisation of activities 
impacting on water 
resources split between 
several departments 

Management of water use 
(i.e. abstraction and 
irrigation); regarding 
impact on other users and 
ecosystems 

Impact of irrigation return 
flow on water resources, 
dependent on soil type 
and water resource 

ICM Cooperative governance Environmental compliance 
and enforcement 

Ecologically sustainable 
agricultural practices 

CME  Insufficient spatial and 
temporal distribution of 
monitoring network 

What parameters are 
crucial for monitoring the 
impact of agricultural 
activities? 
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Figure 11: Agricultural management strategies to support water resource protection (Sharpley, 
2016) 

Legend: 
P: Phosphate, indicator for nutrients 

4.2.3 Mining and industry 

Mining and large industry are big contributors to the economy and are large water users. However, they 
are among the biggest polluters of water resources, especially the old closed mines where 
contaminated water decants into surface water ecosystems and further pollutes groundwater resources. 

Due to the large number of authorities involved in mining permits, water use aspects, and environmental 
compliance, there is confusion over the responsible parties for monitoring of impacts. Cooperative 
governance as laid out by NEMA seems not be fully implemented, leaving gaps in enforcement of 
mining activities regarding water resource protection. 

The incomplete closure of old mines, some just left as is, has left a lasting environmental impact on 
groundwater and surface water in the vicinity of these mines. The responsibility for the rehabilitation 
and closure of these old mines is not clear, as the previous owners are not available anymore. 

The Best Practice Guidelines for Water Resource Protection in the South African Mining Industry play 
an important role in guiding mines to prevent pollution, minimise impacts, and ensuring the polluter pays 
principle is carried out. How effective have these guidelines been, and how can they be improved to 
ensure mining practices are less harmful to water resources? 

A summary of the identified gaps is provided in Table 11. 
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Table 11: Research gaps for protection of water resources regarding mining and industrial 
activities 

Pillar 
Layer 

Rules and Legislation Society/Implementation Scientific 
Understanding 

RDM  Success of rehabilitation 
and remediation of mines 
and pollution 

Methodologies and 
technologies for mine 
rehabilitation, 
remediation (acid mine 
drainage) 

SDC Responsibility for 
authorisation of activities 
impacting on water 
resources split between 
several departments; 

Legacy of old, 
abandoned mines 

Best practice guidelines – 
do they help to protect the 
water resources? 

Calculation of reasonable 
limits for long-term 
impacts and diffuse 
discharge 

ICM Cooperative governance Environmental compliance 
and enforcement  

 

CME  Insufficient spatial and 
temporal distribution of 
monitoring network 

 

4.2.4 Climate change 

Climate change is inevitable, but currently not considered in water resource protection. The water 
resource classification process and Reserve determination does not cater for climate change. Climate 
change impacts on water flow needs to be modelled and to be incorporated into yield and planning 
models. However, the lack of climate monitoring (rainfall gauges) to record trends of climate change 
makes the implementation of these recommendations difficult. Proper water resource management is 
crucial for climate change adaptation and mitigation (see Figure 12). 

A summary of the identified gaps is provided in Table 12. 

Table 12: Research gaps for protection of water resources due to climate change 

Pillar 
Layer 

Rules and Legislation Society/Implementation Scientific 
Understanding 

RDM Classification outcome to 
cater for climate change 
scenarios 

Climate change scenarios 
to be included in models 
for RDM process 

Impact of climate change 
on ecosystems, water 
flow and biota 

SDC   Impact of climate change 
on buffer capacities and 
chemical/biological 
processes in receiving 
environment  

ICM Cooperative governance Development and 
implementation of climate 
change adaptation 
strategies on catchment 
scale 

Impact of climate change 
on food production and 
resultant impacts on land 
use 

CME  Insufficient spatial and 
temporal distribution of 
rainfall and climate 
monitoring network 

Ongoing update of 
climate change models 
and downscaling to sub-
catchment level 
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Figure 12: Climate change impacts and mitigation (Munang et al., 2013) 

4.3 ICM 

ICM can provide a solution to the current state of water resource protection. However, this must be 
based on a scientific understanding of the complex natural system. In addition to the knowledge and 
implementation gaps identified under Section 4.1 (water resource specific) and Section 4.2 (activity 
specific), the following gaps further exacerbate the lack of implementation (see Table 13). 

Table 13: Research gaps for protection of water resources in the context of ICM and integrated 
water resources management  

Pillar 
Layer 

Rules and Legislation Society/Implementation Scientific 
Understanding 

RDM Integration of all 
processes 

CMAs are not set up yet  

SDC  CMAs are not set up yet Lack of understanding of 
different land use effects 
on water resources 

ICM Cooperative governance CMAs are not set up yet Lack of understanding of 
different land use effects 
on water resources 

CME  Insufficient spatial and 
temporal distribution of 
integrated monitoring 
network 
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Figure 13: Variety of land use impacts on water resources (The University of British Columbia, 
2016) 

Legend: 
NPS: Non-point source 

4.4 Summary of Gap Analysis 

Several common and cross-cutting themes were identified in both the water resource specific and 
activity-specific gap analysis. 

4.4.1 Water resource specific 

Some of the identified gaps in knowledge and understanding of water resource protection processes 
and implementation of associated regulations for the different water resources (see Section 4.1) can be 
grouped into several aspects that are common for all or most water resources (see Table 14): 

 The RDM methodology is not applicable to all water resources and mostly carried out at a scale 
that is insufficient for water resource protection. The methodology requires update to incorporate 
aspects of climate change, changing land use and changing demographics. The methodologies 
for the groundwater, wetlands and estuaries need to be updated and aligned to the overall 
methodology. 

 The behaviour of emergent contaminants in different water resources and their impact on water 
resources have not been determined yet. The recently initiated research programme into emergent 
contaminants should be expanded in this regard. 

 The role of different water resources and their sub-types in catchment functioning is crucial for the 
complex system understanding that is required for ICM to be implemented. 

 There is an insufficient spatial and temporal distribution of monitoring networks for most water 
resources. There is no standard regarding how, what and where to monitor and the subsequent 
process of quality control, data analysis and decision-making. 
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Table 14: Common research gaps for water resource protection across different water resources 

Pillar 
Layer 

Rules and Legislation Society/Implementation Scientific 
Understanding 

RDM Classification does not 
cater for changes due to 
climate change, land use 
practices etc. 

Alignment of Reserve, 
classification and RQO 
processes required 

 

RDM methodology not 
applicable to all water 
resources 

Scale of investigation 
often incorrect and 
insufficient for protection 

 

SDC  Implementation of the 
Reserve still lacking 

Behaviour and impact of 
emergent contaminants 
on water resources 

ICM   Role of different water 
resources in catchment 
functioning 

CME  Insufficient spatial and 
temporal distribution of 
monitoring network 

How and what to 
monitor? 

4.4.2 Activity/challenge specific 

Some of the identified gaps in knowledge and understanding of water resource protection processes 
and implementation of associated regulations for the different activities and challenges (see Section 
4.2) can be grouped into several aspects that are common across most of activities (see Table 15): 

 The responsibility for authorisation of activities impacting on water resources is often split between 
several departments; for example, mining activities authorised by the Department of Mineral 
Resources and the DWS. Cooperative governance, as required for ICM and water resource 
protection, is not a reality. 

 There are no case studies regarding the success of rehabilitation and remediation actions with 
respect to compliance to RDM limits. 

 The diffuse discharge and uncontrolled discharge from a range of land use activities are not 
regulated and do not have limits or standards determined. 

 There is an insufficient spatial and temporal distribution of monitoring networks for most water 
resources and relevant activities. Hence, compliance and enforcement is lacking. The crucial 
parameters for monitoring the impact of agricultural, industrial or urban activities need to be 
determined. 

Table 15: Research gaps for protection of water resources across different activities 

Pillar 
Layer 

Rules and Legislation Society/Implementation Scientific 
Understanding 

RDM  Success of rehabilitation 
and remediation  

 

SDC Responsibility for 
authorisation of activities 
impacting on water 
resources split between 
several departments 

Permit limits for diffuse or 
uncontrolled discharge  

 

ICM Cooperative governance   
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Pillar 
Layer 

Rules and Legislation Society/Implementation Scientific 
Understanding 

CME  Environmental compliance 
and enforcement 

Insufficient spatial and 
temporal distribution of 
monitoring network 

What parameters are 
crucial for monitoring the 
impact of agricultural, 
industrial and urban 
activities? 

4.4.3 Linkage between pillars and layers 

It is important to note that advances in knowledge and systems in one pillar or layer does not necessarily 
translate into advances in the other pillars or layers. Hence, emphasis should be placed on translating 
scientific understanding into regulations and implementation strategies. Similarly, advances in complex 
systems understanding and its meaning for ICM must feed into updates of the RDM methodology and 
permit limits on RDM and SDC. 



 

26 

5. RESEARCH STRATEGY 

For the development of the research strategy, potential research studies addressing the identified gaps 
in knowledge and implementation need to be identified and prioritised. This is based on a further cause-
effect analysis of the gaps, identified in Section 4, and development of a clear overarching objective. 

5.1 State-of-the-art Legislation 

The legislation in South Africa regarding water resource protection is state-of-the-art and one of the 
best in the world. However, there is still space for improvement in that the different acts need to be 
aligned better to facilitate cooperative governance and improve the implementation of the legislation. 
Regulations and guidelines are plentiful covering most of the relevant activities and various water 
resources. Similarly to the legislation, these regulations should be aligned to cover all water resources 
effectively and to cater for all critical activities that could impact negatively on water resources. 
Implementation of these regulations and guidelines could also be simplified. 

There is already a vast amount of scientific knowledge and research underway with respect to the 
impact of various activities on water resources and mitigation measures towards water resource 
protection. However, these are mostly limited to specific water resources and/or specific impacts or 
activities. Research into an integrated view of catchments comprising all water resources, land use 
activities, the social context of the residents, and external factors such as climate change and socio-
economic drivers have just started. 

5.2 Aim and Objective 

The objective and strategic intent of follow-up research studies is to build knowledge for: 

Enabling water resource protection through ICM that supports adaptation to climate and socio-
economic change. 

5.3 Cause-effect Analysis 

Cause-effect analyses have been carried out for the following common research and implementation 
gaps, as identified in Section 4.3 and Section 4.4: 

 RDM implementation. 

 Monitoring and enforcement. 

 ICM. 

5.3.1 RDM implementation 

The effect of “lack of RDM implementation” is caused by a variety of factors, which cover all three pillars. 
The four main factors are: 

 Insufficient or conflicting rules and standards. 

 Lack of cooperative governance and decision-making. 

 Gaps in scientific understanding and knowledge. 

 Lack of consideration of context and scale. 

These have sub-factors (see Figure 14) that have to be considered and addressed to solve the lack of 
implementation. The factors and sub-factors are also interlinked and partly codependent; for example: 

 Considering and addressing the context/scale of natural process and data is a prerequisite for 
enhancing the science/understanding of the different water resources and their interactions. 

 Improving scientific knowledge and understanding should result in better regulations and 
guidelines and improved decision-making. 

 The cooperation of different institutions is hampered by disjointed and varying legislation. 
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Figure 14: Cause-effect analysis for the lack of RDM implementation 

Examples of research studies and programmes that address either single sub-factors with specific 
topics and/or a group of sub-factors/factors in a more integrated way are: 

 Doing a detailed audit of the current status of RDM and SDC implementation and enforcement with 
the aim of highlighting crucial shortcomings not identified yet. 

 Reviewing NWA and Regulations with the aim of aligning the different processes and integrate the 
different water resources into one coherent methodology (part of this is currently underway). 

 Initiating the improvement and further establishment of “model catchments” to study and 
understand the complex relationships between different water resources and relevant flow and 
transport processes. 

 Rolling out of the water resource governance framework developed by the WRC (Riemann et al., 
2016) across all tiers of government. 

 Determine impact of climate change scenarios on ecosystems, water flow and biota to enable 
integration of climate change scenarios in RDM process. 

 Assessing the impact of polluted groundwater or surface water discharging onto near-shore waters 
under different hydrogeological and hydrological conditions. 

5.3.2 Monitoring and enforcement 

The effect of “lack of enforcement” is caused by a variety of factors, which cover all three pillars. The 
four main factors are 

 Insufficient spatial and temporal distribution of monitoring networks and activities. 

 Lack of data management. 

 Lack of cooperative governance and decision-making. 

 Gaps in scientific understanding and knowledge of required parameters. 

These have sub-factors (see Figure 15) that need to be considered and addressed for solving the lack 
of implementation. The factors and sub-factors are also interlinked and partly codependent; for 
example: 

 An optimised monitoring network and monitoring programme depends on the scientific 
understanding and assessment of the risks and pathways. 
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 Enforcement of rules and regulations and decision-making by the relevant authorities in this regard 
is dependent on sufficient and accurate monitoring data about the conditions of water resources in 
relation to RDM and or SDC indicators and limits. 
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Figure 15: Cause-effect analysis for the lack of enforcement 

Examples of research studies and programmes that address either single sub-factors with specific 
topics and/or a group of sub-factors/factors in a more integrated way are: 

 Providing guidelines for establishing monitoring networks to support agricultural best practice and 
water resource protection. 

 Providing guidelines for establishing scale- and context-dependent early warning systems for water 
resource quality and availability. 

 Reviewing mandates and responsibilities of departments and other organs of state, with the aim 
of enhancing cooperative governance and decision-making. 

 Establishing a centre for water resource related data curation and analysis. 

 Strengthening the effectiveness of the Blue and Green Scorpions. 

5.3.3 ICM 

The concept of ICM requires a variety of factors covering all three pillars. The four main factors are: 

 Identifying risks and impacts within the catchment and external factors. 

 Establishing functioning cooperative governance on all tiers of government and civil society. 

 Gaining a scientific understanding and knowledge of the catchment functioning. 

 Considering context and scale, and sufficient monitoring. 

These have sub-factors (see Figure 16) that need to be considered and addressed for solving the lack 
of implementation. The factors and sub-factors are also interlinked and partly codependent; for 
example: 

 Considering and addressing the context/scale of natural process and data is a prerequisite for 
enhancing the science/understanding of the different water resources and their interactions, both 
of which are required for successful cooperative governance. 

 Making decisions and enforcing rules and regulations require sufficient data of the correct context 
and scale, as well as a detailed risk identification and assessment. 
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Figure 16: Cause-effect analysis for ICM 

Examples of research studies and programmes that address either single sub-factors with specific 
topics and/or a group of sub-factors/factors in a more integrated way are: 

 Reviewing general and special limits for waste water discharge. 

 Providing a guideline for use of artificial wetlands for treatment and flood regulation. 

 Determining catchment functioning for different types of water resource under varying stresses in 
an integrated manner across pilot catchments. 

 Establishing model catchments on a catchment or sub-catchment scale to study and understand 
the complex relationships between different water resources and different land use activities. 

 Providing a guideline for upscaling of technology advances and knowledge gained in model 
catchments. 

 Developing and rolling out awareness campaigns and training programmes for social behaviour 
changes. 

5.4 Prioritisation 

The gaps identified from Section 4.1 to Section 4.3 and summarised in Section 4.4, and their causes 
as identified in Section 5.3, were turned into research questions and prioritised according to the 
following criteria: 

 Possible short-term gain by changing implementation (Pillar Society). 

 Possible medium-term gain by reviewing and updating legislation/regulations (Pillar Legislation). 

 Initiating a structured, longer-term programme to build knowledge (Pillar Science). 

The following five focus areas were prioritised: 

 Auditing the current status of RDM and SDC implementation and enforcement. 

 Establishing “model catchments” on a sub-catchment and catchment scale. 

 Implementing awareness campaigns and training programmes for social behaviour changes. 
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 Rolling out a cooperative governance framework ensuring cooperative governance across all 
sectors and all tiers of government, and enforcing compliance.  

 Reviewing and updating existing tools and best practice guidelines. 
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6. RECOMMENDATIONS 

The currently initiated research studies regarding emerging contaminants and catchment management 
need to be expanded into research programmes and linked to the research programmes listed below. 

The following focus areas should be initiated by the WRC or DWS within the next financial year: 

 Doing a detailed audit of the current status of RDM and SDC implementation and enforcement with 
the aim of highlighting crucial shortcomings that have not been identified yet. 

 Initiating the improvement and further establishment of “model catchment” on a catchment scale 
to study and understand the complex relationships between different water resources and different 
land use activities. 

 Developing and rolling out awareness campaigns and training programmes for social behaviour 
changes. 

 Developing and rolling out a cooperative governance framework ensuring cooperative governance 
across all sectors and all tiers of government, and enabling enforcement. 

 Reviewing and updating existing tools and best practice guidelines. 

Further research studies and programmes, as identified in Section 4 and Section 5, should be initiated 
within the next five years. Each research programme should include an implementation or roll-out 
phase, which then needs to be evaluated for the effectiveness of changes towards improved water 
resource protection. To achieve this, an independent monitoring network and national monitoring 
programme is required, to be installed, monitored and evaluated by the DWS and or relevant CMA. 
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