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1 Introduction

1.1 Context

The C40 Cities Finance Facility (CFF) is a joint project of the C40 Cities Climate Leadership Group

(C40) and the Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ) GmbH, funded by the

German Federal Ministry for Economic Cooperation and Development (BMZ), the British Department

for Business, Energy and Industrial Strategy (BEIS) as well as the United States Agency for

International Development (USAID). It is implemented by a partnership of GIZ and C40. The CFF was

set-up in 2015 to support C40 cities in developing and emerging countries to prepare and deliver

sustainable, low carbon and climate adaptation projects.

The CFF has recently committed to supporting Durban to develop a Business Case for managing

7,400 km of Durban’s watercourses. The Business Case will include upscaling the Sihlanzimvelo

project. The Sihlanzimvelo programme is an integrated, systematic and sustainable approach to the

maintenance of streams and currently operates on public land in the low income / high density areas

in eThekwini’s upper catchments. The Sihlanzimvelo programme is emerging as a critical adaptation

mechanism in response to climate change in the Municipality.

Changes in the climate regime can affect the natural range of flow and temperature variability of

riverine systems (hydrological impacts) with resulting consequences for ecosystem structure and

function, species and socio-economic systems. How riverine systems respond to climate change

effects (how they are impacted and/or how they respond and adapt) can affect the linked

socio-economic systems (e.g., surrounding and downstream). Riverine systems are also affected by

other anthropogenic influences (e.g., dams, water abstractions, increased hardening of catchment

surfaces) as well as stressors resulting from the interaction of climate change and anthropogenic

factors (Palmer et al., 2009). While riverine systems may be impacted by climate changes, they can

also play a role in a city’s resilience to climate change (ecosystem-based adaptation).

In order to build the Business Case (based on cost-benefit analysis) for an upscaled riverine

management programme, an understanding of the vulnerability of eThekwini’s riverine systems to

climate change is needed so that the potential benefits of riverine management programmes, such

as Sihlanzimvelo, can be better understood. Further, these climate change vulnerabilities need to be

taken into account in the design of broader riverine management programmes, which may influence

the costs and benefits of such a programme.

A climate change vulnerability assessment is a tool to help shape an understanding and awareness of

the potential impacts of climate variations and climatic events. An assessment of the vulnerability of

a riverine system to climate change provides a starting point for understanding the potential impacts

of climate change on riverine systems and how changes in the ecological system (e.g., riverine

system) may impact the socio-economic system, but also how the ecological system can contribute to

building the adaptive capacity of linked socio-economic systems.

An assessment of the vulnerability of eThekwini’s riverine systems to climate change will make a

significant contribution to the development of a cost benefit analysis and will assist in identifying

and assessing the costs and benefits of an upscaled riverine management programme for the

INSTITUTE OF NATURAL RESOURCES3



eThekwini Riverine Climate Change Vulnerability Gap AnalysisMay 2019

eThekwini Municipal area. Importantly, it will assist in focusing the CBA on localities, communities,

rivers and vulnerabilities which are most appropriate and will enable the prioritisation of these

areas for intervention.

1.2 Project objective

The objective of this study was a ‘gap analysis1’ of existing information on the vulnerability of

eThekwini’s riverine systems to climate change towards identifying critical knowledge gaps in terms

of understanding riverine vulnerability to climate change. The purpose of the study was to assist in

directing further studies which, together with existing information, can be used in building a business

case for maintaining riverine corridors as key ecological infrastructure in efforts to mitigate climate

change impacts in the Municipality.

1.3 Approach

The ‘Gap Analysis’ was undertaken as a desktop assessment supported by stakeholder consultation.

There were three main components to the study:

1. Clarify key concepts of vulnerability and ascertain ‘knowledge/information’ required to inform a

vulnerability assessment -  through a review of climate change vulnerability assessment

frameworks, guidelines and case studies;

2. Ascertain what knowledge/information is available to inform an assessment of the vulnerability

of eThekwini’s riverine corridors to climate change – through (i) a review of existing studies,

reports and data, and (ii) through stakeholder consultation;

3. Identify critical knowledge gaps to assessing riverine vulnerability towards directing future

studies/assessments in building the business case for managing eThekwini’s riverine corridors –

through a comparison of (1) and (2) and supported by stakeholder insights.

A key component of the study was an ‘expert review workshop’ to present preliminary findings

regarding ‘gaps’ in knowledge, regarding riverine vulnerability to climate change in eThekwini, for

review and discussion by key experts towards verifying the identified gaps, highlighting additional

sources of information/data, and identifying options for future studies. The workshop was held at

the eThekwini offices on the 30th of April 2019. Workshop participants represented a range of

backgrounds (various Municipal Departments, NGOs and conservancies, see Appendix D for the

attendance register).

2 Knowledge review

A review of climate change vulnerability assessment frameworks and case studies was used to clarify

key climate change vulnerability concepts, establish ‘best practice’ for conducting a climate change

vulnerability assessment and to identify the types of knowledge / evidence used to build an

understanding of climate change vulnerability. A review of local assessments, reports, studies and

data was used to develop an understanding of the current information available for assessing the

vulnerability of eThekwini’s riverine systems to climate change.

1 Note: The ‘gap analysis’ is not intended as an audit of what information should be available or of any group of

stakeholders – it is intended as a means of directing future studies / assessments in building the business case

for managing eThekwini’s riverine systems.
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2.1 Overview of key literature and case studies on climate change vulnerability assessment2

2.1.1 Vulnerability to climate change: the concept

The concept of vulnerability to climate change encompasses more than a potential change in climatic

conditions, as such; assessing vulnerability to climate change involves more than projecting potential

changes in climatic variables (e.g., temperature and precipitation). Vulnerability to climate change is

a function of Exposure, Sensitivity and Adaptive capacity.

‘Vulnerability’ is inherent in ecosystems (e.g., riverine corridors) as well as socio-economic systems

and should be considered from a multidimensional perspective that considers biophysical,

infrastructural and socio-economic factors (GIZ, 2014). Vulnerability is location and context specific.

Several concepts are important in considering climate change vulnerability:

● There are multiple dimensions of

vulnerability – broadly physical (ecological,

infrastructural) and social (people and

institutions);

● Vulnerability is specific to the context

(social, technical/infrastructural, ecological,

economic and political);

● Nested / coupled systems - each individual

system is an integrated whole and, a part of

larger systems and connected to other

systems, changes within a system can affect

the systems that are nested within and

linked to it, as well as the larger systems in

which it exists;

● Vulnerability is dynamic over time;

● There are interactions between climate

change impacts and anthropogenic impacts

2 A list of references of frameworks, manuals and case studies on climate change vulnerability and climate

change vulnerability assessments is provided in Appendix A3.
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and they can enhance or reinforce each other;

● Climate change effects can be viewed as ‘tiered’ - first  order  direct effects are linked to

multiple resulting indirect effects (see Box 1 for an example).

Box 1│Multiple orders of climate change effects

Example: Impacts of climate change on freshwater ecosystems (Gain et al., 2012)

There are various conceptual frameworks of climate change vulnerability. The IPCC framework is a

relatively simple, commonly applied framing reflecting the elements of vulnerability in relation to

each other, Box 2. The modified IPCC framework of Cinner et al. (2013) takes the framing of

vulnerability to climate change further by integrating both social and ecological dimensions of

climate change vulnerability to emphasize the sensitivity of socio-economic systems to ecological

vulnerability, Box 2. This is a valuable framing for considering how changes in the ecological system

(e.g., riverine system) have an impact on the socio-economic system (e.g., infrastructure and human

settlements adjacent to a river) and vice versa. This framing aligns with the idea of multiple orders of

climate change effects (Box 1) and is a useful framework for defining the scope of a vulnerability

assessment.
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Box 2│Vulnerability to climate change: conceptual frameworks

IPCC framework for assessing vulnerability to climate change (Johnson and Welch, 2010).

● Starting point of many vulnerability assessments

● Shortcoming – lacks consideration or emphasis of linked systems (Raemaekers and Sowman,

2015).

Framework for linked social-ecological vulnerability (Cinner et al., 2013).

● Modifies the IPCC framework to explicitly consider both social and ecological dimensions of

vulnerability

● Emphasizes the sensitivity of socio-economic systems to ecological vulnerability.
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2.1.2 Climate change vulnerability assessment

A climate change vulnerability assessment is:

“An evidence gathering activity to assess who (or what) is vulnerable, to what, and under what
circumstances” (European Commission, 2017).

“A process for assessing, measuring, and/or characterizing the exposure, sensitivity, and adaptive
capacity of a natural or human system to disturbance” (Local Government Climate Change Support

Program).

A climate change vulnerability assessment requires consideration of:

● Exposure - whether the system will be exposed to an effect and an impact will occur;

● Sensitivity - how sensitive the system is to the effect, the extent or level of impact, the

importance of the risk; and

● Adaptive capacity – if and how the system will respond to the effect.

Climate change vulnerability assessments can be conducted at a variety of scales from international

to local settings such as a specific community or settlement; the scale of assessment depends on the

objectives of the assessment. A vulnerability assessment can be conducted at a rapid or

comprehensive level (or some level in between), be quantitative or qualitative (or mixed) and take a

top-down or bottom-up approach3 (or a combination). Quantitative assessments may make use of

indicators and models, while interviews, workshops, surveys, expert interviews and cognitive

mapping might be used in a more qualitative approach – in practice a combination of methods and

approaches is common. Participatory climate change vulnerability assessments involve research with

local stakeholders (e.g., local communities and other people and organisations based in the area);

every assessment should however include some level of stakeholder consultation. Generally, several

tools and a range of information are combined uniquely for a given case4.

In practice, climate change vulnerability assessments take a variety of forms and adopt several

different approaches and methods. The literature identifies several categories of climate change

vulnerability assessment models5:

● Risk-hazard models - emphasize exposure to biophysical drivers and hazards, and the

sensitivity of exposed systems to those hazards. Relevant hazards often include sea-level rise,

floods or extreme weather events. Sensitivity may be represented by the relative density of

exposed assets such as population or development density. These approaches tend to be

more quantitative and draw on the physical sciences. They are limited in that a focus on

hazard (pressure) is insufficient for assessing the potential for harm to societal assets and

values (i.e. attention to adaptive capacity is lacking).

● Social vulnerability / adaptive capacity models – emphasize the socio-economic context

within which the physical changes occur. Population density, population attributes

(demographics) and settlement characteristics are examples of some of the factors

5 Summarized from Raemaekers and Sowman (2015).

4 See Appendix A2 for an overview of climate change vulnerability assessment tools and methods.

3 See Appendix A1 for a description of these approaches.
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considered in these approaches. Data on these characteristics provide a coarse overview of

the social context and adaptive capacity potential, but do not specifically address

vulnerability in terms of behavioural responses, human perceptions of risk, and governance

issues.

● Pressure-and-release models – focus on social groups and the conditions that make their

exposure unsafe, including the causes of these conditions. These models reflect that a group

can be vulnerable without any climate or biophysical-related hazard, but then this

vulnerability becomes markedly evident in the face of such a hazard. The model is limited in

that it provides little detail on the structure of the hazard’s causal sequence and the nested

scales of interactions. These types of approaches require significant data collection and

analysis.

● Expanded vulnerability models – emphasize coupled human–environment systems across

time and space, and aim to reflect the interactive and dynamic nature of vulnerability. These

models integrate different temporal and spatial scales along with multiple stressors, drawing

on a significant range of data and analyses. For example, using regionally downscaled climate

models to assess the potential impacts of climate change and performing household surveys

across a number of local communities to assess sensitivity and adaptive capacity. These

models attempt a more integrated and holistic assessment of vulnerability, but can be

operationally challenging in complexity and data requirements.

The specific information, and level of detail, required to undertake a climate change vulnerability

assessment depends on the intended purpose of the assessment and the corresponding approach

selected. There is no fixed or ‘best’ way for undertaking a climate change vulnerability assessment;

the assessment can be tailored or designed to address the objective and to suit the availability of

information, or resources available to generate information. Several key points regarding the

assessment of vulnerability to climate change are emphasized in the literature, Box 3.

Box 3│The following points are emphasized in the climate change vulnerability assessment
literature:

Defining the purpose and scope of the climate change vulnerability assessment is fundamental

● There are multiple dimensions of vulnerability and various ‘systems’ / groups of people can
be vulnerable, they can be vulnerable to different impacts, and they can be more or less
vulnerable under different circumstances.

● The who (or what), to what, and under what circumstances must be clearly  defined
● The intended purpose of the information must be identified
● These two key elements must be done at the beginning of the process
● The purpose and scope of the assessment will inform the evidence/information required to

assess vulnerability.

Purposes of assessment

● Improve adaptation planning
● Identify mitigation targets
● Identify particularly vulnerable people,

regions or sectors
● Raise awareness of climate change

Scope of the assessment

● Formulate questions to be answered by
the assessment

● Define the resources available for the
assessment

● Define the system of interest
● Define the unit of measurement
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Box 3│The following points are emphasized in the climate change vulnerability assessment
literature:

● Allocate adaptation funds to particular
vulnerable regions, sectors or groups of
people

● Monitor the performance of adaptation
policy and interventions

● Conduct scientific research.

● Establish data availability.

Vulnerability is context specific and dynamic

● An assessment of vulnerability is therefore specific to a particular context and point in time.

● It is increasingly advocated that for the climate change vulnerability assessment to have any
meaning, it has to be conducted at the local scale.

Exposure, sensitivity and adaptive capacity must be considered

● Knowledge on adaptive capacity is especially context specific; bottom-up approaches are
needed for assessing the adaptive capacity of social systems.

2.1.3 Climate change vulnerability assessment case studies

The South African Local Government Climate Change Support Program (LGCCSP) has supported

several municipalities in conducting climate change vulnerability assessments. The programme

provides stakeholders, specifically municipalities, with information and tools to respond to climate

change at a local level in South Africa through the ‘Let’s Respond Toolkit’6, which includes the

Vulnerability Assessment Toolkit.

● The Vulnerability Assessment Toolkit provides stakeholders with a step by step process for

conducting a Climate Change Vulnerability Assessment:

1: Identify indicators of potential impacts

2: Assess whether the impact will take place (exposure)

3: Assess how important the risk is (sensitivity)

4: Assess if you can respond to the risk (adaptive capacity).

● It is takes a ‘scored’ indicator-based approach - indicators are generally grouped into six

sectors: agriculture; biodiversity and environment; coastal and marine; human health;

human settlements, infrastructure & disaster management; and water.

● It is a rapid assessment approach based on desktop analysis of existing information and

stakeholder engagement - often through a workshop.

● Exposure, sensitivity and vulnerability are ‘scored’ (using a graded scale e.g., low to high)

across each of the sectors based on specific questions developed for each indicator.

● Suggested sources of information include:

Exposure – LTAS (Long-Term Adaptation Scenarios) reports & maps, other land cover

maps and atlases, some additional sector specific sources;

Sensitivity - LGCCSP Indicator List, selected indicators to be determined through

consultation with key stakeholders;

Adaptive capacity - To be determined through consultation with key stakeholders.

6 http://www.letsrespondtoolkit.org/.
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The toolkit contains a number of resources including a list of potential indicators (pre-populated for

several Municipalities including eThekwini) and a climate change vulnerability assessment

score-sheet populated with the indicators, the associated assessment question and suggested

sources of information.

Several municipalities have undertaken climate change vulnerability assessments drawing on the

‘Lets Respond Toolkit’ approach, but adapting the assessment to their own needs and resources. One

example is the City of Mbombela Climate Change Vulnerability Assessment as part of the Climate

Change Response Strategy and Implementation Plan for the City, Box 4.

Box 4 │ Example: City of Mbombela Climate Change Vulnerability Assessment

In order to inform the vulnerability assessment and the subsequent climate change response
actions, a brief analysis of the City’s present land cover and uses and socioeconomic situation was
undertaken7:

● Location and present land cover and uses – maps and analysis of percentage land cover

and uses;

● Socioeconomic context - key socioeconomic indicators drawn from the Stats SA Census

(2011).

A rapid vulnerability assessment was conducted:

● The City was delineated into spatial development zones,

● Each development zone was subdivided into relevant sectors (systems) – including

Forestry, Health, Disaster Management, Transport, Water resources, Rural livelihoods and

aquatic and terrestrial ecosystems,

● The degree of sensitivity, the adaptive capacity, and the overall vulnerability was then

rated (low, low to moderate, moderate, moderate to high, or high) for each sector

(system).

The results of the assessment were summarized per sector for each spatial development zone in a
table format, an extract of the results table is given as an example below.

7 Source: City of Mbombela (2017).
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Box 4 │ Example: City of Mbombela Climate Change Vulnerability Assessment

Several case studies of climate change vulnerability assessments are highlighted in Box 5.

Box 5│Climate change vulnerability assessment – some case studies

● Spatial, indicator-based approach - vulnerability of wastewater infrastructure and urban road

transport to sea-level rise. Combined GIS and multi-criteria analysis in a ranking approach. Used

existing information of the various infrastructures, for example historical operational data was

used to assess the sensitivity of wastewater infrastructure (eThekwini, Friedrich & co, 2012,

2011).

● RESILIM – focus on water scarcity, vulnerability mapping approach to create and weight

geographic data layers for Exposure, Sensitivity and Adaptive Capacity (Limpopo, USAID, 2016).

● European cities VA - narrowed the assessment down to the most relevant combinations of

climate change threats and potential receptors, assessed urban vulnerabilities for the impact

chains of: (i) heatwaves on human health; (ii) drought on water planning, and; (iii) flooding on

the socio-economic system, indicator-based (Tapia et al., 2017).

● Rapid, indicator approach - this study assessed state-level climate change vulnerability, and

considered the water, agriculture, forestry and health sectors. A quantitative, top down,

indicator method was used. Climate simulation models and sectorial impact models were used

and 61 indicator variables identified. Data availability was considered adequate for the water

and forestry, sectors and average for health and agriculture (GIZ, 2014).

● Rapid, participatory approach –a rapid community-level socio-ecological VA method used as a

knowledge-generation and community-assessment tool that empowers communities to identify

adaptation strategies. Conducted in a workshop format and especially useful in under-resourced

and data-poor regions. Provides an overview of the vulnerabilities of a community and is useful

tool as a starting point for vulnerability assessments. Can be enriched by combining it with

other methods such as the review of secondary data, focus group discussions, surveys,

questionnaires and key informant interviews (South Africa, Raemaekers and Sowman, 2015).

● Quantitative indicator approach – this study focused on the development of vulnerability and

adaptive capacity indicators and the creation of a working database of socio-economic

indicators to vulnerability from climate change (UK, Adger et al., 2004).

● Social Vulnerability Index (SVI) in the context of river-floods – sub-national quantitative

assessment to develop an index based on three main indicators for social vulnerability in

Germany – fragility, socio-economic conditions and region (Germany, Fakete, 2009).

● Social vulnerability - framework & trial for assessing social vulnerability to climate change –

indicator-based, bottom-up approach (China, Ge et al., 2017).

● Expanded vulnerability model - VA based on the potential impacts of climate change, as well as

multiple other stressors including the effect of economic globalization on local agricultural

communities. Comprehensive assessment adopting a mapping approach and using regionally

downscaled climate models to assess the potential impacts of climate change and household

surveys in local communities (India, O’Brien et al., 2004).
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Box 5│Climate change vulnerability assessment – some case studies

● Social vulnerability index – this assessment used census data, such as ethnicity, employment

and earnings to develop a social vulnerability index as a means to assess and compare (social)

vulnerability at a state level (United States, Cutter et al., 2003).

2.2 Overview of available information related to assessing climate change vulnerability of

riverine systems within the eThekwini Municipal area

A review of local assessments, reports, studies and data was used to develop an understanding of the

current information available for assessing the vulnerability of eThekwini’s riverine corridors to

climate change8. The materials reviewed included relevant literature, the data catalogue developed

as part of the current Strategic Environmental Assessment (SEA) for eThekwini and official

government reports, plans and strategies. Local conservancy and non-government organisation

projects and programmes are are also an important source of local information9. The SEA Data

Catalogue and The Green Book (CSIR, 2019) are particularly useful geographically relevant resources.

eThekwini Strategic Environmental Assessment Data Catalogue

The catalogue is a collation of information from across the eThekwini Municipality developed as part

the eThekwini Strategic Environmental Assessment10:

● The catalogue includes reports and plans (e.g. water and sanitation master plan), time series

data (e.g. records of flooding events, water quality monitoring data) and spatial information

(GIS data representing plans, layout of sewer infrastructure, land cover etc.), aerial

photographs, regular photographs and other media (e.g. videos of flood events).

● It represents information gathered from numerous departments across the municipality and

aimed to collate information that could inform indicators representing various issues

identified in a strategic level environmental assessment. Examples from the data catalogue

are provided in Appendix B1.

The data catalogue is a useful resource of geographically relevant information that could be used in a

climate change vulnerability assessment, particularly in the development of indicators. Several types

of information collated in the catalogue are relevant to riverine systems (e.g., records of flooding

events, water quality monitoring data, land tenure, land use and land cover spatial data and reports).

Specific information or data can be identified from the catalogue for further analysis / use in a

climate change vulnerability assessment.

The Green Book (CSIR, 2019)

The Green Book is an online planning support tool that provides quantitative scientific evidence on

the likely impacts that climate change and urbanisation will have on South Africa’s cities and towns,

10 Currently, data, information and reporting is spread across the Municipal Departments and not collated,

housed jointly or disseminated through a central platform. eThekwini Municipality is considering a knowledge

management unit to address this challenge.

9 See Appendix B2 for projects and programmes (conservancies, NGOs) related to aquatic systems within

eThekwini Municipality.

8 See Appendix for B3 for references cited in this section, and Appendix B4 for an overview of additional

studies.
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as well as presenting a number of adaptation actions that can be implemented by local government

to support climate resilient development. The development of the Green Book consisted of 6

work-streams where specific scientific evidence was developed and peer-reviewed. The

work-streams included:

● Downscaling climate change projections across the country to 8x8 km grids

● Profiling the vulnerability of all local municipalities, settlements and neighbourhoods and

predicting the population growth and decline of these areas

● Assessing the impact of climate change on the intensity and magnitude of wildfires, coastal

flooding, flooding, and drought; as well as the likely impacts on resources such as

groundwater availability, surface water availability, agricultural production, and the economy

● Developing temporally dynamic composite risk profiles for all municipalities and their

settlements

● Developing a typology of adaptation actions relevant to local government planning functions

and climate risks

● Developing a web-based platform where all evidence and supporting outputs can be

accessed.

The Green Book provides a Risk Profile for each municipality, including eThekwini. The profile is a

temporally dynamic composite risk profile, detailing vulnerability profiling, population projections,

exposure to climate hazards, and the impacts of climatic changes on some of our key resources.

Various themes are covered, including:

● Local municipal vulnerability – a relative ranking of all municipalities across socio-economic,

environmental, economic and physical dimensions

● Settlement vulnerability and growth projections (see Box 6)

● Climate maps – interactive

● Hydro-meteorological hazards

● Critical resources and impact assessments

● Linked adaptation options.

Box 6│The Green Book (CSIR, 2019)

Example: eThekwini settlement vulnerability and growth projections
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https://riskprofiles.greenbook.co.za/

In addition to information available for eThekwini, there are a number of resources and studies at a

national and regional scale that could be drawn on for information and insights. For example, the

LGCCSP –assessments for KZN municipalities (e.g., iLembe District Municipality, Ugu District

Municipality) and the Status-Quo Vulnerability Study of the Impacts of Climate Change in KZN

(Thornhill et al., 2009, a summary is provided in the Let’s Respond Toolkit11). National reports also

provide relevant information, for example:

● South Africa’s Third National Communication under The United Nations Framework

Convention on Climate Change (DEA, 2018)

o Section 3.3 Projected Climate Change Futures for South Africa

o Section 3.6 Vulnerability and Adaptation Assessments of Key Socio-economic Sectors

● The Long-Term Adaptation Scenarios Flagship Research Programme (LTAS) for South Africa:

Climate Trends and Scenarios for South Africa (DEA, 2013)

o Downscaled sub-regional projections and key messages for SAs six hydrological zones

– Section 6.2.2 Zone 2 Pongola-Umzimkulu

● The National Climate Change Adaptation Strategy (Draft) (DEA, 2019).

These types of reports provide information useful in identifying potential climate change impact, and

are therefore useful in a risk-hazard model approach to climate change vulnerability assessment, but

are not sufficient for assessing social vulnerability and adaptive capacity.

Several studies, reports and resources related to assessing climate change vulnerability of riverine

systems within the eThekwini Municipal area are highlighted in Box 7.

Box 7│Selected studies, reports and resources related to assessing climate change vulnerability
of riverine systems within the eThekwini Municipal area

Vulnerability of wastewater infrastructure and urban road transport to sea level rise in
eThekwini (Friedrich et al., 2012, 2011)

11 http://www.letsrespondtoolkit.org/municipalities/kwazulu-natal.
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Box 7│Selected studies, reports and resources related to assessing climate change vulnerability
of riverine systems within the eThekwini Municipal area

In these two studies, the vulnerability of infrastructure (waste water and urban road transport) to
sea-level rise within the eThekwini area was assessed.

The approach combined spatial analysis and multi-criteria analysis to develop a scale of
vulnerability to identify the most vulnerable infrastructural elements within the municipality.

Comment on relevance and use

The study provides a local case study of, and approach to, the development of a vulnerability
assessment.

Geographical relevance:  Geographically relevant.

Time frame: Studies from 2011 and 2012, sea-level rise predictions from 2006.

Riverine system relevance: Not specific to riverine systems, the focus of the study is infrastructure
systems.

Community-based adaptation to climate change in Durban (Golder Associates, 2011)

The study assessed climate change vulnerabilities and adaptive capacity in low-income
communities in Durban.

● Detailed vulnerability and risk evaluations in two communities -Ntuzuma and Ntshongweni.

● Conducted a survey and livelihoods analysis through in-depth community participation.

● Focus was placed on five main components; livelihoods and demographics, food security,

infrastructure and services, water and sanitation and social networks.

● Used a livelihoods analysis framework and undertook quantitative and qualitative analysis.

● Geohazards mapped – including flood risk and erosion potential.

● Identified positive and negative impacts of climate change on the two communities.

Comment on relevance and use

Geographical relevance:  Relevant (within eThekwini Municipality), community specific.

Time frame: Given the rapid change in human settlements in the broader area, the study could be
outdated, but likely to still provide useful insights in social vulnerability.

Riverine system relevance:
Riverine vulnerability is not a focus, but the study identified for example a lack of flood
attenuation capacity and the building of houses in floodplains, the removal of natural
vegetation, and collection of water from the rivers using buckets (Ntuzuma community).
Ntshongweni - the majority of residents reportedly do not have access to running water or
in-house toilet facilities. Some flood risk areas identified (along the Umlaas River and to the
west of Ezakhiweni area around the Shongweni Dam). Water is accessed from the river or dam
for farming purposes.

A useful study both in terms of the approach and providing locally relevant insights on social
vulnerability.

eThekwini Municipality official government publications (strategy, planning and census reports),
for example:

● Durban Climate Change Strategy (2014) – based on studies from 2010 (e.g. the eThekwini

Municipality Integrated Assessment Tool for Climate Change, Golder Associates, 2010).

● Integrated Development Plan 2018-19

● Spatial Development Framework (SDF) 2017/2018 – 2021/2022, integrates the Climate

Resilience Implementation Plan for Spatial Planning.
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Box 7│Selected studies, reports and resources related to assessing climate change vulnerability
of riverine systems within the eThekwini Municipal area

These resources provide a broad overview of the Municipality, covering for example,
infrastructure, demographics, ecosystems/environment, economy and land-use, and synthesize
key issues, challenges and development paths (e.g., the SDF).

The Spatial Development Framework 2017/2018 – 2021/2022 indicates that a High level Disaster
Risk Assessment for the eThekwini Metropolitan Municipality is currently underway, to generate
information related to the levels of disaster risks, hazards, vulnerabilities, manageability, and
capacities within the area of jurisdiction of the eThekwini Municipality. Outputs include suitable
ratings, vulnerability mapping and prioritization of the risks, hazards, vulnerabilities,
manageability, and capacity levels for the eThekwini Municipality.

The vulnerability mapping was conducted based on relative vulnerability levels associated with
social, structural, economic and environmental vulnerability levels in the eThekwini Municipality.

Comment on relevance and use

Useful source of municipal level information, including climate change potential impacts,
environmental state and socio-economic statistics.

These type of resources of key sources of information in top-down and rapid level climate change
vulnerability assessments – used as indicators of climate change vulnerability, or used to develop
indicators, for exposure, sensitivity and adaptive capacity elements of climate change vulnerability.

Geographical relevance: Depending on the geographical scope of the climate change vulnerability
assessment, this information can be too ‘coarse’ or not specific to the geographical area (e.g., a
stretch of river).

Time frame: These reports often build on or synthesize existing information and previous studies.
For example the climate change projections used in the Durban Climate Change Strategy are
based on modelling undertaken in 2010; river health information reported in the SDF is based
on aquatic bio-monitoring results from 2010.

Riverine system relevance: Sections within some of these reports refer broadly to riverine systems,
but riverine system vulnerability to climate change is not a direct focus.

Given the relationship between climate change and extreme (disaster) events, the disaster risk
assessment component of the SDF is likely to be a particularly useful resource in understanding
vulnerability to climate change within the eThekwini Municipality.

Climate change projection and impact studies for eThekwini

The projected changes in climate for eThekwini Municipality identified in the Durban Climate
Change Strategy (2014) are based on studies from 2010 and earlier:

● eThekwini Municipality Integrated Assessment Tool for Climate Change (Golder Associates,

2010)

● Impacts of Projected Climate Change on Design Rainfall and Stream flows in the eThekwini

Municipal Area (Schulze et al., 2010)

● Projections and Modelling Scenarios for Sea-Level Rise at Durban (Mather, 2009).

Comment on relevance and use

Geographical relevance: Geographically relevant.

Time frame: Potentially outdated given the developments in the field of climate change modelling
and the availability of new information.

Riverine system relevance: Directly relevant to riverine vulnerability to climate change as relates to
the exposure component of climate change vulnerability.
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Box 7│Selected studies, reports and resources related to assessing climate change vulnerability
of riverine systems within the eThekwini Municipal area

This is a key aspect of understanding riverine vulnerability to climate change.

KZN Coastal Vulnerability Index (CVI) and map (CoastKZN)

This study assessed the vulnerability of KZN coastal regions to the effects of coastal erosion,
extreme coastal storms and sea-level rise.

The CVI assesses the relative physical coastal vulnerability based on a set of coastal parameters
which serve as indicators of vulnerability.

The assessment also tried to address social, economic and ecological factors by identifying
indicators and assessing them in relation to the findings of the CVI to determine which populations
and associated infrastructure are potentially at risk.

The index, map and method appear on the CoastKZN interactive web-based information portal.

Comment on relevance and use

Geographical relevance: KZN coastal regions, including eThekwini coast line.

Time frame: Based on a 2011 study (Palmer et al., 2011).

Riverine system relevance: Study focuses on coastal areas, but overlaps with riverine systems in
terms of the connection to estuaries.

Provides a local case study of, and approach to, the development of a vulnerability assessment for
an ecological system.

Economics of climate change adaptation at the local scale under conditions of uncertainty and
resource constraints: the case of Durban, South Africa (Cartwright et al., 2013).

The study applied an innovative benefit-cost model to evaluate eThekwini Municipal climate
change adaptation options.

● Compiled a composite, people-centred benefit metric for each cluster of adaptation

options based on the number of people impacted and the extent of the welfare benefits

imparted by the respective adaptation efforts. Conventional financial approaches were

used to ‘cost’ each cluster of adaption options.

● Applied multi-criteria analysis to evaluate each cluster in terms of a set of criteria that

included the likelihood of political support, historic effectiveness of the particular

approach,

Job creation potential, maladaptation risk, and technical complexity in relation to available

skills.

Comment on relevance and use

Geographical relevance: Geographically relevant.

Time frame: Undertaken in 2011 so adaptation options and clusters and results may be outdated.

Riverine system relevance: One of the climate change adaptation clusters was ‘Strategic natural
capital management’ which included riparian restoration.

While not directly related to assessing climate change vulnerability, the approach and insights
from the study could be useful in planning and developing a business case for riverine
management.

3 Gaps analysis, stakeholder validation and synthesis

Drawing on the review of climate change vulnerability assessment guidelines and case studies and

the review of available (or existing) information that could be used to inform a climate change
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vulnerability assessment of riverine systems in eThekwini, a set of preliminary ‘knowledge gaps’ was

identified. The ‘gaps’ were presented to key experts in a review workshop for discussion, towards

verifying the identified gaps, highlighting additional sources of information / data, and identifying

options for future studies. The outcomes were captured in a workshop report which was circulated

for comment. The overall findings are presented in the following sections.

3.1 Knowledge ‘gaps’

There is no fixed or ‘best’ way of undertaking a climate change vulnerability assessment; the

assessment can be conducted at a variety of scales, at a rapid or comprehensive level (or some level

in between), from different perspectives (e.g., risk-hazard, social vulnerability) and using a variety of

methods (e.g., indicator-based or participatory methods). A climate change vulnerability assessment

can be tailored or designed to address the intended purpose of the assessment and to suit the

availability of information, or resources available to generate information. The confidence in the

results will range depending on the availability of up-to-date context specific (local scale)

information.

In the case of eThekwini Municipality, a comprehensive assessment of the vulnerability of riverine

systems in eThekwini to climate change has not been undertaken; however there is existing data and

information that could be collated, analysed and interrogated, from the perspective of riverine

system vulnerability to climate change, and used in a climate change vulnerability assessment. Key

areas where data or information to inform an assessment of riverine vulnerability to climate change

could be improved include:

● The projected changes in climate for eThekwini Municipality identified in the Durban

Climate Change Strategy (2014) are based on studies from 2010 and earlier:

o eThekwini Municipality Integrated Assessment Tool for Climate Change (Golder

Associates, 2010)

o Impacts of Projected Climate Change on Design Rainfall and Stream flows in the

eThekwini Municipal Area (Schulze et al., 2010)

o Projections and Modelling Scenarios for Sea-Level Rise at Durban (Mather, 2009).

Given new developments and information in this field, these studies are possibly outdated.

● The condition (ecological health) of aquatic ecosystems and particularly the riparian

habitat, especially for small urban rivers. Where information exists (i.e. State of Rivers

Reports for eThekwini) the information is outdated and limited to larger rivers.

● Knowledge of the adaptive capacity of riverine systems to climate change (and linked

anthropogenic effects). This ‘gap’ is related to the point above on ecological condition – in

order to understand the adaptive capacity of a riverine system (see Box 8) its current

condition must be known and potential future threats (other than climate change related

threats) considered. Local (in-field), up-to-date condition (ecological health) and threat

assessment are required.

● Knowledge of the sensitivity of linked social-economic systems to riverine vulnerability (see

Box 2, Section 2.1.1) – how riverine systems respond to climate change effects can have an

impact on linked socio-economic systems (e.g., infrastructure and human settlements

adjacent to a river). Reducing riverine vulnerability to climate change could reduce the

exposure of linked socio-economic systems to negative effects (e.g., flooding). Information in
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this regard is particularly context specific, although assumptions can be drawn from Census

data for a coarse or rapid level assessment. A local, bottom-up approach is more suitable for

assessing the adaptive capacity of people (social systems). Current projects and research

(e.g., in the Palmiet River system including the Quarry road informal settlement, the Aller

River, Mzinyathi River) and Conservancy and NGO activities could provide insights in this

regard. This type of information may extend beyond the scope of a focused riverine climate

change vulnerability assessment.

A detailed list of the ‘gaps’ in information relating to riverine vulnerability to climate change in the

eThekwini Municipality region identified through the knowledge reviews and stakeholder

consultation are presented in Appendix C12.

Importantly, the specific information, and level of detail, required for a climate change vulnerability

assessment depends on the intended purpose of the assessment and the corresponding approach

selected (e.g., risk-hazard or social vulnerability / adaptive capacity models or an integrated

approach); thus the information ‘gaps’ identified through this study may not be relevant in the case

of a narrowing or shifting of the scope (purpose and boundaries) of the intended climate change

vulnerability assessment.

Box 8 │The adaptive capacity of riverine systems

Anticipating the future condition of a river in the face of climate change requires explicit
consideration of the location of the river with respect to its climate, hydrology and ecology, and
how human activities affect the river and its ecosystems (Palmer et al., 2009).Exposure of different
riverine systems or river reaches to the same climate change variation (or event) does not
necessarily result in the same level of vulnerability as the different systems / reaches may have
varying levels of sensitivity and adaptive capacity.

Riverine systems are inherently dynamic, constantly adjusting to changing conditions and inputs
(e.g., sediments) by shifting across the landscape and changing the depth, width, and sinuosity of
their channels (Palmer et al., 2009). These adjustments are a ‘healthy’ riverine system’s response
to changes in the landscape and climate regime; the ability of a riverine system to adjust to such
changes reflects its adaptive capacity. The adaptive capacity of riverine systems to adjust to
landscape and climatic changes may be impaired by modifications in the landscape such as
surrounding land use and development, dams, water extractions and inputs (e.g., sediments, solid
waste and other forms of pollution) (Palmer et al., 2009). Free-flowing rivers in an unmodified
landscape are expected to have a greater capacity to adapt to climatic variation than modified
rivers and rivers in urbanized catchments because temperature and flow changes are buffered.

3.2 Suggestions for a way forward

3.2.1 Riverine system climate change vulnerability assessment – a way forward

It is evident that there is existing information (studies and data) relevant to assessing the

vulnerability of riverine systems within eThekwini to climate change. However, this information is not

always packaged or framed in a riverine climate change vulnerability context. Further, while a range

of relevant data are collected; the data are not always regularly analysed, evaluated and results

12 The appendix tables are set out to show the preliminary information gap, followed by the discussion and

inputs from the expert review.
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communicated. In terms of a riverine climate change vulnerability assessment, there is a need to

identify and collate specific data and ‘transform’ information into knowledge through analysis,

evaluation and interpretation through a riverine climate change vulnerability lens. For example, a

trend analysis of flood-related disaster events could be conducted using disaster call centre logs.

In this way, existing information for the eThekwini Municipality is adequate for use in an initial rapid

climate change vulnerability assessment for riverine systems. The approach outlined in the Climate

Change Risk and Vulnerability Assessment Tool (Lets Respond Toolkit13) could be adopted (i.e. an

indicator-based, expert and stakeholder scoring approach) and contextualized in terms of the

intended purpose of the climate change vulnerability assessment and specific focus (e.g., a riverine

system focus). Every climate change vulnerability assessment should include some level of

stakeholder consultation. In this approach, it is important to indicate the confidence in the ‘scores’

(e.g., lower confidence when ‘older’ data has been used or insights have been drawn from studies of

a broader scale or different geographic location) and the overall assessment outcomes.

While there is often a tendency to seek more information, an initial climate change vulnerability

assessment drawing on existing information can have significant value in conceptualizing and

supporting potential adaptation strategies. It can also assist in clarifying specific information

requirements and knowledge gaps. The confidence in the results of a rapid approach based on

existing information can be improved in future as more information becomes available.

A critical first step is to clearly define the purpose of the intended climate change vulnerability

assessment and set the boundaries (spatial, temporal, extent of linked systems and orders of climatic

effects to be considered). Before initiating a vulnerability assessment, it is necessary to clarify

several key aspects:

● What is the intended purpose of the climate change vulnerability assessment? For example,

to:

o Improve adaptation planning

o Identify mitigation targets

o Identify particularly vulnerable people, regions or sectors

o Raise awareness of climate change

o Allocate adaptation funds to particular vulnerable regions, sectors or groups of

people

o Monitor the performance of adaptation policy and interventions

o Conduct scientific research

● What questions is the assessment intended to answer?

● Who or what is vulnerable – an ecosystem, species, an individual, communities, a nation?

Ecological and socio-economic systems are linked; changes in the ecological system can

affect the linked social-economic systems (and other ecological systems) and vice versa.

Climate change effects can be viewed as ‘tiered’ - first order direct effects are linked to

multiple resulting indirect effects. To practically undertake the climate change vulnerability

assessment, the ‘systems’ and ‘orders of effects’ to be considered need to be defined and

bounded. For example, a UK case study defined the impact chains of (i) heatwaves on human

13 http://www.letsrespondtoolkit.org
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health; (ii) drought on water planning, and; (iii) flooding on the socio-economic system for

assessment (Tapia et al., 2017).

● Vulnerable to what? Climate change manifests as a range of effects (e.g., sea-level rise,

increased extreme events, higher temperatures). It is important to establish which ‘effects’

are likely to be relevant to the system being assessed and which effects, or whether all

effects, will be included in the assessment. For example, a local case study defined the

assessment scope as the vulnerability of wastewater infrastructure in the eThekwini

Municipal area to sea level rise (as a result of climate change); the purpose of the

assessment was to prioritise elements of the infrastructure for monitoring and adaptation

(Friedrich and Kretzinger, 2012).

● At what scale will the assessment take place – international, national, regional or local? For

example, the 1 in 100 year flood line is a good indication of connection to the river and could

be used as geographical boundary in a riverine system climate change vulnerability

assessment.

3.2.2 Supporting activities and studies – some options

A climate change vulnerability assessment of the riverine systems of the eThekwini Municipality

could be supported and strengthened through the following activities.

(a) An update of projected climate change impacts for eThekwini Municipality

The projected climate changes and associated impacts presently identified for eThekwini

Municipality are based on climate change studies from 2009-2010 and are therefore possibly

outdated. An update on the projected climate change impacts for eThekwini Municipality will

improve the confidence of an assessment of riverine vulnerability to climate change and be

useful to a range of stakeholders and for a variety of purposes (development planning,

adaptation interventions).

According to expert stakeholders there is new (but not yet publically available) climate change

projection information which could be used in an update of the previous impact studies. A

current C40 initiative is relevant in this regard. C40 is supporting a small set of pilot cities to

develop and update their climate action planning (mitigation and adaptation) to ensure it meets

1.5°C Paris agreement level of ambition. The technical assistance will be city-led, with the city

identifying those areas where technical assistance will make the most effective contribution to

the development of their climate action plans. The eThekwini Municipality (City of Durban) in

South Africa is one of the cities participating in the pilot. Climate Adaptation Services and

FutureWater are conducting this technical assistance, named ‘Climate Projections and Risk

Assessment for eThekwini Municipality’14. Work in 2018 focused on the first work component to

‘Update climate projections’, a summary of findings is provided in Box 9. This is a useful resource

in considering the exposure of eThekwini’s riverine systems to potential changes in the climatic

regime. The methodology of the assessment should be interrogated to determine confidence in

the projections for eThekwini; the report notes that “Although no site at the East Coast is

14 Lutz, A. 2018. Updated Climate Change Projections for eThekwini Municipality. FutureWater Report 178.

FutureWater,   Wageningen, The Netherlands.

https://ethekwini.maps.arcgis.com/apps/MapSeries/index.html?appid=4c59620219d343a1aec468b87aa0ffc5.
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included in the study, the selected GCM scores high in all the areas over South Africa, in

particular the different coastal areas. This provides confidence in the assumption that this GCM

has high skill (sic) over the location of eThekwini Municipality too” (Lutz, 2018:9).

Box 9 │ Climate Projections and Risk Assessment for eThekwini Municipality (current project)

Summary of main features of updated climate projections for eThekwini Municipality

Historical climate records as well as different climate scenarios based on the Representative
Concentration Pathways (RCPs) 2.6 (1.5 degrees), 4.5 and 8.5 have been analysed. From these
projections the following general conclusions can be drawn:

● Air temperature has been increasing over the past decades. Maximum air temperatures

have increased stronger than mean and minimum air temperatures. Increases are also

observed for temperature extremes such as tropical night occurrences and heat waves.

● These increasing trends are projected to continue in the coming decades (the analysis

reaches up to 2050). Realizing the RCP2.6 scenario would lead to lowest increase and

under RCP8.5 trends would continue more or less at the current level.

● Precipitation sums have been slightly decreasing over the past decades, in particular for

the summer season. Precipitation extremes on the other hand have become more

frequent and more intense.

● Precipitation projections for the future have high uncertainties. The future precipitation

sums are hard to project, but it is likely precipitation extremes such as high rainfall events

and drought occurrences increases further in frequency and intensity.

Climate Adaptation Services and FutureWater (Lutz, 2018).

(b) Riverine system condition assessments, monitoring and update of State of Rivers Reports for

eThekwini

The condition (ecological health) of aquatic ecosystems and particularly the riparian habitat is

pertinent to understanding the vulnerability of eThekwini’s riverine systems to climate change.

Existing information in this regard is outdated, and generally lacking for small urban rivers.

Activities could include:

● River health and riparian area condition assessments and monitoring at various points using

indicators such as macro-invertebrates, riparian vegetation, water quality (including

suspended solids), level of bank erosion and level of solid waste.

● A comparison of river health and riparian area condition between areas within and outside

of the Sihlanzimvelo community-based waterway management programme. Such an

assessment could be expanded into an evaluation of the existing 300 km Sihlanzimvelo

programme to indicate how a fully implemented riverine management programme could

have mitigated some of the recent (April 2019) flooding disaster.

These assessments would assist in defining the climate change vulnerability assessment as

well as generating information to support a business case for an up-scaled riverine

management programme (e.g., through highlighting changes in riverine health with the

Sihlanzimvelo programme and the benefits of the programme.

● Identification and prioritization of wetlands and other riparian habitats for rehabilitation.
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● Assessment of riverine condition and land use / land cover upstream of the eThekwini

Municipal area, as the climate change vulnerability of eThekwini’s riverine systems is linked

to the condition of the upstream systems.

● Integration of a citizen science / community environmental monitor training component

towards building long-term riverine system condition datasets.

(c) Data gathering and analysis of existing information

● There is an opportunity for several focused analyses / interrogation of existing data, through

a climate change vulnerability ‘lens’, for example, a trend analysis of flood-related disaster

events could be conducted using disaster call centre logs. The costs associated with such

events could be determined.

● Conservancies and NGOs working in the region are potential sources of data and

information. Data could be sourced from these organisations through a questionnaire /

template approach. The purpose and scope of the climate change vulnerability assessment

needs to be clear in order to direct appropriate data collection.

● The recent (April 2019) flooding events in the region provide an opportunity for learning

about areas where vulnerability to flooding is highest. This would require mapping of the

main areas / issues of flooding.

● The impact on flood reduction of the DMOSS (Durban Metropolitan Open Space System)

could be evaluated to build evidence of the benefits of ecological infrastructure.

(d) A catchment case study / prototype assessment to inform the business case

Given the spatial scale of the proposed up-scaled riverine management programme, adopting a

case study / prototype approach could be a feasible way of building an evidence base to support

the business case for an up-scaled management programme.

● A more comprehensive climate change vulnerability assessment through to developing a

business case for transformative actions could be undertaken in one (or more)

proto-catchments.

● Proto-catchments or case studies could be selected taking into consideration existing data

and studies (e.g., they could align with studies conducted by UKZN in the Palmiet and Aller

Rivers).

● A climate change vulnerability assessment focused on a specific catchment or river reach

(the proto-catchment) would provide an opportunity to develop a deeper and more holistic

understanding of climate change vulnerability, particularly in terms of adaptive capacity, and

could be used to consider additional socio-economic systems linked to the riverine system

and indirect (or 2cd, 3rd etc. order climate change impacts).
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4 Appendices

Appendix A: Review of key literature and case studies on climate change vulnerability assessment

– supporting materials

A1: Top-down and bottom-up approaches to climate change vulnerability assessment

TOP-DOWN ASSESSMENT APPROACH BOTTOM-UP ASSESSMENT APPROACH

Scale Global, national and regional levels Local level (e.g. households, villages,

communities)

Starting-poin

t

Analysis of climate change and

its impacts

Analysis of the people affected by

climate change

Focus Biophysical effects of climate change

that can be readily quantified

Future explicit

Effects on people of a given climate

change outcome and why people are

sensitive and exposed

Current vulnerability

Methods Make use of simulation models to

project future climatic variables and

impacts

Global or Regional Circulation Models

Collect information from a specific

location, participatory in nature

Participatory Rural Appraisal (PRA) tools

Downscaled climate simulations

Socio-economic household surveys

Outcome Physical vulnerability for a specified

time period

Current vulnerability of different social

groups within a specific place

Strengths ● Represent direct cause-effect

relationships of climate stimuli and

their biophysical impacts

● Project the state of a system far into

the future

● Highlight which specific groups of

people are vulnerable

● Allow the differences in vulnerability

between different social groups to be

brought out

● Allow vulnerability to be assessed at

small spatial scales, where large-scale

simulation models are less reliable

Weaknesses ● Uncertainties inherent in modelling

exercises, compounded if global

models are ‘down-scaled’ to regional

levels

● Focus is (generally) restricted to the

ecological component of

socio-ecological systems

● Location/place specific and difficult to

generalise

● Difficult to make statements or

estimates about future vulnerability

based on an assessment of existing

vulnerability

Suitable for Estimating large-scale climate change

impacts and informing national or

international climate change adaptation

policies

● Devising local climate change

adaptation projects and measures

● Including stakeholders and allowing

them to voice their perspectives and

suggestions

Also known

as

Biophysical vulnerability

Outcome vulnerability

Social vulnerability

Context vulnerability
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A2: Climate change vulnerability assessment tools and methods

TOOL CATEGORY DESCRIPTION

Sector specific
top-down tools

Provide a quantitative estimate of the possible harm to certain sectors and/ or
systems due to future climate change

● Limited by model uncertainty & input parameters

● Suitable for coarse scale.

Crop models, hydrological models, simulation models for coastal areas, human
health, assessment methods and terrestrial ecosystem models.

Soil and Water Assessment Tool (SWAT) is a hydrological model used to predict
the impact of land management practices on water, sediment and agricultural
chemical yields.

Climate data
analysis and other
top-down
methods

Use scenarios of the future socio-economic development of the world to feed
Global or Regional Circulation Models (GCMs and RCMs). In turn, the GCMs
and RCMs project future climatic variables (e.g. mean annual precipitation,
mean annual temperature etc.).

Global
Circulation
Models (GCM)

Numerical models that represent physical processes in the atmosphere, ocean,
cryosphere and land surface. Simulate the response of the global climate
system to increasing greenhouse gas concentrations.

Regional
Circulation
Models (RCM)

Physical model representing the important components of the climate system.
It has a higher resolution than a GCM and provides finer spatial and temporal
detail, and covers a limited area of the globe. The RCM takes inputs from a
GCM, which, in turn, influences the behaviour of the regional climate.

Statistical
analysis of
climate data
time series

Statistical methods to analyse climate data and identify climatic trends;
commonly descriptive statistics (mean, median and standard deviation), trend
analysis, and calculation of interval or the return period of certain events (e.g.,
droughts, floods, etc.).

Often data are available from various public sources.

Used to assess current exposure and does not include the effect that future
climate change will have on climatic variables.

Bottom-up
methods and tools

Tools and methods for collecting information from a specific location, and are
generally participatory in nature. Attempt to draw out the nuances in a given
location and are often a combination of quantitative and qualitative methods.

Participatory
Rural Appraisal
(PRA) methods

A range of methods and tools to enable local people to share, enhance and
analyse their knowledge of life and rural living conditions. PRA also enables
people to plan and act on that knowledge.

Participatory methods include mapping and modelling, transect walks, matrix
scoring, seasonal calendars, trend and change analysis, wellbeing and wealth
ranking and grouping, and analytical diagramming.

These are typically conducted at smaller spatial scales and explicitly have a
focus on social vulnerability.

Expert
judgements

Expert evaluations of specific propositions. For example, in an assessment of a
riverine system, a team of experts could include hydrologists, engineers, water
resource managers, etc.
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TOOL CATEGORY DESCRIPTION

Indicator-based
methods

Approaches that use indicators (indices) to assess vulnerability. In general,
indicators are parameters which provide information about specific states or
conditions which are not directly measurable. Indicators are selected that
reflect factors that intensify or mitigate climate change effects (BMZ, 2014).

For example, an indicator of land use could be a classified land cover map; an
indicator of poverty could be the proportion of the population living below the
national poverty line in a given year.

Often, comparability across assessments is limited due to different units of
measurements, and it is critical that the methods for collecting and combining
individual indicators are understood.

Vulnerability
indicators or
vulnerability
mapping

The most widely used method. Vulnerability ‘hotspot’ mapping and
approaches can use indicators and/or modelling.

Example inputs: user selected indicators. Regional climate projections and
impact assessment modelling. Expert judgment and qualitative information.
Complemented by stakeholder-driven bottom-up methods for the validation of
data.
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Appendix B: Review of available information for the eThekwini region – supporting materials

B1: Examples from the eThekwini Strategic Environmental Assessment data catalogue

Specialist field Data Format

Water quality Beach monitoring points Shape files

 Port of Durban SEA BID Report (pdf.)

 Water quality Excel spreadsheet

 DWS monitoring sites Shape files

Water supply Umgeni Water historical dam levels Excel spreadsheet

 DWS dam historical dam levels Excel spreadsheet
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Specialist field Data Format

Infrastructure
services

 
 
 
 
 
 
 
 
 
 
 
 
 

Roads Shapefile

Current Public Transport Record Facilities 2012 Shapefile

eThekwini Water and Sanitation (EWS)
Security of Water Supply Plan
(2017-2027, 10 year period)

Report

Umgeni Infrastructure Master Plan Reports

eThekwini Built Environment Performance Plan 2018/2019 Drat Report

Transport Master Plan and Implementation Programme Report

Non-motorised
transport plan

Report (pdf.)

Integrated transport plan  (5 year plan, 2010/2011 -
2014-2015)

Report

eThekwini Traffic Volume 2018 Report

Vehicle Population by year Spreadsheet

ETHEKWINI MUINICPALITY PASSENGER CAR UNITS (PCU)
Technical Note September 2018

 
Report (MS
word)

eThekwini Greenhouse Gas Emissions Inventory 2016 Technical Report

Final Summary Document: eThekwini Greenhouse Gas
Emissions Inventory 2016

Summary report

Transport Authority Organogram  
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B2: Projects and programmes (conservancies, NGOs) related to rivers and wetlands within eThekwini

Municipality

Title Description Link Parties Involved

A case study of an
urban river
rehabilitation project
in a time of drought by
Luci Coelho

Aller River Pilot
Project (ARPP)
The profiles the efforts
and learnings of the
ARPP over a 34 month
period, 2016 to 2018.

http://www.ierm.org.za/W
ebsites/ierm/files/Content/
6386373/A_case_study_of_
an_urban_river_rehabilitati
on_project_in_a_time_of_
drought_by_Luci_Coelho.p
df

eThekwini
Conservancies Forum

Palmiet River
Rehabilitation Project

Rehabilitate and
restore part of the
Palmiet River.

https://www.sanbi.org/wp-
content/uploads/2018/04/
ethekwini-project.pdf

SANBI, eThekwini
Municipality, UEIP,
WWF Green Fund,
WESSA, DUCT

Governing River
Rehabilitation for
Climate Adaptation
and Water Security in
Durban, South Africa

Aller and Palmiet
restoration projects.
The study focuses on
climate change at the
local scale, through
the lens of two river
rehabilitation projects
in Durban.

https://link.springer.com/c
hapter/10.1007/978-3-030-
04873-0_13

eThekwini
Conservancies Forum,
Kloof Conservancy

Molweni River
Community Park

Clearing of alien
invasive plants around
the Molweni River.

https://www.kloofconserva
ncy.org.za/projects/molwe
ni-river-community-park/

Kloof Conservancy,
Umgeni Water, DUCT,
Ezemvelo KZN Wildlife
and eThekwini
Municipality

Pickersgill’s Reed Frog
Recovery

Clearing of alien
vegetation across six
sites within eThekwini
Municipality coastal
dune and priority
wetlands to secure
Pickersgill’s Reed Frog
habitat.

https://www.ewt.org.z
a/what-we-do/what-w
e-do-habitats/threate
ned-amphibian-progra
mme/

Endangered Wildlife
Trust, DEA NRM,
eThekwini
Municipality,
Conservation KZN
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Title Description Link Parties Involved

Durban Green
Corridors Eco
Restoration / Litter
Booms

Litter removal and the
installation of litter
booms.
Clearing of invasive
species and replanting
of indigenous flora.
River management,
land care and
restoration
interventions.
Ecological system and
open space
management
planning.

http://www.durbangreenco
rridor.co.za/eco-restoration
-litter-booms

Durban Green
Corridors

INSTITUTE OF NATURAL RESOURCES35

http://www.durbangreencorridor.co.za/eco-restoration-litter-booms
http://www.durbangreencorridor.co.za/eco-restoration-litter-booms
http://www.durbangreencorridor.co.za/eco-restoration-litter-booms


eThekwini Riverine Climate Change Vulnerability Gap AnalysisMay 2019

B3: References for the studies cited in section 2.2

Cartwright, A., Blignaut, J., De Wit, M., Goldberg, K., Mander, M., O’Donoghue, S. and Roberts, D.,

2013. Economics of climate change adaptation at the local scale under conditions of uncertainty

and resource constraints: the case of Durban, South Africa. Environment and Urbanization, 25(1),

pp.139-156.

CoastKZN. 2019. An interactive web-based information portal which aims to inform and share

knowledge about the KZN coastal and estuarine environments. Available at

http://www.coastkzn.co.za/themes/coastal-risk-and-vulnerability/coastal-vulnerability-index-kzn-c

opy/ .

CSIR. 2019. Green Book: Adapting South African settlements to climate change. Available at:

www.greenbook.co.za.

DEA (Department of Environmental Affairs). 2013. Long-Term Adaptation Scenarios Flagship Research

Programme (LTAS) for South Africa. Climate Trends and Scenarios for South Africa. Department of

Environmental Affairs, Pretoria, South Africa.

DEA (Department of Environmental Affairs). 2018. South Africa’s Third National Communication

under The United Nations Framework Convention on Climate Change. Department of

Environmental Affairs, Pretoria, South Africa.

DEA (Department of Environmental Affairs). 2019. National Climate Change Adaptation Strategy

–Draft. Department of Environmental Affairs, Pretoria, South Africa.

Golder Associates. 2011. Community-based Adaptation to Climate Change in Durban. Report

Number: 11977-10286-9. Report prepared for eThekwini Municipality. Downloaded from:

http://www.durban.gov.za/City_Services/development_planning_management/environmental_pl

anning_climate_protection/Publications/Documents/Community_Based_Adaptation_Report.pdf .

Mather, A.A. 2013. Durban Climate Change Strategy Introductory Report: Sea Level Rise. eThekwini

Municipality.

Palmer, B.J., Van der Elst, R., Mackay, F., Mather, A.A., Smith, A.M., Bundy, S.C., Thackeray, Z., Leuci,

R., and Parak, O. 2011. Preliminary coastal vulnerability assessment for KwaZulu-Natal, South

Africa. Journal of Coastal Research, 64.

Schulze, R.E., Knoesen, D.M., Kunz, R.P. and van Niekerk, L.M. 2010. Impacts of Projected Climate

Change on Design Rainfall and Stream flows in the eThekwini Municipal Area. ACRUcons Report

62. School of Bioresources, Engineering and Environmental Hydrology, University of

KwaZulu-Natal, Pietermaritzburg.

Thornhill, M., Green-Govendor, J. and Khoza, B. 2009. A Status Quo Analysis on the Impacts of

Climate Change in KwaZulu-Natal. Report to the Department of Agriculture and Environmental

Affairs, Provincial Government, KwaZulu-Natal, South Africa.
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B4: Additional studies related to riverine systems in the eThekwini Municipality

Title Description Reference and link

Quality of Rivers in eThekwini
Municipality

River health reports released monthly onto eThekwini website. eThekwini Municipality (2019). Quality of Rivers in eThekwini
Municipality. [online]
http://www.durban.gov.za/City_Services/water_sanitation/Water_Quali
ty/Pages/Quality_Of_Rivers.aspx .

Thinking globally, acting locally –
institutionalizing climate change
at the local government level in
Durban, South Africa

This paper considers how climate change came to be considered
by local government against four institutional markers: the
emergence of climate change advocates among local politicians
and civil servants; climate change as a significant issue in
municipal plans; staff and funds allocated to climate change
issues; and a serious consideration of climate change issues
within local government decision making.

Roberts, D., 2008. Thinking globally, acting locally—institutionalizing
climate change at the local government level in Durban, South
Africa. Environment and Urbanization, 20(2), pp.521-537.
https://journals.sagepub.com/doi/pdf/10.1177/0956247808096126

Prioritizing climate change
adaptation and local level
resilience in Durban, South Africa

This paper focuses on developments in climate change
adaptation in Durban since 2008.

Roberts, D., 2010. Prioritizing climate change adaptation and local level
resilience in Durban, South Africa. Environment and Urbanization, 22(2),
pp.397-413.
https://journals.sagepub.com/doi/pdf/10.1177/0956247810379948 .
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Title Description Reference and link

Changing Perceptions of Climate
Mitigation Among Competing
Priorities: The Case of Durban,
South Africa

This study examines the Municipality’s climate mitigation
projects, with a focus on energy sector.

Aylett, A., 2011. Changing perceptions of climate mitigation among
competing priorities: The case of Durban, South Africa. Case study
prepared for Cities and Climate Change: Global Report on Human
Settlements.
https://www.researchgate.net/profile/Alex_Aylett/publication/2287841
67_Changing_Perceptions_of_Climate_Mitigation_among_Competing_P
riorities_The_Case_of_Durban_South_Africa/links/00463515c825624a8
5000000.pdf .

Urban environmental challenges
and climate change action in
Durban, South Africa

This paper reflects on the progress made in climate change
adaptation in the city of Durban since the launch of the
Municipal Climate Protection Programme in 2004

Roberts, D. and O’Donoghue, S., 2013. Urban environmental challenges
and climate change action in Durban, South Africa. Environment and
Urbanization, 25(2), pp.299-319.
https://journals.sagepub.com/doi/pdf/10.1177/0956247813500904 .

Governing River Rehabilitation
for Climate Adaptation and Water
Security in Durban, South Africa

This chapter compares the governance approaches of two river
rehabilitation projects within Durban, to reflect on the
convergence of water security and climate adaptation agendas.
Through their implementation both projects have prioritised
state–citizen relationship building, empowered communities and
promoted capacity building processes. The Aller River and
Palmiet River restoration projects are examined.

Martel, P. and Sutherland, C., 2019. Governing River Rehabilitation for
Climate Adaptation and Water Security in Durban, South Africa. In The
Geography of Climate Change Adaptation in Urban Africa (pp. 355-387).
Palgrave Macmillan, Cham.
https://link.springer.com/chapter/10.1007/978-3-030-04873-0_13 .

Linear and Nonlinear Sea-Level
Changes at Durban, South Africa.

The tide record between 1970 and 2003 for Durban, South
Africa, is analysed to determine the extent of recent linear and
nonlinear sea-level trends in the light of predicted global
sea-level rise

Mather, A.A., 2007. Linear and nonlinear sea-level changes at Durban,
South Africa. South African Journal of Science, 103(11-12), pp.509-512.
http://www.scielo.org.za/pdf/sajs/v103n11-12/a1710312.pdf .
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Title Description Reference and link

The relationship between the
infrastructure, within the Palmiet
catchment, and the condition of
the Palmiet River water quality
and Riparian zone.

This study explored the relationship between the infrastructure,
within the Palmiet Catchment (eThekwini), and the condition of
the river water quality and riparian zone. Impacts assessed
included indigenous vegetation removal, exotic vegetation,
channel modification, inundation, water abstraction, flow
modification, bed modification, water quality and rubbish
dumping

Naidoo, S. (2016). The relationship between the infrastructure, within
the Palmiet catchment, and the condition of the Palmiet River water
quality and Riparian zone. Masters. University of KwaZulu-Natal.
https://researchspace.ukzn.ac.za/xmlui/handle/10413/15360 .

Impacts of Projected Climate
Change on Design Rainfall and
Streamfows in the eThekwini
Metro Area

Paper not available online. Perhaps available from eThekwini Schulze, R.E., Knoesen, D.M., Kunz, R.P. and van Niekerk, L.M., 2010.
Impacts of projected climate change on design rainfall and streamflows
in the Cape Town metro area. University of KwaZulu-Natal,
Pietermaritzburg, RSA, School of Bioresources Engineering and
Environmental Hydrology.

Schulze, R. E., Knoesen, D. M., Kunz, R. P., & van Niekerk, L. M. (2010).
Impacts of Projected Climate Change on Design Rainfall and Streamfows
in the eThekwini Metro Area. Report Prepared for the eThekwini
Municipality, University of KwaZulu-Natal, Pietermaritzburg

Institutional Pathways for Local
Climate Adaptation: A
Comparison of Three South
African Municipalities

Comparison of governmental role in climate change mitigation
between eThekwini Municipality and two municipalities in W.
Cape.

Taylor, A., Cartwright, A. and Sutherland, C. (2014). Institutional
Pathways for Local Climate Adaptation: A Comparison of Three South
African Municipalities. [online] Paris, France: Agence française de
développement, AFD.
https://www.academia.edu/21328360/Institutional_Pathways_for_Local
_Climate_Adaptation_A_Comparison_of_Three_South_African_Municip
alities .
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Title Description Reference and link

Estuaries - eThekwini
Municipality

Summary of the state of estuaries in eThekwini Municipality from
2008.

eThekwini Municipality (2008). Estuaries of Durban. Durban, South
Africa: eThekwini Municipality.
http://www.durban.gov.za/City_Services/development_planning_mana
gement/environmental_planning_climate_protection/Publications/Docu
ments/Durbans%20Estuaries.pdf .
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Appendix C: Gaps in information relating to riverine vulnerability to climate change in the eThekwini

Municipality region

The following tables are set out to show the preliminary information gap, followed by the discussion

and inputs from the expert review.

Table C1: Gaps in studies relating to riverine vulnerability to climate change in the eThekwini

Municipality region

Gaps in studies relating to riverine vulnerability to climate change

1) Gap - There is no study of climate change vulnerability relating specifically to riverine systems in

eThekwini Municipality. This gap can be expanded to specific studies relating to:

● Infrastructure in riparian areas (impacts on waste water and urban road transport

infrastructure has been assessed for sea level rise); Human settlements in riparian areas;

Ecosystems in riparian areas.

Discussion:

Agreed - no climate change vulnerability study has been conducted for the riverine systems of
eThekwini.

● Climate change vulnerability of riverine systems is related to the health of these systems in

terms of water quality and habitat integrity. Habitat integrity refers to the health of systems

taking into account a number of factors such as riparian alien vegetation, incised river

channels, and organisms present in the river systems.

● River health/integrity ‘criteria’ in the context of urban systems need to be considered, an

urban river may still be functional, while not meeting all the criteria of ‘river health’ for

non-urban systems.

● An important source of data relating to riverine systems within eThekwini is the river water

quality index however these results are only published two weeks after the monitoring

event and weightings of determinants used to develop the spatial data is unclear.

● Stream order - attention needs to be given to the streams that are monitored in terms of

their stream order as streams of different orders are impacted differently by climate change

impacts (e.g. heavier rainfall events).

● Information is lacking for small rivers within urban areas.

● System ‘boundary’ - attention needs to be given to defining where the riverine system starts

and ends to ensure that everyone engaging with the information is clear about this.

Data suggestions:

● There is a record of engineering infrastructure (there has been a recent push to record all

assets, some ‘gaps’ e.g. location of gabion works). Has this engineering worked? The

information has been recorded, but not analysed at this stage.

● Disaster management data and records to understand where heavy rainfall and flooding

impacts (which will become more frequent under climate change) have had the greatest

impact.

● Durban conservancies – information from the work they are doing on the ground,

information is available but not necessarily packaged as ‘climate change vulnerability’ (e.g.,

counting of people living along river reaches).

● EWT is also involved in local case studies.
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Gaps in studies relating to riverine vulnerability to climate change

2) Gap – There are no studies relating to adaptive capacity (AC) of either social systems or riverine

ecological systems in the eThekwini Municipality. This includes a lack of key indicators of AC in

the range of eThekwini contexts.

Discussion:

● The work done by Cathy Sutherland in relation to informal settlements and climate change

could be relevant.

● This type of work is usually undertaken at the level of specific areas, given the site- and

community-specific nature of AC.

● It is important to note that the Durban conservancies do lots of work that could contribute

to a climate change vulnerability assessment, and even though this data may not be

published, the data is available and could be sourced from the conservancies, for example

interviews and project reports/evaluations (Palmiet, Aller River, Wiseways, EWT).

3) Gap – There are no formalised studies which have collated existing data and records such as

flood damage information into a database which can show priority areas and trends in climate

change vulnerability.

Discussion:

Agreed, however extensive data is collected by the eThekwini municipality regarding a number of
different aspects, the gap lies in evaluating/interrogating the data.

Data available:

Potential additional data source is insurance claim data (not publically available) as well as the

information mentioned under Gap 1.

4) Gap – There are no studies identifying and prioritising ecological infrastructure that is important

for the mitigation of climate change impacts on rivers in the eThekwini Municipality.

Data suggestions:

● DMOSS (Durban Metropolitan Open Space System) - this data could be used for evaluating

flood reduction potential with regard to different land cover types

● eThekwini Biodiversity Planning (Cameron McLean) – data, ranking sensitivity and

importance

● World bank report: Jane Turpie et al. (2017) and associated studies

● UEIP related work – focus on upper catchment and alien plant removal in relation to services

such as water security and flood attenuation.

5) Gap – Lack of monetary evaluations of climate change impacts.

Discussion:

● Limited, some relevant studies (e.g., Turpie et al., 2017), disaster management budgets and

spending, likely to be private sector (unpublished) studies and valuations.
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Table C2: Gaps in data relating to riverine vulnerability to climate change in the eThekwini Municipality

region

Gaps in data relating to riverine vulnerability to climate change

1) Gap – Lack of information surrounding the condition of aquatic ecosystems and particularly the

riparian habitat.

Discussion:

River Health Assessments (e.g., State of Rivers reporting) are useful for understanding the condition
of aquatic systems and the associated riparian habitat.

● State of Rivers reports for eThekwini were done for roughly 3 years, but have not been done

for some time.

● Gaps on information for small urban rivers (often only the larger rivers are assessed).

Municipal water quality data is available on the website 2 weeks after sampling, but is not always
easy to find on the website.

Additional localised rainfall data would be useful: intense and localised rainfall events can have
disastrous impacts depending on the area, surrounding infrastructure, development within the flood
zones etc.

Data suggestions:

● EIA and WULAs should provide information on aquatic condition for specific project areas

● Housing department data

● Streamflow monitoring – plan in progress to implement 50 additional monitoring sites

within the Municipality.

2) Gap – Lack of data on the condition of infrastructure.

Discussion:

Water and sanitation department should have data on their operations form the waste water audits.

eThekwini has spatial data on the location and age of infrastructure, but not its functional condition
● There is an asset register which could provide some additional information.

Wastewater and temperature change (climate change effect) interactions need to be considered, in
terms of the effectiveness of waste water treatment under higher temperatures and the potential
additional disease risk associated with higher temperatures.

3) Gap – There is a lack of socio-economic data which is specific to / can be isolated for riparian

area settlements.

Data suggestions:

● Potentially spatial socio-economic data available from eThekwini GIS (Steve Pieterson –

eThekwini Water and Sanitation Unit). This data can be overlaid with point data for

settlement locations which are available as well.

● Housing Department.
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Gaps in data relating to riverine vulnerability to climate change

4) Gap – Lack of publicly available information on private sector impacts of climate change.

Data suggestions:

● Durban Chamber of Commerce and Industry – local businesses do engage on climate change

issues.

● Capital budgets - Disaster Management and Engineering Units for repairs to damaged

infrastructure.

5) Gap – Lack of information concerning which areas are most vulnerable to, or most frequently

impacted by, climate change events / hazards.

Discussion:

There is new (not yet available) downscaled climate change information which could be used in an
update of the previous climate change modelling for the eThekwini area (Professor Schulze-UKZN
PMB).

6) Gap – Lack of flow monitoring on the majority of eThekwini streams / rivers (presently).

Discussion:

Streamflow monitoring – plan in progress to implement 50 additional monitoring sites within the
Municipality.

7) Gap – There is a ‘gap’ in understanding of how people ‘use’ streams, particularly urban streams

(not only informal settlements). This type of information relates to an understanding of the

sensitivity of socio-economic systems to ecological (riverine) vulnerability to climate change.

Discussion:

● DWS have GPS co-ordinates on location of standpipes and the amount of people these

standpipes serve.

● There could be an opportunity for the Sihlanzimvelo project teams to collect data in this

regard.

8) Gap – Large amounts of climate change data available for ETM, but this is somewhat outdated –

even newer reports are based on older data.

Discussion:

● Some data / information outdated (e.g., climate change impact modelling from 2010) –

there are options to update this with recent work (Professor Schulze-UKZN PMB).

● Existing information is not always packaged or framed in a climate change vulnerability

context.

● Data is often collected, but not always analysed or evaluated.
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Appendix D: Expert review workshop – attendance register
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