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This report summarises the process undertaken in prioritising catchments for detailed study and 
development of Management Unit Control Plans (MUCPs) within the context of developing the Ecological 
Infrastructure Investment Framework in the Western Cape. The report presents outputs and outcomes of a 
series of three workshops where stakeholder input was used to define a desired state for ecological 
infrastructure (EI) and to identify threats to the achievement of that desired state. A fourth workshop was 
held where the threats to EI were ranked in terms of their importance and these rankings were subsequently 
used to develop multi-criteria decision models to identify the priority catchments for action to address each 
of the threats. The importance was determined firstly for each of six different catchment clusters, based on 
the main (primary) catchments in the province, and for the whole province. This enables the decision 
makers to identify where to invest funds to address single threats, or combinations of threats, to optimise 
their investments in protecting and restoring EI and its benefits. 

This work was done as part of the study commissioned by the Western Cape Department of Environmental 
Affairs and Development Planning (DEA&DP). CSIR was appointed to undertake the Development of the 
Ecological Infrastructure Investment Framework (EIIF) and the Alien Invasive Species Strategy (AISS) for the 
Western Cape Province.  

This report covers the following components of the project: 

 Output 2: Develop Catchment Prioritisation  

 The identification of priority ecological infrastructure for investment through three workshops 

during 2018, 

 Outcomes arising from a focused stakeholder workshop in March 2019 that discussed the 

prioritisation and other outcomes arising from the three workshops mentioned above, and 

generated a prioritised list of threats for the quaternary catchments of the Western Cape, and  

 A summary of the proceedings and outputs of the workshop and the prioritised catchments 

 Output 3: Develop Management Unit Control Plans 

 The selection of three catchments for the development of MUCPs as part of this project.  

Three stakeholder workshops were held in 2018 and these provided the inputs that were used to develop 
a vision or desired future state (referred to as “the goal” herein) for the ecological infrastructure (EI) of the 
Western Cape province:  

 

The vision was expanded into nine statements, based on workshop outputs, which set out the scope and 
intent in more detail to guide the development of the EIIF: 

By 2040, people of the Western Cape live and organise themselves in a way that promotes 
healthy and resilient ecological infrastructure, so that the ecological infrastructure yields 

goods and services that support physical, psychological and spiritual well-being in the face 
of population pressure, rapid urbanisation and climate change. 
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1. Ecological infrastructure yields goods and services that promote the physical, psychological and 
spiritual well-being of the people of the Western Cape.  

2. Ecological infrastructure directly supports the creation of sustainable livelihoods within a diverse 
range of sectors, particularly the biodiversity-economy, yielding transformative socio-economic 
benefits in the Province.  

3. Ecological infrastructure supports sustainable and resilient land use practices (e.g. related to 
agriculture), which in turn maintain and enhance the ecosystem goods and services on which such 
land use depends.  

4. The threat of invasive alien plants to ecological infrastructure, particularly water resources, is 
controlled and well managed for the benefit of all in the Western Cape.  

5. Ecological infrastructure reduces the vulnerability of Western Cape communities (particularly 
marginalised communities) to environmental shocks, including the impacts of climate change (e.g. 
droughts and floods).  

6. Ecological infrastructure is restored and maintained such that it enhances biodiversity, which in turn, 
contributes to healthy ecological infrastructure in the Province. 

7. The people of the Western Cape are aware of the roles of ecological infrastructure in supporting 
human well-being and these roles are understood and valued within society. 

8. The social, ecological and economic returns on investment in ecological infrastructure are 
measured and documented, with such investment resulting in sustainable, long-term outcomes 
that promote further investment.  

9. Ecological infrastructure is managed through effective partnerships among societal stakeholders 
(e.g. government, civil society and business) and through inclusive, participatory processes for 
development and environmental decision-making. 

The workshop participants also generated a description and ranking of the main threats to the province’s 
critical EI, both at present and in the future. The points that were raised included issues relating to 
governance failures, both within institutions and in the lack of co-operation and co-ordination between 
institutions, the failure to develop effective public private partnerships, with some notable exceptions, and 
the poor understanding of EI among the broader public, including land owners. If these issues are not 
addressed then they would hinder investments and the achievement of the goals of those investments, or 
even deter investors completely.  

The workshops also identified a range of biophysical factors that pose a threat to EI and to the benefits 
that support human well-being and livelihoods. For the fourth workshop, the quaternary catchments of the 
Western Cape were divided into six clusters to take account of three main considerations that necessitated 
a change in the approach proposed for the prioritisation in our proposal and inception report, namely:  

1. The previous prioritisations were done for a single agency (Working for Water) with a single well-
defined purpose and goal for allocating its funds. The EIIF is intended to guide a wide range of 
investors and funders who will want to achieve differing outcomes through their investment in the 
protection and restoration of different kinds of EI from different threats. The priorities for investment 
for the EIIF need to make provision for that diversity of investors and investment goals and 
conditions. 
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2. The biogeographical diversity of the Western Cape results in very different suites of benefits and 
threats across the province, from the coast to the mountains, from major water source areas to 
near desert, from Fynbos to Nama Karoo, Indigenous Forest to Albany Thicket. The prioritisation for 
the EIIF needs to take this diversity into account. 

3. The diversity described above meant that trying to arrive at a single set of priorities for protecting 
and restoring all the benefits by addressing the key threats would entail comparing apples and 
pears. Important considerations could potentially be overlooked during this process which could 
affect the usefulness of the EIIF as a framework.  

The workshop structure and the process followed were designed to take account of the more complicated 
prioritisation process required to address these three considerations. We used a Delphi processi involving 
seven groups of four workshop participants. Given the concerns about the diversity of investors using the 
EIIF to guide decisions and the biographical heterogeneity of the province, the question was how to divide 
the province up in a way which would reduce: (a) the biogeographical heterogeneity in services; and (b) 
recognise that the flows of benefits from EI, and losses of benefits due to degraded EI, are both local (e.g. 
invasions increasing fuel loads, reduced rangeland productivity) and extend beyond the local (e.g. altered 
river flows, sediment loss from degraded rangeland). This was achieved by dividing the catchments of the 
province using catchment clusters based on the primary catchments to define a set of six clusters: Berg 
and West Coast, Breede-Goukou, Kogelberg to Agulhas, Garden Route, Olifants-Doring and 
Namaqualand and the Gouritz including portions of the Gamtoos, Sundays and Orange River catchments. 
Four of the clusters are dominated by the Fynbos biome and two include substantial areas of the Succulent 
Karoo (Olifants-Doring), or both it and the Nama Karoo biome (Gouritz). Each of these differs in the amount 
of water available and the nature and importance of the various impacts of human activities on the EI and 
the threats posed by those impacts. The clusters were grouped into similar pairs and each person in each 
group independently ranked the threats to each of the clusters from 1 (high) to 9 (low). They then formed 
pairs to discuss their individual rankings and reach consensus on their rankings. Finally, the two pairs in each 
group came together to discuss the paired rankings and reach a group consensus. The final ranking by 
each of the seven groups of the nine threats evaluated in each cluster was then input into a multi-criteria 
software decision tool that uses the Analytic Hierarchy Process to calculate weights (priorities) for the 
threats. The results were used to develop a multi-criteria model for each of the clusters and for the province. 
During the process of importing the data for each of the catchments, the values for each variable in each 
cluster were converted to a scale of 0-1 (where 1=high). The normalised values for each cluster were then 
combined to create the multi-criteria model for the province. Thus, each of the clusters carries an equal 
weight in the provincial model but the sequence of the priorities within each cluster is not necessarily 
maintained in the provincial model due to shifts in the relative importance of the threats (top level criteria 
in the model). 

Comments on the draft prioritisation report raised a number of concerns about the accuracy and 
completeness of the 2007 National Invasive Alien Plant Survey (NIAPS) dataset, especially for the Boland 
Mountains. The main concern was that the 2007 data for these catchments do not adequately represent 
the true densities and thus downplayed the critical importance of controlling invasions in these catchments 
to increase water security for the economic hub of the province. We addressed this issue for the Boland 
catchments by replacing the NIAPS data for those catchments with the more accurate invasion data used 
for modelling the impacts of invasions on the yield of the Western Cape Water Supply System for about the 
same year (2007). We recognise that this potentially introduced a bias because the same approach could 
be used for other areas with better invasion data as well. However, this change did not result in major shifts 

 
i The Delphi process is a research method, which includes a feedback and is designed to help participants to work towards a well-
founded, shared position or opinion on an issue. 
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in priorities because a number of factors besides runoff reduction determine those priorities, including the 
town water status and groundwater dependence; so, we have retained this change. 

The output of the process is a multi-criteria decision model as shown below, which was derived for the 
province by combining the group cluster rankings. The first line is a summary of the goal, the next level in 
the hierarchy is the nine threats and under these are the spatial datasets for the catchments that were 
used in the calculation of the priorities. The number at the end of each threat and spatial data set indicates 
its relative importance. For example, the threat to water security, including reduced water runoff and 
groundwater recharge due to spread of invasive alien plants, has a weight of 19.7 percent of the entire 
model. The variables under this include strategic water source areas, runoff reductions due to invasive alien 
plants and datasets indicating water supply security and levels of use (i.e. dependence) to emphasise the 
importance of clearing invasive alien plants where water security is low or dependence is high. 

 

The figure below shows the priorities assigned to the quaternary catchments that are fully or partially 
included in the Western Cape Province in relation to  

 The goal; 

 Water security, including runoff reduction; 

 Fire hazard; and  

 Rangeland restoration to reduce the potential for damaging floods.  

The priorities for the goal highlight coastal catchments with degraded estuaries, rivers and wetlands; and 
water security emphasises the need to address this in the catchments where there are water source areas, 
low water security and high groundwater-use (e.g. Beaufort West). These are followed by some 
catchments in Berg-West Coast and the Garden Route clusters as well as the inland catchments in the 
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Outeniqua water source area which supply the Klein Karoo. The priorities for fuel reduction highlight 
settlements in areas that have recently experienced fires as well as some that have not recently 
experienced fires. The recent damaging wildfires highlight the need to address fire hazards related to fuel 
accumulation in many settlements across the province. 

 

Clearing invading alien plants in the Garden Route catchments will simultaneously address two impacts, 
the one on water security, including runoff reduction, and the other on fire hazard (fuel loads) and the risks 
the fires pose to human lives and livelihoods and to soil stability (as emphasised by the recent fires in this 
area). These factors make a strong case for locating two of the three Management Unit Control Plans, 
which will be produced by this project, in the Garden Route catchments and the other in the upper Breede 
River system. 

It is very important also to understand how the way the data are divided into classes also influences 
perceptions of the priorities. Although the actual numerical value of the priority for each of the quaternary 
catchment does not change, the way the classes are generated influences how they are grouped and, 
therefore, also how they are perceived and interpreted. All the maps shown in the figure above are based 
on the Natural Breaks or Jenks methods of grouping the values1. This method analyses the frequency of the 
catchment values to find low frequencies to use as class boundaries. The result is a set of classes but the 
number of catchments in each class can vary and the class widths also vary. This map is repeated again 
in the figure below and labelled Jenks. The equal interval divides the range between the maximum and 
minimum values into equal class widths and each class can include a different number of catchments. This 
method tends to highlight extreme values as can be seen in the shading of the catchments compared 
with the Jenks. The geometrical interval divides the classes into widths based on a geometric progression 
which differentiates between low values and groups high values, rather like a logarithmic scale. The 
quantile method groups the data so that each class contains an equal number of catchments.  The equal 
interval classification makes it very clear that there are a few catchments with high priorities (red, orange, 
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yellow) followed by a greater number of light blue and green catchments. These points should make it 
clear that the results of this prioritisation need to be carefully interpreted and assessed. 

It is recommend that the best approach with a distribution of priorities like this is to do a rapid assessment 
to determine whether restoration of EI will significantly enhance the benefits to society. For example, will 
clearing invasive alien plants significantly enhance water security by increasing surface water runoff or 
groundwater recharge or not? If EI restoration will not improve the benefits, then the next highest priority 
catchment should be assessed. This process should continue until it is clear which of the top priority 
catchments will benefit most from EI restoration.   

 

It was anticipated that considerably more feedback would be received on the priorities at both the cluster 
and the provincial levels. This proved not to be the case with certain exceptions (e.g. the priorities for water 
security, including runoff reduction) and the dearth of feedback will need to be addressed when selecting 
catchments for the Management Unit Control Plans.  
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1. BACKGROUND 

1.1 Introduction 
The Western Cape Department of Environmental Affairs and Development Planning (DEA&DP) appointed 
the CSIR to undertake the Development of an Ecological Infrastructure Investment Framework (EIIF) and 
an Alien Invasive Species Strategy (AISS) for the Western Cape Province. 

This report covers the following components of the project: 

 Output 2: Develop Catchment Prioritisation  

 Workshops to identify and prioritise key ecological infrastructure for investment; and 

 Provisional prioritisation which was discussed with stakeholders at a workshop on 5 March 2019. 

 Output 3: Develop Management Unit Control Plans 

 Selection of catchments for development of three Management Unit Control Plans (MUCPs). 

1.2 Links to other plans and initiatives 
Development of the EIIF was driven through active engagement with the Project Steering Committee 
representative of all relevant Western Cape provincial and national Departments and their implementing 
entities, the private sector and key external partners. The EIIF is aligned with, and supports, the provincial 
Biodiversity Strategy and Action Plan, particularly the emphasis on controlling alien plant invasions and 
restoring ecological infrastructure (EI) as well as the implementation of the Provincial Biodiversity Economy 
Strategy (PBES), a subsidiary strategy of the PBSAP promoting the biodiversity economy.  The core strategic 
objectives of the PBES2 applicable to the EIIF include: 

 Conservation and effective management of biodiversity contributes to a resilient and inclusive 
Western Cape economy; 

 Partner sectors contribute to achieving biodiversity conservation targets through mainstreaming 
biodiversity into policies, strategies, plans, practices and projects; and 

 Biodiversity and ecosystem products, processes and services have a growing contribution to 
inclusive and sustainable livelihoods and development opportunities in the province. 

The EIIF will also support the implementation of strategic plans and strategies in the Western Cape 
Government  such as the Integrated Water Resources Management Plan3, the Western Cape Climate 
Change Response Strategy4 (WCCCRS), the Sustainable Water Management Plan (SWMP)5 and the Green 
Economy Strategy. The WCCCRS aims to achieve the following climate change adaptation outcomes 
which link to the EIIF: 

 Natural systems that reduce climate vulnerability and improve resilience to climate change 
impacts; 

 Reduced climate vulnerability and increased coping capacity within communities across the 
province; and 

 An actively adaptive and climate-change responsive economy ready to take advantage of 
opportunities arising out of climate change, as well as reducing losses. 
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The WCCCRS emphasises the priorities that need to be addressed for increasing water security under 
current and future climates, which include: 

 Invasive alien plant clearing; 

 Prioritisation, valuation, mapping, protection and restoration of ecological infrastructure in 
catchments; 

 Effective utilisation of irrigation waterii; 

 Resource nexus decision support; and 

 Development of ecosystem goods and services (EGS) investment opportunities. 

The WCCCRS recognises that climate change adaptation presents society with new and unprecedented 
challenges, which cannot be solved by ‘business as usual’ or generic solutions. Adaptation is a complex 
social-ecological challenge that will require flexible, adaptive, co-designed, learning approaches 
customised to local contexts. These approaches need to take a long-term view of adaptation to minimise 
the risk of choosing maladaptive strategies and actions in addressing climate change and its uncertainties.  

The aim of the Green Economy Strategy6 is to position the Western Cape as the lowest carbon footprint 
province in South Africa and the leading green economic hub of the African continent. One of the means 
for achieving this is through the High-Level Priority for Green Jobs. These include rehabilitation of natural 
assets, which is well-aligned with WCCCRS. One of the drivers in this strategy is Smart Ecosystems which is 
focused on “enhanced water and biodiversity preservation, and expanded infrastructure, tourism, 
livelihood and job opportunities created through better managed ecosystems”. The envisaged activities 
in ecosystem management and restoration include alien plant clearing, rehabilitation and fire 
management.  

The Green Economy Strategy also links to the GreenAgri initiative which includes two strategic projects 
which have not yet been launched (http://www.greenagri.org.za/): 

 Restored ecological infrastructure for increased landscape productivity, socio-ecological resilience 
and soil carbon sequestration; and 

 Collaborative integrated catchment management for improved water security (quality and 
quantity) and job creation. 

The SWMP aims to improve water security to ensure that the aims of the Province’s Vision Inspired Plans. 
These speak to issues of creating opportunities for growth and jobs creation, enabling a resilient, 
sustainable, quality and inclusive living environment in the Western Cape.  

However, the provincial plans are strongly water-for-economic-growth focused and do not address the 
impact of the state of EI on water security. This gap is addressed by the SWMP which has four core 
principles:  

 Water is finite;  

 water is valuable;  

 water is a shared resource; and  

 water requires innovation.  

 
ii This should really be effective use of water by all users, including industry and domestic users 

http://www.greenagri.org.za/


Development of the EIIF and an AISS for the Western Cape Province: CATCHMENT PRIORITISATION REPORT 

 
16 

The 1st principle recognises that water supply is variable, driven primarily by rainfall and influenced by 
climate change. The 2nd recognises that the traditional approaches to water pricing do not capture its real 
value, especially its scarcity value. In particular, this principle recognises the need for investment into EI 
(e.g. catchments) for sustained water yields and quality in line with the National Water Resource Strategy8, 
the National Development Plan 20309, and the draft National Water and Sanitation Master Plan (NWSMP). 
Achieving this will require alignment between the provincial Biodiversity Spatial Plan and planning for water 
resilienceiii. The 3rd principle recognises that water is shared both in situ and downstream. Importantly, the 
4th principle recognises the need for both technological and social innovation (institutional and 
individual/collective e.g. stewardship) as necessary for achieving its goals and the relevant Sustainable 
Development Goals. Global experience and historical, recent and current droughts in the Western Cape 
have shown that water “crises” have both environmental and social consequences. The NWSMP 
recognises that achieving its goals will require multi-stakeholder partnerships and that the deficiencies are 
not in the legislation and policies but the failure to effectively implement Integrated Water Resource 
Management. The NWSMP has four goals and four strategic objectives under each goal, the most relevant 
goal is number 3 and two of its objectives:  

 Enable the Integrity and Sustainability of Socio-Ecological Systems for Climate Change Resilience: 

 Environment for Water: Protect and restore the ecology and health of river catchments and 

groundwater resources through a broad range of activities within the water bodies and their 

catchments; and 

 People for Water: Develop good water stewardship practice – by individuals and as a 

collective society – to minimise pollution events, utilise less water per capita and promote 

restoration. 

The key point in the last objective is the protection and restoration of EI as a key outcome of land and 
water stewardship as promoted, for example, by LandCare and WWF-SA. 

2. TERMS OF REFERENCE FOR THE PROJECT 
The aim of the EIIF: Proactively protect priority water resourcesiv using existing legal mechanisms in water, 
land-use, agriculture and biodiversity legislation and planning processes through developing a responsive 
EIIF and AISS.  

Objectives: 

 To address threats to Water Source Areas from unsustainable use, transformation (loss of watershed 
priority areas through inappropriately sited and illegal agriculture) and urban development and 
infrastructure and land degradation as well as invasive alien species and threats from fires; 

 To enable better coordination in management of alien invasive species, which will benefit all 
stakeholders involved in alien invasive management in the broader landscape; 

 To promote the active rehabilitation of degraded ecological infrastructure such as wetlands, rivers, 
aquifer recharge and riparian areas on a prioritised basis; and 

 
iii This covers all forms of resilience, whether by enhancing storage, more drought resistant crops, or by increasing societal resilience 
(e.g. promoting water-wise ways in the home and garden) 
iv Water Source Areas including both nationally and sub-nationally strategic water source areas 
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 To ensure improved understanding of finance mechanisms and available investment opportunities 
in ecological infrastructure. 

3. INTRODUCTION 
The focus of this study is on providing a framework that will help decision makers decide why, where and 
how organisations and people in Western Cape should be investing in protecting or restoring ecological 
infrastructure to ensure socio-ecological resilience in the face of growing population pressure and 
projections of increasing temperatures, decreasing and more variable rainfall. The current drought and 
recent wildfires have had significant economic, social and environmental impacts, and have made 
people aware of some of the hazards they are exposed to, hazards which are highly likely to increase in 
the future.  

Although the wording in the terms of reference makes it clear that there is a strong emphasis on water-
related services and the impacts of alien plant invasions, we have deliberately kept the concept broad 
and have placed the emphasis on threats to keep the focus on the EI and services which are most at risk.   

3.1 Defining ecological infrastructure 
In the South African context, the term ecological infrastructure (EI) has been promoted by the South African 
National Biodiversity Institute (SANBI) because the term infrastructure is well understood by engineers and 
planners10. This makes it relatively easy to explain that EI is the natural counterpart of built infrastructure (BI) 
which is used, for example to transport goods and supply water, which helps enhance human well-being, 
and is part of the spectrum of Green Infrastructure.  

Ecological Infrastructure is defined as the natural and near natural ecosystems that are an integral part of 
the landscape. 

These ecosystems generate flows of various kinds such as products (e.g. fynbos teas, flowers, herbal 
medicines), regulatory functions (e.g. stabilisation of soils, translation of seasonal rainfall into perennial river 
flows), and life-fulfilling functions (e.g. identity based on a sense of place, recreational activities). These 
flows result in benefits for people that sustain their livelihoods and enhance their well-being, whether they 
are tangible or intangible. There is growing focus on the use of nature-based technology and combinations 
of EI and BI to provide benefits to people and to make the use and recycling of natural resources more 
efficient, so the two are not mutually exclusive. It is also important to recognise that many of the benefits 
from EI are the outcome of combinations of EI and BI and other human interventions. This means that EI 
has to be seen in the context of lived-in or working landscapes which include the full range of land-uses, 
ranging from protected areas to urban areas, to mines and quarries11. 

There are many other terms that are in use for describing these relationships between society and 
ecosystems, including nature’s services or ecosystem services, which were pioneered by ecologists12,13, 
natural capital which was promoted by economists14,15 and the newest term: nature’s benefits to people 
or nature’s contributions to people, promoted by the International Panel on Biodiversity and Ecosystem 
Services11,16. One of the key shifts in the thinking on this subject has been to place the emphasis on people 
and how they interact with the multiple, interacting benefits of EI rather than the ecological components 
of the EI (Figure 1). There is also a stronger emphasis on how the state of the EI affects the delivery of the 
services, and the importance of restoring EI to enhance social-economic resilience in the face of global 
change. The conceptual framework highlights the role of those benefits in sustaining a good quality of life, 
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the importance of human activities and other drivers influencing the state of the ecosystem from the 
individual to the global level, and the feedbacks. 

 

Figure 1: The conceptual framework used by the International Panel for Biodiversity and Ecosystem Services (from 
https://www.ipbes.net/conceptual-framework)16.   

In this report we have used the term ecological infrastructure as defined above i.e. in the sense of nature’s 
contributions to people but, we have to recognise at the same time that EI investments need to be 
targeted at the causes of the drivers that are altering the state of the EI, and the actions of people and 
institutions that contribute to alterations in the state of EI that adversely affect the benefits. The conceptual 
model also shows how important it is to recognise that the threats to EI are primarily due to human choices 
and actions, from the individual level to the governance systems we have put in place. 

3.2 Understanding ecological infrastructure 
There are many ways of grouping ecosystems for identifying key EI and its benefits that make the concept 
easier to grasp by people not trained in ecology or the environmental sciences. However, there are 
relatively few that have been based on the services provided, partly because most ecosystems provide 
multiple, inter-linked services. 

The Western Cape includes two global centres of biodiversity, Fynbos and Succulent Karoo, and a wide 
range of ecosystem types which have been described in some detail in the national vegetation map17, 
the Western Cape Biodiversity Spatial Plan Handbook18 and the accompanying overview19 document. 
Describing the EI in all these systems and its benefits is beyond the scope of this report, so we have grouped 
these types into meaningful units. One way to do this is to group these ecosystems into broad units based 
on the key benefits, or combinations of benefits they provide to society. The groups of EI can then be used 
to identify where the priorities are for investment in protecting and restoring their key services. A logical, 
high-level grouping is to cluster the ecosystems by biomes20. Three biomes make up almost all of the 

https://www.ipbes.net/conceptual-framework
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Western Cape Province, which does not include any of the Savanna, Indian Ocean Coastal Belt, or Desert 
Biomes, and just tiny percentages of the Albany Thicket and Grassland biomes (Table 1). The Azonal 
vegetation is, technically, not a biome but includes a wide range of ecosystems and special habitats so its 
ecological and EI value is much greater than its limited extent suggests (Table 2). The Forest biome also is 
important as the Western Cape has the most extensive area of Afromontane forest in the country. A recent 
review of the threat status of the vegetation types and ecosystems of the Western Cape is given in the 
biodiversity spatial plan handbook18 and will not be repeated here. 

 

 

Figure 2: The Biomes of the Western Cape Province based on the 2012 National Vegetation Map20. 
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Table 1: A summary of the extent of the biomes of the Western Cape based on the 2006 national vegetation map17. The area is 
the total area prior to development and includes all the areas that have been transformed by development.  

Biome 

National + 
Lesotho + 
Swaziland 
(Area ha) 

W Cape 

Biome area (ha) Percent of the 
national area 

Area as percent  
of the province 

Albany Thicket Biome 2 912 755 186 268 6.39 1.17 
Azonal Vegetation 2 898 160 639 704 22.07 4.01 
Desert Biome 716 565 0 0.00 0.00 
Forests 471 452 69 894 14.83 0.44 
Fynbos Biome 8 394 417 7 155 570 85.24 44.90 
Grassland Biome 35 459 351 25 795 0.07 0.16 
Indian Ocean Coastal Belt 1 428 197 0 0.00 0.00 
Nama-Karoo Biome 24 828 007 3 920 207 15.79 24.60 
Savanna Biome 41 254 461 0 0.00 0.00 
Succulent Karoo Biome 8 328 397 3 932 703 47.22 24.68 
Waterbodies 67 322 6 911 10.27 0.04 
Total area (ha) 126 759 085 15 937 053   

 

Table 2: The biomes in the Western Cape and the key benefits their EI provides to society20 

Biome Sub-biome Characteristics 
Fynbos21 
  

Fynbos Fynbos typically grows on infertile sandy soils on the slopes and upper parts of the 
mountains and deep sands on the lowlands. The annual rainfall ranges from 150 - 
>3000 mm (mean ±450 mm), and it requires periodic fires to maintain its vigour. The 
sandy soils have a low agricultural potential. The key benefits are the reliable 
supplies of water that flow all year round from the mountain catchments, or the 
groundwater that can be extracted from the deep sand aquifers. Fynbos also 
provides plant species that are the source of fynbos teas and herbs as well as cut-
flowers (fresh and dried). In some areas fynbos also grows on granite and shale soils, 
which are more fertile and support irrigated agriculture that sustains much of the 
provincial economy. Fynbos-clad mountain landscapes are a key drawcard for 
tourists and for recreation, including mountain biking or hiking as benefits. 

Renosterveld Renosterveld typically grows on the shale soils of the lower slopes of the mountains, 
the hills of the coastal lowlands, and on the slopes of the coastal and inland 
mountains where its extent can include the crest of the mountains. The annual 
rainfall is lower than fynbos (mean ±350 mm) and moderate to high agricultural 
potential for dryland agriculture and where water is available, for irrigated 
agriculture. The role of fire in Renosterveld is not well understood but fire is important 
for maintaining its vigour and diversity. When in good condition it provides 
rangeland fodder for livestock. Water availability is low and farmers and 
communities rely on largely river flows originating in the fynbos and on 
groundwater.  

Western 
Strandveld & 
Fynbos Thicket 

These broad vegetation types are characterised by evergreen shrubs, often dense 
and varying in height and size depending primarily on rainfall, with a range of 
herbaceous species. Some types are characterised by tall restios (reeds), but 
restios, Ericaceae and Proteaceae are generally rare or absent. It is mainly found 
on limestones or lime rich-sands, occasionally on granites, and within 10 km of the 
coast. Fires are relatively rare but large areas have burnt during high fire danger 
periods. The vegetation provides limited grazing for livestock and the tall, thatching 
reeds are a commercially important product. Fynbos thicket is confined to relatively 
fire-free situations and is also dominated by evergreen, woody shrub and tree 
species with close floristic relationships with the Forest Biome and the Strandveld. 
The deep sands and limestones can store groundwater, which often emerges as 
springs, and many farms and coastal settlements are located where these springs 
are found. 
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Biome Sub-biome Characteristics 
Succulent Karoo22, Nama 
Karoo23 and Albany Thicket24 

Succulent Karoo typically occurs on shales and sandy soils in the inter-montane 
valleys between the coastal and inland ranges from the northwest through to the 
eastern part of the biome. The rainfall occurs mainly in the winter except in the east 
where rainfall is non-seasonal. The vegetation is dominated by low shrubs, some 
succulent-leaved, other succulents and a diverse flora of bulbs and annual plant 
species. The Nama Karoo is similar, also occurring primarily on shale soils, but has a 
higher shrub and grass cover and experiences summer rainfall. It occurs in the areas 
below the Great Escarpment in the north-west of the province. The Albany Thicket 
is distinguished from the Karoo by its greater abundance of large, short to tall shrubs, 
with varying proportions of other growth forms and many thorny species. The rainfall 
generally is low to very low. The primary benefits these biomes provide are 
rangelands for livestock, mainly small livestock, but the number of game farms is 
increasing. It is also an important tourist attraction, particularly the West Coast, 
where spring flowers are the main attraction. The low rainfall results in it contributing 
little to water security but groundwater extracted from alluvial deposits in rivers and 
from the Karoo sediments is important for many settlements and for farming. 

Forest25 Forests are multi-layered communities dominated by trees species. They are 
confined to small portions of the landscape (e.g. kloofs) except for the Wilderness 
to Tsitsikamma region which has more extensive forest. Most of the forest is in 
protected areas or in kloofs and valleys which are less exposed to fire. The main 
benefits are tourism and recreation and strictly controlled timber or other plant 
harvesting. 

Azonal ecosystems or 
vegetation types 

The national vegetation map introduced the concept of azonal ecosystems which 
are not linked to the biomes (zones or zonobiomes)20. The inland azonal ecosystems 
typically differ in their structure and function from the adjacent ecosystems, 
primarily because they are controlled by the greater availability of water26. They 
can be divided into three groups: freshwater wetlands, alluvial vegetation and 
inland saline vegetation. They offer different suites of services with wetlands, 
especially floodplain wetlands, and riparian alluvial vegetation regulating water 
flow, reducing flood damage and providing services that may not be available in 
the adjacent ecosystems. Coastal azonal ecosystems provide important benefits 
through dune stabilisation and coastal protection, fish nurseries and other services 
from estuaries, and significant recreation and tourism benefits.  

4. EXAMPLES OF EI 

4.1 Strategic Water Source Areas (SWSAs) 
There is a long history of concern about the state of South Africa’s water source areas which dates back 
to the 19th century27. Various initiatives have been tried to improve the protection of SWSAs including a 
dedicated commission and the development of the policies that led to the Mountain Catchment Areas 
Act (Act 63 of 1970)28. None of these efforts have succeeded in achieving their aims, although the same 
line of thinking led to large areas of private land being included together with state land in proclaimed 
mountain catchment areas. However, large areas of the mountains were, and still are, not formally 
protected. The recent droughts across the country have resulted in renewed concern about water security 
and the protection of water source areas, whether for surface or groundwater or both. Recent water 
source areas studies have identified a number of mountain (for surface water)and lowland areas (for 
groundwater) in the Western Cape as strategically important at the national level29,30 (Figure 3).  

The Fynbos biome covers 8.47 million ha (6.7% of the country and 65% of the Western Cape Province) and 
has a mean annual runoff (river flow) of 6 628 million m3/year, twice the national average. The SWSAs for 
surface water (Figure 3) cover just 2.12 million ha (26% of the biome) and generate a mean annual runoff 
of 5 032 million m3/year or 76% of the total for the biome, making them a priority for protection and 
restoration. Less attention has been paid to the groundwater SWSAs in the province which are vital for 
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many towns and sustain large agricultural enterprises. Beaufort West has been in the news because the 
drought resulted in its water supply dam running dry, but many other towns and settlements in the Western 
Cape are in a similar situation and many others depend on groundwater, making the groundwater SWSAs 
critical for water security.  

 

Figure 3: Water Source Areas of the Western Cape province showing both those recognised as nationally important and those 
considered sub-nationally important for both surface water (sw, river flows) and groundwater29 (gw) and their overlaps (swgw). Also 

included are the catchment clusters described in section 7.3.3. 

4.2 Rivers and wetlands 
Rivers and wetlands, including floodplain wetlands, are inherently resilient systems which are physically and 
ecologically adapted to their water flow regimes31,32. The vegetation is resilient to floods and can absorb 
and dissipate flood water energy, reducing the degree of damage to these systems and the adjacent 
land.  Rivers also have a number of regulatory functions, a key one being their ability to purify water by 
assimilation or decomposition of pollutants33,34. They also have important production functions including 
products such as food (e.g. fish, water plants, fibre for weaving baskets) and a wide range of life-fulfilling 
functions including canoeing, swimming, angling and other forms of recreation and relaxation. The linear 
nature of many of these ecosystems (e.g. river floodplains), and the small sizes of many (e.g. wetlands), 
make them very vulnerable to human impacts and a high proportion of these ecosystems have been, and 
continue to be, degraded18,35,36. 
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4.3 The Coast 
The Western Cape has roughly 1 000 km of coastline, extending from the Indian Ocean in the east to the 
Atlantic Ocean in the west. The wide range of environments this encompasses contributes to the 
biodiversity of the coastal environments18,37. The coastal areas are important areas for recreation, 
recreational and commercial fishing, mining and tourism and, so, have been extensively and often 
intensively developed with a resultant loss of habitat and ecosystem function. The rapid increase in mining 
of minerals (including sand) in the coastal areas, rivers and estuaries is also a growing threat to EI. Although 
the coastal environment is a very small fraction of the province, it is disproportionately valuable38,39 and its 
EI needs to be protected and restored to ensure that it has the resilience to adapt to climate change and 
cope with growing human pressures. 

5. THE CURRENT STATE OF EI 
The current state of the ecological infrastructure has been thoroughly documented, albeit from a 
biodiversity perspective, in the assessment of the state of the biodiversity in the province18. This assessment 
shows that a lot of the terrestrial ecosystems have been degraded by alien plant invasions and adversely 
affected by fragmentation due to agriculture and peri-urban development, and the effects of adjacent 
land uses. The same applies to the aquatic ecosystems (rivers, wetlands, estuaries) many of which are also 
in a poor state. Although this information does not necessarily give a direct indication of the impacts on 
the ability of the EI to deliver services, the ecological state still is a good indicator of the functioning and 
benefits generated by these ecosystems. Since the focus of this work is on investment aimed at improving 
social ecological resilience to changing climates and growing population pressure, one way to focus 
attention is to look at those services most likely to be affected by the anthropogenic and environmental 
drivers.  

An obvious one is the impact of the current, prolonged drought, initially recognised as a lack of rainfall but 
progressing to reduced river flows, declining water reserves in dams and reduced water allocations. This 
drought has made the citizens of the Western Cape aware of the issue of water security, with many towns 
still experiencing serious water shortages and resorting to emergency measures to augment their water 
supply40. This is not the first time that drought has compelled water managers in  Cape Town to implement 
regulations for people to reduce the amount of water they use by limiting watering of gardens, daily water 
consumption and other water-using activities41–43.  

5.1 Fire regimes 
Fynbos requires periodic fires to maintain the biodiversity and ecosystem functioning that underpins its role 
as EI. There have been some reports that the area burnt in fires in the Fynbos is increasing each year, but 
there is no clear evidence of a consistent trend on CapeNature reserves over the past 28 years (Figure 4). 
The area burnt in the 2018 fire-year is the largest on record, and the 2nd greatest is 2017, but very large 
areas were burnt in both 1999 and 200044. The satellite-based estimates of the burnt area over the whole 
biome show a similar trend although there are differences, probably because of fires burning areas where 
CapeNature was not involved and issues with accurate fire detection on the fynbos45. There are concerns 
about the decreasingv fire return intervals and the potential for extinction of slow-maturing species 
dependent on seed banks for regeneration (e.g. many Proteaceae, Widdringtonia species), especially in 

 
v i.e. the intervals of time between fires is becoming shorter, so that fires are becoming more frequent 
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protected areas near densely populated areas46,47, but the effects of this on the benefits of EI, other than 
potential declines in flower-harvesting, are not well understood.  

Many people are not aware of the role that the same drought has played in the recent fires by increasing 
the number of high and extreme fire danger days, placing the vegetation under moisture stress and drying 
out the fuels48,49. These very dry and hot conditions, coupled with gale-force winds, enabled the Knysna & 
Plettenberg Bay fires in June 2017 to spread rapidly and almost uncontrollably44. The same scenario, even 
though there had been some rain, played out in the recent George-Karatara fires. In both cases, lightning 
ignited fires, but there were spot fires and human-caused fires as well which complicated the situation for 
the fire fighters. Invasions by invading alien plant species aggravated the situation by increasing the fuel 
loads and, in the case of eucalypts and pines, being highly flammable species44,50. The Knysna & 
Plettenberg Bay fires were by far the most economically, socially and environmentally damaging ones on 
record44, and the George-Karatara fire was also very damaging. In the case of the George-Karatara fire 
in October 2018 it burnt by far largest area in the Garden Route since the 1865 fire (which was also very 
damaging)49,51. Many of the areas burnt in these fires had high fuel loads, especially the alien plant invaded 
areas, and the severe fires have damaged soils and killed sprouting plants and plant seed banks44. 
Remedial measures have had to be put in place to reduce the resulting soil erosion in some areas burnt in 
the Knysna fires, but more resources are needed to attend to other areas. 

 

Figure 4: Annual area burnt during a fire year between 1990 and 2018 based on the fires mapped by CapeNature i.e. the fires 
on their reserves and the ones they were involved in fighting44. The total area burnt in each fire year is calculated from the area 

burnt between 1 October of the preceding year and 30 September of the year shown. 

5.2 Floods 
The Western Cape also has a long history of damaging floods, often associated with the occurrence of 
cut-off low pressure cells which bring strong winds and heavy rain50,52–55. Droughts can significantly reduce 
agricultural production, with knock-on effects on the rest of the economy52,55. The costs of these events 
add up to 100s of millions of Rands and include the loss of lives, livelihoods and assets56. However, the 
impacts on ecosystems of these floods and droughts and, thus, EI are not well documented, although 
flooding does disperse seeds of invading species and creates ideal conditions for their regeneration57. 
More information on factors influencing flooding and the damage they do are provided in sections 5.3, 5.4 
and 5.5. 
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5.3 Alien plant invasions 
All the biomes in the region are known to be invaded by a range of invasive alien species, with fynbos 
being particularly prone to invasion by woody species58–60. The Succulent Karoo, Nama Karoo and Albany 
Thicket are invaded more by succulents (Cactaceae) and a variety of herbaceous and sub-shrub species, 
with woody species found mainly along water courses. The National Alien Plant Survey (NIAPS) provided 
data for most of the biomes of the Western Cape but did not include the Succulent and Nama Karoo61 so 
no recent data are available on the extent of invasions in these biomes, although they are known to be 
locally important, and to affect floodplain environments62,63. The most invaded areas are found in the 
mountains of the Boland-Overberg and the Garden Route, the West Coast and from the Agulhas Plains to 
Albertinia (Figure 5). The major invaders are Australian acacias, pines and hakea, followed by eucalypts. 
Acacia mearnsii (Black wattle) and eucalypts are particularly problematic because they invade river 
floodplains and the adjacent areas and have relatively high water use, especially Acacia mearnsii64,65. 
Acacia mearnsii is also a problem because it has shallow roots when growing on floodplains, so that it is 
easily washed out by floods, the debris then blocks bridge spans, drifts and culverts downstream, trapping 
floodwaters so that they break the banks. The pressure from the flood waters on these blocked structures 
can result in them being washed away.  

Table 3: Summary of the invasions in the Fynbos, Forest and Albany Thicket biomes in 2007 based on the NIAPS data. The data 
are for the entire biome, nearly 80% of the which is found in this province. Wattle species includes Acacia mearnsii, A. dealbata and 

A. decurrens. Condensed invaded area is the equivalent area when the density is rescaled to 100%, so 10 ha with 50% cover of 
invading species equals a condensed area of 5 ha. The total invaded area is the area of all the NIAPS mapping units where 

invasions were detected. 

Biome 
Condensed invaded area (ha) 

Fynbos Forests Albany Thicket 
Acacia cyclops 49 051 0 5 031 
Acacia melanoxylon 57 194 0 
Acacia saligna 46 450 449 1 998 
Agave spp. 76 0 801 
Arundo donax 825 0 150 
Atriplex nummularia 1 469 0 2 431 
Eucalyptus spp. 18 205 1762 6 985 
Hakea spp. 36 344 0 0 
Melia azedarach 0 0 564 
Opuntia spp. 6 124 0 58 054 
Pinus spp. 62 597 2349 3 482 
Populus spp. 2 072 0 1 501 
Prosopis spp. 2 194 0 2 919 
Psidium guajava 0 0 97 
Salix babylonica 25 0 254 
Senna didymobotrya 3 0 0 
Sesbania punicea 0 0 188 
Solanum mauritianum 0 0 385 
Tamarix chinensis 219 0 1 898 
Wattle species 29 449 736 14 537 
Total invaded 1833900 23129 1098805 
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Figure 5: The distribution and density (canopy cover) of invasions in the Fynbos, Forest and Albany Thicket biomes in the Western 
Cape in 2007. Invasions in the Succulent Karoo and Nama Karoo were not mapped61. Also shown are the catchment clusters 

described in section 7.3.3. 

Based on the best available estimate of state of the invasions in 2007, the catchments in the Western Cape 
already experience a 1.8% reduction in mean annual runoff (MAR), with a reduction of 8.1% in the 10 
quaternary catchments with the highest MAR66,vi. If these invasions are not controlled, by 2032 the province 
would be losing at least 3.1% of the MAR and 10.1% from quaternary catchments with the highest MAR. 
These estimates did not include alien plant invasions in the Succulent Karoo or the Nama (Great) Karoo 
(which comprise 23% and 24%, respectively, of the province’s surface area). Invasions were mapped along 
the major rivers in these biomes but the data cannot be combined with the landscape invasions without 
double counting. The main invaders in these biomes which are known or expected to have a significant 
impact on water resources are Prosopis (mesquite species), Arundo donax (Spanish Reed), Nerium 
oleander (oleander), Tamarix chinensis as well as T. ramosissima (tamarisks) and limited invasions by 
Australian Acacia species and eucalypts58,63. All the woody tree species and the Spanish reed will reduce 
water availability and, thus, also water security. The Prosopis species and the tamarisks invade seasonal 
and ephemeral rivers where they reduce groundwater availability in the aquifers and compete with 
indigenous riverine species67–69. 

 
vi D Le Maitre unpublished data 
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Figure 6: Estimated percentage reductions in the mean annual runoff (MAR, river flows) per catchment in 2007 and projected 
reductions after 25 years at a rate of increase of 5% per year with no clearing. Data for 2007 from the National invasive Alien Plant 

Survey61 and modelled flow reductions66. Invasions in the Succulent Karoo were not mapped for the survey. 

 

5.4 Land degradation 
The other major impact on EI in the Western Cape is land degradation. Unfortunately, there are no 
accurate and reliable, fine-scale land degradation data for the country, or for the Western Cape. The 
national land cover datasets (e.g. Land Cover 2-13/1470) do include degradation but this class only 
includes extensive denuded areas or areas with other evidence of erosion such as gullies (dongas), which 
significantly under-estimates the degree and extent of vegetation and soil degradation, including the loss 
of microbial crusts71–73. There is good evidence, based on detailed vegetation mapping, that much of the 
eastern Succulent Karoo already is moderately or severely degraded71,74–77 (Figure 7). A national 
degradation assessment, based on workshops and expert input, suggests that the western part of this 
biome and the Nama Karoo in the Western Cape appear to be less degraded than the Little Karoo and 
eastern Overberg at the local municipal level (Figure 8). Regrettably, there are no publicly available higher 
resolution data for land degradation to guide prioritisation at a finer scale. However, there are studies that 
have found that degradation is a problem in Namaqualand60,78, suggesting that the land in the adjacent 
Matzikama local authority in the Western Cape may be more degraded than is shown by this map. The 
widespread degradation is probably having a substantial impact on the EI benefits compared with those 
from more intact vegetation, providing a good argument for effective restoration79–83. An assessment of 
the benefits of restoring natural capital at sites in different biomes across South Africa found that improved 
water flow regulation and water provision were the most valuable outcomes, emphasising their 
importance as benefits84.  

 

2007 2032
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Figure 7: The state of the vegetation of the Little Karoo as mapped in 200571,85. Moderate degradation is reversible, sometimes 
with active rehabilitation, but severely degraded areas cannot currently be rehabilitated. 

 

Figure 8: The Weighted Degradation Index for the Western Cape, based on national dataset collated and synthesised at the 
local municipal level86.  
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5.5 River, wetland and estuary ecological status 
The ecological status of rivers in South Africa is classified using a scale which ranges from A to F (Table 4) 
based on drivers and responses35,87,88. It accounts geomorphology, water flow and quality indicators, 
vertebrate and invertebrate communities, riparian vegetation and habitat integrity. It does not relate 
directly to river function as EI, but is a good indicator of the state of the EI and the loss of benefits to people 
and the economy. Based on this scale, about 64% of the largervii rivers of the Western Cape are currently 
in a good to moderate condition (Table 4), with 35% in poor to completely degraded condition, especially 
those in the more densely inhabited and transformed lowland areas, and in the Succulent Karoo in the 
inter-montane valleys (Figure 9)18,35,89,90. The main river stems are in particularly poor condition. The data 
also indicate that 53% of wetlands in the Western Cape are heavily to critically modified, 34% are 
moderately modified and just 13% are still intact. Among the most modified are the floodplain wetlands 
along the main stems of the rivers, including the extensive palmiet wetlands found on many Western Cape 
river systems. The primary threats to, and impacts on river systems are domestic and agricultural water 
abstraction combined with agricultural encroachment, river bed modification, pollution from intensive 
farming, and ongoing development18,35,57,89,91. Another important reason for the poor ecological status of 
many of the rivers is the extensive and often dense alien plant invasions of the river floodplains.  

Table 4: The present ecological status of the rivers of the Western Cape as assessed for the 2018 National Biodiversity Assessment.  

PES Class 2018 Description Length (km) Percent of Total 
A Near natural, unmodified 3 381 15.73 
B Largely natural with few modifications 5 836 27.14 
C Moderately modified, loss of natural habitat, biota but basic 

ecosystem functions are unchanged 4 535 21.09 
D Largely modified, loss of natural habitat, biota and basic 

ecosystem functions 6 034 28.07 
E Seriously modified, extensive loss of natural habitat, biota 

and basic ecosystem functions 1 041 4.84 
F Critically/Extremely modified, almost complete loss of 

natural habitat and biota, basic ecosystem functions 
destroyed; changes may be irreversible 518 2.41 

Estuary Estuary ratings are done separately but take river state and 
inputs into account  3 0.01 

Data deficient Insufficient data available for a rating 153 0.71 
Total  21 500  

 

A similar assessment has been done for the wetlands for the 2018 National Biodiversity Assessment, one of 
the outputs of which was an evaluation of the ecological status of the wetlands92,93. This assessment built 
on the 2011 wetland assessment, and was based on a mixture of modelling (using terrain, land cover and 
other inputs) and expert inputs, including existing or new field mapping and field verification. The 
ecological status of the predicted wetlands was then evaluated to derive a present ecological score using 
the same system as that developed for rivers (Table 4, Figure 10). The process also resulted in an assessment 
of the confidence in the hydro-geomorphological type and extent of the wetlands ranging from low, 
where the desktop mapping all was done by non-specialists, to high where the desktop mapping and field 
verification was all done by wetland specialists (Figure 11).  

This information has been used, along with other datasets such as the potential for restoration, to develop 
a prioritisation of the wetlands of the Western Cape for the Working for Wetlands programme in the Natural 
Resource Management programmes94. We replaced the initial wetland prioritisation based only on PES 

 
vii River data based on edited 1:500 000 NFEPA dataset which only shows the larger rivers 
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with this one based on a greater range of inputs and expert consultation. Unfortunately, the rivers have not 
been prioritised in the same way, but we adopted the approach taken in the wetland prioritisation of 
calculating a weighted mean score per catchment for the rivers based on their PES (Table 5): 

Table 5: Weights used to include river condition (PES) in the assessment of the priorities for rehabilitation. Weights based on those 
used for wetland prioritisation in the province94. 

River condition (PES category) A B C D E F 
Weight 0.25 1.0 1.0 0.75 0.50 0.25 

 

The weights above were used to calculate a length-weighted score for each catchment, as follows: 

1. Multiply the length of the rivers in each PES category by the relevant weight; 
2. Sum across all PES categories; and 
3. Divide the sum by the total length of the rivers.  

 

The rationale for this approach is that further degradation of systems already in the balance is avoided by 
focusing on those catchments where most rivers are in danger of going from moderately to severely 
modified if no remedial action is taken.  

 

Figure 9: The present ecological status of the rivers of the Western Cape as assessed for the 2018 National Biodiversity 
Assessment. Source: Data supplied by Lindie Smith-Adao, CSIR. 

Even in the relatively well-studied Western Cape Province about 38% of all the predicted wetlands were 
too poorly known to be assigned a status class (Table 6), and just 7% and 5%, 12% in total, are in an 
acceptable class (A-C). These are found mainly in the mountain areas as small seeps and streamlines. 
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About half of all the wetlands, and about 80% of those given a class, are in an unacceptable class (D-F), 
with most of them falling in the lowlands of the West Coast and Overberg. Most of the poorly known 
wetlands are in the Succulent and Nama Karoo biomes where they are mainly seasonal or ephemeral but 
ecologically critical habitats73,95.  

 

Table 6: Summary of wetland condition in the Western Cape Province based on the national biodiversity assessment. See the text 
for more information. 

Class Area (ha) Percent of total 
A/B 30 008 7.14 
C 21 602 5.14 
D/E/F 209 992 49.95 
No data 158 811 37.78 
Total 420 413  

 

 

 

Figure 10: The wetland condition map for the Western Cape Province. See the text for more information.  
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Figure 11: The level of confidence in the hydro-geomorphological classification and extent of the wetlands mapped for the 
Western Cape. See the text for more information. 

 

The status of the estuaries was also evaluated for the 2018 National Biodiversity Assessment, with most of 
the estuaries being found to be in degraded states due to human impacts on water quantity and quality 
(Figure 12). 
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Figure 12: The ecological status of the estuaries of the Western Cape as prepared for the 2018 National Biodiversity Assessment. 

5.6 The coast 
The coastline and immediate hinterland are the most heavily developed and used parts of the province 
outside of the metropoles and towns18. Much of the early coastal development did not follow the modern 
practice of using setbacks to reduce the vulnerability of coastal structures to the seasonal and storm-
induced movements of the coastal dune system, or was even built into areas of naturally mobile sand. The 
government was often required to intervene and stabilise these areas, including revegetating them, which 
resulted in disruption of natural sand movements. The coastal ecosystems have also been adversely 
affected by the reduction in river and groundwater flows into estuaries which have changed the estuary 
mouth and sediment dynamics, as well as by pollution coming down the rivers, including plastics. In some 
areas, notably the Sandveld, agriculture is encroaching on the coastal ecosystems and mining for ilmenite 
extends to the shore. There is sand mining in the rivers and some other parts of the coast. Climate change 
will result in an increase in the frequency and intensity of storms, which, combined with sea-level rise will 
result in increased wave run-up along all shoreline types and erosion and other changes in coastal dune 
systems50. This will threaten coastal infrastructure and many coastal developments and resorts which are 
not sufficiently set back from the coast. There is ample evidence that attempting to resist these changes is 
increasingly expensive and ultimately futile, so the best option generally will be a managed retreat and to 
avoid or prevent activities that will degrade the dune ecosystems buffering coastal developments. Current 
and future developments should be designed with set-back or coastal management lines that take 
account of the projected changes. The provincial Coastal Management Lines (CMLs) are designed to 
allow for such setbacks but do depart from them in places, especially where there are existing 
developments. 
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We have currently used the areas identified as being at risk of coastal erosion and flooding under future 
climates as part of the National Coastal Assessment (M. Luck-Vogel pers. comm. February 2019). We chose 
threshold values for the erosion and flooding potential from the national assessment which resulted in a 
close match to the corresponding risk line in the provincial CML assessments. This dataset will be replaced 
with the environmental components of the coastal management lines developed for the Western Cape 
by DEA&DP once they have been interpreted in terms of the threats to the EI and the potential for 
restoration of EI to enhance resilience. 

5.7 Population pressure 
The population of the Western Cape has been growing at 1.88% per year between 2011 and 2017 which 
is higher than the rest of the country generally, and has reached about 6.6 million peopleviii. In-migration 
from other provinces is estimated to be about 310 000 per year. This rapid growth is placing demands on 
the infrastructure in the towns and in the Cape Metro which is where most of the in-migrants are headed. 
The result is that informal settlements are expanding, and are often situated in the wild-land-urban intermix 
(WUI) where settlements and flammable natural vegetation mix50,96. In addition, there is ongoing pressure 
for the development of new, often securely fenced in, estates where natural vegetation is seen as an asset 
and the risks posed by wildfires are not appreciated. The risks posed by these development patterns were 
highlighted by the Knysna fires where most of the houses that were severely damaged or destroyed were 
in up-market suburbs and often well into the interior of the suburbs97. Other recent fires where there has 
also been significant damage include those in Betty’s Bay, Vermaaklikheid, George-Karatara, and 
Wupperthal. In the case of the Knysna fires there is clear evidence that where the fires burnt through alien-
invaded fynbos they consumed the most biomass (even higher than plantations)98 and, thus, achieved 
very high fire intensities which would have made them very dangerous if not impossible to control. There 
are similar invasions and long-unburnt vegetation around many of the settlements in the Western Cape 
and these fire hazards need to be addressed. We have decided not to include population pressure at this 
stage but to recognise it as an overarching and key driver of urban expansion, and thus wildfire risk (see 
section 5.1), and pressure on EI for service delivery.  

  

 
viii www.statssa.gov.za/publications/P0302/P03022018.pdf  

http://www.statssa.gov.za/publications/P0302/P03022018.pdf
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6. CLIMATE CHANGE AND EI 
There have been many studies of the impacts of the projected climate changes on the natural ecosystems 
of the Western Cape. Both the historical record and the climate models provide clear evidence that air 
temperatures are increasing steadily and relatively rapidly compared to the global increases99–101. The 
historical data and the climate projections all show more rapid increases in the interior of the province 
because the oceans moderate temperature increases along the coast, and more rapid increases in the 
minimums than the maximums. There is no evidence yet of consistent trends in the rainfall in the Western 
Cape, with some areas showing increases and some decreases, but climate change models generally 
predict reductions in rainfall100,102–104. There is evidence that rainfall intensities are increasing, the number of 
rain-days is decreasing, and dry spells are increasing105–108. The likelihood of damaging events such as the 
current droughts, fires and floods is likely to increase significantly as the air temperatures increase, 
especially in the interior, and the rainfall decreases and becomes more variable50,100,109. One of the 
important factors in the uncertainty about the impacts of climate change in the Western Cape is the spatial 
resolution of the models and it is only recently that downscaled models have been run at a spatial 
resolution of 8 x 8 km which is fine enough to allow for the effects of the narrow mountain ranges of the 
Western Cape to be represented in the models (F. Engelbrecht pers. comm. 2017). This means that the 
downscaled models are reaching the resolution where the complex orographic rainfall and temperature 
gradients in these important mountain water source areas can be more accurately represented in the 
models and their outputs. These high-resolution outputs will become available in the near future so 
consideration should be given to incorporating relevant data in future prioritisations.  

Although a clearer picture of the future climate is emerging, a proper understanding of the impacts on EI 
and the services and benefits it provides still requires an interpretation of the likely impacts on the 
ecosystem structure and function. The initial projections of the impacts of climate change on the 
vegetation were based only on climatic variables and suggested drastic changes in biome distributions, 
with major decreases in the extent and distribution of the Fynbos and Succulent Karoo biomes110. 
Subsequent projections have suggested much less drastic shifts, except under high emissions scenarios 
(which are still more likely than low emission scenarios)90, and more in line with long-term observations111. 
There is a strong relationship between the floristic composition, diversity and structure and the fertility of the 
soils, which is determined by the underlying geology21,112. A recent study suggests that vegetation shifts at 
the biome level may be constrained by the soils113, implying that shifts in boundaries could be limited and 
in situ adaptation will be more important. The historical reliability of rainfall has been suggested as a factor 
explaining why fynbos has such a high diversity of plant species that only regenerate from seed114 so, if 
rainfall reliability decreases, that could be a significant risk to many plant species, and could affect the 
resilience of EI. 

Fynbos is a fire-regenerated ecosystem so climate-change-driven shifts in fire regimes could alter the 
structure and function of the ecosystems and thus the benefits derived from EI. Climate change is expected 
to significantly increase the number of days and the duration of periods of high and extreme fire 
danger50,100,115,116, with the number of days of high to extreme fire danger increasing to > 20/year in much 
of the interior, 10-20 days along the Southern Cape coast and as much as 40 days in the south-western 
interior. However, that does not necessarily result in a decrease in the fire return intervals because fires 
require ignition sources. Some assessments have found evidence of decreasing fire intervals across the 
biome with warm, dry years and the extent of the burnt area being linked, but assessments of the 
CapeNature reserves and Cape Peninsula found that the reduced intervals are found in areas with higher 
human population densities and probably reflect the impact of human rather than natural ignitions46,47,117. 
The relatively rapid increases in the human population suggest that such ignitions could become more 
frequent in the future. Recent studies have also found a relationship between the rate of vegetation 
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recovery after fires, which varies across the biome and is relatively rapid in the east, and climate variables 
especially drought and wet years, both at the biome level and at the community level118,119. This reinforces 
concerns about the impact of the combination of more variable rainfall and vulnerable plant species and 
communities. 

The increasing variability in the climate, and the clearly increasing temperatures over the interior, suggest 
that climate change will have a significant impact on the productivity of the rangelands in the Succulent 
Karoo, Nama Karoo and the Albany thicket116. The fact that large areas are already in a degraded state 
(see section 5.4) is reason for concern because this will have significantly reduced their ability to provide 
rangeland services even without the added pressure from the changing climate. 

There is no evidence yet that climate change will favour invasions by alien plant species the Western Cape, 
but all the water source areas of the province are already invaded to some degree and these invasions 
will continue to spread and increase in density120 and in their impacts on water security (Figure 6). However, 
the fact that major invaders of mountain areas (pines, acacias) are able to grow well on poor soils because 
of their mycorrhizal mutualisms and/or nitrogen-fixing capacity, suggests that these species may be less 
nutrient constrained than indigenous species and so benefit more from the increasing CO2 concentrations 
and gains in water-use efficiency. There is another factor involving alien plant invasions and fire - they 
increase the biomass and fuel mass and, thus the fire intensity and severity98,121,122, leading to adverse 
impacts on the environment while also making fires more difficult to combat. Invasions increase the 
likelihood that severe fires will be followed by intense rainfall events and, thus the potential for significant 
soil erosion123–126, sediment and debris deposition downstream and further flooding. 

The projected impacts of climate change on temperatures and rainfall reliability are particularly important 
for the deciduous fruit industry and for dryland crops4. Of major concern is the implication of reduced 
reliability of rainfall and, to a lesser extent rising temperatures, for wheat production in the Western Cape127. 
Much of the Swartland and Overberg is currently considered highly suitable for wheat production, but this 
shifts significantly in the near future with most of the Swartland and east of Heidelberg in the Overberg 
becoming medium to low (Figure 13). The impacts of the more variable and unreliable rainfall and the 
recent drought have highlighted the increasing risks to dryland cropping in the Western Cape. This raises 
questions like: What can be done with this land once it is no longer suitable for cultivation? Can it be 
restored to commercially viable rangeland vegetation or even to Renosterveld? There is some research 
and experience in the restoration of Renosterveld79,128–135, but much more is needed to ensure that there is 
sufficient  knowledge and experience to undertake the restoration of these extensive areas, and that they 
are not simply abandoned to weeds and ongoing erosion like many of current old lands. There are many 
other aspects of climate change adaptation that are required, but agriculture is the basis of the provincial 
economyix and is exposed to major risks.  

Successful climate change adaptation could make the province significantly more resilient136. This also 
highlights the importance of restoring EI to sustain the provincial economy, especially agriculture because 
many agricultural enterprises depend on surface water from their own dams or on groundwater, both of 
which are as vulnerable to the impacts of invasions as urban water supply systems, if not more so137. 

 
ix Measured both directly via agriculture’s contribution to GDP as well through the agri-processing and export industries and the 
various multipliers. 
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Figure 13: Suitability for wheat production under the current and projected future climatic conditions127. Current: 1961-1990, Near 
Future: 2021-2050   

 

7. OUTPUT 2: DEVELOP CATCHMENT PRIORITISATION 

7.1 Three initial stakeholder workshops and their outputs 
The process we have followed in identifying priorities for investment is to involve stakeholders in workshops 
with the following purpose, namely to: 

 Provide background on the project: Ecological Infrastructure Investment Framework for the Western 
Cape 

 Build capacity around ecological infrastructure in the Western Cape 

 Develop a shared understanding of the ‘desired state’ for ecological infrastructure in the Western 
Cape 

 Identify and prioritise the key threats to the Province’s ecological infrastructure 

Three workshops were held in three parts of the province to broaden the participation by stakeholders and 
to draw in people with different perspectives on EI and its benefits. The dates and locations were as follows:  

 20 November 2018 at the CSIR, Stellenbosch 

 22 November 2018 at Saasveld Campus, Nelson Mandela University, George 

 27 November 2018 at Clanwilliam Hotel, Clanwilliam 

Current

Near future
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Efforts were put in place to include stakeholders from local authorities, other spheres of government, water-
user associations, farmers and nature conservators. The attendance lists were provided in the Progress 
Report submitted to DEA&DP in November 2018. 

Each of the workshops followed the same general Agenda: 

 Introductions 

 Purpose of the workshop 

 A presentation on the aims, objectives and outputs from the project and on EI in the Western Cape 

 Plenary discussion on the desired state of EI in the Western Cape from an environmental, social and 
economic perspective 

 Group discussions on the threats to achieving the desired state of EI 

 Plenary discussion to consolidate the list of threats 

 Prioritisation of the consolidated list of threats 

There was good engagement and participation in all the workshops. The participants became actively 
involved and contributed information. The individual participant’s desired state was captured as a set of 
phrases rather than as a statement to save the time that would have been spent on crafting a statement. 

The stakeholders emphasised their concerns about the many good initiatives in the past that have not 
been translated into concrete action and argued that the same could apply to the EIIF. Nevertheless, they 
were keen to help to ensure that this initiative be carried through to implementation. Both the project and 
DEA&DP teams need take these concerns into account. 

All the information that was gathered has been recorded in the form of flip charts, handwritten and 
electronic notes and photographs which have been filed by the team. This report captures just the main 
points from the three workshops. 

7.1.1 Stellenbosch workshop 

This workshop was held at the CSIR in Stellenbosch on the 20th of November 2018 and facilitated by Michelle 
Audouin from the team. A total of 27 people attended and participated and five team members were 
involved.  

The desired state of the EI in the province was captured both as a detailed statement that participants 
wrote on cards and submitted and on screen as key words or short statements whose wording was 
confirmed with the participants. Capturing them in this way also retains the individual views and ensures 
that people know their views have been reflected. The short statements have been grouped below under 
the broad themes of environmental, social and economic states of outcomes. 

 Environmental 

 Optimal delivery of ecosystem services; 

 Recovered EI along particular river systems (e.g. Breede River) to be supported by farming and 

development planning activities; 

 Three most important IAS in strategic water resource areas under control; 

 Maintain sustaining EI; 

 Prevent and control erosion; 
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 Invasive alien species controlled; 

 Reclaim riparian buffers and wetlands; 

 Functions well enough to support growing population; 

 Enhance biodiversity to ensure humans live in harmony; and 

 Mountain catchments free of invasive alien species. 

 Socio-economic 

 EI recognized, valued, understood; 

 There is understanding of maximum (full) value of catchments; 

 Coordinated alien clearing, restoration of river banks; 

 EI protects vulnerable communities at risk of climate change; 

 Investment in EI by land owners is seen as vital; 

 Sustainable agricultural practice; 

 People are educated about economic impact of ecological infrastructure; 

 Sustainable livelihoods that enhance learning opportunities are enabled, people born into 

poverty do not die in poverty; 

 Meaningful engagement and inclusive participation in managing EI, from bottom up; 

 Co-operation of individual landowners, taking responsibility through positive action; 

 Transformative socioeconomic benefits of EI; 

 Improved livelihoods through value adding; 

 EI embedded in society; 

 Investment done to stimulate catchment economies; 

 Investment in biodiversity, diversifying agricultural practices for disaster resilience; 

 Internalize negative ES externalities; 

 Returns on investments from desired state seen as long-term outcome; 

 Clear (evidence of) returns on investment in EI for long term outcome; and 

 Increased net welfare gains and economic growth. 

 Combined 

 EI yields goods and services that promote wellbeing of society, reduces vulnerability to 

environmental shocks, and strengthens socio-ecological resilience. 

From these statements it is clear that the desired state encompasses a wide range of environmental, social 
and economic elements and that the workshop participants understood the linkages between socio-
economic and environmental states. Their statements also stress the importance of investments that will 
achieve the social and economic elements of the desired state along with investments directly into the 
protection and restoration of EI. 

The threats to achieving the desired state of the EI were addressed in group discussions, consolidation of 
the group output was facilitated in a plenary discussion, and was followed by the ranking of the 
consolidated list of threats. The ranking was done by giving each participant a set of stickers which they 
could place on any of the listed threats. The listed threats were then ordered according to the number of 
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stickers they received. The final list is given below, where there were tied ranks the different statements are 
indicated by a letter: 

1. Lack of effective, coordinated alien invasive plant control; 

2. Disconnect between knowledge, policy and implementation; 

3. (a) Lack of incentives to drive behaviour change towards sustainable EI; (b) Unsustainable 
agricultural practices; 

4. Current unsustainable consumption patterns per capita and the thinking that supports that; 

5. (a) Funding rules are incompatible with environmental realities; (b) Lack of awareness and 
knowledge about EI among range of stakeholders; (c) Balance between short term priorities and 
long-term sustainability is not achieved in decision making; 

6. (a) Rapid and unplanned urbanization; (b) Increase in damaging fires; 

7. (a)Lack of inclusive governance and lack of subsidiarity in society; (b) Lack of leadership, 
mentorship, skills transfer and management capability in governing authorities; 

8. Poor, uncoordinated governance and corruption; and 

9. (a) Rainfall decrease and increasing variability; (b) Increasing temperatures. 

7.1.2 George Workshop 

The George workshop was held on the George campus of the Nelson Mandela University on the 22nd of 
November 2018. A total of 23 people participated in the workshop and four team members were involved. 
The process that was followed was the same and led to the following set of statements about the desired 
state: 

 Environmental  

 More improved, resilient landscapes/EI able to adapt to climate change; 

 Ecologically healthy landscapes and communities; 

 Threat of invasive alien vegetation in Western Cape (southern cape) under control; 

 Resilient systems with restored EI; 

 Proper functional ecosystems; 

 Secured priority EI areas that are maintained and managed; and 

 Landscape is functional and supports needs of all inhabitants. 

 Socio-economic 

 Landscape where EI is understood and valued; 

 Zonation: urban, agriculture, open wildlife spaces are fixed with clear boundaries; 

 Diversity of valued and evolving ES, inspiring and nurturing congruent, adaptive and 

transformative human societies; 

 Sufficient water resources of high quality directly from catchments for all people; 
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 All threats are dealt with creating a healthy and functional landscape for benefit of all; 

 Intensification of agriculture, greener living in urban areas, no more landfill sites, 

environmentally educated politicians to improve decision making; 

 A systematic governance which includes local people along with decision makers, that 

benefits multiple people and biodiversity; 

 More environmentally educated people that can take charge of EI and less reliant on outside 

sources of funding; 

 Caring society, better connected to nature; 

 Well balanced state, socioeconomic issues in good state, practices that sustain ecological 

infrastructure; 

 Improved living standards in entire country (to prevent migration); 

 Proper sewage treatment plants functioning properly with safe and useable effluent; 

 Communities where PES improve intensive agriculture, health and socioeconomics, 

adaptation to climate change; 

 NDP 10 critical actions are implemented and used as blueprint; 

 EI used to develop local communities (benefits), shared vision between government 

departments of what EI should look like; 

 Diverse economy where people can earn living, poverty does not threaten ecological services; 

 Functional and competent and receptive municipalities able to respond to change; 

 Learning landscapes where there is no blueprint but ongoing learning; 

 Happy people in harmony with nature.  Physical and spiritual wellbeing, tolerance, mindfulness 

and respect for each other and environment; 

 Innovative technology supports decision making and implementation; and 

 Innovation and technology used together with EI to increase benefits to society. 

 Combined 

 EI needs to be maintained in a way that underpins livelihoods in the province and needs to be 

managed to sustain or improve its state; and 

 Functional landscape, EI beneficial to local communities who are more involved; more value-

added opportunities for alien invasive biomass, resilient urban growth. 

 

As was the case with the Stellenbosch workshop, there was a strong emphasis on the socio-economic 
components of the desired state. The ranked list threats was: 

1. Uncontrolled invasive alien plants expansion impacts on water, fire, biodiversity etc.; 

2. Lack of compliance and congruence (failure to change behaviour); 

3. Population pressure on ecological infrastructure; 
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4. (a) Lack of planning and maintenance of public and private infrastructure; (b) working in silos (lack 
of integration); 

5. (a) Lack of restoration of degraded and marginal areas; (b) Lack of political will to implement plans 
and policies; (c) Lack of knowledge transfer and awareness raising; 

6. Poor land use planning and decision-making impacts on EI and increasing human vulnerability; 

7. Lack of knowledge (i.e. from monitoring) will hamper ability to adapt; 

8. Negative natural impacts of climate change on EI; and 

9. Poor economy leads to pressure on EI. 

 
Again, there was a strong emphasis on the threats posed by poor governance and development planning 
as well as a failure to implement actions that would reduce the threats. One of the comments on this list 
was that it was biased towards the fynbos and the mountains, and did not adequately reflect the threats 
to the Karoo and Thicket biomes. This is an issue that needs to be given more attention. 

7.1.3 Clanwilliam workshop 

The Clanwilliam workshop was held on the 27th of November 2018 in the Clanwilliam Hotel and followed 
the same process. A total of 18 people participated and three team members were involved. The list of 
statements describing the desired state of EI was: 

 Environmental 

 Focusing on sustainable use of the environment using ecological carrying capacity; 

 Alien invasive vegetation cleared and managed so that the maximum amount of water 

possible is received in downstream areas. Measuring points to control, measure and manage 

water; 

 Alien invasive vegetation cleared, stabilised river banks through rehabilitation of vegetation, 

water security, sufficient funding to implement; 

 EI restored in rivers and streams; 

 Sustainable grazing; 

 EI restored to enable rainfall harvest areas to deliver optimal discharge; 

 Biodiversity protected in river corridors; 

 Healthy functioning EI through active restoration not only alien clearing; and 

 Resilient ecosystem to support increased sustainable yields in agriculture. 
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 Socio-economic 

 Conservation-based tourism and related development, community involvement and job 

creation, using EI e.g. parks, aquifers, islands and beaches; 

 Shared understanding and better coordination in managing EI (private sector, land owners, 

government, civil society); 

 Sustainable development, redevelopment of degraded areas, education about the 

importance of EI; 

 More landscape expansion initiatives of protected areas to connect mountains to oceans; 

 Establishment of coast to catchment corridor; 

 Conservation targets set out for different veld types are achieved, properly managed and 

funded; 

 More farmers implementing conservation agriculture, Sandveld susceptible to wind erosion 

best practices employed to prevent this, livestock used in conjunction with irrigation, aliens 

cleared and managed so that they do not impact on river flows and function; 

 The use of farm dams to support EI; 

 Decision making is informed by what is happening on the ground ; 

 Improved water quality, sustainable harvesting and water use, recycling and reuse of waste, 

ecological awareness; 

 Mining and change of land use contained; 

 Rehabilitate degraded areas, sustainable agricultural practices (conservation agriculture, 

rotation, thick cover, minimal disturbance, enhancing soil health); 

 Rehabilitation prioritised and better researched, research on economical use of indigenous 

plants; 

 Mind-set: people to be made aware that wherever they are, they are in a catchment and 

need to act responsibly; 

 Sharing of information on active restoration, lessons learnt; 

 Partnerships between land owners, communities, government organisations; 

 Awareness raising (environmental education) on EI, sustainable jobs created through EI based 

on funding from government etc.; 

 No further net-loss, prevention rather than rehabilitation, EI having an economic value 

attached to it, so profit in investment can be seen; 

 Urgent implementation of existing plans, buy-in of all stakeholders, access to information to 

ensure sustainable use of EI; and 

 Creation of funding through the use of alien invasive biomass. 

 Combined 

 The initiatives that are around biodiversity economy, farm to pharma, indigenous food are 

initiated or realised and biodiversity corridors are established. Sustainable livelihoods support 
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social enterprises.  There is quantification of biodiversity.  Structures that are self-sustaining have 

been put in place.  Job creation to beneficiation of indigenous flora; and 

 Fully protected ecological drivers, wall to wall synergy between environmental, social and 

agricultural legislation and mandates. 

This list has much in common with the previous ones as it encompasses a broad range of views on the 
future state of the EI and how society value and prioritise its restoration. The ranked lists of threats to this 
future state was: 

1. Population growth and consumption increases pressure on ecological infrastructure; 

2. Unsustainable development and inappropriate land management practices impact on 
biodiversity and EI conservation corridors; 

3. (a) Insufficient, uncoordinated and erratic funding with too much red tape; (b) Lack of alignment 
in government mandates and actions (also too much red tape); 

4. (a) Lack of awareness and understanding of ecological infrastructure and its threats; (b) Pollution 
(agrochemicals waste water treatment works, effluents, air dust, noise, plastics) adversely affects 
EI; 

5. Lack of EI monitoring to guide decisions; and 

6. Climate change and natural events have adverse impacts on EI. 

This set of threats does not directly address the threats posed by invasions, drought or floods, for example, 
but identifies the factors that would allow these threats to increase because of the failure to address them 
effectively. 

7.1.4 Synthesis 

It is recognised that the statements that were generated during the workshops are a heterogeneous set, 
mixing causes, impacts, actions and outcomes but it is important to capture this mix because it reflects the 
diversity in the participants’ perceptions of the desired state. There is a strong emphasis on threats related 
to ineffective governance and planning that hinders implementation, lack of awareness leading to 
undervaluing EI, and funding issues. There is less emphasis on the biophysical threats, but among these, the 
threats posed by alien plant invasions, unsustainable agricultural practices, and poor planning for 
development or unplanned development stand out. Particularly because poorly planned or unplanned 
development is exposing ever more people to natural events, such as wildfires, in a changing climate. 
However, those biophysical threats need to be viewed from the perspective of human security or, 
alternatively exposure to risk. So, enhancing water security does not necessarily mean only targeting areas 
within SWSAs, it means targeting those areas or settlements where the security of their water supply is most 
at risk from the threats identified above. 

At one point the discussion of the desired state in the George workshop reached an impasse so David Le 
Maitre suggested the following statement of the desired state which seemed to get everyone in 
agreement. It can serve as a provisional draft of the desired state: 
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Healthy, diverse, functioning and resilient EI delivers benefits to people that support a diversity of 
livelihoods, because the roles and importance of EI are understood and valued, and shape the way people 
live and organise themselves in the face of pressures from climate change and population growth 

7.2 Selecting spatial datasets to represent EI and threats 
The three workshops have identified the key EI viewed as important to protect and restore for social-
ecological resilience: water source areas, rivers and their associated wetlands, and productive 
rangelands. They have also identified the primary threats to the EI that need to be addressed to increase 
social-ecological resilience to climate change: invasions by alien plants, particularly species with high 
water-use and which increase fuel loads, degradation of river systems through agricultural impactsx (e.g. 
water abstraction, irrigation return flows) and alien plant invasions, and degradation of rangelands, 
particularly in the Succulent and Nama Karoo areas. None of the workshops noted the importance of 
protection and restoration of the coast for social-ecological resilience. However, we believe that is 
important that the coastal risks are considered in the EIIF and the prioritisation, and will include information 
on the increased physical vulnerability along the coastline due to the impacts of climate change based 
on the Green Bookxi datasets.  

We will be following the same multi-criteria decision making process (the Analytical Hierarchy Process) that 
we used for the 2009 prioritisation for the Working for Water Programme. However, the criteria and the 
weights that will be used will be derived from the inputs of stakeholders to this study and will also take the 
terms of reference into account. Importantly, this means that the focus is on restoring EI and the benefits it 
provides and not on biodiversity as such, even though the investments made in terms of this framework will 
potentially benefit biodiversity. The benefits of this approach are that weighting can be used to determine 
which criteria and sub-criteria are the most important for directing investment to where the greatest returns 
will be realised. The weights can also be changed over time as the needs and requirements for investment 
in EI shift. 

The next step is to identify suitable spatial data sets so that the priorities can be identified spatially. Three 
kinds of data could be considered for the prioritisation (see below). We have focused on the datasets 
highlighting where human lives and livelihoods are at risk (because of threats to that EI): 

 Maps of EI showing the distribution of areas with high (potential) production of the key outputs 
(service provision): 

 River (surface) water and groundwater (river dry season flow) production; 

 Rangeland production; 

 River and wetland systems; and 

 Coastal ecosystems (e.g. estuaries). 

 Areas of high human risk and/or need: 

 Water Source Area (WSA) catchments for surface and groundwater;  

 Groundwater WSA as a measure of human use and dependence, including groundwater use;  

 Town water situation/water security and their water sources, including groundwater and 

catchments; 

 
x Waste Water Treatment Plants have significant impacts on river ecosystems in the Western Cape but fall outside the scope of this 
project. 
xi https://greenbook.co.za/story-maps.html 
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 Town wildfire exposure and vulnerability (within the settlement boundary in the Wildland Urban 

Intermix); 

 High fire hazard around settlements (Outside the settlement boundary); and 

 Coastal areas with assets at risk (vulnerability) – to be included once the Western Cape Coastal 

Management Line related information has been suitably interpreted. 

 Threats to EI and its benefits that need to be addressed 

 Invasive alien plant invasion density increasing fuel loads and wildfire hazard and impacts on 

ecosystems; 

 Invasive alien plant impacts on runoff: 2007, 2032; 

 Land degradation; 

 River and wetland degradation; 

 Estuary degradation; 

 Flooding potential based on design rainfall and catchment responsiveness; and 

 Coastal hazard and climate change - currently using the physical erosion and flooding hazard 

from the National Coastal Assessment with threshold chosen to closely match CML risk lines. 

This will be replaced or supplemented by suitable data from the Western Cape Coastal 

Management Line studies. 

7.2.1 Ecosystem service provision: river water flow regulation and production 

The most direct measure of river (surface) water production is the amount of water that flows into the rivers 
draining the different catchments in the province. The flows can be summarised in various ways with a 
widely used statistic being the mean annual runoff (MAR), another being the amount of water that flows 
when it has not rained recently (baseflow), and another the dry season or low flows. Mean annual runoff 
data are readily available for catchments across the province, with the finest resolution being the 4th order 
of quaternary catchment138. The amounts given are in mm depth, which expresses the runoff in the same 
units as the rainfall and is a convenient way to compare unit area water production, and the estimates 
are typically for the pre-development conditions before dams and water supply systems (i.e. virgin runoff) 
(Figure 14). The MAR is also available as gridded data with a spatial resolution of about 1.7 x 1.7 km30. Since 
the quaternary catchment is a convenient unit, for management, especially for water, we plan to use it as 
the unit for the prioritisation. It is recognised that quaternary catchments are extensive and often 
climatically and environmentally heterogeneous. Using sub-catchments would reduce this internal 
variability but there are more than 300 quaternaries in the province which means that many have similar 
priorities. Having more units to prioritise would simply aggravate the problem. Catchments also have the 
advantage of capturing water flows which other sub-divisions (e.g. bioregions) do not have.   
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Figure 14: The distribution of the mean annual runoff (MAR) in the 4th order (quaternary) catchments of the Western Cape. All the 
quaternary catchments that overlapped with the provincial boundary have been included. 

The MAR and groundwater recharge are both directly related to the rainfall, so a catchment with a high 
water production, also has a high groundwater recharge, with discharges from that groundwater forming 
a significant component of the surface water flow29. This means that targeting high water producing 
catchments for EI protection and restoration will protect both surface and groundwater production. So, a 
different approach was used to define groundwater SWSAs which took recharge into account, but also 
included the amount of groundwater use and the dependence of the town or water scheme on 
groundwater.  

The Strategic Water Source Areas (SWSAs) study identified important surface water production areas for 
national water security (SWSA-sw) as well as those that are important for groundwater (SWSA-gw)(Figure 
3)29. Two sets of areas were identified: those that were considered of national importance for water 
resource planning; and those that were of sub-national importance and that could be considered 
strategic at a Catchment Management Agency or provincial level. The combination of the national and 
the sub-national will be called the WSAs for this report as the Strategic was only determined at the national 
level. There is a need for identification of WSAs at other levels of water governance and planning as well. 

7.2.2 Ecosystem service provision: Rangeland productivity 

There are various datasets for actual and potential rangeland productivity. For this assessment we have 
used the one that was gazetted as the official grazing capacity map in 2018. This dataset draws heavily 
on a 1993 grazing capacity study and combines information from remote sensing, vegetation mapping, 
expert inputs and extensive stakeholder consultation139. A copy of the spatial dataset was supplied by Mr 
Paul Avenant from the national Department of Agriculture, Forestry and Fisheries. The map is categorised 
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in terms of the number of hectares a large stock unit (LSU) (i.e. a cow with a body mass of 450 kg and 
capable of gaining 500 g in mass per day) would require to maintain a sustainable level of rangeland 
utilisation in the long-term (i.e. through wet and dry periods).  The capacity is strongly influenced by the 
geology and, thus, the nutrient status of the soils and vegetation and the rainfall (Figure 15), The Table 
Mountain Group sandstones have a very low capacity and much of the arid Succulent Karoo falls into the 
2nd lowest capacity. This highest grazing capacity is found along the southern coast and in the north-
eastern parts of the province. These areas should get the highest priority for protection and restoration 
where they are degraded. 

 

 

Figure 15: Long-term grazing capacity in the Western Cape. 

7.2.3 Ecosystem service provision: River and wetland systems 

As described in section 4.2, river and wetland EI provides numerous benefits but the rivers and wetlands 
are poorly protected and heavily degraded (section 5.5) (Figure 9). Water security for domestic, industrial 
and agricultural purposes depends on the ability of this EI to provide water flow regulation and water 
quality regulation services. So, investment in the protection and restoration of these systems needs to be 
prioritised to ensure that they provide increased benefits and resilience against the pressures of climate 
change and growing human populations. Unfortunately, there are no readily available, quantitative, 
datasets on the regulatory and water production services provided by the various river and wetland 
systems in the province. However, there is sound evidence that there is a direct relationship between the 
state or condition of a river or wetland and the quantity and quality of services it provides35,140–142. Thus, the 
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present ecological state (PES) of a river can be used as an index of service provision. The same use could 
be made of the river health data10,35,90,143,144 but this would double-count the prioritisation based on the 
ecological state (see section 7.2.9) and so was not included in this prioritisation.  

7.2.4 Meeting human needs: WSA catchments that supply towns with water  

The WSA-sw datasets provide a clear indication of the areas of the province that need to be prioritised in 
terms of water production (surface water) and the MAR data indicate the highest yielding catchments. 
However, neither of these datasets gives an indication of human dependence on that water and the 
benefits derived from that water. In the case of groundwater, there are data available on the degree of 
groundwater dependence and the population and economic activity that depends partly or completely 
on that groundwater for towns in the Western Cape29. Similar data were collated for surface water supply 
schemes but only a few examples were chosen. An alternative source of this data is the assessment of the 
water supply status of towns in the Western Cape produced by the Department of Water and Sanitation 
and summarised by DEA&DP145. Improving the water production in those areas could substantially increase 
their water security, with those with the lowest water security receiving the highest priority for investment. 
The approach here will be to use four spatial datasets to represent surface water security for settlements: 

 WSA-sw for broad areas with a high priority for protection and restoration of surface water 
regulation and provision  

 Groundwater WSAs for water provision for settlements and towns and for agriculture 

 Groundwater use for settlements or towns, industry and agriculture as a measure of dependence  

 Catchments that supply towns or water supply schemes with water (quaternary catchments that 
are water sources for towns, including groundwater) weighted by the water security (water supply 
status) of towns  

The town water supply status is taken from a summary of the all-towns dataset for the Western Cape 
province originally done in 20115,146,147 (Figure 16). In this assessment the towns in the Western Cape were 
classified according to their water supply status, with the highest priority for intervention being given for 
those towns with insufficient yield (IY) from their supply system to meet their current demand, and the next 
highest being for towns which had water but they were exceeding their allocation for the larger water 
supply scheme (WSS) they were part of. This places pressure on the entire WSS and could cause if to fail 
more often than it was designed to. Towns with insufficient yield include Porterville, Barrydale, Heidelberg, 
Ladismith and Oudtshoorn, while those exceeding their allocation include many of the towns supplied by 
the Western Cape WSS and Swartland WSS (e.g. Aurora, Malmesbury, and Hopefield). The Boland and 
Overberg towns generally have the highest water supply security with droughts potentially causing 
problem on at intervals of more than 10 years (D>10). Information from these reports was used to identify 
the quaternary catchment areas that supply each of the towns with their water, either as surface water or 
as groundwater from aquifers which are recharged within those catchments or from upstream (e.g. 
floodplain aquifers) (Figure 17). Allocating catchments is not straightforward because of the upstream-
downstream linkages. For example, the Western Cape WSS draws on water from Theewaterskloof Dam, 
Steenbras Dam, Palmiet River and from the Berg and its tributaries as far downstream as the Misverstand 
weir. This means that a drop of water from Theewaterskloof Dam can, in theory, end up in Saldanha, so this 
town should be linked to the entire WSS. However, in practice the WCWSS is run as a set of interlinked sub-
schemes, so most of the water from Theewaterskloof Dam goes to the Cape Metropole and to irrigators in 
the upper Berg River catchment. Many settlements also have some independent water supply which, in 
many cases, is a relatively small proportion of their total water demand. Nevertheless, it is important to 
consider the state of the local WSAs (catchments and aquifers) and the importance of ensuring that they 
are restored and protected to ensure that they sustain their provisioning serves. In focusing on the town 
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water supply, investors should not overlook the importance of clearing invasions throughout the 
catchments as this would also increase the yield from farm dams in these same catchments, giving the 
farmers, and other downstream users, greater water security. For this reason, quaternary catchments that 
are upstream of towns and part of the wider WSS were included in the subset selected for prioritisation 
(Figure 17).  

 

Figure 16: Town water supply status for towns in the Western Cape. The Cape Metropol was excluded from the town water status 
study because it is part of the regional Western Cape Water Supply Scheme (WCWSS) which is planned for separately. IY = 

Insufficient yield. EA = Exceeding allocation, D0-5 will have a deficit at 0-5 year intervals, D5-10 a deficit at 5-10 year intervals, and 
D>10 at greater than 10 year intervals. The WCWSS would be in the D>10 class based on its yields and the demands on the system. 
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Figure 17: The quaternary catchments linked to towns via their water supply systems and weighted by the town that had the 
greatest weight based on its water supply status. The scale matches Figure 16 with 1 = D (deficit) >5-10 years (water supply status 

good) and 5 = IY (Insufficient Yield, water supply status poor). Although the catchments within the Cape Metropole are excluded, 
the main water supply catchments of the WCWSS have been included. For more information, see the text. 

Many towns and several areas of irrigated agriculture depend on groundwater for their water supplies. The 
national Strategic Water Source Area study identified important groundwater Water Source Areas based 
on a combination of groundwater recharge, groundwater use and groundwater dependence29. 
Groundwater use was estimated from data on the registered use per borehole and the location of the 
boreholes extracted from the WARMS database of the Department of Water and Sanitationxii. The 
downloaded records were then edited to correct errors (e.g. incorrect locations) as far as possible and 
then converted from point data to a continuous groundwater use (registered abstraction) spatial dataset 
using the kernel density process in ArcGIS. This information was combined with data on recharge and on 
the groundwater dependence of towns taken from the Department of Water and Sanitation’s All Towns 
studies148 and used to define the groundwater WSAs (Figure 18). 

 
xii http://www.dwa.gov.za/Projects/WARMS/default.aspx  

http://www.dwa.gov.za/Projects/WARMS/default.aspx
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Figure 18: Groundwater use in the Western Cape based on the registered abstraction per borehole (in litres/sec) overlaid with 
the groundwater Water Source Areas and circles of a 9 km radius around towns that source >50% of their water supply from 

groundwater. Data prepared for the National Strategic Water Source Areas study29. 

7.2.5 Meeting human needs: Reducing wildfire consequences (vulnerability) 

Wildfire consequences (the result of being vulnerable) were assessed for 1 596 settlements across South 
Africa as part of the Green Book studyxiii. The settlement boundaries or footprints were delineated using as 
polygons using land cover, dwelling data, and statistical and census area boundaries. The outer 
boundaries of the settlements became the centre line of the wildland-urban intermix (WUI) - where urban 
or other infrastructural development borders on and intermingles with flammable natural vegetation (also 
called wildlands in the United States of America)149,150. The WUI is the area where residents and their assets 
are exposed to death or injury and damage from wildland fires. Assets are something society values and 
fire-sensitive assets can be classified as social, economic and environmental in nature151. Examples of social 
assets include human lives and homes, economic assets include plantations, businesses, or farm buildings, 
while environmental assets could include wetlands or biodiversity. This assessment focuses on the social 
and economic assets to identify those with the most severe consequences in each class within a 1-km wide 
buffer on the inside of the settlement boundary. The 2013-14 land cover classes70 were used to determine 
the social and economic impacts (consequences) in each settlement within a 1 km wide buffer on the 
inside of the boundary of the settlement (Table 7). Most of the settlements that were analysed were 
exposed to a moderate level of economic impact with none in the catastrophic class (Figure 19). Likewise, 
most settlements are exposed to a moderate social impact or consequence class but quite a few are in 

 
xiii https://greenbook.co.za/story-maps.html   

https://greenbook.co.za/story-maps.html
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the high class, especially on the Garden Route coast and the adjacent areas. An example may help 
people to interpret the social impact class in based on the land cover class: the class “informal settlements” 
is very vulnerable to fire with some people likely to be injured and even hospitalised as a result of trying to 
defend their possessions or being forced to evacuate (moderate social consequence), and the densely 
packed shacks usually burn to the ground with major economic losses, i.e. major consequences, for the 
affected families. Formal urban dwellings and their inhabitants are generally little affected by fires with few 
or no injuries, and little loss of property, so the social and economic consequences are likely to be minor. 
In some cases, like the Knysna fires in June 2017, a number of lives were lost and more than 900 formal 
homes were burnt down or severely damaged, so the consequences were severe regardless of the type 
of settlement.  

Table 7: A description of the social impact classes based on a classification of the land cover within a 1 km wide buffer on the 
inside of the settlement boundary. 

Level of Impact or Consequence 
Consequence end points 

Social consequence criteria Economic consequence criteria 

Catastrophic 
 

Death of one or more persons in the 
scenario, probable smoke 
inhalation and other health impacts; 
probably requiring emergency 
hospitalisation and affecting work 
capacity; or, evacuation required 

Depressed municipal economy; 
extensive and widespread loss of 
assets; major impact across a large 
part of the community; long-term 
external assistance required to 
recover 

Major 
 

Extensive injuries to people in the 
scenario, probable smoke 
inhalation and other health impacts; 
probably requiring emergency 
hospitalisation and affecting work 
capacity; or, evacuation required 

Serious financial loss, affecting a 
significant portion of the community; 
those affected require external 
funding (e.g. from Disaster 
Management funds) to recover 

Moderate Medical treatment required but full 
recovery possible, possible smoke 
inhalation and other health impacts; 
possibly requiring emergency 
hospitalisation 

Localised damage to property and 
some financial loss; short-term 
external assistance required to 
recover 

Minor 
 

Minor injuries only, possible smoke 
inhalation and other health impacts, 
may require first aid treatment 

Minor financial loss; short-term 
damage to individual assets; no 
external assistance required to 
recover 

Insignificant No injuries, no other health impacts, 
no first aid required 

Inconsequential or no damage to 
property; negligible losses 
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Figure 19: The potential economic impact of a wildfire on settlements in the Western Cape. For more information see the text. 

 

Figure 20: The potential social impact of a wildfire on settlements in the Western Cape. For more information, see the text. 
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7.2.6 Threats to EI and its benefits: Fire hazard and invasive alien plants 

The characterisation of the fire hazard used the same settlement boundaries as described above (section 
7.2.5), but the assessment was done for a 1 km wide buffer around the outside of the boundary. The area 
of each of the land cover classes in the 2013-14 national land cover70 was calculated as well as the area 
of the buffer. Each of the 11 natural and degraded land cover classes was classified based on the structure 
of the vegetation described for that class, and expert knowledge of how this relates to the fuel structure 
and characteristics70. Water bodies were included because they often have flammable fringing 
vegetation (e.g. reeds) and so can represent a fire hazard. The same process was followed for the 22 
cultivated land classes, depending on whether they were perennial or annual crops, the three commercial 
forest plantations and woodlot classes, and the five mine and mine infrastructure classes. The 29 urban 
classes can be divided into two groups: those with little or no natural vegetation (e.g. built-up, residential, 
commercial) and those with natural vegetation (e.g. urban with a vegetation class, urban smallholdings 
with a vegetation class). Each of these classes was assigned a fuel load: low, moderate, high and extreme, 
with low being, for example grassland or sports fields; and extreme being commercial forest plantations. 
The area of each fuel class within each settlements buffer was summed and, where high and extreme fuels 
occupied at least 25% of the buffer area, that settlement was rated as highly vulnerable to a wildfire (Figure 
21). In other words, a wildfire burning those fuel loads is likely to be a severe hazard and have significant 
social and economic consequences for that settlement.  

Unfortunately, there are no suitable national datasets on alien invasions for determining their potential 
impacts on fuel loads. The spatial resolution of the National Invasive Alien Plant Survey (NIAPS) data (i.e. 
the homogeneous mapping units)61 are too coarse for this assessment, do not cover the Karoo biomes, 
and do not show where the invasions actually are in the landscape.  The 2013-14 land cover dataset does 
not give an indication of whether or not invasive alien plants are adding to the fuel load but this can be 
inferred from information on the fire-ecology type, which is a grouping of the natural vegetation types in 
South Africa based on their structure, fuel characteristics and fire regimes152,153. Where the national land 
cover indicates a taller or denser woody vegetation layer than the fire-ecology type this is an indication of 
higher fuel loads and, potentially, of alien plant invasions. So, the potential impact of alien plant invasions 
on fuel has been taken into account in the overall assessment. 
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Figure 21: Urban settlements in the Western Cape where high or extreme fuel loads occupy more than 25% of the area of a 1 km 
buffer zone on the outside of the boundary of that settlement. For more information, see the text. 

7.2.7 Threats to EI and its benefits: Invasive alien plant impacts on runoff 

The impacts of invasive alien plants in South Africa were estimated using data from the National Invasive 
Alien Plant Survey (NIAPS) and information on the impacts of the invasive alien plants species that were 
mapped66,120,137. The estimates were summarised at the quaternary catchment level as the percentage 
reduction in the virginxiv mean annual runoff in 2007 as this is when most of the NIAPS mapping was done. 
A further assessment was done to determine the implications for mean annual runoff if no further clearing 
was done and the invading species were permitted to invade and become denser throughout the 
remaining natural vegetation (D.C. Le Maitre unpublished data). For this project an invasion (expansion) 
rate of 5% and a densification rate of 1% was used and the invasions were projected forwards for 25 years, 
i.e. until 2032. The rate of increase for a given catchment will vary depending on how much of the area is 
still invadable (i.e. natural) and the extent of the existing invasions which determines the effective rate of 
spread. This means that the area in 2032 is not simply a multiple of the area invaded in 2007, with some 
areas becoming far more invaded than others between 2007 and 2032154. 

In 2007 the reduction in MAR for all the quaternary catchments in the Western Cape region was estimated 
to be 1.8% with the top 10 water producing catchments (Figure 14) losing an average of 8.1% of their MAR. 
However, the impacts vary spatially with high impacts in the Boland mountains and in the Outeniqua 
mountains as well as in places on the lowlands (Figure 6). By 2032 the reductions increase substantially in 
both the already heavily areas as well as many other catchments, especially on the lowlands and in the 

 
xiv Virgin mean annual runoff is the runoff that would have occurred if the catchment was still under natural vegetation and with no 
water diversions and abstractions or changes in land cover. 
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Garden Route area. The impact on the catchments on the inland side of the coastal mountain ranges, 
especially in the Little Karoo, is of concern as these areas already experience chronic water shortages155.  

7.2.8 Threats to EI and its benefits: Land degradation 

The land degradation data presented here are taken from the outputs of the Land Degradation 
Assessment in Drylands (LADA) project, funded by the Food and Agriculture Organisation of the United 
Nations86,156. The national assessment was completed between 2008 and 2012 and was coordinated by 
the national Department of Agriculture Forestry and Fisheries and involved the ARC-ISCW, participatory 
expert workshops and a wide range of specialists in natural resource management. The assessments are 
qualitative and based on expert perceptions standardised by applying the LADA-WOCAT Mapping 
Questionnaire during all the workshops and achieving consensus. Most of the province is in the Very Low 
Degradation Index (DI) class (<32.50) or Low DI (32.51-41.16) classes but appreciable areas are in the 
Severe (47.92 – 58.27) and Very Severe (>58.27) classes, especially along the coast from De Hoop eastwards 
to west of Wilderness, mainly due to land transformation and alien plant invasions (Figure 22). The Little 
Karoo and Garden Route also have extensive degradation, often Very Severe (mainly vegetation loss and 
soil erosion), as do portions of the Outeniqua and Western Tsitsikamma (mainly invasions). There are some 
anomalies in the map that still need to be re-assessed. One of these is the classification of the state land in 
the core of the Kogelberg Biosphere Reserve as severely degraded which simply does not make sense as 
this is a very carefully managed area, the vegetation is in good condition and alien plant invasions are 
generally at low densities where they occur. The eastern Langeberg also appear to be shown as more 
degraded than they should be. 

Another measure of land degradation is soil loss. There is always some soil loss even from rangelands in 
perfect condition but, as the rangeland vegetation cover decreases due to overgrazing and trampling, 
the soil loss will increase73,157–165. Therefore, we would expect areas where there is a high degradation index 
to also show a high soil loss but it is not as straightforward as it seems. For example, there may be cases 
where the soils are inherently stable and not prone to erosion and they will always have a low soil loss. There 
are many ways of estimating and modelling soil loss over large areas of land and one of these is the 
Universal Soil Loss Equation and various modifications to this equation166–171. These models use information 
on the soil characteristics, terrain (e.g. slope) and the rainfall intensity to estimate the potential for soil loss 
should there be no vegetation to provide a soil stabilisation service, also called the potential soil loss172. This 
information is combined with information on the state of the vegetation to derive a modelled actual soil 
loss. The modelled actual soil loss for the Western Cape showing the high soil loss rates in the Succulent 
Karoo, the Great Escarpment and parts of the Overberg (Figure 23).  

When rangeland vegetation becomes degraded, one of the typical consequences is the formation of a 
mineral crust or other modifications of the soil texture due, for example to the loss of soil organic 
matter73,159,173–175. This in turn, decreases the soil porosity and reduces its water infiltration and percolation 
capacity, resulting in more rainwater becoming surface runoff or overland flow, increasing the volumes of 
flood water and reducing dry season flows (baseflow) because less water is stored in the catchment for 
gradual release over time164,165,176–179. The increased surface runoff, in turn will result in increased soil loss, so 
the two processes can reinforce each other, increasing the rate of degradation.   
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Figure 22: The Degradation Index for natural vegetation based on expert assessments. The data were assessed at the level of the 
national vegetation map biomes, including treating the azonal classes as a separate category. For more information on the index 

see the text. 

 

Figure 23: Modelled actual soil loss for South Africa172. For more information see the text. 
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7.2.9 Threats to EI and its benefits: River and wetland degradation 

The best available datasets on the current ecological state of the river systems are those prepared for the 
2018 National Biodiversity Assessment (NBA) which will be released later this year. The 2018 present 
ecological status (PES) dataset for the rivers was obtained and will be used as an index of river degradation 
(Figure 9). The 2018 wetland ecological status dataset developed for the NBA was also obtained and was 
initially used in the prioritisation. However, the Working for Wetlands programme recently completed a 
prioritisation of the wetlands of the Western Cape which took into account a number of other factors 
beside the PES94. We have used the priorities derived from this study as an indicator of wetland function 
and its loss in degraded wetlands, and reworked them to the quaternary catchment level to align them 
with the rest of the datasets. 

7.2.10 Threats to EI and its benefits: Estuary degradation 

The best data set on the state of the estuaries is the data collated and verified for the 2018 National 
Biodiversity Assessment (Figure 12). While this dataset highlights the estuaries and their state, the issues in 
the estuaries mainly originate upstream, although there are some exceptions such as mining in the Olifants 
River estuary. This implies that all the upstream catchments should be targeted for protection or restoration 
of EI, but this would not be practical or useful as it would include all the upstream catchments. Therefore, 
we have focused on the quaternary catchments within which the estuaries fall and the state of the 
estuaries in each of those catchments as provided in the 2018 National Biodiversity Assessmentxv (Lara van 
Niekerk, CSIR, personal communication February 2019). 

7.2.11 Threats to EI and its benefits: Coastal vulnerability (physical) 

The information on the potential coastal vulnerability given the projected climate change has been taken 
from the National Coastal Assessment (NCA) which is still being finalised180. We used threshold for erosion 
and flooding which best matched the risk lines from the provincial studies. The provincial Coastal 
Management Risk Lines181,182data should replace the national data once they have been reworked for this 
study in terms of the priorities for protection and restoration of EI. The provincial assessments do not include 
the coastline of the Cape Town metropole which was assessed using a somewhat different approach183,184 
which still has to be harmonised with the provincial datasets. 

The physical vulnerability for the NCA, and thus the hazard to people and infrastructure, was assessed as 
the combination of the potential for erosion and for flooding due to sea-level rise and wave run-up based 
on a multi-criteria model which used a number of factors which determine the potential for flooding and 
erosion (Table 8: Parameters used for the multi-criteria model of flood, erosion and combined 
physical hazard in the 2018 National Coastal Assessment180.). An expert-based ranking of each factor 
according to its hazard risk contribution was applied to derive the final hazard rating for each section of 
the coast.  

  

 
xv https://www.sanbi.org/biodiversity/building-knowledge/biodiversity-monitoring-assessment/national-biodiversity-assessment/  

https://www.sanbi.org/biodiversity/building-knowledge/biodiversity-monitoring-assessment/national-biodiversity-assessment/
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Table 8: Parameters used for the multi-criteria model of flood, erosion and combined physical hazard in the 2018 National 
Coastal Assessment180. 

 

The area of the coast that is subject to the hazard is a narrow strip, rarely extending more than 100 m inland 
but potentially for more than 1 km so it is impractical to show it for the whole provincial coastline in a single 
map. The selected example shows the eastern part of False Bay from about Strandfontein to Kogel Bay 
which highlights the vulnerability of the area from about Macassar to Gordon’s Bay, especially the Strand 
(Figure 24). The area most exposed to the hazard is the central section of the Strand where historical urban 
and beachfront development resulted in the loss of the foredune system and made the area very prone 
to flooding during spring tides. A very expensive hard structure was recently built to prevent flooding, but 
even this could be overtopped or flooded from behind by floodwaters which gain entry through adjacent 
areas.   
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Figure 24: The physical coastal hazard which is a combination of the potential for erosion given the projected climate change 
based on a multi-criteria models180. Simplified land cover70 is shown to make it easier to interpret the map. 

7.2.12 Threats to EI and its benefits: Flooding (physical) 

A range of datasets could be used to prioritise areas in terms of flood hazard. The Green Book study used 
both climatic indicators and flood indexesxvi185. A well-established standard climatic indicator is the one-
day, design rainfall which is an estimate of the extreme daily rainfall to use in designing storm water systems, 
culverts and other structures186,187. This information is based on historical rainfall records which are sparse 
and non-randomly distributed weather stations so it is important to note general patterns rather than 
individual catchments when interpreting such maps. The 100-year interval design rainfall is between 40 and 
256 mm in the province, with distinct concentrations of high design rainfall areas, notably in the Boland 
mountains and the Garden Route area (Figure 25). Quite extensive areas of the province can expect 
extreme rainfall of >119 mm, and some parts more than 166 mm, in a single day about once every 100 
years. This is a considerable volume of water - 100 mm equates to 1 000 m3/ha. If this falls on a 10 000 ha 
catchment, it would amount to 100 million m3 of water, enough to fill a very large dam. Some of this rain 
can be absorbed by the soils but, if they were already moist or wet because of preceding rainfall, or if the 
intense rainfall continues for hours, then most of the rainfall will become flood water. The severe flooding in 
Sedgefield in 2007 was the result of two days in succession with more than 200 mm of rainfall188, so the 
design rainfall is not unrealistic.  

 
xvi https://greenbook.co.za/story-maps.html 
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Figure 25: One-day design rainfall with a likelihood of 1 in 100 years for quaternary (4th order) catchments in the Western Cape. 

Another index than can be used is the Kovacs flood index (K-ratio), which is based on studies that found 
links between the upstream catchment area and observed maximum flood peaks189,190. The K-ratio is 
derived from an equation which represents the ratio of the maximum flood volume (m3/sec) to the 
historical runoff. The K-ratios were generalised to regions using information on the catchment 
characteristics, flow records and 3-day rainfall to create a map for the country189 (Figure 1). A K-ratio of 4 
means that the peak flood volume will be four times the typical flow volume which may not sound like a 
lot of water but, when that peak flow is being channelled through a confined space (e.g. a bridge span) 
the force it generates and the damage it can do is considerable. Most of the province has a K-ratio of 5 
with the coastal part of the Garden Route being the highest in the province. This area combines a high 
Design rainfall with high flood flows (K-ratio) which may help explain why it is particularly prone to damaging 
floods52,56.  
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Figure 26: The regionalised K-ratio i.e. the ratio of the flood peak in m3/sec to the average annual flow in m3/sec for catchments 
in South Africa, Lesotho and Swaziland (Kovács, 1988). Digital version supplied by the Aurecon Group (Andre Görgens personal 

communication 2018).  

7.3 The fourth workshop: prioritising the threats to EI and human well-being 
The fourth workshop was held at the CSIR in Stellenbosch on the 5th of March 2019 and there were about 
25 participants. This was a lower turnout than we had hoped for but was to be expected given that many 
of the participants were not able to attend due to the time it would have taken for them to travel, the 
costs of participation and the pressures associated with the financial year end in March. The workshop 
opened with a welcoming of the participants by Lizande Kellerman (CSIR), introductions and a reminder 
from Marlene Laros (DEA&DP) about the aims of the project. This was followed by a presentation on the 
purpose of the workshop, namely to:  

 Provide feedback from previous workshops and progress since the workshops, and  

 Prioritise threats to the Provinces ecological infrastructure within each of the 6 catchment clusters. 

Based on a thorough assessment of the outputs of all the workshops following on from the progress report, 
Michelle Audouin (CSIR) then presented a new formulation of the Vision:  

By 2040, people of the Western Cape live and organise themselves in a way that promotes healthy and 
resilient ecological infrastructure, so that it yields goods and services that support physical, psychological 
and spiritual well-being in the face of population pressure, rapid urbanisation and climate change. 
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This was then discussed and the participants agreed that this revised formulation could be used for the 
prioritisation and in the development of the Ecological Infrastructure Investment Framework. This vision was 
also expanded into nine statements which set out the vision in more detail and will be used in the 
development of the EIIF: 

1. Ecological infrastructure yields goods and services that promote the physical, psychological and 
spiritual well-being of the people of the Western Cape; 

2. Ecological infrastructure directly supports the creation sustainable livelihoods within a diverse range of 
sectors, in particular the bio-economy, yielding transformative socio-economic benefits in the Province;  

3. Ecological infrastructure supports sustainable and resilient land use practices (e.g. related to 
agriculture), which in turn maintain and enhance the ecosystem goods and services on which such 
land use depends;  

4. The threat of invasive alien plants to ecological infrastructure, in particular water resources, is controlled 
and well managed for the benefit of all in the Western Cape;  

5. Ecological infrastructure reduces the vulnerability of Western Cape communities (particularly 
marginalised communities) to environmental shocks, including the impacts of climate change (e.g. 
droughts and floods);  

6. Ecological infrastructure is restored and maintained such that it enhances biodiversity, which in turn, 
contributes to healthy ecological infrastructure in the Province; 

7. The people of the Western Cape are aware of the roles of ecological infrastructure in supporting 
human well-being and these roles are understood and valued within society; 

8. The social, ecological and economic returns on investment in ecological infrastructure are measured 
and documented, with such investment resulting in sustainable, long-term outcomes that promote 
further investment; and   

9. Ecological infrastructure is managed through effective partnerships among societal stakeholders (e.g. 
government, civil society and business) and through inclusive, participatory processes for development 
and environmental decision-making. 

7.3.1 Description of the threats 

The three workshops in 2018 provided the team with a diverse set of threats and often with different wording 
or views on the same threats. Based on a thorough assessment of the workshop outputs the team was able 
to derive a set of nine threats for the workshop participants to prioritise for each of the six catchment 
clusters. Each of these threats is described in more detail elsewhere (e.g. sections 5 and 7.2) and in the 
sections that follow: 

 Water security, as indicated human by dependence on those invaded water source areas, water 
supply status, groundwater use and dependence, combined with reduced water flows (runoff, 
groundwater recharge) due to spread of alien invasive species; 

 Degradation of river and wetland systems due to modification activities as indicated by the present 
ecological status of rivers and wetlands; 
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 Degradation of estuary function due to reduction in water quality and quantity as indicated by the 
ecological status of the estuaries; 

 Increased exposure to uncontrolled wildfires due to lack of fuel reduction measures indicated by 
the estimated fuel loads in the wildland-urban intermix and in natural vegetation in rural areas 
including alien plant invasions; 

 Increased exposure to uncontrolled wildfires due to unwise and/or uncontrolled urbanisation 
indicated by fuel loads within the wildland urban intermix, including alien plant invasions; 

 Increased flood damage potential due to degradation of natural vegetation which increases the 
potential for high volumes of runoff in response to rainfall; 

 Increased flood damage potential due to unwise and/or uncontrolled urbanisation in areas where 
there is high potential for flooding due to intense rainfall events and responsive catchment areas; 

 Degradation of rangeland productivity due to poor land use practices resulting in a loss of 
rangeland productivity and increased soil loss; and 

 Increased coastal vulnerability due to physical erosion and coastal flooding from the ocean that is 
expected to occur with ongoing climate change. 

7.3.2 Prioritisation Process 

In the proposal and inception reports the method of undertaking the catchment prioritisation component 
of this project was set out. This method was informed by the experience of doing similar prioritisations for 
the Working for Water programme and for other organisations. However, when the CSIR team met, 
discussed the process and the desired outcomes, it was realised that the approach initially put forward 
would not work. There were three critical considerations that necessitated a change:  

1. The previous prioritisations were done for a single agency (Working for Water) with a single well-defined 
purpose and goal for allocating its funds. The EIIF is intended to guide a wide range of investors and 
funders who will want to achieve differing outcomes through their investment in the protection and 
restoration of different kinds of EI from different threats. The EIIF needs to make provision for that diversity; 

2. The biogeographical diversity of the Western Cape results in very different suites of benefits and threats 
across the province, from the coast to the mountains, from major water source areas to near desert, 
from Fynbos to Nama Karoo. The EIIF needs to take this diversity into account; and 

3. The diversity described above meant that trying to arrive at a single set of priorities for protecting and 
restoring all the benefits would lead to us comparing dissimilar variables. Important considerations 
could potentially be overlooked during this process which could affect the usefulness of the EIIF as a 
framework.  

The workshop structure and the process followed was designed to take account of the more complicated 
prioritisation process required to address these three considerations. A Delphi process was followed in 
which the workshop participants were divided into groups of four people. There were sufficient participants, 
including some CSIR staff, to form seven groups. The catchment clusters were grouped into similar pairs to 
maximise the effective use of time: Berg & Breede, Agulhas and Garden Route, and Olifants-Doring and 
Gouritz. Each person in each group independently ranked the threats to each of the clusters from 1 (high) 
to 9 (low). They then formed pairs to discuss their individual rankings and reach consensus on their rankings. 
Finally, the two pairs in each group came together to discuss the paired rankings and reach a group 
consensus. The final group rankings were then handed to the facilitation team who recorded the seven 
group rankings in a worksheet for each of the clusters. The rankings of each threat by each of the seven 
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groups were then summed to give participants an indication of the overall ranking of the threats in each 
of the clusters. Near the end of the workshop these interim rankings for each cluster were presented to the 
participants and discussed briefly so that the team could record the comments. The aim of this session was 
not to change the rankings that came out of the process, but to get some feedback about concerns that 
could be considered during the finalisation of the prioritisation process. 

7.3.3 Catchment clusters 

Given the concerns about the diversity of investors using the EIIF to guide decisions and the biographical 
heterogeneity of the province, the question was how to divide the province up in a way which would 
reduce: (a) the biogeographical heterogeneity in services; and (b) recognise that the flows of benefits 
from EI, and losses of benefits due to degraded EI, which are both local (e.g. invasions increasing fuel loads, 
reduced rangeland productivity) and extend beyond the local (e.g. altered river flows, sediment loss from 
degraded rangeland). The most logical way to do this was to divide the province up into its major water 
catchments (also known as primary catchments). However, the provincial boundaries do not follow the 
hydrological catchment boundaries so the first step was to select all the quaternary catchments which 
overlap with the provincial boundaries, even where the overlap is small. When these were divided into the 
primary catchments there were some primary catchments that were completely included and some that 
were only partially within the province (Figure 27). There is a legacy of history in the delineation of the 
primary catchments which was done by the national department of water affairs in the early part of the 
20th century. Both the Berg and West Coast and the Kogelberg to Agulhas areas were grouped as one 
primary catchment but are quite different both biogeographically and in terms of human activities, so this 
primary catchment was divided into two clusters. Four of the clusters are dominated by the Fynbos biome 
and two include substantial areas of the Succulent Karoo (Olifants-Doring), or both it and the Nama Karoo 
biome (Gouritz) (Figure 28). The Forest Biome is an important component of the Garden Route cluster. The 
Gouritz cluster is characterised by the lowest mean annual runoff (MAR) and has by far the greatest area 
of the six clusters (Table 8), comprising 43% of the province. It does still include some high mean annual 
runoff catchments (Figure 14) which overlap with the Water Source Areas (WSAs) for surface water and 
some important groundwater source areas (Figure 3). In contrast, the Garden Route cluster has the highest 
MAR, and, although it comprises little more than 3% of the province, has extensive WSAs. The greatest 
volumes of MAR are produced in the Breede cluster followed by the Berg cluster, and both include a 
number of WSAs, especially groundwater ones in the Berg and West Coast.  
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Figure 27: The six catchment clusters that were chosen for the prioritisation of the threats showing the primary catchments and 
their names and mnemonics.  

 

Figure 28: The distribution of the biomes across the six catchment clusters used in the prioritisation.  
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Table 9: Summary of the catchment cluster surface water flows and areas 

Cluster 
(Code) River system 

Mean annual runoff 
Area (ha) Percent of 

province Mean 
(mm) 

Maximum 
(mm) 

Volume (mill 
m3/year) 

JLND 
Gouritz, Gamtoos, 
Sundays, Orange 13 540 749.2 5 688 977 43.96 

EF 
Olifants-Doring, 
Namaqualand 33 1051 897.2 2 729 579 21.09 

GA Kogelberg-Agulhas 90 1667 649.3 718 159 5.55 
GB Berg, West Coast 62 2035 1126.1 1 811 320 14.00 
H Breede-Goukou 125 2707 1938.9 1 552 878 12.00 
K Garden Route 156 767 683.9 439 094 3.39 

 

A brief overview of the important characteristics of each of the clusters was also provided to each of the 
workshop groups doing the ranking that was then used in the prioritisation together with a set of maps 
showing how the different threats were being represented spatially.  
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Table 10: A summary of the important characteristics of each of the catchment clusters that was used to help the participants in the prioritisation of the catchments.  

Cluster (river 
system) Biomes Important benefits from EI Key threats 

Berg, West 
Coast 

Fynbos Water for WCWSS (including Cape 
Metropol) and groundwater, both 
used for irrigation (vines, deciduous 
fruit, vegetables) from large river 
systems and extensive aquifers 
(e.g. Sandveld); limited rangeland 
use; important inshore fishing 
industries based on the coast; high 
recreational use and tourism 
focused on nodes 

IAP invasions reduce runoff from fynbos catchments, extensive lowland invasions on 
aquifers; low rangeland productivity except in Renosterveld with limited use; many 
settlements with moderate to low water security and groundwater dependent; main 
rivers and wetlands degraded, key river and wetland systems degraded (invasions, 
limited buffers, river channel modification, urban impacts), agricultural impacts on 
water quality; flood hazard limited to areas of high rainfall, catchments mainly 
moderate to low responsiveness to rainfall; vulnerable coastal urban developments; 
many settlements exposed to high fuel loads and potential social and economic losses; 
high probability of wildfires exacerbated by IAP invasions 

Breede-
Goukou 

Fynbos Water for WCWSS for Cape Town 
metropole and for irrigation along 
Breede (surface water and 
intensive groundwater use, vines 
for wine and table, deciduous fruit, 
vegetables), large river system and 
extensive coastal aquifers; 
moderate rangeland use in 
Renosterveld and Karoo; important 
inshore fishing industries based on 
the coast; high recreational use 
and tourism focused on nodes 

IAP invasions reduce runoff from fynbos catchments, especially high runoff ones in 
headwaters, extensive lowland invasions on aquifers; many settlements with moderate 
low water security and groundwater dependent; Renosterveld and coastal systems in 
east badly degraded; main rivers and wetlands degraded (invasions, no buffers, river 
channel modification), agricultural impacts on water quality; flood hazard limited areas 
of high rainfall, mainly high flood responsiveness of catchments; vulnerable coastal 
urban developments; many settlements exposed to high fuel loads and potential social 
and economic losses; high probability of wildfires exacerbated by IAP invasions 

Kogelberg-
Agulhas 

Fynbos Water for irrigation (surface and 
groundwater, vines, dairy); fynbos 
flower harvesting; limited 
Renosterveld rangeland use; 
extensive wetlands; long coast with 
inshore fishing (and poaching); 
supports high recreational use and 
tourism 

IAP invasions reduce runoff from fynbos catchments, especially high runoff ones in 
headwaters, extensive lowland invasions on aquifers; many settlements with moderate 
low water security and groundwater dependent; irrigated agriculture (dairy); key river 
and wetland systems badly degraded; agricultural impacts on water quality; limited 
rangeland use; flood hazard from high rainfall, flood responsiveness of catchments low; 
vulnerable coastal urban developments; many settlements exposed to high fuel loads 
and potential social and economic losses; high probability of wildfires exacerbated by 
IAP invasions 

Garden Route 
(Knysna) 

Fynbos, 
Forest 

Water for irrigated agriculture 
(mainly surface water, dairy, 
vegetables); small river systems, 
extensive coastal wetlands 
embedded in aquifers; long coast, 
limited inshore fishing industries 
based on the coast; high 
recreational use and tourism 
focused on nodes 

Extensive IAP invasions reduce runoff from fynbos catchments, especially in high runoff 
areas of the headwaters, extensive lowland invasions, also on aquifers; many 
settlements with moderate water security, experiencing water supply problems in 
current drought; high to severe degradation of natural veld (mainly due to invasions); 
main (western) rivers and wetlands degraded (invasions, no buffers), impacts on water 
quality from intensive agriculture; flood hazard high with many catchments with very 
high design rainfall and high flood responsiveness, has a long history of damaging 
floods; vulnerable coastal urban developments; many settlements exposed to high fuel 
loads and potential social and economic losses (assessment was done prior to June 
2017 fires); high probability of wildfires exacerbated by IAP invasions 
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Cluster (river 
system) Biomes Important benefits from EI Key threats 

Gouritz, 
Gamtoos, 
Sundays, 
Orange 

Succulent 
Karoo, 
Nama 
Karoo, 
Albany 
thicket 

Karoo and Renosterveld 
rangelands (sheep, ostrich); 
surface and groundwater water 
availability limited and critical, 
limited irrigated agriculture 
(surface & groundwater, vines, 
lucerne); rivers a key water source 
(alluvial aquifers); essentially no 
coast; popular as a low intensity 
tourism destination (“die niks” en 
“die stilte”) 

Rangeland degradation, high dependence on rangeland productivity, but extensive 
land degradation in the Succulent Karoo (Little Karoo) and in coastal catchments 
(invasions); IAP invasions reduce runoff from Outeniqua-Tsitsikamma catchments (no 
invasion data for the Karoo biomes); many settlements with low water security and 
groundwater dependent, experiencing water supply problems in current drought; river 
and wetland degradation low to moderate; flood hazard from high rainfall and 
responsive catchments; agricultural impacts on water quality; some settlements 
exposed to high fuel loads and potential social and economic losses, but probability of 
naturally caused fires is low in the Karoo biomes 

Olifants-Doring, 
Namaqualand 

Succulent 
Karoo, 
Fynbos 

Water for irrigation along Olifants 
(mainly surface water, citrus, wine, 
grapes, vegetables); Karoo and 
Renosterveld rangelands (sheep) 
(Doring, Namaqualand), alluvial 
aquifers a key groundwater source 
in Karoo; fynbos veld harvesting 
(Buchu, Rooibos); sparsely 
inhabited coast in Namaqualand; 
flower tourism 

IAP invasions reduce runoff from fynbos catchments but relatively uninvaded except for 
river floodplains, no invasion data for the Karoo biomes; many settlements with low 
water security and groundwater dependent, and extensive, irrigated agriculture; 
rangeland use in Karoo moderate and systems not highly degraded; key river and 
wetland systems degraded (invasions, limited buffers, river channel modification), 
agricultural impacts on water quality; flood hazard moderate to low with low design 
rainfall and unresponsive catchments;  some settlements exposed to high fuel loads and 
potential social and economic losses but probability of fire is low in the Karoo biomes; 
cluster is the most exposed to climate change, particularly decreasing rainfall 
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7.3.4 Interim ranking 

The interim ranking was presented at the workshop, as described earlier, by simply summing the seven 
group’s rankings for each of the nine threats that was considered for each of the six clusters. This is not the 
correct way to do this for rankings because they are ranks and not continuous numerical variables or fixed 
interval values. Nevertheless, the sums can be interpreted as an estimate of the relative importance based 
on the seven groups inputs (Table 11). The interim summary shows, for example, water security, including 
the impacts of invasive alien plants on water runoff (MAR), is considered much more important than the 
other threats for the Berg (score of 9 versus 20 for the next threat). It also shows where there was a tie in the 
relative importance with, for example, increased exposure to wildfire due to unwise or uncontrolled 
urbanisation and increased flood damage due to degradation of natural vegetation. It also shows that 
the rankings for the Olifants-Doring and Gouritz are different, reflecting the importance of the Olifants River 
estuary in the former, and of rangeland degradation in both clusters.   

Table 11: A summary of the interim ranking of the nine threats for each of the six catchment clusters. Each cluster was rated 
independently so the values for threats should not be compared between clusters, just the sequence. Threats arranged according 

to their relative importance (low values indicate greater importance). 

Cluster Threat to ecological infrastructure and human well-being Sum of 
ranks 

Berg Water security, including reduced water runoff due to spread of alien invasive 
species 

9 

Berg Degradation of river and wetland systems due to modification activities 20 

Berg Increased exposure to uncontrolled wildfires due to lack of fuel reduction measures 25 

Berg Degradation of estuary function due to reduction in water quality and quantity 35 

Berg Increased exposure to uncontrolled wildfires due to unwise/uncontrolled 
urbanisation 

38 

Berg Increased flood damage potential due to degradation of natural vegetation 38 

Berg Increased flood damage potential due to unwise/uncontrolled urbanisation 46 

Berg Degradation of rangeland productivity due to poor land use practices 51 

Berg Increased coastal vulnerability due to physical erosion and flooding 53 

Breede Water security, including reduced water runoff due to spread of alien invasive 
species 

7 

Breede Degradation of river and wetland systems due to modification activities 21 

Breede Increased exposure to uncontrolled wildfires due to lack of fuel reduction measures 22 

Breede Increased flood damage potential due to degradation of natural vegetation 32 

Breede Increased exposure to uncontrolled wildfires due to unwise/uncontrolled 
urbanisation 

37 

Breede Degradation of estuary function due to reduction in water quality and quantity 42 

Breede Degradation of rangeland productivity due to poor land use practices 49 

Breede Increased flood damage potential due to unwise/uncontrolled urbanisation 52 

Breede Increased coastal vulnerability due to physical erosion and flooding 53 

Agulhas Water security, including reduced water runoff due to spread of alien invasive 
species 

13 

Agulhas Increased exposure to uncontrolled wildfires due to lack of fuel reduction measures 14 

Agulhas Degradation of river and wetland systems due to modification activities 18 

Agulhas Degradation of estuary function due to reduction in water quality and quantity 40 

Agulhas Increased exposure to uncontrolled wildfires due to unwise/uncontrolled 
urbanisation 

41 
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Cluster Threat to ecological infrastructure and human well-being Sum of 
ranks 

Agulhas Degradation of rangeland productivity due to poor land use practices 43 

Agulhas Increased flood damage potential due to degradation of natural vegetation 46 

Agulhas Increased coastal vulnerability due to physical erosion and flooding 47 

Agulhas Increased flood damage potential due to unwise/uncontrolled urbanisation 53 

Garden Route Water security, including reduced water runoff due to spread of alien invasive 
species 

13 

Garden Route Increased exposure to uncontrolled wildfires due to lack of fuel reduction measures 14 

Garden Route Increased exposure to uncontrolled wildfires due to unwise/uncontrolled 
urbanisation 

25 

Garden Route Degradation of river and wetland systems due to modification activities 32 

Garden Route Degradation of estuary function due to reduction in water quality and quantity 35 

Garden Route Increased flood damage potential due to unwise/uncontrolled urbanisation 35 

Garden Route Increased flood damage potential due to degradation of natural vegetation 51 

Garden Route Increased coastal vulnerability due to physical erosion and flooding 51 

Garden Route Degradation of rangeland productivity due to poor land use practices 59 

Olifants-Doring Degradation of river and wetland systems due to modification activities 13 

Olifants-Doring Degradation of rangeland productivity due to poor land use practices 17 

Olifants-Doring Degradation of estuary function due to reduction in water quality and quantity 25 

Olifants-Doring Increased flood damage potential due to degradation of natural vegetation 26 

Olifants-Doring Water security, including reduced water runoff due to spread of alien invasive 
species 

40 

Olifants-Doring Increased flood damage potential due to unwise/uncontrolled urbanisation 42 

Olifants-Doring Increased coastal vulnerability due to physical erosion and flooding 45 

Olifants-Doring Increased exposure to uncontrolled wildfires due to lack of fuel reduction measures 51 

Olifants-Doring Increased exposure to uncontrolled wildfires due to unwise/uncontrolled 
urbanisation 

56 

Gouritz Degradation of rangeland productivity due to poor land use practices 9 

Gouritz Degradation of river and wetland systems due to modification activities 18 

Gouritz Increased flood damage potential due to degradation of natural vegetation 21 

Gouritz Water security, including reduced water runoff due to spread of alien invasive 
species 

36 

Gouritz Degradation of estuary function due to reduction in water quality and quantity 39 

Gouritz Increased flood damage potential due to unwise/uncontrolled urbanisation 40 

Gouritz Increased exposure to uncontrolled wildfires due to lack of fuel reduction measures 48 

Gouritz Increased coastal vulnerability due to physical erosion and flooding 50 

Gouritz Increased exposure to uncontrolled wildfires due to unwise/uncontrolled 
urbanisation 

54 

7.3.5 Combining the threat datasets to prioritise EI 

The Analytic Hierarchy Process (AHP) is one of several multi-criteria decision making tools which allows data 
for different factors, elements or criteria with different units (e.g. integers, categories) to be combined to 
enable users to arrive at a final score for each management unit of interest (in this case a quaternary 
catchment)191–194. The entire approach is designed to be as interactive and flexible as possible to ensure 
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that stakeholder inputs are incorporated and that a consensus can be reached among the different 
groups comprising the stakeholders. The criteria can be arranged hierarchically in a way that minimises 
cross comparisons and also allows for appropriate comparisons (e.g. avoiding comparing apples and 
pears). 

7.3.6 A brief review of the previous prioritisation for the Western Cape for Working for Water 

A regional prioritisation was done for Working for Water in the Western Cape in 2009 and was for the primary 
catchments in the Western Cape region195. The process involved the active participation of a wide range 
of stakeholders in a number of workshops which were distributed across the province, with each workshop 
addressing a couple of primary catchments. The AHP process was undertaken interactively using a 
software package known as Expert Choice®17. However, because this project had to cover six catchment 
clusters in a single workshop, a Delphi process was chosen as this achieves a similar consensus but is less 
time consuming. 

The first step in the 2009 process was to define a goal and then to develop or identify criteria that could be 
used to determine how important actions aimed at meeting those criteria would contribute to the 
achievement of the goal. The software package allowed the participants in the workshop to agree on an 
objective, and then set weights for criteria and sub-criteria interactively and in discussion with each other 
until a consensus was reached. These workshops developed the following goal: To reduce and control IAPs 
to minimise their negative impacts on natural resources195. This goal was then used to develop criteria and 
assign weights, with a high weight (40.9%) given to maintaining the gains, which refers to the ability of the 
land owners to continue the clearing and maintain the area in the long-term. This meant focusing on 
clearing invasions in protected areas on state land and, thus, prioritising catchments with a high proportion 
of such land because conservation agencies have a mandate to minimise alien plan invasions. The next 
most important criteria were to improve the integrity of water supplies (21.7%) (i.e. focusing on high water 
producing catchments) and the potential of alien plants have to spread (19.6%) (i.e. what proportion of a 
catchment was potentially invadable [untransformed]). At the time the criterion of maintaining the gains 
made sense, and was strongly motivated for, but subsequent experience has shown that it is better to focus 
on the benefits from the clearing rather than presuming the gains could be maintained, because many 
other factors affect the ability to maintain control programmes.  In addition, it has become clear that every 
landowner will have to get involved and contribute if the problem of invasions is to be brought under 
control196.   

 

Figure 29: Ranked criteria, weighted in respect to the goal, identified as significant for the purposes prioritizing quaternary 
catchments for the clearing of invasive alien plants195.  

In the case of the EIIF and its catchment prioritisation, the three workshops that were held in 2018 have 
given us a draft goal for the investment in ecological infrastructure. The fourth workshop on the 5th of March 
2018 established the objective for the prioritisation which is fully aligned with the objectives of the EIIF 
(section 2). The 2018 workshops also identified the main threats to EI and the priorities for restoration. Section 

 
17 https://www.expertchoice.com/  

https://www.expertchoice.com/
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7.2 describes a set of spatial datasets that represent areas of relatively high EI production, locations where 
people derive important benefits from the services provided by the EI, and threats to the EI and to human 
well-being and livelihoods.  

7.4 Selecting priority catchments within each cluster 
The output from the ranking of the nine threats for each of the six clusters in the workshop on 5 March 2018 
has been described in section 7.3.4. The first step was to convert those to the format and inputs required 
for the Expert Choice system. The software enables the users to enter their criteria and to weight them in a 
number of ways. Since pairwise weighting of the nine threats for the six catchments was not followed, which 
can be done in a few ways, the DIRECT method was chosen. This allows the rankings of each of the seven 
group’s final rankings for each of the clusters to be placed in a scaled form. This method requires all the 
input values to be scaled from 0.0-1.0 where 0.0 is low and 1.0 is high. This was done by subtracting the 
given rank from 10 to reverse the priority and then dividing by 9 to give scaled values in the correct 
numerical order. The data for each cluster was then entered into the model with each group’s inputs being 
equally weighted. This process resulted in the conversion of the ranks to a weight for each of the nine 
threats in each of the six clusters (Figure 30).  
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Figure 30: The weights calculated for each of the nine threats in each of the six clusters based on the rankings assigned during the workshop on 5 March 2019: (a) Berg-West Coast, 
(b) Breede-Goukou, (c) Kogelberg-Agulhas, (d) Garden Route, (e) Olifants-Doring & Namaqualand, (f) Gouritz, Gamtoos, Sundays, Orange.

(a)

(b)

(c)

(d)

(e)

(f)
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7.5 Entering the catchment data for each of the six clusters 
The software used for the AHP modelling allows the capturing of data for the catchments (called 
alternatives in the software) in a spreadsheet in a particular format and then the importing of that spread 
sheet directly. This means that data for each variable for each catchment can be output from the GIS, 
imported into a spreadsheet and then rescaled before loading it into the model. This process was followed 
for each of the more than 300 quaternary catchments that overlap with the Western Cape province. In 
each case the scaling chosen gave a high value to the catchments that should be the priority for 
protection and restoration (Table 12). 

A number of concerns have been raised about the completeness and adequacy of the 2007 NIAPS data. 
These concerns were raised again in comments on the draft prioritisation, with particular concerns being 
expressed about the relatively low priority given to the key catchments in the Western Cape Water Supply 
System (WCWSS), notably those in the Upper Berg and around the Theewaterskloof Dam both with the 
Berg-West Coast cluster and for the province as a whole. It is acknowledged that the NIAPS data for the 
WCWSS are not very accurate and underestimated the extent and density of the invasions, particularly in 
the mountain areas. This was addressed by taking the invasions dataset developed for the modelling of 
the impacts on the yields of the WCWSS for the mid-2000s197,198 to match the 2007 date of the NIAPs as 
closely as possible. The invasion data used for the yield impact study for each catchment were summarised 
and used to estimate the impact on the mean annual runoff based on the mean reductions estimated for 
each of those quaternaries based on the 2007 NIAPS data66. The invasions were then projected forwards 
to the year 2032 to be consistent with those for the other catchments which were based on the NIAPS data. 
Thus, this new dataset for the WCWSS replaced the data from the NIAPS for those catchments. 

Table 12: Summary of the variables used to derive a weight for each quaternary catchment in each cluster.  

Variable Units Scaling 
Reduction in MAR due to alien plant 
invasions: 2007 and projected to 2032 
(section 7.2.7) 

Percent reduction Conversion to a proportion 

Town water supply status (section 7.2.4) Town with the lowest water 
security; ranked from best 
(restrictions <1 in 10 years =1) to 
worst (insufficient yield = 5) 

Conversion to the range 0-1 

Groundwater use (section 7.2.4) Litres per km2 per second Scaled by dividing each 
quaternary’s mean value by the 
maximum for that cluster 

Groundwater dependent towns (section 
7.2.4) 

Catchments scored by the 
number of towns, zero if there 
were none 

Scaled by dividing each 
quaternary’s mean value by the 
maximum for that cluster 

Water Source Area (WSA) (section 7.2.4) Percentage of the catchment 
within a WSA 

Converted to a proportion 

Fuel load within a buffer of 1-km outside 
the town boundary (>25% high or 
extreme fuel loads) (section 7.2.6) 

Towns with the maximum 
hazard per quaternary 
catchment 

Converted to a proportion by 
dividing by the maximum value for 
that cluster. 

Fuel load in rural landscapes between 
towns based on the 2007 National 
Invasive Alien Plant Survey data (section 
7.2.6) 

Percentage cover of 
flammable invasive alien plants 
(pines, hakeas, eucalypts, 
acacias) 

Converted to a proportion 

Increased exposure to uncontrolled 
wildfires (section 7.2.5) 

Maximum economic and 
social impacts for a town within 
each quaternary catchment, 
scaled from 0 to 5 
(catastrophic)  

Converted to a proportion by 
dividing by the maximum value for 
the cluster 
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Variable Units Scaling 
Rangeland degradation due to poor 
land-use practices (section 7.2.8) 

Mean weighted degradation 
index from 30=good condition 
to 79=highly degraded, 
weighted by the area in each 
class 

Converted to a proportion by 
dividing by the maximum value for 
the cluster 

Mean actual soil loss in tons per 
ha per year per quaternary 

Converted to a proportion by 
dividing by the maximum value for 
the cluster 

Present ecological status of rivers and 
wetlands (sections 5.5 and 7.2.9) 

Percentage of the total river 
length and wetland area within 
a quaternary catchment 
weighted to prioritise 
catchments with a high 
proportion in a C or D state 
(avoiding degradation)   

Converted to a proportion 

Present ecological status of estuaries 
(sections 5.5 and 7.2.10) 

Percentage of the total estuary 
area within a quaternary 
catchment in an extensively or 
seriously/critically modified 
state (only coastal ones have a 
value) 

Converted to a proportion 

Increased flood damage potential – 
land degradation 

Mean weighted degradation 
index from 30=good condition 
to 79=highly degraded, 
weighted by the area in each 
class 

Converted to a proportion by 
dividing by the maximum value for 
the cluster 

Increased flood damage potential due 
to increasing rainfall intensity in 
responsive catchments (section 7.2.12) 

Design rainfall per quaternary 
catchment 

Converted to a proportion by 
dividing by the maximum value for 
the cluster 

Area-weighted mean K-ratio 
value per quaternary 
catchment 

Converted to a proportion by 
dividing by the maximum value for 
the cluster 

Increased coastal vulnerability due to 
coastal erosion and flooding (see 
section 7.2.11) 

Mean value of the vulnerability 
index per quaternary (only 
coastal ones have a value) 

Converted to a proportion by 
dividing by the maximum value for 
the cluster 

7.6 Identifying the priority catchments in each cluster 
The AHP modelling approach allows the user to examine the prioritised catchments at a variety of levels, 
the highest level being the priorities with respect to the goal. In the sections that follow the maps show the 
mapped priorities for each cluster shaded according to their priorities or weights. The maps only show the 
priorities in relation to the goal and the five top ranked threats for each cluster, but they can also be 
examined at other levels, for example the individual criteria or even the sub-criteria or spatial dataset that 
were used (Figure 31).  

Before discussing the prioritisation outputs in detail it is important to understand a few things: 

1. Only the selection of the results has been presented. There are six clusters plus the whole province, 
making seven separate multi-criteria models, each of which has nine top-level criteria and several 2nd 
level criteria. This gives a total of more than 60 sets of priorities so it would be confusing and unhelpful 
to present them all. It was undertaken to only select the priorities that were considered most important 
in the workshops for each cluster and for the province. 

2. The priorities shown here also need to be evaluated with care. The shading is generally based on the 
Jenks method of deriving clusters of catchments with similar sets of numerical values (priorities). The 
number of catchments in a class varies as does the class width or interval. Examples have been shown 
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with different classification methods to illustrate that the results should be interpreted with care, 
particularly that the user should not be blinded by colour differences when looking at priorities. 

3. The priorities shown for the goal reflect a large number of often spatially quite disparate factors as can 
be seen from the maps in section 5. This results in a set of priorities that are not straightforward to 
interpret, but it is clear that catchments with estuaries and high coastal vulnerability often are given a 
higher priority for the goal because most catchments do not have these features. 

4. The fact that a catchment is shown as having the highest priority for the goal or one of the top-level 
criteria does not mean that it has to be the target for all the available investment. The requirements 
for restoration of EI need to be determined for that catchment to see whether all or only some of the 
investment will be sufficient. If there are still funds then the 2nd priority catchment can be assessed and 
the same process repeated. 

5. The models are currently structured so that the top-level criteria cannot easily be combined. In those 
cases two maps have to be evaluated together. A good example is the combination of clearing 
invasive alien plants to protect water sources and also to reduce fuel loads to reduce the fire hazard. 
The highest priorities for these overlap but are not always the same but, where they do they are 
synergistic. Both can be addressed by the same restoration measures. 

The priorities are based on the weighting given to the top-level criteria during the workshops. Where there 
are 2nd level criteria, they have been weighted equally by default but different weights could also be 
assigned to them. There are good reasons for arguing that the effects of varying the weights on the 2nd 
level criteria on the catchment priorities also needs to be examined. Altering the weights can change the 
priorities, especially where there are marked differences in the ratings of the catchments for the different 
input variables. 

 

Figure 31: The full model for the province showing the 9 threats (top or 1st level criteria) and the sub-criteria (spatial datasets) 
grouped under each of the threats where applicable. The number following each level is the weight (proportion) assigned to that 

level and all the weights on each level sum to 1.0. 
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The hierarchical structure of the model can also be changed to add more hierarchical levels with fewer 
things to compare at any one level. For example, the two wildfire threats could be grouped as sub-criteria 
under a wildfire criterion at the top level, the same could be done for degradation and flood damage 
potential, and the rivers and wetlands could be combined with the estuaries. The final arrangement really 
depends on how the stakeholders wish to organise and structure the prioritisation.   

7.6.1 Berg and West Coast 

The Berg and West Coast cluster includes catchments with a wide range of characteristics, ranging from 
the arid, sand plains of the Sandveld with accessible groundwater to the high rainfall areas in the Boland 
and Groot Winterhoek WSAs. The ranking in terms of the goal picks out one catchment, G30G in the 
Sandveld which includes the Jakkalsvlei River as the top priority because of two groundwater dependent 
towns, one with a supply that is not able to meet the needs (Figure 32). The next group includes a set of 
catchments around the Cape metropole, the West Coast aquifer, the Dwars River catchment (G10C) in 
the Upper Berg River and the Verlorenvlei catchment (G30E).  

Many of these catchments are also top priorities for invasive alien plant clearing and restoration to increase 
water security (reduce runoff reductions). The catchments in the upper Berg and around Theewaterskloof, 
notably G10A (Franschhoek and the Berg River dam) should be shown as a higher priority as well. Many of 
the comments suggested that this was because the 2007 National Invasive Alien Plant Survey (NIAPS) 
significantly underestimated the invasions in that catchment. However, the replacement of the NIAPS data 
for the WCWSS catchments with more detailed mapping (see section 7.5) did not have a notable impact 
on the relative priorities although some of the WCWSS catchment priorities shifted. This is primarily because 
the prioritisation for this threat is based on six factors. These include both factors which indicate water 
security status for both surface and groundwater and the impacts of invasions on runoff. An inspection of 
the values for the sub-criteria for these catchments shows that while the percentage reductions in these 
catchments are actually relatively high (Figure 6), groundwater use is generally low (Figure 18), the towns 
are not groundwater dependent, and the water security dataset shows that the towns in the WCWSS are 
relatively water secure (Figure 17). The net result is that they do not come out as the highest priority in this 
cluster for water security, including runoff reduction.  

This apparent anomaly is more understandable when a few facts are taken into account: (a) The urban, 
industrial and agricultural water demand from the WCWSS is approaching the reliable yield of the existing 
water sources and reservoirs (i.e. the safety margin in the system was decreasing); (b) the long-term 
planning for the WCWSS shows that it has high water security; (c) the severe drought that precipitated the 
recent crisis was estimated to be at least a 1 in 100-300 year drought based on the kinds of historical data 
used to assess water security so that it was exceptional (although analyses of climate change suggest that 
such droughts are more likely in the future)199; (d) the crisis was partly driven by delays in reducing demand, 
particularly agricultural demand, a decision which was influenced by projections that rainfall in 2016 and 
2017 would be close to normal; and (e) there have been significant increases in the extent and density of 
pine invasions, particularly in the Theewaterskloof Dam catchments, since 2007 because of wildfires. These 
factors have all contributed to a situation where, although the impacts on invasive alien plants on river 
flows are relatively small, they became very important because every mega-litre wasted by the invaders 
was critical. In other words, while the priority currently given to the clearing of invasive alien plants in the 
key catchments of the WCWSS is logical, investors should not allow the recent crisis in the WCWSS to lead 
them to overlook the dire situation in many towns in the province. There are towns elsewhere in the province 
that are far less water secure and there are some where clearing of invasive alien plants can make a 
difference. So, these towns should not be considered less important, and include towns supplied by 
catchments in the Garden Route and Little Karoo, some in the upper Breede, and some in the coastal 
areas of the province, notably some in the Sandveld and Agulhas areas. In many cases these towns do 
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not have the resources that Cape Town has to address the problem and some are also inland so 
desalination is not an option. What is needed is an assessment of whether or not IAP control, or other forms 
of EI restoration, would improve the water security situation of the towns before making any long-term 
investment decisions. In the meantime we argue that it would be sensible to invest in IAP control 
programmes in selected catchments in the Garden Route and in the Upper Breede River catchment 
because the water security of these towns, and of irrigated agriculture, in these catchments would improve 
substantially. 

The threat posed by high fuel loads in the wildland urban intermix (WUI) and the natural landscapes 
highlights the fire hazards in the Boland towns, notably Paarl. In marked contrast, the impacts of unwise 
and uncontrolled urbanisation on the economic and social impacts of wildfires within the WUI are far more 
widespread, affecting most towns in the cluster. The river and wetland degradation and the estuary 
degradation highlight the poor state of these aquatic systems throughout the cluster, but particularly in the 
Sandveld and the Cape metropole.  

A concerns in this prioritisation is that the 2007 National invasive Alien Plant Survey dataset was relied on, 
which is outdated, and known to be inaccurate in some areas such as the Berg River dam catchment. 
Efforts to address this were undertaken, specifically for the Boland catchments, by using an alternative 
dataset. Inaccuracies and inadequate coverage of the invasions will influence the ranking of the 
catchments for this threat and also the overall rankings. The same problem applies to the other catchment 
clusters. More recent and comprehensive data are available for the Western Cape from the update of the 
2007 NIAPS. However, this dataset was not available in time to be used in this assessment.  When this 
updated dataset becomes available, the prioritisation should be updated. 
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Figure 32: The ranking or priority for each of the quaternary catchments in the Berg and West Coast cluster for the goal and the 
top three threats. 

7.6.2 Breede-Goukou 

The prioritisation in relation to the goal for this cluster highlights the coastal catchments and some of the 
headwater catchments as does the water security (including runoff reduction) (Figure 33), notably the 
Holsloot, upper Breede (Wolseley), Theewaterskloof and Ceres quaternary catchments. The social and 
economic impacts of wildfires within the WUI due to unwise and uncontrolled urbanisation highlight many 
of the quaternaries scattered throughout the cluster as does the river and wetland degradation. 
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Figure 33: The ranking or priority for each of the quaternary catchments in the Breede-Goukou cluster for the goal and the top three threats.
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7.6.3 Kogelberg-Agulhas 

As was the case in some of the other clusters, the prioritisation in relation to the goal highlights the coastal 
catchments from Bot River to Walker Bay and some of the headwater catchments as does their water 
security (including runoff reduction), notably the headwaters of the Palmiet River in the Nuweberg area 
(Figure 34). The river and wetland degradation highlight the Bredasdorp mountains and parts of the coast, 
notably the Heuningnes, the Uilkraal and the Hermanus-Onrus area. High fuel loads from extensive invasions 
on the western side of the Bot River vlei highlight that quaternary. The recent and damaging Betty’s bay 
fire highlights the risks in settlements throughout this cluster. 
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Figure 34: The ranking or priority for each of the quaternary catchments in the Kogelberg-Agulhas cluster for the goal and the top three threats.



Development of the EIIF and an AISS for the Western Cape Province: CATCHMENT PRIORITISATION REPORT 

 
85 

7.6.4 Garden Route 

The prioritisation in relation to the goal features the catchments in the Mossel Bay-Groot Brak area in the 
west, and from Rheenendal to the Piesang catchment (near Plettenberg Bay) in the east for a variety of 
threats (Figure 35), especially river and wetland degradation. Potentially high social and economic 
impacts of fires in the WUI of settlements occurs throughout the cluster. The unprecedented impacts of the 
recent Knysna-Plettenberg Bay and George-Karatara wildfires emphasise the importance of dealing with 
the threats posed by wildfires. The catchments highlighted for the threat to water security (runoff reduction) 
include the upper Keurbooms/Soetkraal and the upper Knysna and Homtini catchments. River and 
wetland degradation are particularly severe in the coastal catchments in the west, including the 
Hartenbos and Klein Brak catchments.   
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Figure 35: The ranking or priority for each of the quaternary catchments in the Garden Route cluster for the goal and each of the top three threats.
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7.6.5 Olifants-Doring and Namaqualand 

The catchments that have been prioritised in relation to the goal in this cluster fall mainly in the Olifants 
catchment and include the few catchments with estuaries (Figure 36). River and wetlands degradation 
are evident in the Olifants, and also the Kraai River, while rangeland degradation priorities are found mainly 
in the headwaters of the Doring River as are priorities for flood due to land degradation. High water security 
(runoff reduction) priorities are not shown here, but are found mainly in the Olifants River system with the 
Biedou River also getting a high priority. 

 

 

Figure 36: The ranking or priority for each of the quaternary catchments in the Olifants-Doring and Namaqualand cluster for the 
goal and the top three threats. 
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7.6.6 Gouritz, Gamtoos, Sundays and Orange 

The priorities in terms of the goal are located in the estuary, the catchments immediately upstream, and in 
the Oudtshoorn area of the Little Karoo (Figure 37). The rangeland degradation highlights the Little Karoo 
and Steytlerville Karoo. River and wetland degradation and increased flood damage potential due to 
rangeland degradation also highlight catchments in the Little Karoo, especially the degraded floodplain 
wetlands on the Olifants River. Water security (runoff reduction) is not shown here, but also highlights the 
catchments around Oudtshoorn and the town of Beaufort West’s groundwater source areas. 
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Figure 37: The ranking or priority for each of the quaternary catchments in the Gouritz, Gamtoos, Sundays, Orange cluster for the goal and the top five threats.
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7.7 A prioritisation for the province 
The final step in the prioritisation process was to combine the clusters to provide a single prioritisation for 
the province which took into account the rankings given to the threats in the different clusters. A single 
AHP model was created using the scaled rankings given to each of the threats for all of the six clusters. This 
combined model was used to generate the weights for each of the threats which take into account the 
relative values given to them in the individual clusters when calculating the overall weights as well as the 
relative weighting within the clusters (Figure 38). When interpreting the maps of the priorities it is vital to note 
that the six clusters were combined in such a way that they all have the same weight. This does not mean 
that the sequence of the priorities within each of the clusters is retained when they are combined in the 
provincial prioritisation. The reason for this potential shift is because the weights on the threats (top-level 
criteria) within the clusters differ from those in the combined model. Nevertheless, the individual catchment 
priorities first must be understood within the context of that cluster, and comparisons between priorities in 
catchments in different clusters must take the cluster context into account. 

 

Figure 38: The full provincial AHP model showing the overall weights given to each of the threats and the spatial datasets using 
for each of the threats. The data are sorted according to the weights for each threat (criterion). At each level the weights (numbers 

in parentheses) sum to 1.0. 

The most important threat over the whole province was to water security, including the impact of reduced 
runoff and groundwater recharge due to invasive alien plants, with almost 20% of the weight (relative 
importance). The next most important was river and wetland degradation through land-use 
encroachment, modification and alien plant invasion. Increased exposure to wildfires due to a failure to 
manage fuel loads came 3rd followed by increased flood damage potential due to rangeland 
degradation. Altogether, these four threats account for about 55% of the weight in the full model and, with 
the addition of estuary degradation and rangeland degradation, the total weight is more than 75%.  
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The priorities in relation to the goal highlight the coastal catchments and estuaries which reflects the 
relatively high weight given to estuary degradation. In contrast, the priorities for water security (runoff 
reduction) clearly come out as being focused on a few catchments where high groundwater use and/or 
low water security are issues (e.g. Beaufort West) (Figure 39). The next set of priorities is found in the Garden 
Route cluster and in the upper Berg and Breede River systems. The reasons for the relatively low priority 
given to the key catchments in the Western Cape Water Supply System(WCWSS) are discussed in section 
7.6.1 on the Berg and West Coast cluster and apply here too. It is likely that updated invasive alien plant 
invasion data will increase the priorities in the upper catchments of the Berg and Breede which are far 
more extensively and densely invaded than in 2007, and whose current state is not captured by the data 
used in the study of the impacts on the yields of the WCWSS (see section 7.6.1 for more discussion on this 
point). However, it is also likely that the updated provincial invasion data will also show that the mountain 
catchments in the Garden Route cluster, and the adjacent catchments in the Gouritz cluster, are also 
more extensively and densely invaded than they were in 2007. In addition, the WCWSS is rated as water 
secure and the catchments and towns have relatively low groundwater use so their priority is lower. 
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Figure 39: The overall priorities for the province in relation to the goal and the top three threats based on the combination of the catchment cluster rankings. 
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Figure 40: The overall priorities for the province for the 4th to the 7th most important threats based on the combination of the catchment cluster rankings. 
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It is very important also to understand how the way the data are divided into classes also influences 
perceptions of the priorities. Although the actual numerical value of the priority for each of the quaternary 
catchment does not change, the way the classes are generated influences how they are grouped and, 
therefore, also how they are perceived and interpreted. All the maps shown in the figure above are based 
on the Natural Breaks or Jenks methods of grouping the values1. This method analyses the frequency of the 
catchment values to find low frequencies to use as class boundaries. The result is a set of classes but the 
number of catchments in each class can vary and the class widths also vary; it also tends to pick out outlier 
values and to assign them a class. This map is repeated again in the figure below and labelled Jenks. The 
equal interval divides the range between the maximum and minimum values into equal class widths and 
each class can include a different number of catchments. This method tends to highlight extreme values 
as can be seen in the shading of the catchments compared with the Jenks. The priority values are also 
typically skewed so that there are many catchments with low values (all the blues) and relatively few with 
high values (orange and red). The geometrical interval divides the classes into widths based on a 
geometric progression which differentiates between low values and groups high values, rather like a 
logarithmic scale. This results in many catchments shaded orange or red. The quantile method groups the 
data so that each class contains an equal number of catchments and has a similar effect with many 
catchments in red and orange.  

 

Figure 41: The effects of different methods of classifying the priority values on the perception of their priorities based only on the 
colour shadings. 
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It is anticipated that considerably more feedback will be received on the priorities at both the cluster and 
the provincial levels than currently experienced. This proved not to be the case with certain exceptions 
[e.g. the priorities for water security (runoff reduction)]. The team will have to identify preliminary priorities 
and make a proposal to the DEA&DP project management team on a provisional set of catchments to 
select for the Management Unit Control Plans (MUCPs). 

7.8 Next steps 
The final list of prioritised quaternary catchments needs to be screened against the activities that are 
currently underway in those catchments to determine whether additional funding is needed to achieve 
effective protection or restoration of the targeted EI. Where a top priority catchment already has sufficient 
activities underway to achieve restoration, the next catchment down in the prioritised list should be 
assessed. Please note also that the fact that a catchment has been found to be the top priority does not 
mean that all the funds need to be allocated to that catchment. In many cases, proper planning of the EI 
protection and restoration activities is likely to show that there is sufficient funding to be able to invest in 
additional catchments. Funds for restoration and protection will typically be provided under certain 
conditions and within certain constraints. This can be accommodated by, for example, selecting only the 
criteria and sub-criteria that relate to the purpose of that funding and running a customised prioritisation. 
Some examples were given under each of the clusters. 

8. OUTPUT 3: DEVELOP MANAGEMENT UNIT CONTROL PLANS 
The three workshops have elucidated the factors that would guide the “catchment” selection and the 
fourth workshop established the priorities which clearly highlight the Garden Route cluster as a provincial 
priority for invasive alien plant control and other actions aimed at improving water security. This makes 
these catchments a priority for the development of MUCPs. There are important threats to water security 
from invasions in the Boland water source areas and they would benefit from MUCP at catchment scale in 
order to focus the various initiatives and projects on a combined effort. There already is a strong focus on 
invasive alien plant control in the Boland mountains (primarily the Berg and Theewaterskloof catchments) 
by, among others, the Natural Resource Management Programmes, the SANBI project on Investment in 
Ecological Infrastructure for Water Security18, WWF South Africa, and the Greater Cape Town Water Fund19. 
Much of the historical investment has been in clearing the middle and lower slopes, but there is growing 
investment in clearing the upper slopes, and rugged, steep areas (termed high-altitude by the Working for 
Water programme). 

The recent, very damaging fires in the Outeniqua and Tsitsikamma areas have highlighted the threats 
posed to human lives, livelihoods and well-being by the combination of wild fires and invasions. Clearly 
actions need to be taken to reduce fire risk in these areas, including clearing invading alien plants, so there 
is a strong case that catchments or areas in the Garden Route cluster should be a priority for investment. 
DEA&DP has already been developing business cases for invasive alien plant control for the Keurbooms 
and Karatara catchments200. The catchment of the Garden Route Dam is another instance where 
interventions are urgently needed given the rapid growth and economic importance of the town of 
George and the recent fire which will aggravate the already extensive and dense invasions in this 
catchment. The priorities have also highlighted some catchments in the Upper Breede River system so one 
of the proposed MUCPs could be located there.   

 
18 https://www.sanbi.org/media/launch-of-the-ecological-infrastructure-for-water-security-project-31-may/ 
19 https://waterfundstoolbox.org/regions/africa/cape-town-water-fund  

https://www.sanbi.org/media/launch-of-the-ecological-infrastructure-for-water-security-project-31-may/
https://waterfundstoolbox.org/regions/africa/cape-town-water-fund
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9. NEXT STEPS 
The next steps are to:  

 Submit the final report on the prioritisation by 31 March 2019; and 

 Finalise the selection of the catchments for the Management Unit Control Plans by August 2019. 
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