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Executive summary 
 

The earth’s climate has always changed, moving through warming and cooling cycles. 
However, recent large-scale anthropogenic influences have led to dramatic changes within 
this cyclic system. As a result, the earth has entered into a warming cycle at an unprecedented 
speed in a period when it should be cooling. In this regard, observed changes in the climate 
system have shown that Global Mean Surface Temperature (GMST) has increased since the 
late 19th century with the last three decades being the warmest. Observations have also shown 
that the temperature increased by 0.89°C from 1901 to 2012 with most of the increase 
(approximately 0.72°C), taking place in the last fifty years. The observed records compare 
very well with the outputs from simulations on climate. The verified projections of 
observations are now being used to plan the climate change response in various sectors 
including water and wastewater service provision. 

Past investigations and practices have reinforced the idea that adaptation is a local activity. It 
is for this reason that guidance on adaptation is based on data and information which are 
closely related to the distinct local area of interest. The adaptation compendium project 
addresses the issues surrounding adaptation within different settings, affecting local 
government institutions in water and wastewater services. 

Currently, the water sector institutions in the country are overwhelmed with dealing with 
immediate challenges such as providing potable water of acceptable quality, and extending 
sanitation provision to unserved communities. However, issues surrounding climate change 
impacts that will become more pressing in the future are usually not accounted for in 
municipal plans. The Integrated Development Plans (IDPs) of most local municipalities and 
district municipalities do not mention climate change; although in both the Assessment 
Report Number 4 (AR4) and AR5, the Intergovernmental Panel on Climate Change (IPCC) 
advises that climate change impacts which have already started to affect service delivery will 
continue to cause negative impacts after 2100, even when the best possible mitigation 
scenarios are applied. As such, the water sector like any other sector that is affected by 
climate change has to adapt.  

Local government institutions, and especially municipalities, are currently looking at how 
they can address the impacts of climate change as part of their business process. There is very 
little guidance however regarding how this can be achieved, and less so, guidance that is 
directly linked to their business, location, existing infrastructure, resources and other unique 
factors. In this research, a water sector adaptation guide was developed. The guide deals with 
the selection of relevant water sector adaptation technologies and approaches for specific 
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climate change impacts over the short-, medium- and long-term. Specific objectives of the 
study include the following: 

• To investigate if all or just some municipalities will need to adapt to climate change; 

• To develop a set of criteria to classify adaptation technologies and approaches; 

• To identify appropriate adaptation technologies and/or approaches to climate change at 
local government, community and/or household level; 

• To map the adaptation technologies for near-, medium- and long-term planning, while 
taking into consideration the types of municipalities – rural, urban and metros; 

• To ascertain the institutional capacity and requirements of a local government to roll out a 
climate change adaptation strategy; 

• To define practical implementation steps and planning horizons that will be required, and 

• To provide a review and way forward of current research that could provide future 
solutions and address the gaps in the sector to meet climate change needs. 

This study approach relied on downscaled data and information from the Department of 
Environmental Affair (DEA)'s 2013 Long Term Adaptation Scenarios (LTAS) studies. In 
addition, the data on current practices and water services were secured through the use of 
three case studies – Tshwane Metropolitan Municipality, uMgungundlovu District 
Municipality and Vhembe District Municipality. The selected three case studies were 
representative of a wide range of characteristics for various municipal institutions in South 
Africa. Furthermore, the case studies selected are located in different hydroclimatic zones. 
The climate change projections for the different zones informed the decisions regarding 
proposed adaptation technologies and approaches in the compendium. 

The climate projections for all the regions were translated to impacts related to the short-
term, medium- and long-term climate timeframes. The project evaluated the nature of climate 
change impacts, including socio-economic and environmental implications across four time 
frames, namely: immediate- (approximately 5 years); short- (<2030); medium- (<2050) and 
long- (<2100) term. The 5-year time frame was included in this study to deal with the 
heightened vulnerability and service backlogs in certain regions where resolution of backlogs 
should be prioritised in ongoing plans such as the 5-year IDPs. 

 
The development of the adaptation compendium aimed at dealing with the following:  
• Climate change impacts; 
• Vulnerability to climate change;  
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• Capacity to adapt; and  
• Potential development opportunities.  
 
• The team took advantage of the guidance provided the United Nations Environmental 

Programme (UNEP) where three generic options for adaptation were suggested. The three 
generic options were considered for this project to define three main activity routes as 
follows: 

• Protect: defend vulnerable areas, especially population centres, economic activities and 
natural resources; 

• Accommodate: continue to occupy vulnerable areas, but develop adaptation and improve 
preparedness to counter the impacts; 

• Retreat (planned): provide conditions to abandon systems and structures when they are no 
longer viable due to the negative impacts. 

 
• Vulnerability was determined to be a function of three main variables: exposure, 

sensitivity and adaptive capacity. The three variables were considered to be composed of 
indicators that could be evaluated on the basis of the information obtained from the field 
studies and literature. The decisions on preferred adaptation measures were reached on 
the basis of comparing the measure or degree of vulnerability, also called the 
vulnerability index in each case.  

• The developed adaptation compendium comprises proposed technologies and approaches, 
which were prioritised on the basis of evaluated performance, in terms of the nature of 
impacts and the characteristics defined for each zone. These characteristics included 
institutional variables, geographical settings, and social dimensions, as well as the overall 
cost benefit assessment. 

• During the course of the project, two workshops were held. The workshops were set to 
share the project progress and obtain inputs from stakeholders regarding important 
developments as well as other advice that could improve the project impact. 

 
• This research resulted in the following findings: 
• The impacts of climate change in all regions are significant enough to warranty 

adaptation response. Temperature is expected to continue to rise under non-mitigation 
scenarios, and even when high levels of mitigation are applied.   

• Ideally, the selection of adaptation options should be based on several variables which 
define the specific local circumstances.  The options to be selected should optimise 
prevailing and anticipated environmental, social, economic and cultural aspects. Options 
should also be associated with a favourable economic assessment after accounting for the 
social components for which monetary returns are not expected.  
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• The rural water institutions, especially those that are not served by large water boards 
have the worst adaptive capacity, making them more vulnerable to the additional stresses 
due to climate change impacts. The research established that the large water boards like 
Umgeni and Rand Water were associated with a higher level of service delivery, thus 
reducing vulnerability. 

• Although, several water sector institutions have attempted to develop a climate change 
policy, researchers did not come across cases where the policies had been translated to 
clearly defined adaptation projects in the business plans. In some cases, even though there 
are active projects which can be classified as having an ability to contribute to climate 
change adaptation, these projects are still not classified under any adaptation initiative. 
The concept of adaptation has not yet been articulated into projects and programmes for 
which budgets are allocated. 

• Blue- and green drop scores also point to the nature of vulnerability in water and 
wastewater services. A poor score also means that the institution and the service delivery 
process are highly vulnerable to the impacts of external factors such as climate change. 
As such these vulnerabilities have to be dealt with even before accounting for climate 
change.   

• Water sector legal instruments have not been updated to reflect the threat of climate 
change to water service provision. As such, the plans for implementing climate change 
adaptation are still failing to make it onto the list of prioritised projects for the 
municipalities, even though several climate change strategies may have been developed. 

Based on the study findings, the following recommendations are proposed:  

• The relevance of climate change response strategies is affected by the fast pace of 
changes in the conceptualization, global simulations, and guidance at international level. 
During the course of this study, the IPCC Assessment Report Number 5 (AR5) replaced 
the AR4 as the international guiding framework for climate change. This change came 
with new data, new concepts in climate change targets, new sets of tools and generated 
new understanding. The pace of climate change research and the implementation of 
response mechanisms in the country have to match the international rate of progress on 
the subject.  This way, climate change responses will generate the best possible returns.  

• In the absence of the latest regionalised or localised CC projections, the authors of this 
adaptation guide advocate for the selection of ‘no-regret’, ‘low-regret’, ‘win-win’ and 
‘flexible’ adaptation options. Development and implementation of these options are more 
viable as they tend to build on the understanding of the current state where other water 
service challenges are prevailing and have been planned for. 

• No regret options are also achieved through the implementation of projects and practices 
that result in a greener and more sustainable water and wastewater services system. 
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Observations made during the course of the study showed that water service institutions 
stand to gain more if they prioritise adaptation through green solutions.  

• The national guidance for responding to climate change is developing slowly. As such, 
important legislative tools such as the Water and Water Services Acts are falling short 
when it comes to guiding CC response in the water sector. The current environment, 
however, does not stop any institution or local government body from investigating and 
taking leadership on climate change response. 

• Impacts on key chemical processes associated with water services will continue to change 
as the climate changes. In addition, the impacts of climate change from past greenhouse 
gas emissions will continue to rise until well after 2100. New designs and improvements 
to existing infrastructure should take into account climate change impacts and advance 
opportunities for adaptation. 

• Consultations with the climate change directorate in the South African Local Government 
Association (SALGA) revealed that there is a general reluctance by most municipalities 
to incorporate climate change in the IDPs. In the absence of a system to enforce the 
uptake of climate change policies, DEA, Cooperative Governance and Traditional Affairs 
(COGTA), in collaboration with SALGA, could develop a formal incentivised monitoring 
programme that is similar to the DWS’ Blue/Green drop certification programme to 
monitor and encourage the municipalities’ response to climate change using a progressive 
scoring system. 

• Community members also have a major role to play in water services adaptation. 
Knowledge on climate change has to be shared with communities to ensure that they are 
actively involved when the institutions such as the municipalities seek to drive climate 
change response strategies. The local municipalities need to embark on intensive climate 
change awareness campaigns with the aim of bringing understanding and knowledge to 
the local people as a forerunner to the introduction of adaptation strategies.  

• Climate change research in the water sector has largely focused on water resources due to 
the easy link between water resources and primary climate change impacts. Future 
research in South Africa’s water sector should increase the focus on potable water and 
wastewater services, which are increasingly being negatively impacted by secondary and 
tertiary climate change impacts.  
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1 Introduction and background 
 

1.1 Introduction to climate change and water services 
 

Climate change is a key focus area of global environmental studies, and forms the basis for 

the development of new environmental policies and legislation (Janssen et al., 2006). Climate 

change is not a novel phenomenon; according to Houghton (2009), “the past million years 

have seen a succession of major ice ages interspersed with warmer periods, with the last of 

these ice ages ending about 20 000 years ago.” Currently, however,  the earth is set on an 

unprecedented warming trend with no cooling cycle in sight (Levitus et al., 2001) due to 

carbon emissions and other gases that set the stage for climate change (Uppenbrink, 1996). 

Climate change warnings were first issued by scientists during the early 1900s. The warnings 

stated that the release of ozone-depleting compounds, in addition to the utilization of fossil 

fuels and anthropogenic activities could result in a warming effect on the earth’s atmosphere, 

affecting human habitation, water and food availability, and resulting in extreme weather 

events (Callender, 1938; Nordhaus and Boyer, 2003; Denton, 2002). The vulnerability of 

different sectors to climate change, coupled with the projected ill effects, as described in 

successive studies produced by the Intergovernmental Panel on Climate Change (IPCC), has 

resulted in the need to better understand climate change as it affects different regions, and to 

propose adaptation technologies and approaches that are adequate and efficient (IPCC, 2001).  

In developing regions like Africa, vulnerability is very high, while the ability to adapt 

remains weak (Challinor et al., 2007). The global increase in temperature as a result of 

climate change has resulted in extensive ill weather effects which will be greatly felt by the 

water sector, and subsequently other sectors (Bates et al., 2008). Based on projections from 

the IPCC, and downscaled information from local climate scientists, South Africa has 

adopted a pro-adaptation strategy to build resilience within communities.  

Currently, in South Africa the water sector is under stress even without the ill effects of 

climate change (Estache and Kouassi, 2002; Turpie et al., 2008). In November 2015, the 

provinces of KwaZulu-Natal and the Free State were declared disaster zones due to extreme 

water shortage as a result of drought and lack of adequate water resources. The Western Cape 
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Province and Gauteng were identified as high risk zones for water shortage during this time. 

The current strain on South Africa’s water sector is due mainly to backlogs in terms of 

infrastructure and poor or non-availability of skills in the field of water and wastewater 

services (Hemson, 2004). Climate change will further amplify the strain on the water sector 

in terms of water resources and water service systems (Hughes et al., 2014), highlighting the 

need to adopt climate change adaptation technologies and approaches into national 

government and municipal plans (Bryan et al., 2009).  

Many of the climate change studies commissioned by the Water Research Commission 

(WRC) have focused on the water resources sub-sector, with water services receiving less 

attention. Studies such as Warburton and Schulze, (2005), Schulze, (2011), Siebrits and 

Winter, (2013), and Vogel et al. (2015) have aimed to understand how climate change will 

affect South Africa’s water sources, and provided guidance regarding water resource 

management in the face of climate change. In terms of water services, very few studies 

(Piketh et al., 2013; Hay and Hay, 2014; Hughes et al., 2014) have been published. Based on 

the temperature and precipitation trends forecast for Southern Africa as a region, there is a 

need to understand the extrapolated effects as well as propose the necessary adaptation 

strategies for the water services sub-sector.  

 

1.2 Aims and objectives of the study 
 

Local government institutions, and especially municipalities, are currently looking at how 

they can address the impacts of climate change as part of their business process. There is very 

limited guidance, however, regarding how this can be achieved, and even less guidance that 

is directly linked to their business, location, existing infrastructure, resources and other 

unique characteristics. This project aimed at developing a water sector guide of the most 

relevant adaptation technologies and approaches to climate change over the short, medium 

and long term for local government institutions, especially municipalities in South Africa. 

Other objectives in the project were: 
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• To identify which local municipalities will need to consider adaptation technologies 

and approaches to climate change. 

• To develop a set of criteria to classify adaptive technologies and approaches. 

• To identify which water, distribution and wastewater options are appropriate as 

adaptive technologies or approaches to climate change at a local government, 

community and household level. 

• To map these technologies for short-, medium- and long-term planning, and 

preparation for climate change for the different types of local municipalities (rural, 

urban and metros). 

• To ascertain the institutional and capacity requirements of local government to roll 

out a climate change adaptation strategy. 

• To define the practical implementation steps and planning horizons that will be 

required. 

• To provide a review and way forward of current research that could provide future 

solutions and address the gaps in the sector to meet climate change needs. 

1.3 Approach and methods  
 

The adoption of climate change adaptation as part of business is a developing phenomenon 

that is still in its early stages. As such, the framework and guidance through which 

institutions can seek to respond to climate change is still not readily available and, when it is 

found, it is usually characterized by an inclination to be more directly useful to more 

developed countries in the Northern hemisphere, where the subject has developed to a greater 

extent. Adaptation has to take place at a local scale, and yet the climate change models which 

generate the impacts are best simulated at large global scales. These global and regional 

scales provide the environment at which new climates are manifest. The methodology 

generated in developing the adaptation guide was set up to provide the processes which learn 

from the global climate scales, and yet present adaptation solutions for much smaller local 

scales.  
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While several institutions are dealing with water services at local level, it was noted that the 

majority of water access and water services, as well as sanitation activities, are carried out at 

relatively small scales by municipalities. To allow for a better understanding of the processes 

and adaptation issues associated with municipalities, three municipal areas were selected for 

use as case studies in the development of the adaptation guide. The case studies also brought 

the potential for investigations to deal with targeted adaptation options involving specific 

communities. The interpretation of local or small scale adaptation as conceptualized for case 

study areas is not directly used in this guide, but rather the content of observations and 

deductions made. The content of the information derived from the case studies is used to 

determine the impacts and adaptation trends for similar cases across the country.  

  

The investigations preceding the development of the guide were conducted using three case 

studies to understand the possible impacts of climate change in different regions. The 

resulting information was used to develop the adaptation guide for the water services sector. 

The case studies which were investigated as part of the process to understand the current state 

of affairs as well as plans for the future involved different municipalities, namely: Tshwane 

Metropolitan Municipality in Gauteng, Vhembe District Municipality located in Limpopo, 

and UMgungundlovu District Municipality in KwaZulu-Natal. The locations of the case 

study municipalities differ in terms of geographical features, population size, density, 

economic development and resource availability. The three case studies are located in 

different climatic zones in South Africa, and hence they are representative of a broad 

spectrum of the climatic trends in the country (Table 1).  
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Table 1: Characteristics of case study areas 

 Tshwane Metropolitan 
Municipality 

(Gauteng) 

UMgungundlovu 
District Municipality 

(KwaZulu-Natal) 

Vhembe District 
Municipality 
(Limpopo) 

Municipal code TSH DC 22 DC 34 

Area in square kilometres 6 368 8 500 21 407 

Sub-divisions 7 regions 7 local municipalities 4 local 
municipalities 

Population (Stats SA, 2012; 
rounded off) 

2 921 000 1 018 000 1 300 000 

Population density 460 per sq. km 120 per sq. km 61 per sq. km 

Population growth per annum 
(Stats SA, 2012) 

3.1% 0.88% 0.78% 

Official unemployment rate 
(Stats SA, 2012) 

24% 30% 39% 

Piped water inside dwelling 
(Stats SA, 2012) 

64.2% 43% 15.4% 

Flush toilet connected to mains 
sewerage (Stats SA, 2012) 

76.6% 42% 13.9% 

Blue Drop score (DWA, 2012) 95.76% 92.42% 74.85% 

Green drop score 2011 63.8% 73.6% 14.2% 

Water Authorities  Rand Water 
Magalies Water 

Umgeni Water None 

 

The development of the adaptation guide relied on climate change impact projections from 

the Long Term Adaptation Scenarios Flagship Research Programme (LTAS), a DEA 

programme that was last updated in June 2013 (DEA, 2013a). In the case study 

investigations, the climate trends were obtained for the three case study areas. The reported 

trends and projected impacts of climate change in these three different municipalities formed 

the basis of the development of an adaptation guide. The vulnerability and adaptive capacity 

of the three case study areas were found to be directly related to differences in their location, 

risk to impacts, and access to resources and water governance structures, among other factors. 

Data and information from the LTAS for the whole country were then used to obtain the 

trends for other areas in the country. The impacts constituted some of the key inputs in 

determining potential adaptation options. Other important factors which were investigated 

and accounted for included geographical location, adaptation time frames, available 

resources, type and state of infrastructure, as well as the institutional and legislative 

framework available. 
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1.4 Report structure  
 

This report consists of eight chapters.  

Chapter one presents an introduction to climate change and water services, the research 

objectives, the study areas and the research methodology. 

Chapter two describes the impacts of climate change globally, drawing on information 

published by key international climate change bodies such as the IPCC, the United Nations 

Framework Convention on Climate Change (UNFCCC), UNEP, etc. Climate change 

projections internationally and in South Africa, as well as the vulnerability of South Africa’s 

water sector are discussed in this chapter.  

Chapter three describes the local impacts of climate change and the state of adaptation in case 

study areas. This chapter also highlights progress in developing a climate change response 

strategy, the state of implementation and the way forward for water services institutions. The 

chapter also highlights the roles of key institutions in climate change adaptation. 

Chapter four focuses on the selection criteria for adaptation options, and discusses in detail 

what users of the adaptation guide should consider before selection of adaptation. The factors 

discussed include, but are not limited to, geographical/socio-economic setting, time, and 

climate projections based on hydroclimatic zonal classifications. This chapter also highlights 

the various proposed adaptation technologies. 

Chapters five and six provide the architecture of the compendium on adaptation, where the 

adaptation techniques and approaches are presented against the identified impacts. This 

section also provides information on the priorities attached to the different adaptation options. 

In Chapter six descriptions of the adaptation approaches are also presented. This chapter 

highlights how the soft issues in climate change adaptation are handled to create the 

environment that is suitable for development and implementation of adaptation technologies. 

Chapter seven highlights the processes that need to be followed for seamless adaptation 

implementation to take place.  

Chapter eight focuses on the need to establish oversight structures as well as to understand 

the importance of monitoring and evaluation.  
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2 Climate change impacts and the water sector 
 

Observation of changes in the climate system has shown beyond doubt that Global Mean 

Surface Temperature (GMST) has increased since the late 19th century, with the last three 

decades being the warmest (IPCC, 2013). These observations are based on direct physical 

and biogeochemical measurements, remote sensing from ground stations and satellites, as 

well as information derived from palaeo-climatology archives to provide long-term context. 

Observations have shown with certainty that the temperature increased by 0.89°C from 1901 

to 2012 with most of the increase, 0.72°C, taking place in the last fifty years. Thus, the 

temperature increase is increasing at an increasing rate in a fashion that could be similar to 

the characteristic J-shaped graph which has now become known as the “hockey stick curve”. 

This J-curve was used to describe past temperature changes by the IPCC in past climate 

change physical sciences reports (IPCC, 2007).  

 

Recent climate projections have shown that temperatures could increase by up to 5°C in some 

regions of the world over the next hundred years (Engelbrecht et al., 2009; Solokov et al., 

2009; Schulze, 2011). The IPCC (2013) reports temperature change predictions that are lower 

at up to 2°C for both the Coupled Model Inter-comparison Project Phase 3 and Phase 5 

(CMIP3 and CMIP5) models. CMIP5 temperature patterns released in late 2013 are 

illustrated in Figure 1 below. 
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Figure 1: Average temperature from the period 2081-2100 is compared with the period 1986-
2005 using averaged values from several CMIP5 models (IPCC, 2013) 

 

In developing countries, the international community is focusing on preparing communities 

to adapt to the impacts of a changing climate. Participants at the international adaptation 

forum for water utilities in 2010 (AMWA, 2010), were advised that water service providers 

should first understand the range of impacts and implications of climate change, and then 

focus on preserving and developing adaptation options that enhance system resiliency, 

maintain management flexibility under a range of possible climate impacts while also 

considering the energy/water nexus. As part of the (UNFCCC) COP17/CMP17 held in 

Durban (COP17, 2011), the Durban Adaptation Charter (DAC) was approved by more than 

100 mayors from 27 countries. These mayors represented their cities in pledging to 

strengthen local level adaptive capacity to climate change.  

The charter committed local governments around the world to urgent and decisive climate 

adaptation action in the drive to address a climatically extreme and unpredictable future. This 
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charter complements existing local government climate change initiatives which include 

earlier agreements by cities in COP16, the Mexico City Pact. The Durban Charter also 

translates into the development, adoption and use of adaptive technologies, thus transforming 

the world’s cities and local governments and making them more 'climate smart' (COP17, 

2011). 

 

2.1 International context of climate change (observed and 

expected impacts) 
 

The science of climate change is constantly changing. In previous assessment reports released 

by the IPCC, various climate models have been utilized based on various scenarios to paint a 

vivid picture of expected climate trends (Rogelj et al., 2012). Past observations of 

temperature and precipitation have been used to understand the present trends, and predict 

possible future occurrences in terms of weather conditions (Easterling et al., 2000). The 

temperature observations from 1901 to 2012, as well as the observed changes in annual 

precipitation over land from 1901 to 2010 and from 1951 to 2010 are presented in the IPCC 

(2014) report. These observations show clearly a temperature increase of up to 2.5°C in some 

regions within the considered historical period 1901 to 2010. Figure 2 below shows the 

observations of global changes in surface temperature for the period 1901 to 2012, according 

to the most recent assessment report by the IPCC (IPCC, 2014).  
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Figure 2: Observed changes in surface temperature 1901-2012 (IPCC 2014) 

In terms of precipitation, there is no clear trend as different regions are likely to experience 

different impacts. 

 

Figure 3: Observed changes in annual precipitation over land for the past century (IPCC 
2014, WGI AR5 Presentation) 

 

Rainfall over the observed period shows a general decrease across Africa; however, some 

parts of South Africa show steady precipitation while other parts show a reduction in 

precipitation (Figure 3).  



 
 

11 
 

The IPCC (2014) further highlights different indicators of a changing climate such as changes 

in snow cover in the Northern Hemisphere, changes in sea ice content during the Arctic 

summer, global average sea level change, and change in heat content of the upper ocean 

globally. 

 

Figure 4: Multiple indicators that confirm the occurrence of climate change over the past 
century (IPCC, 2014) 

 

The clear reduction in snow cover and sea ice extent in the Northern Hemisphere and the 

Arctic respectively, indicate melting of the ice shelves in these regions. In addition, the 

exponential increase in ocean heat content and global sea level rise indicate unwelcome 

impacts on aquatic life and low-lying coastal cities globally (Figure 4).  

The climate models utilized by the IPCC (2014) are an improvement on previous models 

employed in former IPCC reports. Even the most recent models, however, still tend to focus 

on some regions more than others in a bid to achieve political correctness for regions deemed 

as important.  

In the IPCC (2014) the data obtained from global climate models show that the “global 

surface temperature change for the end of the 21st century is likely to exceed 1.5°C relative to 

1850 to 1900 for all RCP scenarios presented except RCP 2.6”. RCP 2.6 represents a scenario 
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whereby a considerable amount of effort is put into mitigation measures in order to reduce 

the rate of climate change occurrence. Under this scenario, model graphs from the Coupled 

Model Inter-comparison Project (CIMP5) multi-model show a temperature increase of no less 

than 2°C. Scenario 8.5 indicates an absence of adaptation or mitigation, and the projected 

results show a temperature increase of no less than 4°C compared to pre-industrial levels.  

 

 

Figure 5: Global average surface temperature change (IPCC, 2014) 

 

For RCP 6.0, temperature increase is likely to exceed 2°C, while for RCP 4.5 it is more likely 

than not to exceed 2°C (Figure 5).  

It is important to note that the different scenarios used in model projections were developed 

independently in different regions. RCP 8.5 was developed at the International Institute for 

Applied Systems Analysis (IIASA) in Austria, and represents increasing GHG emissions over 

time with no adaptation or mitigation efforts (Riahi et al., 2007). RCP 6.0 was developed at 

the National Institute for Environmental Studies (NIES) in Japan, and represents an 

equilibrium scenario in which emissions are stabilized shortly after 2100 due to mitigation 

efforts (Mokhov and Eliseev, 2012). RCP 4.5 was developed at the Joint Global Change 

Research Institute (JGCRI) in the United States of America, and also represents an 

equilibrium state whereby emissions are stabilized without overshooting long-term emission 

goals (Thomson et al., 2011). RCP 2.6 was developed by the Netherlands Environmental 
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Protection Agency (NEPA). This scenario represents the effects of immediate mitigation, 

which will lead to an increase in temperature of no more than 2°C (Van Vuuren et al., 2011).  

The key fact to note with regard to the development of scenarios and models is that none of 

the regions where the scenarios were developed is closely related to Africa in terms of 

present climate, topography, economic stability, vulnerability and capacity to adapt (Van 

Vuuren et al., 2011). This makes it rather difficult to translate the information obtained from 

these models to local data for a country like South Africa. Downscaling of data remains a big 

issue that should be addressed with future studies (Fowler et al., 2007; Wilby and Wigley, 

1997). The need for locally developed models and scenarios has become imperative for 

Africa as a region, given its high propensity to be terribly affected by climate change impacts 

(Giorgi et al., 2009). 

In addition to the efforts by the IPCC, the UNFCCC is constantly investigating the means by 

which national governments can fully understand the impacts of climate change in their 

countries, hence compelling them to research adaptation and mitigation options (Morgan and 

Waskow, 2014). The UNFCCC initiated the Kyoto protocol in 1997, to which 189 countries 

are signatories. The protocol set achievable limits on GHG emissions for all its signatories, 

causing member states to work collaboratively to reduce their contributions to factors that 

expedite global warming (UNFCCC, 2014). Significant changes to the commitments of 

UNFCCC countries came in 2015, when the Paris protocol was set in motion. The Paris 

protocol required signatory parties to set individual achievable limits.  

Other international institutions which are big drivers of climate change research include the 

World Meteorological Organization (WMO) – a UN-based organization that facilitates 

cooperation between national weather agencies regarding weather-related projects. These 

projects are often focused on observations of weather stations to provide basic climate data of 

different regions (WMO, 2007). The United Nations Environment Programme (UNEP) is the 

administrative core of all the UN’s efforts regarding environmental issues. UNEP increases 

awareness on climate and other environmental issues by providing a commendable hub of 

published reports, and advertising upcoming events that address climate change (UNEP, 

2006). 

Currently, reports have it that the earth is set to breach the 1°C threshold increase in 

temperature in 2015 due to an unexpected increase in emissions. The pressure to not reach the 

2°C ceiling has since increased, as projections show that a 2°C increase in temperature will 
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lead to rising oceans and subsequent submergence of land currently occupied by 280 million 

people (BBC news report, 2015). The World Meteorological Organization (WMO) reported 

that the concentration of GHG gases in the atmosphere has exceeded 400 parts per million, 

reaching levels that have not been experienced on earth for more than 800 000 to a million 

years (WMO, 2015); this has been referred to as uncharted territory. The recent surge in 

temperature increase has caused necessary panic as the World Bank has highlighted that more 

than 100 million additional people will be impoverished by 2030 due to the ill effects of 

climate change (World Bank, 2015). There is an increased urgency to agree on limiting the 

acceptable increase to the maximum of 2°C and prevent the ripple effects of wars over 

dwindling resources like water.  

Internationally, many regions are focusing on adaptation and mitigation approaches that can 

be implemented to curb climate change (Metz, 2001). Developed countries like the United 

States of America (USA) and Australia have implemented measures to mitigate GHG 

emissions in order to curb the ill effects of climate in their respective regions. Some of these 

mitigation efforts include an intense dedication to the implementation and utilization of 

renewable energy on a large scale, and strict emission reductions for car and machinery 

manufacturers (IPCC, 2011).  

 

2.2 Instruments for climate change projection 
 

The use of Global Climate Models (GCMs) to understand climate change impacts has been 

established by the IPCC. These models correlate past atmospheric data with the present, to 

predict the future based on different scenarios designed by climate scientists. GCMs take into 

consideration the heating effect of the sun, the flux of heat and moisture from oceans, and the 

effect of GHG emissions on the atmospheric temperature (Smith and Tirpak, 1989). GCMs 

are developed for use in different regions, and the approach so far has been to utilize the 

GCM that simulates projections for regions that are closely related to South Africa. This 

represents a model bias and cannot be relied on for precision, as different anomalies may 

occur even in regions with identical climates (Hagemann et al., 2011).  

Although over the last decade, downscaling of data from GCMs has improved greatly, the 

process nevertheless makes obtained information imperfect. For users of GCMs dealing with 
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regional issues such as water use, precipitation and water management, information from 

downscaled data is unreliable as the scales utilized in GCMs are often too far off course 

(Wilby and Wigley, 2000).  

Currently, South Africa has not established any local models for location-specific data 

projections. Climate scientists in South Africa still rely heavily on international projections 

from the IPCC which are downscaled in order to gather information. The Self-organizing 

Map-based Downscaling (SOMD) has been developed at the University of Cape Town 

(UCT) to aid the empirical downscaling of information from the most recent GCMs 

(Landman et al., 2009). 

 

2.3 Climate change predictions for South Africa 
 

Africa is generally regarded as a low emission region relative to other developed regions 

(Hulme et al., 2001), hence many of the models and scenarios that have been developed to 

explain and understand climate change have not taken Africa into consideration (Liverman, 

2007).  

South Africa’s water sector suffers momentously from backlogs in infrastructure and 

services, and a general lack of skills in many regions (Jonker, 2007). The aridity of the 

country as a whole increases the sensitivity and vulnerability of the water sector to climate 

change impacts (Van Jaarsveld, 2001; Rijsberman, 2006). Predictions for South Africa’s 

precipitation suggest a decrease of about 20% for the South-Western Cape (Engelbrecht et 

al., 2009), while Hewitson and Crane (2006) predict an increase in summer rainfall over the 

central and eastern plateau, as well as the Drakensberg Mountains area, increasing the 

chances of flooding and reduced water quality in these areas. A rise in sea level is expected 

for coastal areas in South Africa, and observations in this regard have been reported by 

Cartwright et al. (2013), and Roberts and O’Donoghue (2013). The vulnerability of South 

Africa’s water sector is at all stages of the water service cycle ranging from raw water source, 

through the purification and distribution processes, to the processing of effluent and 

subsequent wastewater treatment. 

In South Africa, climate scientists at the CSIR, the University of Cape Town (UCT) and the 

University of KwaZulu-Natal (UKZN) are statistically downscaling climate projections from 
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global models to paint a vivid picture for South Africa based on downscaled data and 

translated information from the IPCC. The Department of Environmental Affairs (DEA) has 

proposed four fundamental climate scenarios for the country as follows:  

• Warmer and wetter (< 3°C above 1961-2000), with a greater frequency of extreme 

rainfall events; 

• Warmer and drier (< 3°C above 1961-2000), with an increase in drought frequency and 

somewhat greater frequency of extreme rainfall events; 

• Hotter and wetter (> 3°C above 1961-2000), with a substantially greater frequency of 

extreme weather events; 

• Hotter and drier (> 3°C above 1961-2000), with a substantial increase in the frequency of 

drought events, and greater frequency of extreme rainfall events (DEA 2013b).  

Furthermore, the DEA has investigated the possible temperature increases and changes in 

precipitation for different climatic zones in South Africa based on the recently-developed 

IPCC scenarios – RCP 8.5 and RCP 4.5. The information as it pertains to the three case study 

areas is presented in Table 2.  
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Table 2: Downscaled sub-regional projections for temperature changes for the period 1961-
2100 relative to a baseline period of 1971-2005 (DEA, 2013b) 

IPCC scenario Limpopo KwaZulu-Natal Northern and 

Central Interior 

RCP 8.5 

High emissions 

scenario 

Temperature increases 

of between 1-3°C to 

2-5°C by 2040-2060; 

and 3-6°C by 2080-

2100  

Temperature increases 

of 1-3°C by 2040-

2060. Increase of 3-

5°C (4-6.5°C) by 2080-

2100 

Temperature 

increases of 1-3°C 

(2-5°C) by 2040-

2060. Increase of 

3-6.5°C (5-8°C) 

by 2080-2100 

RCP 4.5 

Emissions 

stabilization 

scenario 

Temperature increase 

of 2-3°C by 2080-

2100 

Temperature increase 

of 1-3° by 2080-2100 

Temperature 

increase of below 

4°C by 2080-2100 

 

The effects of climate change on South Africa’s water sector are more likely to have negative 

impacts, even though some positive effects might occur. The current state of infrastructure, 

backlogs in service delivery, and the general lack of skills in the sector, however, might make 

it difficult to exploit climate change benefits unless adaptation is adopted.  

 

2.4 Climate change vulnerability in South Africa’s water sector  
 

The definition of vulnerability to climate change remains subjective depending on the group 

of scientists; social scientists often refer to vulnerability as “the set of socio-economic factors 

that determine people’s ability to cope with stress or change” (Allen, 2003), whereas climate 

scientists define vulnerability as “the likelihood of occurrence and impacts of climate-related 

events” (Klein and Nicholls, 1999). According to the IPCC, “vulnerability is a function of the 

character, magnitude, and rate of climate change, and variation to which a system is exposed, 

and the sensitivity and adaptive capacity of that system” (IPCC, 2007). Vulnerability 

assessments are necessary in order to select and implement adaptation options. Vulnerability 

to climate change is defined by three factors, namely: exposure, sensitivity, and adaptive 

capacity (IPCC, 2001). Exposure is defined as “the type of direct danger (i.e. the stressor), 
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and the nature and extent of changes to a region’s climate variables such as temperature, 

rainfall, and the likelihood of extreme events” (IPCC 2001). Sensitivity is defined by human 

or environmental conditions that can worsen the hazard, enhance the hazard or trigger an 

impact, while the adaptive capacity of a region is an indication of the potential to implement 

adaptation factors that build resilience (IPCC 2001). A flow chart for the determination of a 

region’s vulnerability index was proposed by Dube et al., 2014 (Figure 6). 

In South Africa’s water sector, the differences in vulnerability for different regions is highly 

dependent on the topography of such regions, the structure of community settlements in terms 

of urbanization, which in turn dictates water use and demand patterns, availability and 

suitability of skills, the municipal structure of such regions and the presence or absence of an 

effective water board and catchment management agency (CMA). A relatively high level of 

vulnerability to climate change is experienced by different communities in the country due to 

the widespread existence of poorly functioning water and wastewater service systems that are 

aggravated by the failure to improve expertise, repair and maintain existing systems. Rural 

and small facilities also lack operators and sometimes they have to go without water 

purification chemicals, making the water situation precarious and worsening the state of 

vulnerability. In many rural municipalities, there are prefabricated modular structures put in 

place for water treatment, which are difficult to adjust in the face of climate change. In 

addition, the lack of financial resources of many municipalities makes them increasingly 

vulnerable.  
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Figure 6: A comprehensive framework for precise assessment of the vulnerabilities of 

different regions and the selection of the right adaptation TAs 

 

The vulnerability of water services can be identified at different points. South Africa is highly 

reliant on surface water bodies, including rivers and dams, for its water resources, and hence 

will be highly susceptible to ill effects (Meigh et al., 1999). The increased temperatures will 

inevitably result in an increase in evaporation of these surface water sources. This will in turn 

affect the abstraction of sufficient raw water, and may result in the need to develop different 

raw water abstraction technologies or explore new water resources. Increased run-off in 
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mountainous regions will lead to the deposition of silts and unwanted dissolution of 

chemicals in water bodies, making it rather difficult to obtain good quality water for 

treatment.  

Other points of vulnerability include the storage of water, distribution of water, treatment of 

wastewater, etc. The level of economic development of different regions in South Africa also 

indicates the level of vulnerability. Observation of the three case study areas chosen for the 

purpose of this study showed that well-developed and urbanized regions like Tshwane and 

Pietermaritzburg are less vulnerable to climate change. This is due to the fact that 

urbanization of a region attracts more skills from local and international sources. Regions like 

the Vhembe district in Limpopo are more vulnerable to climate change due to the evident 

lack of urbanization and socio-economic development.   

A general lack of capacity, skills and expertise contribute to South Africa’s vulnerability. An 

illustration of lack of capacity in the water sector can be found in studies of the condition of 

wastewater treatment works in the country conducted by the DWA in 2012 (Figure 7). 
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Figure 7: Performance rating of wastewater treatment works in South Africa based on extent 
of exceeding capacity, effluent compliance, skills deficit and delivery functionality (DWA, 
2012) 

 

According to the performance rating investigations, only 26% of South Africa’s municipal 

WWTWs are in good condition, while the others are plagued by lack of adequate and 

appropriate infrastructure, inability to manage water and wastewater influx, lack of skills, and 

backlogs that heighten their vulnerability to climate change. In spite of perceived heightened 

vulnerability, many of these municipalities do not prioritize climate change as an area of 

focus. The concentration is often on trying to restore the municipality’s functions to a state of 

excellence.  

26% good/excellent 44% very poor  30% extremely poor/critical  
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3 Local impacts and adaptation 
 

3.1 General nature of impacts in the water sector 
 

The water sector is one of the most vulnerable sectors to climate change globally. Extreme 

weather events such as floods, droughts, saline water intrusion, freshwater contamination, etc. 

are key concerns (Rosenzweig et al., 2001). There has been a lot of research focused on 

understanding the impacts of climate change on water resources. Without the impacts of 

climate change, scientists already predict that about 62.5% of the world’s population will be 

faced with water stress by 2050 due to insufficient water resources (Arnell, 1999). Climate 

change will further increase the pressure on the water sector due to the frequent occurrence of 

water-related weather impacts.  

In tropical regions like some parts of Africa and Asia, there is an expected increase in annual 

run-off which will by no means be beneficial to the water resources of such regions if 

adequate measures like dams are not put in place (Arnell 2004). In sub-tropical regions, 

reduced run-off will most likely result in the occurrence of droughts, and reduction in 

available water all year round. If adaptation TAs are not put in place, the impacts of climate 

change on the water sector will become destructive, hence the need for research into 

adaptation options.  

The effects of climate change on the water sector can be split into primary, secondary and 

tertiary effects. The main primary effect of climate change is an increase in temperature and 

changes in rainfall patterns. This translates to various secondary effects such as an increase in 

surface water temperatures, reduced water quality due to higher dissolution of pollutant 

compounds, and reduction in available water due to longer dry periods in some areas (Evans 

et al., 2005). Other secondary effects include an increase in the evapotranspiration rate from 

surface water which will contribute to reduced water availability. Secondary effects which 

will be felt in the water services sector include the effect of temperature increase on the 

materials used for pipeline distribution channels, as well as the sedimentation of storage tanks 

and their consequent flooding (Delpla et al., 2009). The secondary effects of climate change 

will lead to inevitable tertiary effects as shown in Figure 8 (Douglas et al., 2008). These 

effects pose grave threats to human habitation and survival in many regions.  
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Figure 8: Schematic illustration of climate change impacts on the water sector, split into 
primary, secondary and tertiary impacts 

 

3.2 The nature of climate change impacts on South Africa’s water 

sector 
 

Climate change impacts on the water sector will be felt greatly by municipal water services. 

According to the DEA (2013a), climate change impacts on the water sector will be felt in the 

following ways: 

 National run-off: There is a possible increase in national run-off of between 20% and 

60% under a high emissions scenario such as RCP 8.5. The most vulnerable areas to high 

level of run-off include the Eastern Cape, southern parts of Mpumalanga and KwaZulu-

Natal (DEA, 2013a).  

Primary 
Impacts
•Temperature 
increase

•Changes in rainfall 
patterns

Secondary 
impacts
•Changes in 
precipitation 
frequency and 
duration

•Flooding
•Warmer water 
bodies

•Increased 
evaporation

•Increased water 
consumption

•High levels  of 
pollution

•Sea level rise
•Drought

Tertiary 
Impacts
•Longer periods 
required for water 
and wastewater 
treatment

•Possible 
ineffectiveness of 
current chemicals 
and sedimentation 
processes

• Adverse reaction 
of chemical 
components of 
conveyance 
systems

•Increased water 
demand and use

•Pressure on water 
resources and 
water services to 
deliver quality 
potable water
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• Infrastructure: Increased temperatures will affect existing water treatment 

infrastructure and conveyance systems. Storage tanks, flocculation chambers, and 

pipelines used for water distribution may be exposed to increased corrosion as a result 

of higher temperatures. The occurrence of extreme weather events such as floods will 

affect roads, rail lines, and other socio-economic structures.  

• Increase in water demand and use: An increase in temperature will directly lead to 

an increase in water demand and use, and a decrease in available water at the source 

due to a higher rate of evapotranspiration. This will result in an increased 

concentration of pollutants in water resources, which will translate to an increase in 

cost of water treatment. 

Water and wastewater infrastructure will be terribly affected by an increased flow of water in 

areas where there is a decrease in precipitation, especially for wastewater purification 

systems that also receive storm water (Clark et al., 2011). This will result in reduced quality 

of potable water being distributed, increased levels of pathogens as a result of partially 

treated wastewater, and increased concentration of organic matter.  

 

3.3 Water and wastewater services adaptation concept 
 

Adaptation can be defined as adjustments of a system to reduce vulnerability and increase the 

resilience of the system to change, in this case in the climate system (Adger et al., 2005; 

Christiansen et al., 2011). Adaptation occurs at a range of inter-linking scales, and can either 

occur in anticipation of change (anticipatory adaptation), or as a response to those changes 

(reactive adaptation) (Adger et al., 2005). Adaptation can involve building adaptive capacity, 

thereby increasing the ability of individuals, groups, or organisations to adapt to changes, and 

implementing adaptation decisions, i.e. transforming that capacity into action. Both 

dimensions of adaptation can be implemented in preparation for, or in response to impacts 

generated by a changing climate. Hence, adaptation is a continuous stream of activities, 

actions, decisions and attitudes that inform decisions about all aspects of life, and reflect 

existing social norms and processes (Adger et al., 2005). 

Most methods of adaptation involve some form of technology which, in the broadest sense, 

includes not just materials or equipment but also diverse forms of knowledge. Unlike those 
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for climate change mitigation, the forms of technology for adaptation are often fairly familiar. 

Indeed, many have been tried and tested over generations – for example, coping with reduced 

access to water through various rainwater harvesting techniques, water transfer between 

catchment areas using Roman times aqueducts and locks. Other forms are much more recent, 

involving advanced materials science, and in some cases, some of the latest sciences such as 

desalination using reverse osmosis, pressure-retarded osmosis and even shock electro dialysis 

where desalination can be achieved without the use of hydraulic force. 

These methods range from complex models to assess climate change impacts to guidelines on 

the steps to take for identifying, designing, implementing and evaluating adaptation 

measures. In all these technologies, one of the main challenges is to ensure that they serve 

those in greatest need – the most vulnerable communities, particularly those who live and 

work in close contact with the natural environment and stand to lose most when ecological 

resources are under threat. Adaptation planning involves the full spectrum of activities from 

identifying and assessing to implementing adaptation measures, and is informed by the 

assessment of impacts and vulnerability.  

Adaptation options are not limited to the improvement of current water service infrastructure, 

or the installation of novel technologies. Water reuse is increasingly becoming an important 

option to consider, and is a technique that could aid water conservation where fresh water 

resources are limited. A report by the Department of Water and Sanitation (DWA, 2011) 

highlighted the strategic importance of reuse in large corporations and public firms. The 

DWA (2011) study involved an assessment of the Olifants River catchment and the benefits 

of encouraging water reuse in the area. The companies that reuse their industrial water, as 

well as opportunities for reuse outside of just the municipalities, were investigated to 

determine the potential benefits of reuse. By encouraging water reuse in many regions, strains 

on water resources will be greatly reduced. As a result increased water demands due to 

climate change could be met. 

The concept for adaptation as articulated in this guide is to provide solutions that can be 

applied across various geographical settings and municipal capabilities, thus setting the basis 

for adaptation to be planned and applied where and when required, especially in the most 

vulnerable regions and within suitable timeframes. An illustration of the impacts, processes 

experiencing the impacts and where adaptation is applied is shown in Figure 9 below. 
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Figure 9: Schematic illustration of the adaptation guide highlighting climate change impacts 
and the adaptation process 

 

3.4 Climate change response strategy for the water sector 

3.4.1 Background to development of climate change strategies 
 

In August 1997, South Africa ratified the UNFCCC (Holgate, 2007). In order to successfully 

achieve its mitigation objectives, the UNFCCC adopted the Kyoto Protocol in 1997. The 

Kyoto Protocol required member signatories to conduct country studies, as well as submit 

GHG inventories. This was to determine the contribution of member countries to GHG 

concentration in the atmosphere, which was inevitably expected to lead to the development of 

a response strategy (Dodman, 2009). 

 In 2002, South Africa acceded to the Kyoto Protocol and hence a national climate change 

response strategy document became imperative (DEAT, 2004). Detailed country studies for 

South Africa regarding the possible effects of climate change in different sectors of the 

country aided the development of the strategy document which was submitted to the 

UNFCCC in 2004 (DEAT, 2004). According to the South African Country Studies (SACS) 

Programme, the sectors of highest vulnerability in the country include the health sector, 
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maize production, plant and animal biodiversity, rangelands, and water resources (DEAT, 

2004). These sectors require adaptation on a large scale, as mitigation efforts might not be 

sufficient to dampen the ill effects of climate change.  

The National Climate Change Response Strategy (NCCRS) document highlights the 

importance of climate change adaptation as a key focus for South Africa. According to the 

NCCRS, “global climate change is a threat to sustainable development, especially in 

developing countries, and could undermine global poverty alleviation efforts, while having 

severe implications for food security, clean water, energy supply, environmental health and 

human settlements” (DEAT, 2004). Assessment of vulnerability was highlighted as a key 

focus in the document. Although South Africa is a signatory to the Kyoto Protocol, as a non-

annex I country, there is no compulsion to reduce GHG emissions. The need for a sustainable 

energy programme, however, is paramount, since South Africa has been identified as one of 

the energy-intensive countries in the region (DEAT, 2004).  

Based on the highlighted key focus areas in the NCCRS, various institutions in South Africa 

have developed response strategies to address the effects of climate change in different 

sectors, in order to achieve sustainability and resilience in the face of climate change.  

 

3.4.2 Translation of national strategy for other institutions 
 

The development of a national strategy simply serves as a guideline for provincial and local 

governments, as well as sectoral government institutions. Therefore, the translation of the 

NCCRS by other institutions must follow the required guidelines of vulnerability assessment, 

climate change adaptation, clean energy processes, and sustainable development.  

In line with the NCCRS, the DWS has developed a methodology for assessing the impacts of 

climate change on the water sector, and the vulnerability of different regions in order to 

ensure informed decisions are made regarding response options. Figure 10 is a schematic 

illustration of the DWA’s approach to understanding climate change impacts on the water 

sector.  
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Figure 10: Methodology for understanding climate change impacts on water sector (DWA, 
2012) 

 

The DWA’s response strategy for climate change aims to address the following: 

 Identification of possible responses in the broader sector of sustainable development for 

the water sector. 

 Understanding of infrastructural, institutional, developmental and regulatory processes. 

 Examination of possible synergy between adaptation and mitigation. 

 Institutional analyses on capacity and capability of institutions to implement strategies, 

and determine resource requirements for implementation. 

 Identification of policy and legislative amendments required for strategy implementation. 

 Practicality and affordability of response strategies with existing capacity of the nation 

(Adapted from DWA, 2012).  

In addition to the DWA’s efforts, the Water Research Commission (WRC) has dedicated its 

resources to understanding the ill effects of climate change on raw water, abstraction 

techniques, treatment procedure and infrastructure, conveyance and reticulation. Many of the 

commissioned studies, however, have focused on understanding the impacts of climate 

change on water resources, and not necessarily on water services (Green, 2008). In light of 

this, the WRC has identified the need to highlight climate change as one of the lighthouses 

for its Key Strategic Areas (KSAs) (WRC, 2015). Research on climate change vulnerability 
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of rural regions and the need to create awareness and implement adaptation strategies remains 

one of the key focus points of the WRC.  

Local government institutions like SALGA have indicated the need for municipalities to 

incorporate climate change adaptation in their Integrated Development Plans (IDPs). 

Municipalities are tasked with the delivery of water, amongst other services, to their wards, 

and hence it is highly important that any developed strategies designed to respond to climate 

change for the water sector should involve the direct input of municipal offices. In 2012, 

SALGA, in collaboration with the DEA, and the Department of Cooperative Governance and 

Traditional Affairs (CoGTA) developed a toolkit to guide the integration of climate change 

risk assessment and adaptation into municipal planning. An abridged version of the steps 

outlined in the toolkit is schematically illustrated in Figure 11.  

 

 

Figure 11: Schematic illustration of SALGA’s strategy for integration of climate change into 
municipal planning (SALGA, 2012) 

 

3.4.2.1 What next after strategy development?  
 

Strategy development has to be accompanied by research into adaptation options and their 

prioritization. Through these processes, climate change vulnerabilities are interpreted into 

Identification and assessment of climate 
change challenges; 

Municipal climate change vision and 
strategy development

Detailed analysis of climate 
change priority projects; 

Integration of climate change 
priorities into IDP objectives 

IDPs to meet climate responsive 
criteria;  development of 

communication plan for final 
approval
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suitable adaptation options. Selected and planned adaptation options should be followed by 

the allocation of suitable budgets for implementation, and implementation of options suitable 

for the different regions. Adaptation options vary from technical adaptations to various non-

technical approaches. Adaptation implementation should be followed by monitoring and 

evaluation of implemented options to ensure that the adaptation processes are indeed 

effective and provide the required benefits in the long term. 

However, even if water sector institutions have completed climate change risk and 

vulnerability assessments as well as the strategy development, climate change vulnerabilities 

in the water sector are rarely mentioned in the business plans, such as the IDPs for 

municipalities where adaptation can be mainstreamed into other development priorities. In 

the case of the municipalities, all activities that are to be undertaken by a municipality must 

be supported by a budget in the IDP; therefore if climate change adaptation technologies are 

not listed within IDP planning activities, they cannot be executed. The lack of climate change 

adaptation interventions identified with IDP planning is alarming given that it was a 

requirement of the National Climate Change Response Policy that climate change is 

mainstreamed in local government planning by 2014.  

 

3.5 Regional and institutional roles and boundaries in 

adaptation 

3.5.1 Adaptation roles in national institutions 
 

The Department of Environmental Affairs (DEA) is the national institution that is expected to 

lead climate change response for South Africa. In 2011, the DEA published the climate 

change response white paper which outlines the specific target areas for climate change 

response, and provides a guideline for other institutions to address climate change in their 

respective sectors (DEA, 2011a). The DEA’s focus is on the environmental sector as a whole, 

and encompasses different sectors such as biodiversity, the green economy, sustainable 

energy development, waste management, and water. Hence, the DEA simply provides 

climate change response guidelines for other national institutions (DEAT, 2004). Other 

national institutions are therefore tasked with addressing specific climate change impacts in 
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their various sectors, while also seeking to align the response initiatives to the guidance 

provided by the DEA.  

The DEA has conducted extensive studies to understand the impacts of climate change, and 

has developed fundamental scenarios to aid South Africa’s adaptation research and 

implementation. The DEA studies, especially the Long-Term Adaptation Scenarios (LTAS) 

flagship research programme, has set clear guidance on climate change impacts on the basis 

of several climate model data using simulations which were done for the period ending in 

2012. In the studies, climate trends for the various regions of South Africa are discussed and 

impacts of climate change on the water sector were also captured (DEA, 2013a).  

The Department of Water and Sanitation (DWS), the guardian of South African water 

resources, is committed to understanding the impacts of climate change, mostly on water 

resources. The DEA’s LTAS studies provide important information regarding the water 

sector, and possible adaptation options that are available for the water sector. The assessment 

of water resource tools and assessment of water use and future requirements have been 

extensively analysed by the DEA in these studies (DEA, 2013a).  

 

3.5.2 National government, local government, and municipal adaptation 
boundaries 

 

South Africa has a three-tier government system: national government, provincial 

government and local government (Ndegwa, 2002). The adoption of approaches and 

technologies for climate change adaptation, as well as the development of strategy response 

programmes have been traditionally viewed as the duty of national government (Roberts, 

2008). Decisions taken on provincial and local levels have to be in line with the vision of the 

national government. This creates a barrier for climate change adaptation uptake in South 

Africa, as national government cannot necessarily perceive or address location-specific local 

needs (Roberts, 2008). With an increasing awareness that adaptation has to take place at a 

local level, it is clear that climate change adaptation in the water sector falls on the shoulders 

of municipal structures across different regions. The state of a municipality can either aid 

adaptation to climate change or become an impediment. A state of local government report 
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published in 2009 (CoGTA, 2009) demonstrated the differences in municipal challenges 

based on the categories of municipalities.  

Table 3: Classification of municipalities in South Africa (SALGA, 2010) 

Class Description 

A Metropolitan: large urban complexes with populations of over 1 million; 
accounts for approximately 56% of municipal expenditure in South Africa. 

B1 Local municipalities with large budgets; contain secondary cities. 

B2 Local municipalities with large towns as an urban core. 

B3 Local municipalities with small towns, relatively small populations, a 
significant proportion of urban population, but no large town as urban core. 

B4 Local municipalities with mainly rural communities and at most one or two 
small towns in the area. Has no urban core. 

C1 District municipality which is not a water service authority. 

C2 District municipality which is a water service authority. 

 

While classes A, B1 and B2 municipalities are often financially capable of conducting 

climate change research and exploring available adaptation options, classes B3 and B4 

municipalities are often not sufficiently well-equipped in terms of financial resources and 

skills (Table 3). Metropolitan municipalities, as well as the B1 and B2 class municipalities 

are well-established, well-resourced and have well-grounded administrative capacities. On 

the other hand, the B3 and B4 municipalities struggle with the generation of revenue from 

their wards and are in economically depressed regions of the country. Due to their weak 

financial abilities, these municipalities are unable to retain highly skilled individuals, making 

it challenging for them to achieve their basic set of responsibilities (CoGTA, 2009). The 

addition of climate change adaptation to the list of obligations is therefore an additional 

burden to B3 and B4 municipalities as their main focus remains the clearing of backlogs in 

their facilities and improving existing administrative and technical infrastructure (CoGTA, 

2009). There is an undeniable link between urbanization, economic development, access to 

resources and institutional capacity. 
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Although urban municipalities are better equipped to handle climate change, they face major 

challenges in terms of population growth within their wards. The pressure to deliver quality 

potable water to an ever-increasing population, based on limited water resources which will 

inevitably be affected by climate change, remains a major challenge for class A, B1 and B2 

municipalities. Rural municipalities, on the other hand, face conveyance challenges as the 

communities in their wards are often dispersed and distant from one another. Due to their 

inability to deliver water successfully to their wards, and many clients being unable to pay for 

services, revenue generation is low. Poverty and unemployment also contribute to the lack of 

revenue in these areas.  

It is imperative that climate change obligations be decentralized from the national 

government to local municipalities. Each municipality understands the wards and the region 

within its location, hence research that focuses on the specific needs of the region can be 

orchestrated, as opposed to implementing suggestions from the national government that may 

not address the climate issues faced by specific municipalities in different regions. This is 

currently SALGA’s vision with its capacity-building ‘Let’s respond’ toolkit (DEA, 2013b). 

 

3.5.3 The municipalities’ role in climate change adaptation 
 

South Africa's national response to climate change is framed by its commitments to the 

United Nations Framework Convention on Climate Change (UNFCCC) and the Kyoto 

Protocol. As a signatory to this convention, the national government of South Africa has 

committed to a goal of achieving a 34% reduction in greenhouse gas (GHG) emissions, 

against a business-as-usual trajectory, by the year 2020. Further, the South African 

government has committed to reducing GHG emissions by 42% by the year 2025 against a 

business-as-usual trajectory (DEA, 2011b). These commitments were announced by the 

Presidency in 2009 at the 15th Conference of the Parties (COP 15) held in Copenhagen, 

Denmark (ibid). These commitments are, however, subject to technical, financial and 

capacity development assistance from the more developed nations. The national 

commitments are subject to future changes since the Paris protocol is currently under 

consideration. 
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In line with these commitments, the DEA has published the National Climate Change 

Response Policy (NCCRP) (DEA, 2011b) which quotes the means by which these 

commitments will be achieved. The NCCRP deals with both climate change mitigation and 

climate change adaptation. In order to fulfil the obligations of the NCCRP, South Africa 

embarked on the Long Term Mitigation Scenarios (LTMS) (DEAT, 2007) research process to 

inform the long term mitigation policy in the country. The LTMS focused on understanding 

the rationale behind reducing GHG emissions, the options for climate change mitigation and 

the costs of climate change mitigation. Similarly, the LTAS research process aimed at 

producing a series of reports which documented a consensus on the climate change trends, 

projections and key impacts for key sectors in South Africa, including water.   

The NCCRP White Paper has recognized local government as an important site of climate 

change mitigation and adaptation delivery. In particular, Section 10.2.6 identifies the key 

Constitutional mandates of local government that are critical in developing the South African 

national climate response (DEA, 2011b). These include: planning and urban development; 

municipal infrastructure and services; water, energy and waste demand management, and 

local disaster response.  

 

3.5.4 Adaptation roles in other public institutions 
 

Climate change adaptation must involve the three different tiers of government. Generally, 

provincial governments seem to be excluded from climate change response, leaving most of 

the strategy development to national institutions and local government institutions like 

SALGA. SALGA aims to direct municipalities across the country to respond to climate 

change through its ‘Let’s Respond’ toolkit. Presently, many municipalities across South 

Africa are unable to include climate change response in their municipal IDPs. Some 

municipalities include climate change response but do not take any action regarding it. It is 

SALGA’s role to ensure that municipalities adhere to the climate change mandate in line with 

the national government’s vision, as well as the municipality’s unique challenges. It is also 

important for SALGA to nurture cooperative relationships between municipalities that fall 

into the same climate change projection zone. By fostering such relationships, climate change 

response becomes a shared burden, available skills will be increased, and knowledge can be 
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shared between the municipal offices. This will make adaptation planning, selection and 

implementation seamless, especially in municipalities where resources are limited. 

 

Water boards also play an important role in supporting adaptation for the regions which they 

serve. In the large metros, it would seem as though the water boards are the front line for the 

water service delivery and are therefore expected to lead the strategy for adaptation, 

especially in the provision of potable water. The over-reliance on water boards on issues of 

climate change tends to be a source of risk to some municipalities that have no alternatives or 

plans to establish competent additional water service adaptation mechanisms, especially in 

the realm of bulk water service delivery. The examples of high risk bulk water provision for 

Gauteng was noted in the study. It was observed that, while Rand Water is providing the best 

service on bulk water provision, the water board relies on a system where all the service 

provision risk lies on just one water purification facility powered by one power station in 

Vereeniging. In the face of climate change, the risk of using one facility to provide water for 

such a large population, now exceeding 13 million people, increases as well.  

The water boards are also expected to lead the way in improving the processes of water 

provision on behalf of the municipalities. They have to provide knowledge through research 

on new water and wastewater provision processes and systems, attract the right kinds of 

resources, especially financial and skilled resources, and be in a position to test new 

technology for the improvement of service delivery.  

The public sector also benefits from the services of science councils and research institutions 

in dealing with adaptation. Public research institutions, including universities, are expected to 

aim at improving available knowledge on climate change by focusing on increased generation 

of local data, researching novel technologies that can be adopted to improve water services, 

and ensuring that researchers are more involved in applicable research that could be of 

benefit to South Africa.  

 

 



 
 

36 
 

3.5.5 Municipal water sector climate change adaptation challenges in 
South Africa 

 

According to Ziervogel et al. (2014), the significant gaps remaining in climate change 

adaptation practice detrimentally affect the effectiveness of a causal chain from the 

biophysical impacts of climate change to adaptation responses. Ziervogel et al. (2014) further 

point out that these knowledge gaps are due to a lack of climate scenario products, 

complicated and contradictory climate information, incomplete impacts modelling 

approaches, inadequate process understanding, poor traceability between impacts assessments 

and the climate scenarios, inadequate socioeconomic and vulnerability assessments, and lack 

of cross-sectoral integration. Further, a consistent 'best practice' approach is lacking. In 

addition, South Africa lacks a robust national system of spatially extensive climate data. Up-

to-date data in hydrology, in particular, is becoming increasingly expensive and difficult to 

obtain. Yet another major stumbling block for climate change adaptation is the lack of cost 

estimates and suitable finance mechanisms.  

Implementation of climate change adaptation, specifically at the municipal level, is 

constrained by an overall lack of integrated assessment. Integrated assessments combine 

information from multiple sources on climate change impacts, vulnerabilities, and priorities 

for adaptation. In this way, integrated assessments help to explore the linkages between 

service sectors and regional vulnerabilities, and also incorporate climate change impacts into 

broader development concerns.  

A further impediment to climate change adaptation implementation is the inability to upscale 

adaptation findings from the local or case level, across sectors and to the national level. This 

impediment exists mainly because of a lack of capacity, a high turnover of staff in 

government departments, limited understanding in tackling climate-related issues, the 

positioning of climate change as an environmental issue rather than as a development issue, 

conservative financial management practices, and poor communication between different 

government departments and spheres of government. Further, since climate change is a 

complex problem, a collaborative approach to adaptation between multiple stakeholder 

groups is missing.  

Financing climate change adaptation at the local level remains a challenge. There is no 

evidence, however, to suggest that local governments are integrating climate change 
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adaptation plans into their planning and practice. The idea of adopting climate change 

response strategies and including them in the business plan is not aligned to the current 

business vision of the municipalities which were investigated in developing this adaptation 

guide. Using the limited resources of municipalities to address climate change adaptation is 

tantamount to fruitless expenditure if done in the current environment, where the national 

drive for adaptation is not clearly defined and supported. It is clear that municipalities are in 

need of further direction and will be in a better position to deal with adaptation issues if 

national climate change policy is translated into the performance measures for municipalities. 

Municipal managers face strong criticism for perceived misdemeanors which include fruitless 

expenditure, misuse of funds, poor prioritization of available resources and failing to break 

even or even become profitable. A municipality that has to deal with service delivery backlog 

and has little revenue to collect is frowned upon. In such an environment, it is clear that the 

municipality will simply develop a climate change policy rather than take it into programmes, 

for which costs would be incurred. Climate change policies at national level, should therefore 

be translated into national and municipal goals.  

 

A further challenge for climate change adaptation implementation at the local level is the lack 

of authority that environmental departments hold to address the impacts of climate change. 

Climate change at the local level is regularly referred to as an “unfunded mandate” (Ziervogel 

et al., 2014). While recent national climate change policy suggests that climate change is 

indeed a mandate, this feature is not reflected in municipal finance allocations. A lack of 

funding at the local level goes hand-in-hand with the silo approach of government towards 

finding solutions to challenges. Climate change adaptation requires an integrated approach 

with cross-sectorial problem-solving. Effective climate change adaptation therefore requires a 

transformation of political and bureaucratic infrastructure. 

 

3.5.6 Adaptation boundaries in water boards and other water institutions 
 

The presence or absence of water boards in municipalities plays a noticeable role in the 

vulnerability and sensitivity of different municipalities to climate change. Of the three case 

study areas, Tshwane Metropolitan Municipality and the UMgungundlovu District 

Municipality are clients of the Rand Water Board and Umgeni Water Board respectively. The 



 
 

38 
 

Vhembe District Municipality is not assisted by a water board or any other form of water 

governing body; hence it was ranked to be the most vulnerable and most sensitive 

municipality during the course of the study. The presence of a water board improves the skill, 

capacity, and partnerships of a municipality. This translates to higher research quality 

outputs, improvement of treatment infrastructure and conveyance systems, attraction of 

highly skilled and knowledgeable personnel, as well as the ability to focus on, and address 

matters arising such as climate change. The presence of Rand Water and Umgeni Water in 

the Tshwane metropolitan area and the UMgungundlovu district respectively increases the 

resilience of these two regions to climate change.  

The adaptive capacity of a region depends greatly on well-managed and operational 

institutions (Staber and Sydow, 2002). Some municipalities, in spite of the presence of water 

boards, are still highly vulnerable to climate change. This is mostly due to mismanagement of 

funds as a result of municipal debt, and lack of skilled management personnel (DWA, 2013). 
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4 Selection criteria for adaptation options 
 

4.1 Introduction to selection criteria in adaptation 
  

The selection of adaptation options depends on a variety of factors which include 

geographical setting, availability of financial and human resources, availability and state of 

existing infrastructure, as well as the predicted climate change impacts. The selection of 

adaptation options should be aimed at addressing primary, secondary and tertiary impacts of 

climate change. The following factors have been defined as necessities for the selection of 

appropriate adaptation TAs: 

• The aspect of climate change impacts to be addressed. These include changes in 

temperature, flooding, water quality degradation, extreme weather events, etc.  

• Alignment of adaptation options with national goals and development priorities (e.g. the 

2030 NDP vision for South Africa 

• Alignment of adaptation options with the water sector goals and policies, such as the 

decentralization of decision-making, equity of access to water, etc.  

• Alignment with water sector approaches such as integrated water resource management 

• Responsiveness to international climate change adaptation principles, including 

contribution to sustainable development pathways 

• Appropriateness of adaptation options to different regions in terms of location, 

geography, climate and climate change impacts  

• Appropriateness to municipalities in terms of initial capital outlay, the ongoing costs of 

operations and maintenance, as well as the sophistication of technology, with its 

implications for management and maintenance.   

For the selection of adaptation TAs for specific regions, the following considerations should 
be made: 

Level 1 Assessment: Climate change and impacts 

• The nature of climate change impacts in that specific area 

• Sensitivity, vulnerability and adaptive capacity 

• Resilience of solution to further changes. 

 



 
 

40 
 

Level 2 Assessment: Suitability and compliance 

• Compliance to set standards 

• Compliance to legislation and policies 

• Maturity of technology and readiness to be applied 

• State of existing water infrastructure 

• Source of water 

• Complexity of technology. 

Level 3 Assessment: Stakeholder concerns 

• Acceptance at all levels (policy and decision-makers, institutions and communities) 

• Institutional capacity to implement 

• Community size 

• Socio-economic conditions 

• Existing knowledge and expertise 

• Prevailing cultural trends. 

Level 4 Assessment: Fitness to institutional objectives and programmes  

• Alignment to institutional business plan 

• Within the institutional policies and provisions 

• Availability of institutional capacity to implement 

• Availability of other required resources and tools 

• Approved by lead organizations e.g. Treasury 

Level 5 Assessment: Cost Benefit Analysis  

• Within available budget 

• Cost-benefit analysis of selected adaptation option 

• Cost-effectiveness analysis 

• Sustainability to business framework  

• Performance evaluations of the specific adaptation options. 

A number of the considerations listed above can be applied in cases where detailed 

investigations are required. In this adaptation guide, the focus is also on the nature of climate 

change impacts, nature of services provided, geographical characteristics as well as 
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compliance to prevailing legal and policy framework. The cost benefit analysis, which is 

always important on issues involving financial spending, should be carried out by suitably 

qualified internal or external specialists to ensure that the options for adaptation do not 

become a liability to the service institution. 

 

4.2 Resources and capacity in adaptation options 
 

The vulnerability and sensitivity of any region is heavily dependent on the available 

resources and the capacity to deal with climate change effects. Generally, urban regions are 

more resilient to climate change impacts due to the presence of highly-skilled personnel, 

better finances and functional water systems. On the other hand, rural and semi-urban regions 

are often characterized by inadequate skills, lack of functional infrastructure, poor financial 

resources and large service provision backlogs. It is also noted that many skilled personnel 

allocated to work in rural regions tend to struggle with other challenges, especially of a 

political nature, resulting in frustrations and even relocations. Hence, it is common for such 

individuals not to reside permanently in those regions. This exposes the water service 

delivery in such regions to failure. Climate change adaptation is complex to understand and 

address as one of the requirements for service delivery, and as such, requires competently 

trained and committed personnel. The competency can also be achieved by training the 

personnel already working in the relevant sections rather than bringing in one climate change 

‘champion’ and assigning him/her all the climate change responsibilities.  

In the selection of adaptation options, it is important for a user of the guide to identify the 

availability of suitable skills for implementing the selected or proposed adaptation options. 

Developing the suitable skills base could be one of the first stages of dealing with the key 

resources required in addressing climate change.   

In this respect, financial resources also play an important role in climate change adaptation. 

In many local service institutions, there are challenges in terms of allocating the existing 

financial resources to address the present backlogs. It is also commonly known, however, 

that, once the finances have been made available, the same institutions fail to use these 

resources because they do not have suitable human resources to make decisions, and to 

provide the technical inputs that will result in the work being done and the allocated funding 
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being used correctly. A user of this guide should aim at evaluating the level of finances in the 

region as well as the human resources that can be made available in order to determine the 

adaptation options which will be suitable and can be successfully implemented. In some 

regions, adaptation measures that address behaviours and beliefs can make a huge difference 

in addressing water-related challenges at a low cost while building the base for future wide-

scale adaptation programmes.  

 

4.3 Consideration of time in adaptation 
 

The climate projections used in this study are based on the Long Term Adaptation Scenarios 

(LTAS) research programme conducted by the DEA (DEA, 2013a). The LTAS research 

programme provided national and regional scenarios for South Africa. The project evaluated 

the socio-economic and environmental implications of potential impacts of anticipated 

climate change for South Africa across three time frames, namely short (<2030), medium 

(<2050) and long (<2100) terms. In this guide, there is an additional time frame that was 

added to deal with adaptation initiatives for immediate implementation. This is to account for 

the shorter time frames used in local government and municipal planning. To account for this 

shorter period, the time frames were devised as follows: immediate (<2020), short (<2030, 

medium (<2050) and long (<2100). The immediate time frame is set to help municipalities 

plan for high priority adaptation projects by including them in their revised municipal IDPs, 

where the longest time horizon considered is usually five years. The NCCR white paper 

(DEA, 2011a) also emphasizes the need to consider shorter time scales for local programmes 

as opposed to the longer international time definitions with regard to climate change 

response. 

 

The selection and successful implementation of adaptation options is dependent on suitability 

for the impact and implementation at the correct time. In order to successfully adapt water 

services to climate change, the responsible institution can define and adopt a customized 

generic time scale for the area served. This time frame should be advised by the sensitivity 

and vulnerability of the region. Figure 12 highlights the concept of time consideration in the 

selection of adaptation options.  
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Figure 12: Climate change adaptation is defined in terms of time, based on expected impacts 
and vulnerability of the region 

 

In developing countries, including South Africa, the urgency to respond to climate change 

has to be considered in the light of other urgent needs to address other service delivery 

backlogs. If climate change adaptation is not considered when a great deal of service delivery 

development is taking place, then it will be more costly to implement adaptation options after 

all the developments on service delivery have been concluded.  

 

Another factor that is important to consider with regard to time is the level of development of 

certain adaptation technologies. Although one option could seem to be the most suitable for 

implementation, it is noted that in some cases certain adaptation techniques will require 

further research and development before use. An example of such technology for the South 

African cases is desalination. Desalination in South Africa cannot be implemented on a large 

scale as yet because feasibility studies and local development of the technology are yet to be 

completed. Investigations have also shown several such facilities that have been abandoned 
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in countries such as Australia. Although studies of Australia’s progress in this field have been 

extensively conducted, assessments regarding the technology’s suitability for South Africa 

are currently under way and have still to be concluded (Bosman, 2014).  

The development of legislation, adjustment of policies, and implementation of response 

strategies are also elements of time that may speed up or hamper the process of adaptation. 

Currently many national institutions have developed response strategies which they wish to 

implement in line with the NCCR white paper, and municipalities have been tasked by 

SALGA to develop their own unique response strategies based on research and projected 

trends of future climate change. The use of strategic adaptation options in the municipal 

business processes, however, remains unimpressive in most local water services institutions, 

due to the need to focus on water services backlogs, as well as the general lack of resources 

to implement rolling programmes.  

In addition to resource constraints, the levels of technology development, as well as the poor 

state of existing infrastructure, are obstacles in the pursuit of implementing comprehensive 

and integrated approaches where climate change adaptation is central to ensure service 

delivery sustainability. There are existing technologies, however, that can be implemented 

with relative ease. The successful selection and implementation of adaptation TAs will also 

depend largely on the geographical setting and location of the different areas where 

adaptation is being considered. 

 

4.4 Geographical setting and regional climate 
 

Adaptation is not just a response to climate change, but has to be developed holistically in the 

light of other vulnerabilities which result in the unique impacts that are experienced at 

specific stages of water and wastewater services provision. These impacts are also unique for 

each particular geographical location. It is important to note that climate change trends and 

projections for the water sector are not similar across South Africa. Therefore the use of the 

adaptation guide is greatly dependent on the region in which a user is located, the level of 

development of that region, and the climate projections for that region.  
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4.4.1 Level of geographical development 
 

There are two main classifications of South Africa in respect of the level of development – 

rural and urban areas. Observations of the case studies have shown that the level of 

development of a region affects the availability of skills, services, infrastructure, and resource 

capacity.  

In many rural areas across South Africa, water service provision is highly limited. Residents 

often rely on nearby surface water or boreholes for their basic water needs. It is also common 

for residents of rural communities to depend on rainwater harvesting during the rainy season, 

while some areas lack access to an adequate potable water supply. Generally, there is a lack 

of sophisticated water treatment infrastructure, and water distribution channels in these areas 

are inadequate due to the communities being highly dispersed. The major challenge with rural 

communities is the lack of skilled personnel in water services, which in turn results in sub-

optimal water service delivery systems. Furthermore, in rural communities, residents hardly 

pay for water services as they cannot afford them, making it difficult for municipalities in 

these areas to successfully address backlogs as they are financially incapable of doing so. In 

the face of climate change, rural communities stand a risk of increased water stress, and 

possible loss of homes due to flooding as a result of increased intensity and duration of 

rainfall. In other instances, the communities suffer from a lack of water due to drought after 

long periods of extremely low rainfall.  

Urban areas face a set of different challenges. Increased migration from rural regions to urban 

areas will increase the stress on urban water services, and possibly reduce the efficiency of 

designated water service providers. Increased water demand due to an increased temperature 

will have to be met with quicker water processing times, and technologies that moderate 

water use. Most urban municipalities have the advantage of water boards. Water boards are 

often able to conduct extensive research, test new technologies, and implement necessary 

measures to address any existing backlogs in infrastructure, water use management, water 

resource management, etc. Furthermore, the presence of water boards attracts the right skills, 

and urban residents improve the financial standing of their municipalities due to their ability 

to pay for water services.  

Another geographical setting to consider is coastal cities. Whether urban or rural, coastal 

cities face additional challenges in terms of extreme events that may possibly occur as a 
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result of climate change. Sea surges, loss of homes and infrastructure located along coastal 

lines remain issues of concern locally and internationally.  

Based on the level of geographical development and access to water, decision-makers and 

users of the adaptation guide can assess their geographical settings based on the 

classifications they fall into in Table 4. 

Table 4: Geographical classification of South Africa based on level of development, water 
access, and coastal proximity 

Geographical 
setting Depiction Description 

Rural 1 R1 Rural areas with little to no water access 

Rural 2 R2 Rural areas with access to developed surface water 

Rural 3 R3 Rural areas with boreholes and/or access to limited 
surface water 

Urban 1 U1 
Urban and semi-urban areas with developed surface 
and/or groundwater, but failing or non-existent water 
boards 

Urban 2 U2 
Semi-urban and urban areas with well-developed 
service systems and/or large fully functional water 
boards  

Coastal C Coastal cities and towns (This is a further classification 
for coastal cities and towns) 

 

The level of infrastructure development in the different geographical regions should also play 

a role in the selection of adaptation technologies and approaches. In rural areas where water 

service systems are non-functional, adaptation to climate change is an opportunity to install 

appropriate infrastructure that can address the challenges specific to such regions, and at the 

same time deal with service sustainability issues which often affect such communities. The 

issue of skills, community commitment and infrastructure vandalism are usually associated 

with rural services facilities. Water service provision solutions in such rural areas could focus 

on the installation of automated, high security water service infrastructure. This is set to 

address the lack of skills, unwillingness of available skilled individuals to relocate to work in 

such areas as well as the propensity for vandalism. The selection of options for rural areas 

should also be simple, affordable and easy to operate should there be need for the 

infrastructures to have an operator.  
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In many urban regions, adequate and functional infrastructure already exist; the increased 

pressure on water services as a result of climate change however may result in the need to 

optimize existing infrastructure and processes, to ensure that the end user’s needs are 

adequately met. It is therefore imperative during the selection of adaptation options in urban 

areas that improvement and optimization technologies and approaches be seriously 

considered, as opposed to the construction of completely novel structures, unless they are 

absolutely necessary. The selection of options for urban areas should focus more on 

improving the current existing processes rather than seeking novel infrastructure. The 

observations made in the case studies during the development of this guide showed that the 

three large water purification facilities in urban areas visited had ozonation facilities which 

were built in the recent past but were not being utilized, resulting in unnecessary wastage of 

resources. 

 

4.4.2 Climate projections and hydroclimatic regions 
 

The past, present and future climate trends are important in the selection of adaptation 

options. Emphasis, however, has to be placed on the future climate for the different time 

horizons. The local variations in climate trends are complicated by regional and global effects 

such as the El Nino Phenomenon and other unpredictable variations of sea surface 

temperatures, as well as internal convergence of currents such as the Inter-tropical 

Convergence Zone (lTCZ) over southern Africa. In addition, the permanent changes due to 

global warming have a developing effect that is still building momentum. Adaptation 

involves responding to the permanent changes. Given the high cost of adaptation, it is 

important that climate trends are more accurately mapped before extensive adaptation plans 

are implemented.  

In order to easily understand the climate trends and projections for South Africa, the DEA 

LTAS studies adopted six hydroclimatic zones that are based on the water management areas. 

The LTAS climate scenario technical work analysed recent trends in climate, and synthesized 

a range of potential future climate conditions that plausibly could occur in South Africa over 

the defined time frames, that is 2015-2030 (short term), 2040-2060 (Medium Term) and 

2080-2100 (Long Term). To reduce the complexity of the multitude of simulations performed 

in CC projections, the DEA opted to focus on two main groups of scenarios, namely 
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unmitigated (unconstrained) and mitigated (constrained) future energy pathways. Observed 

climate trends for South Africa from 1960 to 2010 were analysed and constituted the 

baseline.  

The LTAS process covers the six hydroclimatic zones at sub-national level (Figure 13). 

These zones are based on Water Management Areas (WMAs) and grouped according to their 

climatic and hydrological characteristics. They can thus be appropriately modeled and 

analysed for impacts on the water sector, and related indirect effects on other sectors (DEA, 

2013a). 
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4.4.3 Climate change projections used in the adaptation guide 
 

In the LTAS, the researchers suggest that they were futuristic in their approach which utilized 

improved 2013 simulations from the investigations on climate conducted by the SA Treasury 

and National Planning Commission. These simulations applied hybrid frequency distribution 

(HFD) of all possible climate futures resulting from the current set of global General 

Circulation Models (GCM) during that period. HFDs were generated using a two-

dimensional atmospheric model of the MIT Integrated Global System Model. It is noted that 

the projections used over 6 000 possible climate scenarios which were produced and analysed 

for two possible scenarios: Unconstrained Emissions (UCE) and Level 1 Stabilization (L1S) 

(Treasury and National Planning Commission, 2013). In the LTAs the outputs from the HFDs 

were compared with downscaled models for South Africa produced by LTAS Phase 1. The 

result was the need to correct the wetter conditions generated in the HFDs. 

To improve the understanding of projections from global circulation models, trends from 

available records over multiple decades are also presented as captured in the LTAS 

programme. These are based on records for the period 1960 to 2012. The information was 

derived from a number of recent studies, both global and regional in scope, which quantified 

how rainfall and temperature have varied in South Africa over the last century ( Table 5, 

below). 

Table 5: Observed temperature and rainfall trends (1960-2012) 

Zone 1 Extreme changes in very hot days and very intense rainfall events. Fewer rain 
days. 

Zone 2 Rainfall days are increasing, and the events are more intense. Temperature 
extremes increasing with more extremely cold days. 

Zone 3 Region is characterized by opposing trends. In general extreme temperatures are 
on the rise. Extremely cold nights are also on the rise. 

Zone 4 The region is characterized by a large climatic gradient such that regional mean 
values are not realistic. Extreme temperatures are rising for all seasons. Rainfall 
trends show that little changes are taking place. 

Zone 5 Significant increase in rain days across whole region. Minimum and maximum 
temperatures are becoming more extreme.  

Zone 6 Rain days are decreasing along the south and increasing along the west coastal 
areas. Extreme temperatures are also increasing. 
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In this guide, the Long-term Adaptation Scenarios Flagship Research Programme (LTAS) 

projections were interpreted to provide average trends per climatic region and used as part of 

the selection criteria for adaptation options (Table 6). Historical run-off changes (Figure 14) 

were also used to point to trends that are associated with rainfall change.  

Table 6: Future climate projections based on the six hydroclimatic zones of South Africa 
(DEA, 2013a) 

Zone
s 

Climate Projections in terms of 
temperature and water 

 

Projected run-
off changes 
(median UCE) 

x100% 

Projected Temperature 
changes (2040-2050) (°C) 

HFD UCE 

(median) 

HFD L1S 

(median) 

1 High level of uncertainty regarding future 
precipitation and temperature. Water 
availability remains a key area of concern. High 
variability in precipitation predictions. 

-0.1 / +0.15 1.75 1 

2 Potential for increased precipitation; highly 
unlikely that climate change will affect water 
supply; increased potential for floods due to 
increased wetting. 

+0.05 / +2.0 1.60 1 

3 Precipitation will either remain constant or 
increase. Mean annual temperature will increase 
but no radical shifts are expected. Possibility of 
flooding in some parts. 

-1.0 / +0.25 2 1 

4 Extremely vulnerable to temperature increases. 
Mean annual temperature likely to increase 
twice as fast as the entire country. Rapid 
increase in temperature will result in increased 
water losses and irrigation demand in dry areas; 
accumulation of salts in water bodies causing 
higher salinity.  

-1.0 / +0.15 1.75 0.75 

5 Intermediate future shows lower mean annual 
rainfall which will result in reduced run-off, and 
decreased soil moisture. Region is likely to get 
drier, although this remains uncertain. Coastal 
region, hence threatened by ill effects of climate 
change on coastal bodies. 

-0.05 / +2.0 1.75 0.75 

6 Potential increase in rainfall and 
evapotranspiration due to increased 
temperature. Region is likely to become drier, 
however sea level rise remains a threat to 
coastal cities. 

-0.1 / +0.05 1.5 0.6 
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Figure 14: Projection of impact of climate change on run-off for the period 2040-2050 when 

compared to the base scenario of 1990-2000 (6 000+ scenarios were used for the 

unconstrained emission scenario) (DEA, 2013a) 

 

Rainfall projections for the different zones were also simulated (DEA, 2013a). These 

projections are based on the DEA’s scenarios which constitute four climate possibilities 

(Table 7). The warmer/wetter and warmer/drier scenarios indicate scenarios with high level 

of mitigation, while the hotter/wetter and hotter/drier scenarios indicate unconstrained 

climate scenarios. In spite of rainfall remaining the same or slightly decreasing in some areas, 

Figure 14 shows that there are areas where run-off is reduced by 100% (-1.0). The high 

evaporation in the country, which averages 1 400-3 000 mm/year, with projected increases, 

will result in the total loss of run-off in these areas. 
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Table 7: Rainfall projections for the six hydroclimatic zones under the DEA’s four scenarios 

SCENARIOS 
HYDROCLIMATIC ZONES 

Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6 

Warmer and 
wetter 

Increased 
in spring 
and 
summer 

Increased 
in spring 

Increased 
in spring 
and 
summer 

Increased in 
all seasons 

Reduced in 
autumn, 
increased in 
winter and 
spring 

Reduced in 
autumn, 
increased in 
winter and 
spring 

Warmer and 
drier 

Reduced 
in 
summer, 
spring, and 
autumn 

Reduced 
in spring, 
and 
strongly 
reduced in 
summer 
and 
autumn 

Reduced 
in summer 
and spring, 
strongly 
reduced in 
autumn  

Reduced in 
summer, 
autumn and 
spring 

Reduced in 
all seasons, 
strongly 
reduced in 
summer 
and autumn 

Reduced all 
seasons, 
strongly in 
the west 

Hotter and 
wetter 

Strongly 
increased 
in summer 
and spring 

Strongly 
increased 
in spring 

Increased 
in spring 
and 
summer 

Increased in 
all seasons 

Strongly 
increased in 
all seasons 

Reduced in 
autumn, 
increased in 
winter and 
spring 

Hotter and 
drier 

Strongly 
reduced in 
summer, 
spring and 
autumn 

Reduced 
in spring, 
and 
strongly 
reduced in 
summer 
and 
autumn 

Reduced 
in summer 
and spring, 
strongly 
reduced in 
autumn 

Reduced in 
summer, 
autumn and 
spring 

Reduced all 
seasons, 
strongly in 
summer 
and autumn 

 

Reduced in 
all seasons, 
strongly in 
the west 

 

4.4.4 Other factors affecting selection based on geographical setting 
 

In selecting adaptation options, there are other factors related to the location that need to be 

considered besides climate projections. Projected water demands for various regions have 

been mapped. Figure 15 gives an indication of the level of demand that can be expected in the 

face of climate change. Furthermore, the utilization of groundwater as a supplementary water 

resource is an option that is strongly under consideration. Figure 16 shows the zones in which 

groundwater is present. These two factors were taken into consideration in the adaptation 

selection process. 
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Figure 15: Projected water demand and availability in WMAs for 2025 (DWS, 2014) 
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Figure 16: Utilizable groundwater exploitation potential in m3km2/a (DWA, 2010) 
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5 Adaptation compendium 

5.1 Adaptation technologies and approaches at municipal level 
 

Limited resources and lack of information are often cited as the major constraints in the 

uptake of adaptation options in municipal planning. The lack of information translates into 

uncertainty, which makes it difficult for local government institutions to direct resources to 

adaptation programmes with confidence. In the short term, the approach for implementing 

adaptation should be directed towards those processes which have already been identified as 

challenges in the prevailing environment. In South Africa one of the main challenges in water 

services is flooding. Climate change projections are also indicating that there will be 

increased incidences of flooding and increased intensity of extreme flooding incidences 

throughout the country. Observations at both potable water purification plants and wastewater 

processing facilities showed that the facilities face the greatest service provision challenge 

during flood events. 

 

To ensure the best use is made of the available resources, the municipal planner or water 

services manager has to identify and list all the planned projects associated with water 

services. Processes that are at risk of climate change can then be identified. It is important 

that the nature of impacts and risk are quantified. The following section deals with 

quantification of impacts and vulnerability, which has to be done before committing 

resources to adaptation options. 

 

5.2 Quantification of impacts and vulnerability in water and 

wastewater services 
 

Ideally, consideration of adaptation should start with understanding the impacts and 

quantifying them to identify the cases requiring prioritization. Quantification of impacts 

involves impact assessments where the values associated with the extent of impacts are 

presented in comparable measures. Quantification of impacts of climate change is the first 



 
 

57 
 

step in developing climate change adaptation strategies. One method for quantification of 

impacts and vulnerability entails the use of quantified indicators. Dannevig et al. (2012) 

developed a four-step indicator for measuring the degree of implementation of adaptation that 

involves: 

 

(1) Assessment of the need to adapt in different sectors which requires the municipality to 

assess its vulnerability to climate change.  

(2) Qualitative vulnerability assessment such as climate scenarios are carried out and 

corresponding adaptation measures are identified in municipality plans. 

(3) Quantitative vulnerability assessments such as flood risks and sea level rise are done and 

corresponding adaptation measures identified in plans.  

(4) Benefits of identified options are analysed as part of the whole business planning process. 

Alternative options are also compared. 

 

5.3 Water and wastewater processes for adaptation 
 

In the South African context, municipalities offer a range of water-related services whose 

various significant components can be vulnerable to impacts of climate change. It is in these 

areas that intervention through adaptation technologies and approaches is imperative and will 

thus need to be applied to alleviate the range of impacts and implications of expected climate 

change.  

 

In theory all municipalities supply a range of services associated with the provision of treated 

water and the treatment of wastewater. These services constitute elaborate systems with an 

infrastructure and many different processes and components, all of which can be vulnerable 

to different degrees of negative impact due to climate change. It is necessary to dissect each 

system into its vital components, and examine the impacts and implications of climate change 
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on them. The following make up the most significant components of the water and 

wastewater services delivery system of most local authorities. 

 

Water supply:  

 

Water supply can be a complex undertaking depending on the size of the communities 

served, their settlement pattern, the proximity of raw water sources and the available 

resources. The institution providing this service has to be well versed with the socio-

economic development of the area to be supplied. The nature of available services has to be 

clearly understood. This includes the nature and specifications of different sources of water, 

large raw water storage facilities, treatment plants, and local storage and distribution 

networks/systems for the purified water.  

 

The water sources could be groundwater or surface water (e.g. a river or dam), recycled or 

desalinated water, or water transferred from another system (catchment area). A schematic of 

a typical water treatment process is given in Figure 17. The distribution system comprises a 

network of pipes that usually starts with a main distribution line from reservoirs which then 

branches into smaller reservoirs and towers that feed reticulation pipes serving individual 

properties. These stages of water provision are analysed for opportunities to adapt and ensure 

service provision sustainability into the future. 

 

 

Figure 17: The schematic of a typical water treatment works for a municipality in South 
Africa. (Source: Budhram et al., 2013) 
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Wastewater (sewage) treatment system:  

The service provider intending to adapt the wastewater system has to look at the various 

stages for possible adaptation (Figure 18). In general wastewater facilities have three main 

stages where adaptation can be applied – the primary, secondary and tertiary treatment. 

• Primary treatment consists of temporarily holding the sewage in a quiescent basin where 

heavy solids can settle to the bottom while oil, grease and lighter solids float to the 

surface. The settled and floating materials are removed and the remaining liquid may be 

discharged or subjected to secondary treatment. 

• Secondary treatment involves the removal of dissolved and suspended biological matter. 

Secondary treatment is typically performed by indigenous, water-borne micro-organisms 

in a managed habitat. These micro-organisms are already being affected by CC, thus 

exposing the processes to adaptation. Most adaptation in secondary treatment is set to 

take advantage of the increasing temperature. Increased flooding, also due to CC, 

however, means that the design of these facilities needs to be reconsidered and possibly 

modified.  

• Tertiary treatment, as the process applied beyond primary and secondary treatment, is 

usually set to be updated or adapted to ensure that the effluent from the facility does not 

threaten the environment, and where possible, is re-used. Treated water is sometimes 

disinfected chemically or physically (for example, by lagoons and microfiltration) prior to 

discharge into a stream, river, or wetland. The chemicals used, as well as the other 

chemicals and processes that are being developed now, can be selected for application to 

enhance the effectiveness of the wastewater purification service.  
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Figure 18: A schematic of the components and process of a wastewater treatment system 

 

Infrastructure and processes related to wastewater services are exposed to the impacts and 

implications of climate change in different ways. It is through design and adoption of 

adaptation technologies and approaches, mainstreaming climate resilience into process 

efficiency, infrastructure investment, building regulations, and disaster preparedness that 

municipalities can hope to adequately counter the adverse effects of climate change in the 

water and wastewater services sector. The proposed technologies are grouped according to 

different points in the service delivery process for easier reference when relating to different 

scenarios where services will be considered for adaptation. 

 

In wastewater services, the role of storm water in acerbating the impacts of climate change is 

often left out, resulting in poorly developed solutions. Storm water tends to be a process that 

falls between potable water provision and wastewater systems and yet it is managed by 

different units in most municipal settings. On the potable water side, storm water brings with 

it higher levels of pollution as a result of increased rainfall peaks and duration due to climate 
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change. With regard to wastewater services, increased rainfall peaks and duration of flows 

with and without the impact of climate change affect the volume of water reaching the 

wastewater purification plant. At the wastewater purification plant, the storage facilities 

provided when the inflows are too high for the processing rate are usually not adequate for 

accommodating storm water during the peak of the rainfall season. The situation is 

deteriorating in areas where Climate Change impacts are increasing rainfall peaks. Most of 

the wastewater purification plants are also designed with a by-pass route where floodwater 

mixed with greywater is released directly into the river, causing degradation to the natural 

water sources. It is therefore important that storm water management is included in 

adaptation plans to ensure that the adaptation solutions are more robust even during peak 

storm inflows and floods.  

 

5.4 Technologies in potable water process 
 

 

Figure 19: Urban water cycle showing the different water services points that are at risk from 
climate change 
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The illustration in Figure 19 shows the different points in the water and wastewater service 

provision where climate change impacts have to be addressed through adaptation. Given the 

variety of points for implementation of adaptation, it is important that priorities are set to 

avoid cases where the solutions are not addressing the most critical impacts. The selection of 

adaptation options is based on several factors. In this section, however, the priorities are 

discussed in terms of hydroclimatic characteristics, geographical settings and implementation 

time frames. The following prioritization indicators are applied in the guide (Table 8): 

Table 8: Definition of priority terms as used in the compendium 

Priority Depiction Description 

Very high P0 
Should be considered for immediate implementation including retrofitting 
into ongoing projects and programmes (Section 3 defines the time frames 
involved) 

High P1 Should be considered for short-term implementation. The situation is urgent 
due to the nature of risk posed. 

Medium  P2 Should be considered for mid-term implementation. Possibly, needs further 
investigation and funding to implement.  

Low P3 

Can be considered in later stages if necessary. In this case, the risk due to 
impacts could be low, the nature of solution required could be beyond the 
budget or there could be more cost-effective and accepted options to 
implement before this. Options where further research is required fall into 
this category. 

 

The priority settings in Table 8 above are based on the nature of risk, vulnerability and 

urgency (time factor) for implementation of adaptation options. While this guide provides an 

assessment of the priority level, the user of the guide has to evaluate the priority further on 

the basis of the other processes applied within his/her institution. In Chapter 4, the 

consideration to be made to decide on adaptation priorities is presented. The priorities and 

other adaptation considerations are aligned to the zones as articulated in the assignment of 

climate change impacts in the LTAs programme. The zones used are shown in Table 9 below. 
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Table 9: Definition of hydroclimatic zones as used in the adaptation guide 

Zones Depiction Descriptions 

1 Z1 The Limpopo, Olifants, and Inkomati WMAs in the Northern Interior 

2 Z2 The Pongola-Umzinkulu WMA in KZN in the east 

3 Z3 The Vaal WMA in the central interior 

4 Z4 The Orange WMA in the North-West 

5 Z5 The Mzimvubu-Tsitsikamma WMA in the South-East 

6 Z6 The Breed-Gouritz and Berg Olifants WMAs in the South West 

 

Tables 10 to 15 present the process of selecting adaptation options for the identified primary, 

secondary and tertiary impacts of climate change. The symbols used in the tables are 

explained in the earlier sections of this chapter. 
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Accounting for 
water resources 

Ef
fic

ie
nt

 w
at

er
 a

cc
ou

nt
in

g 
to

ol
s 

G
ro

un
dw

at
er

 is
 o

fte
n 

no
t a

de
qu

at
el

y 
in

co
rp

or
at

ed
 in

to
 a

va
ila

bl
e 

w
at

er
 

re
so

ur
ce

s. 
Ef

fic
ie

nt
 a

cc
ou

nt
in

g 
pr

oc
es

se
s f

or
 su

rf
ac

e 
an

d 
gr

ou
nd

w
at

er
 

to
 e

ns
ur

e 
w

at
er

 se
rv

ic
e 

pr
ov

id
er

s a
re

 
aw

ar
e 

of
 th

e 
am

ou
nt

 o
f w

at
er

 a
ct

ua
lly

 
av

ai
la

bl
e 

fo
r u

se
. 

A
ll 

Zo
ne

s /
 P

1 

 

A
ll 

Se
tti

ng
s 

 

Pollution affecting different levels in the 
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Water loss due to evaporation and 
contamination 
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Increased temperature affecting 
flocculation and coagulation process 
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High temperatures, flooding 
and other extreme events 
will result in low water 
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Increased spread of pathogens through water as a 
result of high temperatures; Increased water demand 
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Increase in  

Temperature and  UV light concentration 
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General CC impacts causing poor 
performance in existing system 
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6 Water and wastewater adaptation approaches 
 

Apart from adaptation technologies, water sector stakeholders have to articulate and 

implement relevant approaches for adaptation. Adaptation approaches include all the soft 

issues on adaptation, which range from creating awareness in communities to the high level 

approaches where legislation and policies are developed to guide adaptation responses.  

 

Adaptation has to be planned at different scales (EPA, 2012; UNFCCC, 2006). The DEA 

(2013a) identifies three main governance levels: national, system scale and municipal scale. 

This guide is focused primarily on the municipal scale – water service authorities and water 

service providers at district or local municipality level. The DEA (2013a) has developed an 

approach to support the integration of climate change responsiveness into municipal 

development planning tools. The approach involves five steps:  

Preparation – setting up a municipal lead department to drive the process and creating a 

municipal interdepartmental climate change response committee; 

Analysis – identification of climate change challenges; 

Strategy – development of a municipal wide vision and strategy; 

Projects – development of specific, priority projects and operational plans within each sector; 

Integration implementation – the plans are integrated into the municipality’s planning tools. 

This section also looks at the different adaptation approaches that are required at various 

levels of water and wastewater services. It is imperative that all institutions concerned with 

water services adopt these approaches as far as is practical.   
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6.1 Policies  
 

Policies are compositions of papers, strategies and plans and are not legally enforceable. At 

this stage most municipalities are in the process of developing climate change policies. These 

policies are set to be aligned to the National CC policies in the DEA as well as the DWS. The 

policies are set to provide guidelines for decision-making and implementation of programmes 

for service delivery. They are also the basis for the development of strategies and the business 

plans for the different institutions. Water service institutions have to test the CC adaptation 

responses against the policy provisions locally and at national level, if a local policy is not 

available. Further guidance could be provided through the National Development Plan (NDP) 

vision for 2030, which highlights the need for adaptation strategies as part of the national 

development strategies as well as the NCCR white paper which was released in 2011 (DEA, 

2011a) to guide climate change response for the country.  

 

Climate change policies guide the climate change response efforts of water sector institutions 

and municipalities. Important guidance issues include the following:   

• Management of CC impacts through interventions that build and sustain SA’s social, 

economic and environmental resilience  

• Transition to a lower carbon and climate resilient society 

• A focus on programmes that are developmental, transformational, and participatory 

• Need for programmes that are needs-driven and customized to address South Africa’s 

specific challenges  

• Allocation of fairly equal amounts of effort, costs and benefits to address the 

disproportionality in vulnerability and sensitivity of different regions 

• Ensuring policies and measures address the needs of the poor and the vulnerable with 

urgency (DEA, 2013a). 

Apart from targeted CC policies, there are other policies which are available to guide other 

processes and activities in water and wastewater service provision. The NDP vision 2030 

highlights the need for policy alignment at all levels and this requires the integration of 

adaptation objectives in the plans of all national and local government departments. It also 

highlights the need to ensure that adaptation plans in terms of policy development are flexible 
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in order to guarantee a wide range of future climate scenarios can be responded to. Some 

policies that have been developed outside the water sector may assist South Africa’s 

adaptation to climate change. These policies include, amongst others: the white paper on 

environmental management policy for South Africa (RSA, 1997), the white paper on 

integrated pollution waste management for South Africa (RSA, 2000), and the white paper on 

the promotion of renewable energy and clean energy development (RSA, 2002). 

 

6.2 Legislation 
 

The development of new legislation is dependent on available policies. Historically, there 

were no policies that addressed climate change, hence no historical legislature is available to 

directly tackle CC response issues. There are pieces of legislation, however, that were not 

directly developed for CC but nevertheless remain useful to the CC responses by water sector 

institutions. While policies simply provide guidelines, legislature is more binding, and 

requires that all concerned institutions adhere to set laws.  

Some adaptation technologies will require adjustments to be more aligned to existing 

legislation and make their implementation easy. These include water re-use, the 

implementation of wastewater discharge charges, desalination of seawater in coastal cities, 

etc. Without adequate legislature that supports adaptation plans, implementation will be 

difficult.  

Legislation in other areas outside the water sector, such as biodiversity, land use, waste 

disposal, pollution control, etc. enable the implementation of adaptation in some instances. 

This legislation, according to the DEA (2016), includes:  

• The National Environmental Management Act (NEMA) 

• National Environment Management: Biodiversity Act (NEMBA) 

• National Environment Management: Air Quality Act (NEMAQA) 

• National Environment Management: Protected Areas Act (NEMPAA) 

• National Environment Management: Integrated Coastal Management Act (NEMCMA) 

• National Environment Management: Waste Act (NEMWA) 

• National Water Act (NWA) 

• National Forest Act (NFA).  
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These laws do not address climate change directly; however, they have sections that deal with 

specific issues which can now be linked to response measures for climate change as 

adaptation options. The water sector stakeholder has to familiarize himself/herself with these 

pieces of legislation before embarking on adaptation options to ensure that the responses 

adhere to the legal requirements.  

  

6.3 By-laws and regulations 
 

By-laws and regulations take legislation into practical measures in order to ensure 

accountability. Legislation is enforceable and legally binding, and is often promulgated by 

parliament with the guidance of national institutions. This creates a necessity for local 

government institutions to create by-laws that are in line with promulgated legislature.  

In terms of regulations, the DEA is the national leader on climate change issues and provides 

guidance to municipal offices and other water sector institutions on the development of by-

laws regarding climate change.  

In communities where water stresses and financial issues are prominent, the development of 

appropriate by-laws in line with adaptation plans can improve the state of water services, 

prevent water wastage, and in the process, protect water resources. The development of 

appropriate regulations could have a positive impact on the behaviours of community 

members, water boards, municipal ratings, and water service providers. Regulations will also 

address current pitfalls and shortcomings in water and wastewater services. Some of these 

shortcomings include storm water ingress, disposal of low quality effluents into water 

resources, etc.  

Current legislature highlights the right of every individual to have access to potable water, 

which in essence translates to water access even if the communities in question cannot afford 

to pay for water. With the development of appropriate by-laws, water use is regulated by 

limiting the amount of water available to households and communities, and enforcing 

payment if limits are exceeded.  
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6.4 Education and awareness 
 

Climate change is becoming a crucial factor in everyday decision-making by individuals and 

communities due to its complex interactions with ecological, socio-economic and political 

systems (Anable et al., 2006). The level of climate change awareness and understanding by 

institutions should reflect this complexity and, therefore, be multidisciplinary and holistic in 

its adaptation approach. It is noted that ‘improving awareness and preparedness’ is a cross-

cutting measure that is relevant to varying degrees to any adaptation technologies that may be 

considered in an area/region. The education of individuals and communities is important if 

adaptation is to be successful.  

Although there have been awareness programmes implemented in various communities, 

enough information has not been provided. Most of the awareness created tends to highlight 

the negatives of climate change by painting grim pictures of drought, flooding, and all kinds 

of water stresses. By providing the right kind of information, municipal offices in different 

regions can sensitize their residents, and cause them to not only be aware of the negative 

effects of climate change, but also prepare them to take advantage of the positives.  

In light of this, informative programmes need to be tailor-made for different regions in line 

with projected climate impacts. In regions where an increase in rainfall duration and intensity 

is expected residents can be sensitized and trained to take advantage of the excess rainfall 

through rainwater harvesting techniques. Communities can be taught to reinforce their homes 

against adverse climate effects, and be sensitized to change inappropriate water use practices. 

Currently, there are television campaigns aimed at sensitizing water users to change water use 

behaviours and reduce water demand. These campaigns, however, seem to be directed more 

at educated urban residents. Addressing climate change issues in languages that can be 

understood by both urban and rural residents will heighten their adaptive behaviours, and 

enable the development of climate-resilient communities. Furthermore, the benefits of 

adaptation technologies and approaches that can be implemented in homes also need to be 

publicized to further encourage efficiency in water use.  
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6.5 Strategies 
 

Response strategies have been developed by various national institutions and local 

government bodies to guide municipalities. Although the development of national response 

strategies provide guidelines for adaptation, they are usually too generic in nature to address 

local needs for specific impacts. This does not help vulnerable communities as they find it 

difficult to directly translate the developed strategies into programmes that can be 

implemented.  

In order for response strategies to be effective, it is important for local institutions and the 

served community to become more involved in climate change response, and its associated 

strategy development. It is also important for provincial and local governments to form 

partnerships based on their zonal classification in the hydroclimatic zones. This will lead to 

the development of effective and specific strategies to ensure adaptation is in line with 

expected projections. Water service providers that are not municipalities also need to 

combine their efforts with the governing institutions in their various regions to develop 

effective strategies for water services in the face of climate change. 

Currently, there is a gap in strategy development and implementation between the three tiers 

of government due to the lack of high level involvement of the provincial government. 

Decentralization of strategy development will aid rapid response to climate change, as each 

province faces unique water challenges. This does not eliminate the role of the national 

government in response strategies. It simply highlights the need for the national government 

to provide a guideline for strategy development, while the provincial and local government 

bodies develop and implement the necessary response strategies based on the specific 

challenges faced in their water services sectors. In this regard, it is of the utmost importance 

that current challenges be integrated into strategic plans that address future climate change.  

 

6.6 Business plans and programmes 
 

Once the right strategies have been developed, they should be translated into businesses plans 

and practical programmes for the benefit of the concerned service area. The development of 
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adaptation programmes aids the implementation of the vision of municipal offices, water 

service providers and other local government institutions. One of such programmes may be 

the development of incentives for communities that encourage water-efficient processes and 

behaviours. The developed programmes could also highlight specific projects that can be 

implemented within a set timeframe in order to allow for effective adaptation.   

The articulation of climate change response strategies into business plans has to take place in 

an approach where the other services or sectors are also considered. This is because CC 

impacts and solutions are not necessarily specific to water, transportation or power 

generation, but are rather cross-cutting and require integration. An integrated perspective will 

enable easier implementation of adaptation programmes while generating the benefits of 

multi-use and achieving a more effective cost spread. As such, at the business planning stage 

the different units and sectors have to share information and seek connectivity in how they 

incorporate or develop adaptation programmes and projects into their business. 
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6.7 Proposed adaptation approaches in water services 
 

Adaptation approaches have to do with the environment in which climate change responses 

are set to prevail, that is in addition to being direct adaptation response mechanisms. As such, 

the success of adaptation technologies which are applied for purposes of adapting to certain 

impacts, is dependent on adaptation approaches such as establishing or having a well-

conceived operating environment where legislation and regulations are enabling, the presence 

of relevant and well equipped institutions, presence of stakeholders who have the will to 

embrace adaptation and that those who are beneficiaries to adaptation welcome the adaptation 

solutions. Adaptation approaches work hand-in-hand with adaptation technologies. 

Adaptation approaches are either directly or indirectly related to the adaptation technologies. 

In the adaptation compendium, adaptation technology recommendations are considered in 

tandem with the adaptation approaches. This provides the necessary environment for 

successful adaptation which will also be sustainable. 
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e 
w

at
er

 m
an

ag
em

en
t a

nd
 th

e 
w

at
er

 
se

rv
ic

e 
pr

ac
tic

es
. A

s s
uc

h 
gr
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lts

 in
 u

nn
ec

es
sa

ril
y 

hi
gh

 
vu

ln
er

ab
ili

ty
 in

 w
at

er
 se

rv
ic

e 
pr

ov
is

io
n.

 
G

ro
un

dw
at

er
 h

as
 to

 b
e 

ac
co

un
te

d 
fo

r i
n 

an
 

in
st

itu
tio

n’
s w

at
er

 se
rv

ic
e 

st
ra

te
gy

 a
nd

 b
us

in
es

s 
pr

oc
es

se
s i

n 
or

de
r t

o 
en

su
re

 th
at

 th
e 

w
at

er
 

pr
ov

is
io

n 
sy

st
em

 h
as

 a
lte

rn
at

iv
e 

w
at

er
 so

ur
ce

s a
nd

 
al

so
 b

en
ef

its
 fr

om
 so

ur
ce

s w
he

re
 a

va
ila

bl
e 

w
at

er
 

qu
an

tit
ie

s a
re

 le
ss

 v
ar

ia
bl

e.
  

Zo
ne

s 1
, 2

, 3
, 5

 a
nd

 
6 

ha
ve

 h
ig

he
r g

ro
un

d 
w

at
er

 p
ot

en
tia

l Z
on

e 
4 

ha
s p

oo
r 

gr
ou

nd
w

at
er

 
po

te
nt

ia
l b

ut
 in

 so
m

e 
ar

ea
s o

f t
hi

s z
on

e 
gr

ou
nd

w
at

er
 is

 th
e 

m
ai

n 
so

ur
ce

 / 
P0

, P
1 

R
2 

R
3 

U
1 

U
2 C
 

 
E

du
ca

tio
n 

an
d 

aw
ar

en
es

s 
ca

m
pa

ig
ns

 
us

in
g 

co
m

m
un

ity
 

le
ad

er
s, 

th
e 

m
ed

ia
 a

nd
 

sc
ho

ol
s 

C
om

m
un

ity
 m

em
be

rs
 a

re
 u

su
al

ly
 k

ee
n 

to
 su

pp
or

t 
go

od
 p

ra
ct

ic
es

 in
 w

at
er

 u
se

 b
ut

 a
re

 o
fte

n 
no

t 
ad

eq
ua

te
ly

 a
dv

is
ed

 a
nd

 e
m

po
w

er
ed

 to
 p

la
y 

th
ei

r 
pa

rt.
 A

w
ar

en
es

s p
ro

gr
am

m
es

 h
av

e 
to

 b
e 

de
ve

lo
pe

d 
an

d 
ro

lle
d 

ou
t. 

M
un

ic
ip

al
 in

st
itu

tio
ns

 a
nd

 o
th

er
 ro

le
-p

la
ye

rs
 in

 th
e 

w
at

er
 se

ct
or

 d
o 

no
t n

ec
es

sa
ril

y 
ha

ve
 to

 st
ar

t f
ro

m
 

no
w

he
re

 to
 e

st
ab

lis
h 

go
od

 a
w

ar
en

es
s p

ra
ct

ic
es

, 
bu

t r
at

he
r u

se
 e

xi
st

in
g 

de
ve

lo
pm

en
ts

 fo
r s

ev
er

al
 

m
et

ro
s. 

A
ll 

th
e 

m
et

ro
s h

av
e 

aw
ar

en
es

s 

A
ll 

zo
ne

s /
 P

0,
 P

1 
A

ll 
Se

tti
ng

s 



 
 

10
5 

 

pr
og

ra
m

m
es

 a
nd

 m
ed

ia
 m

at
er

ia
l; 

w
hi

ch
 is

 n
ot

, 
ho

w
ev

er
, s

pr
ea

d 
ad

eq
ua

te
ly

.  

W
at

er
 se

rv
ic

es
 a

nd
 w

as
te

w
at

er
 p

ra
ct

ic
es

 h
av

e 
to

 
be

 b
ui

lt 
in

to
 th

e 
ed

uc
at

io
n 

cu
rr

ic
ul

um
 to

 im
pr

ov
e 

kn
ow

le
dg

e 
an

d 
aw

ar
en

es
s, 

es
pe

ci
al

ly
 fo

r t
he

 
yo

un
g 

ge
ne

ra
tio

n,
 w

ho
 c

an
 ta

ke
 th

is
 in

to
 th

e 
fu

tu
re

. 

 

E
du

ca
tio

n,
 

aw
ar

en
es

s a
nd

 
ad

eq
ua

te
 

tr
ai

ni
ng

 o
f 

pe
rs

on
ne

l i
n 

w
at

er
 se

rv
ic

es
 

on
 th

e 
po

ss
ib

le
 

im
pa

ct
s i

n 
th

ei
r 

re
gi

on
 

an
d 

th
e 

ri
gh

t 
co

ur
se

 o
f 

ac
tio

n 

A
lth

ou
gh

 c
lim

at
e 

ch
an

ge
 st

ra
te

gi
es

 a
re

 d
is

cu
ss

ed
 

in
 so

m
e 

m
un

ic
ip

al
 ID

Ps
, t

he
re

 is
 a

 la
ck

 o
f d

ep
th

 o
f 

su
bj

ec
t k

no
w

le
dg

e 
am

on
gs

t p
er

so
nn

el
. T

he
 

im
pa

ct
s o

f c
lim

at
e 

ch
an

ge
 a

re
 n

ot
 fu

lly
 

un
de

rs
to

od
; h

en
ce

 th
e 

ne
ed

 to
 ta

ke
 a

ct
io

n 
is

 
us

ua
lly

 u
nd

er
es

tim
at

ed
 re

su
lti

ng
 in

 a
 g

en
er

al
 la

ck
 

of
 c

lim
at

e 
ch

an
ge

 re
sp

on
se

. E
du

ca
tio

n 
an

d 
tra

in
in

g 
of

 w
at

er
 se

ct
or

 p
er

so
nn

el
 w

ill
 b

ui
ld

 
cl

im
at

e 
ch

an
ge

 re
sp

on
se

 a
ct

io
ns

 in
 in

st
itu

tio
ns

 a
s 

w
el

l a
s i

n 
th

ei
r c

om
m

un
iti

es
. W

at
er

 p
er

so
nn

el
 a

ls
o 

fo
rm

 p
ar

t o
f t

he
 c

om
m

un
ity

 st
ru

ct
ur

e 
w

he
re

 th
ey

 
w

ill
 h

av
e 

in
flu

en
tia

l i
nf

lu
en

ce
 in

 b
ui

ld
in

g 
co

m
m

un
ity

 e
du

ca
tio

n 
an

d 
aw

ar
en

es
s. 

O
nc

e 
tra

in
ed

, t
he

 w
at

er
 se

ct
or

 p
er

so
nn

el
 w

ill
 b

ec
om

e 
in

flu
en

tia
l i

n 
de

ve
lo

pi
ng

 th
e 

re
le

va
nt

 re
sp

on
se

 
ac

tiv
iti

es
 su

ch
 a

s s
us

ta
in

ab
le

 w
at

er
 u

se
, h

ou
se

ho
ld

 
w

at
er

 u
se

 e
ff

ic
ie

nc
ie

s, 
di

sc
ou

ra
gi

ng
 il

le
ga

l w
at

er
 

co
nn

ec
tio

ns
 a

nd
 p

re
ve

nt
in

g 
di

sp
os

al
 o

f w
as

te
 a

nd
 

ot
he

r p
ol

lu
ta

nt
s i

nt
o 

w
at

er
 re

so
ur

ce
s. 

 

 

A
ll 

se
tti

ng
s /

 P
0 

A
ll 

zo
ne

s 



 
 

10
6 

 

Increased pollution due to higher flow peaks and 
extreme floods 
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7 Implementation of adaptation options 
 

Once the appropriate adaptation options for a specific region have been selected, the 

implementation of such selections must be strategically conducted. In this report, we have 

identified four steps for successful implementation of selected adaptation options. These 

include incorporation of options into institutional strategies, prioritization in the business plan 

and resource allocation, establishment of institutional and community buy-in, and 

mobilization of community participation. These are further explained in detail in the sections 

that follow.  

 

7.1 Incorporation of selected adaptation options into 

institutional strategies 
 

The incorporation of adaptation into institutional strategies is greatly dependent on the type 

of adaptation being considered. For the water sector, and other associated sectors, the first 

step is to ensure that climate change response is captured in the institution’s vision. This will 

ensure that immediate and futuristic plans are made in line with climate change response. 

For some local municipalities in South Africa, this is a challenge that is yet to be addressed as 

the focus is often on addressing existing backlogs. For example, the Msunduzi Local 

Municipality is yet to incorporate climate change into its institutional vision, hence climate 

change is hardly considered when IDPs are being developed. This makes it difficult for 

adaptation options to be considered, selected or implemented in such a municipality. It also 

makes resource allocation to climate change response rather difficult, as IDPs form the basis 

for programmes and projects that are undertaken and sponsored by the institution. There are 

many municipalities like Msunduzi, especially local municipalities, which currently do not 

have any strategies that respond to climate change. Although SALGA provides guidance 

regarding strategy development for municipalities, backlogs in services take priority over 

relatively new issues like climate change. The backlogs are not limited to water services, as 

municipalities are tasked with other services such as road maintenance, electricity, 

infrastructure development, etc. This sometimes makes it difficult to address all the current 
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issues, while trying to incorporate new issues like climate change. By creating an umbrella 

strategy for climate change in the institution’s vision, however, selection and implementation 

of adaptation options will become a lot easier. Municipal offices are not the only institutions 

responsible for the development of climate change strategies, or incorporation of climate 

change response into the institution’s vision. Other institutions such as water service 

providers, environmental institutions and water-associated institutions should also aim to 

incorporate their adaptation options in such a way that the resulting programmes and projects 

can be efficiently carried out. 

Once climate change has been incorporated into the institutional vision, the next step would 

be to incorporate it into the institution’s objectives. This creates a platform for the institution 

to realign its focus regarding its state of water services, and the solutions being proffered. 

Some key questions to answer in this realignment would be: how can existing problems be 

addressed in line with our climate change response vision and objectives? How can we 

develop programmes from our climate change response strategy, and ensure that they are 

effectively translated into projects? Which projects should fall into the immediate, mid-term, 

and long-term time frames? Which units or directorates should be in charge of certain 

programmes and projects? Can we cooperate with other institutions that are non-technical to 

aid the implementation of programmes and projects that fall outside our available expertise?   

Currently, most of the national institutions in South Africa have developed strategies to 

respond to climate. The DEA is at the forefront of strategy development on behalf of the 

national government, and other institutions such as the DWS and the DST have developed 

their specific policies to address issues faced regarding their services. For example, the DWS 

deals specifically with water and sanitation, and has developed a strategy that focuses on 

these areas to ensure that vulnerable regions nationwide have access to safe drinking water 

and basic sanitation services; on the other hand, the DST focuses on the development of 

adequate technologies for climate change, to ensure that mitigation and adaptation 

technologies are mature enough for implementation. In this regard, the DST has developed a 

response strategy that addresses issues across the board.  

The state of development of institutional strategies varies based on the region being discussed 

and the class of municipality. This was evident in the various municipalities studied during 

the course of this research – the Vhembe District Municipality, uMgungundlovu Municipality 

and the City of Tshwane Municipality.  
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The Vhembe District Municipality, which is a water service authority that supplies water to 

the local municipalities within its jurisdiction, has yet to capture climate change in its IDPs. 

Although some of the priorities of the district such as water resource development and 

demand management, disaster risk management, and the development of a green economy 

appear to be in line with issues that may arise as a result of climate change, there is no 

defined strategy or organizational vision that addresses climate change. It is therefore of the 

utmost importance that institutions like the Vhembe District Municipality creates an 

institutional strategy that aligns its priorities to climate change in order to ensure that 

implementation of solutions to existing backlogs in the area are in line with the national 

vision regarding climate change.  

The uMgungundlovu District Municipality has successfully captured climate change as an 

area of priority, and highlighted the need to build resilience, especially in the most vulnerable 

communities in the area. Adaptation options such as the development of early warning 

systems, climate change-proof settlements, and climate-smart agriculture have been identified 

as some of the available options that could aid the adaptation of the region to climate change. 

This is impressive, as the understanding of climate change and response has gone beyond 

literature and has identified the possible programmes and projects that can be implemented. 

This indicates that the institution understands the need for climate change response, has 

invested in research and even identified some adaptation options. The developed strategy can 

still be updated with adaptation technologies and approaches from the adaptation guide to 

ensure a wholesome response approach. Furthermore, the identification of the directorates 

responsible for the different adaptation TAs selected is necessary to ensure that the 

responsibilities of the different units are duly defined in the subsequent business plan of the 

institution.  

The City of Tshwane is also heavily vested in addressing climate change response. Various 

initiatives have been identified as key areas of prioritization to aid the adaptation to climate 

change. Some of these initiatives include the development of green buildings such as the new 

developments east of Pretoria, the use of solar heaters in Olievenhoutbosch and Winterveldt, 

and the retrofitting of municipal buildings with energy-efficient and renewable energy 

technology. These responses are not based on water services; however, they assist the city of 

Tshwane’s accession to the climate change response vision of the national government. These 

climate change responses have been dutifully captured in the city of Tshwane’s IDP and 
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vision, although specific adaptation responses for the water sector have not been indicated, 

nor have the units responsible for certain programmes and projects been identified. 

There are other institutions like the City of Tshwane which have already developed response 

strategies to climate change; however, the strategies do not address specific areas for 

adaptation nor do they identify specific adaptation options for the water sector. Technical 

adaptation options such as the improvement of water quality in the face of climate change, 

the modification of treatment systems, and the establishment of novel systems where 

necessary still remain missing in institutional strategies. In such cases, an update is highly 

necessary, or institutions may consider developing an altogether novel strategy. The 

development of response strategies without identifying specific options that can be 

implemented makes it difficult for implementation to be infallible.  

Furthermore, although some institutions may have developed response strategies, based on 

the continuous change in climate change science and the continuous development of 

adaptation options, their response strategies may already be outdated. In the case of such 

institutions, there is a need to develop new response strategies based on current and local 

information. The DEA LTAS studies have provided extensive information in this regard and 

hence information obtained should be used as guidelines to select the appropriate adaptation 

options for the region in which they are located, and aid the development of implementation 

strategies.   

The successful development of strategies will result in the development of a business plan. 

The business plan should be designed to highlight programmes and projects that will be 

undertaken to aid the implementation of adaptation options. Adaptation options can be 

classified as soft options (which include legislation, interpretation of national policies, 

education and awareness, etc.), and hard options which are the technical adaptations involved 

in the potable water process, wastewater treatment, and other associated technical areas. This 

means that the programmes developed to highlight adaptation projects will need to 

successfully identify the units responsible for the different projects within the institution.  

7.2 Cost-benefit analysis of adaptation options 
 

Decisions reached on using a specific adaptation option involve a variety of considerations. 

As such, the consideration of each option should involve multi-criteria analysis. An important 
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component of this analysis is the cost-benefit analysis (CBA). This should take place prior to 

the implementation of selected adaptation options. The selected adaptation options have cost-

benefit implications which need to be determined and presented as part of the option selection 

process.  

The best approach should attempt to use all the CBA ratios and considerations as currently 

applied for water and wastewater service projects. Ideally the criteria for evaluating the state 

of cost-benefit which will result from the implementation and long-term use of an adaptation 

option for a water or wastewater services project should include the following three:  

(i) Net Present Values (NPV) 

For a project to be accepted the net present value criterion must be positive; that is, the funds 

will be allocated to the project only if the analysis produces a positive net present value. The 

NPV entails obtaining the PVs of all the relevant cost and benefit flows after expressing these 

in monetary units and applying the selected discount rate. In cases where the consideration 

involves mutually exclusive projects, the option with the highest NPV should receive the 

green light. This is the option where the benefits to the community are highest. In considering 

NPV, it has to be noted that the positive NPV means that the project is profitable. In water 

and wastewater services, in the South African setting, options with negative NPVs can also 

be selected after consideration of the social and political component as explained in DBSA 

(2012), which is discussed at the end of this section.  

In the case of adaptation options which involve infrastructure or installation of options that 

involve financial costs, the appraisal of the NPV should be done for the full life of the 

adaptation solution as a minimum. The year when the solution is to be implemented should 

be used as the base year. Annual time steps have to be applied in the evaluation. An 

important parameter in the NPV criterion is the discount rate to be used. Many water utilities 

around the world use a discount rate equal to the interest rate or the current cost of capital. At 

any one point this discount rate can be obtained from the national treasury.  

(ii) The internal rate of return (IRR) 

In the case of the use of the internal rate of return, the selected project should be one where 

the value obtained for the IRR exceeds the social discount rate. 
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(iii) The discounted benefit-cost ratio (BCR) 

The preferred option should be the one where the benefit-cost ratio is greater than one. 

The above considerations tend to be distorted by the need to consider the contribution of 

government grants in the assessment. Ideally, government contributions may be provided to 

address certain national goals such as equity, addressing historical imbalances and, in many 

cases, where provision of suitable wastewater or sanitation projects is set to restore human 

dignity. In the absence of these grants, such projects are usually economically unviable. The 

DBSA (2012) advised that economic evaluation should exclude the government grants, which 

are provided as a social component. This component is best described as a social and political 

component since in some cases it is observed that these grants are also set to address political 

interests. According to DBSA (2012), the costs of developing infrastructure in municipalities 

are composed of the social component, which is funded from the fiscus, and the economic 

component, where the municipality has to fund using its revenue or using loans or external 

sources where funding is secured at market conditions.  

The DBSA also recommends that funding for water projects should be considered where full 

costs are to be recovered by levying water tariffs in accordance with the Water Pricing 

Strategy. In water infrastructure, the DBSA (DBSA, 2012) explained that the Water Pricing 

Strategy should allow for the recovery of operation and maintenance cost as well as 

depreciation on the investment. According to the European Commission (2011), the selected 

option should combine the best features to develop environmental, social, economic and 

cultural concepts. 

 

7.3 Prioritization in institutional business plan 
 

Once the appropriate adaptation options have been selected and incorporated into the 

institutional vision and response strategy, the development of required programmes and a 

business plan are of great importance to successful implementation.  

It is imperative that institutions break down developed strategies so that they can be 

translated into programmes and projects. This strategy breakdown will require the 

prioritization of adaptation options, as well as identifying the various units within an 
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organization which are responsible for the successful implementation of these options. In 

prioritizing, it is important that the most vulnerable aspects of water services are addressed 

with immediate effect, or on a short-term time scale, while other aspects can be delayed for 

mid-term or long-term adaptation implementation. In identifying responsible units, 

institutions will first need to understand that adaptation options are not all technical, hence 

the need to split selected options into hard and soft options. These options must be aligned to 

different programmes and/or projects which are aligned to the mission statement of the 

business plan, which is in turn aligned to the institution’s strategy. 

Soft options are mostly adaptation approaches such as interpretation of legislature, and 

strategy development, education and awareness campaigns, and instigating behavioural 

changes of individuals to water use. Soft options therefore do not require technical expertise, 

and units responsible may not be found within the water institution itself, depending on how 

versatile the institution’s services are. It is therefore important to ensure that the units 

responsible for executing such projects are available within the institution, or can be 

collaborated with in partnerships to ensure infallible adaptation implementation. Hard options 

are the more technical options, and are dependent on the expertise of technical staff, 

extensive research and the state of maturity of the particular technology selected.  

The prioritization of adaptation in business plans should also include action plans as to how 

adaptation implementation will be achieved. As stated earlier, this requires the input of units 

or institutions responsible for certain adaptation options. Specific steps that will be taken to 

ensure implementation must be highlighted in the institution’s business plan. The inclusion of 

adaptation in an institution’s business plan will require the need to re-engineer the 

institution’s vision and mission. By highlighting successful climate change adaptation and 

implementation as a key priority in the business plan, institutions can successfully target 

adaptation implementation (Figure 20).  
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Figure 20: Illustrative description of steps required for prioritization of adaptation in business 
planning which incorporates successful adaptation planning and implementation 

 

Once the prioritization of adaptation has been successfully achieved, and the various units 

responsible for selected options have been identified, resource allocation and, in some areas, 

resource acquisition is necessary.  

 

7.4 Resource allocation for adaptation implementation 
 

Resource allocation is an important aspect of adaptation planning and implementation. 

Without sufficient resources, adaptation planning cannot be successfully achieved, and 

implementation will be impossible. In identifying the adaptation programmes and projects 

required, it is important that institutions are able to attract the right resources to fuel the 

progress of these programmes. Existing resources can be redistributed to ensure better 

effectiveness, and motivation for extra resources can be submitted to the right institutions 

based on the prioritization in the business plan.  
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There are four key resources that every institution must possess in order to successfully plan 

for adaptation and implement selected options. These include finances, humans and materials, 

as well as capital and relevant assets.  

 

7.4.1  Human resources 
 

Different regions attract different levels of skills. In South Africa, the urban areas attract the 

most sophisticated skills, while rural regions attract semi-skilled or unskilled individuals. 

With rural areas being highly vulnerable, the right kinds of skills are necessary to ensure 

seamless adaptation. Urban areas, though able to attract the right kinds of skills still face 

challenges in terms of human resources. In urban areas, many technically-skilled individuals 

opt for other industries outside the water sector due to more attractive remuneration packages. 

During the course of adaptation selection, planning and implementation, it is important that 

institutions consider the skills they currently have available, and the kinds of skills they can 

attract based on their financial resources. The allocation of existing skilled employees to 

certain projects and programmes could be the best way to handle human resources; in areas 

where there are no skilled individuals, however, skill acquisition programmes can be 

implemented. Interested residents of rural communities and semi-urban areas where skills are 

lacking can be trained to operate small-scale treatment and distribution facilities. This can 

help to increase the climate resilience in these communities, as well as improve the socio-

economic standing of the residents. In regions where residents cannot be trained, unmanned 

facilities may be the best adaptation option, although the feasibility of this route remains 

debatable.  

In some regions, there are no individuals skilled enough to develop strategies and business 

plans, not to mention to prioritize the available options. Such regions may never make 

progress in terms of adaptation selection, and hence human resource acquisition is of utmost 

importance, especially in rural and other highly vulnerable regions. 

It is also important that the acquisition of human resources is in line with the kind of 

adaptation a particular region is opting for. For example, in areas where desalination may be 

adopted as an adaptation technology, qualified individuals in the field of desalination need to 

be acquired, not individuals who are skilled in demand management. This makes it easier to 
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streamline skill acquisition, and also assist financial management of the institution by 

avoiding wage expenditure that may not now be necessary for that particular region. 

 

7.4.2 Material resources  
 

Adaptation implementation will depend on available materials and infrastructure in each 

region. In some regions, existing infrastructure is sophisticated and only requires small-scale 

modifications to aid climate change adaptation. In other regions, existing infrastructure is 

non-functional and may require a complete overhaul of the system. The successful selection, 

planning and implementation of adaptation options are therefore dependent on an in-depth 

understanding of existing infrastructure and its functionality.  

For some regions, the current state of infrastructural and material resources can either aid or 

disrupt adaptation uptake. In municipal areas with sophisticated water infrastructure, 

adaptation may be easier because large scale implementations or modifications may not be 

required because existing infrastructure and materials are already functional. In more 

vulnerable regions with poor infrastructure, adaptation may be more difficult as it may 

involve the installation of novel systems, the overhaul of existing non-functional systems and 

large scale modifications. 

 

7.4.3 Capital and relevant assets 
 

The availability of capital and relevant assets cuts across all three factors of human resources, 

financial resources and material resources. The competition for these three resources among 

various institutions will be rather high, and hence it is important that institutions have 

sufficient resources to kick off programmes and projects, while working towards the 

acquisition of more assets, be they in the form of human or material assets. Institutional 

capital should be assessed to ensure short-term projects can be completed on available assets, 

while motivation for further acquisition can be made regarding mid-term or long-term 

programmes and projects. 

The current sources for financial capital for municipalities include government grants, 

revenue collection (taxes, water bills, properties, fines on penalties and violations), 
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collaborations with overseas institutions, and sale of assets. Based on the possible inflow of 

funds from these different avenues, municipalities are able to choose adaptation options that 

are well-suited to their revenue. Some of the metropolitan municipalities are able to attract 

more capital while some of the most vulnerable regions and the rural areas struggle to collect 

fines on penalties, water bills, or even establish international collaborations. This should be 

thoroughly considered during the selection of adaptation options to ensure suitable and 

appropriate selection. 

 

7.5 Establish buy-in 
 

Adaptation to climate change will require institutional and communal behavioural reforms. 

For these to be successfully achieved by water-governing bodies, it is important to establish 

buy-in from institutions and surrounding communities.  

7.5.1 Establish institutional buy-in 
 

Currently, there are many institutions that are not concerned with climate change issues. 

Some institutions fail to understand how their activities and climate change response can 

positively or negatively impact adaptation implementation. Many institutions in various 

regions are aware of climate change but see no reason to prioritize it in their business plans. 

This is evident in municipal IDPs which are designated to run for a period of five years. In 

many local municipalities, IDPs do not include climate change response in any of the units. 

These municipalities tend to focus more on their existing backlogs, and fail to incorporate 

what they regard as a futuristic event. This makes it difficult for adaptation implementation to 

occur, as designated funds are often spent on addressing backlogs and improving 

performance ratings.  

In order to establish institutional buy-in, it is important to first ensure that the national 

response strategy and subsequent legislature on climate change are translated into local 

strategies that institutions can easily relate to, which are based on the climate events of their 

region. Generic projections and adaptation suggestions that appear to be too sophisticated 

may cause some institutions to lose interest in adaptation, as they find it difficult to relate. 

Localized liaisons with corporate service institutions can help extend institutional awareness, 
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and the use of external bodies with a better understanding of climate change adaptation can 

help establish buy-in.  

It is also important that institutions and water-governing bodies in different regions are made 

to understand that existing backlogs can be addressed while incorporating climate change 

adaptation options. By doing this, institutions are made to understand that climate change 

adaptation does not necessarily have to involve novel projects; rather it can simply be a 

modification of current practices. Institutional buy-in is highly necessary to ensure that the 

water service providers and other institutions in various regions are onboard. This can help 

ensure that adaptation implementation does not encounter barriers, and improves the 

resilience of regions in a timely manner.  

 

7.5.2 Establish community buy-in 
 

The role of community members cannot be under-estimated in the implementation of 

adaptation options. It is important to ensure community buy-in is established prior to 

extensive implementation of adaptation. This is because lack of information on the part of 

community members can cause them to rebel against implemented options, resulting in 

protests that may destroy modifications or novel implementations.  

It is of utmost importance that community members are well informed regarding climate 

change issues, how their water use behaviours affect the water sector, and the adaptation 

options available. The dire consequences of climate change on the water sector should be 

clearly stated in order to ensure community members fully understand the purpose of 

adaptation, and the benefits that will result from climate change should be highlighted to 

ensure community members fully understand there are some benefits they can take advantage 

of. Without the understanding of communities, adaptation options are likely to be ignored or 

destroyed.  

In order to establish community buy-in, extensive awareness programmes, which are specific 

to the regions in which institutions are located, are important to ensure that residents of such 

communities understand the information being conveyed. Institutions can make use of the 

media to convey information to more audiences. This can be done in the form of television 

adverts; it has been observed, however, that most of the awareness campaigns run on media 
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outlets seem to target only the more educated individuals, as the messages are conveyed in 

English. South Africa is a nation with eleven national languages, and it may be helpful to 

convey the information not only in English, but also in other languages, to ensure the target 

audiences understand.  

The use of posters in communities may be another suitable avenue for establishing 

community buy-in, especially if the posters are in local languages. Awareness can be created 

by making use of free newspapers, magazines and information leaflets that can be distributed 

within communities. Dialogue facilitation regarding the implementation of adaptation options 

can be achieved by taking advantage of established forums and gatherings such as church 

assemblies, traditional meetings, and political gatherings. This will increase the involvement 

of community members, causing them to view implementation as a collaborative effort 

between them and the decision-makers in the community. Residents of communities can also 

be informed about the various adaptation options available, and asked to vote for the options 

they believe they can adhere to, and effectively sustain. This will again give a sense of 

ownership to community residents, and will most likely increase their cooperation with 

decision-makers. This could be most helpful in rural communities where small community 

gatherings are popular. 

Furthermore, international gatherings such as COP meetings can be used to create even more 

awareness amongst community residents by highlighting key outputs of such meetings and 

translating them into information that can be understood by the relevant communities. Many 

people in South Africa are unaware of what the national government accedes to at these 

meetings, hence they cannot modify their water-use behaviours in cooperation. The outcome 

of COP meetings and any conditions acceded to by the national government should be 

broadcast via news channels, and translated into local awareness programmes to help 

establish community buy-in. The extensive education of community residents and their 

sensitization to adverse water use behaviours will make adaptation a necessity for residents, 

and will result in appreciable changes that will benefit the water sector greatly. With 

community buy-in, adaptation implementation will be easier, will last longer, and will change 

the way community members view water as a resource.  

It is also important to target areas of misunderstanding in communities. The understanding of 

climate change science is very fuzzy within communities, and is often confused with seasonal 

climate variability. Some communities believe climate change is a farce, or a conspiracy 
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theory used by the government and decision-makers in their communities to prevent them 

from utilizing resources to their satisfaction. By increasing community awareness and 

establishing community buy-in, such theories can be negated. By helping communities 

understand that climate change has more dire long-term effects, implementation of adaptation 

options can be justified and more easily receive the required cooperation of community 

members. As stated earlier, residents can be made aware of the benefits of climate change, 

and educated as to how they can take advantage of these benefits. This will help erase the 

concept of climate change being a governmental conspiracy theory. 

 

7.6 Mobilization of community participation 
 

It is possible to establish general community buy-in, yet not receive the necessary 

participation from community residents. As stated earlier, establishing buy-in from 

community residents will aid the implementation process, and can give community residents 

a sense of ownership when it comes to the adaptation options. However, this is not sufficient. 

Awareness campaigns via media outlets might sensitize community residents, but may not be 

enough to result in behavioural changes and full acceptance of adaptation options.  

In order to mobilize community participation, community groupings such as political groups 

and religious groups can be utilized to engage community residents. This will be most 

effective in rural and semi-urban areas where such groupings carry a lot of weight. Political 

group leaders can be encouraged to share climate change adaptation messages with their 

group members in ways that highlight progress for the group, and for the community. In 

regions where religion plays a big role in the daily lives of the residents, religious services 

can be used to advance the message of climate change adaptation in high-spirited ways that 

the community residents can relate to.  

Furthermore, the use of modern-day technology can be utilized successfully. Most people in 

urban, rural, or semi-urban communities rely on the use of mobile applications for 

information and communication. The development of a mobile app that utilizes the GPS 

location of individuals to provide them with location-specific information on climate change 

can help increase participation in adaptation. An app like this is a supplement to awareness 

campaigns, and should provide local information regarding expected climate change 
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projections for specific regions. The app can also highlight what can be done by individuals 

in their own little ways to improve the climate resilience of their communities, and can be 

used as a disaster warning outlet for highly vulnerable regions. The development of such an 

app, with the backing of national government institutions and SALGA, can be the 

information hub anyone can access anywhere to check climate vulnerability, and help 

improve climate resilience. 
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8 Climate change adaptation benefits and oversights 
 

8.1 Monitoring and evaluation of adaptation options and their 

applications 
 

Generally, the implementation cycle for adaptation to climate change can be schematically 

illustrated as shown in Figure 21.  

 

Figure 21: Implementation cycle for adaptation technologies and approaches 

 

1
•Identify cc impacts for which to develop a technological response (Worst case on vulnerability)

2
•Selection of suitable adaptation technology (Apply selection criteria)

3
•Design of adaptation solution that uses selected technology

4
•Implement adaptation approaches which support the adaptation solution

5
•Installation of technology for case studies or trials

6
•Observations, data collection and analysis during use (Monitoring and evaluation)

7
•If analysis generates favourable results go to 7 otherwise return to 2

8
•Customise, redesign to improve solution on the basis of analysis results or accept solution as is

9
•Installation of updated technology for wider application

10
•Awareness and training to ensure continued support and sustainability

11
•Build-in long term monitoring procedures for adaptation technology and approaches
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After implementation, assessment of selected options is necessary. This is to either re-

engineer selected option for maximum effectiveness, or to select alternative adaptation option 

in cases where the first selected option fails to achieve the required results. It is important to 

note that adequate time should be allowed before alternative options are considered. This is to 

ensure that selected options are indeed inadequate before moving to different options.  

The functionality of implemented options can be addressed through the use of a feedback 

mechanism whereby community residents are able to provide feedback regarding the 

implemented options. This should provide an avenue for implemented options to be re-

engineered after evaluation to ensure that maximum benefits are obtained from them.  

 

8.2 Oversight arrangements and structures 
 

For successful assessment, every institution will need to develop a unit/directorate that is in 

charge of the measurement of effectiveness of adaptation options. This unit or directorate can 

also be appointed by the local or provincial government to ensure that objectivity in 

assessment is maintained. 

When the selection of adaptation options is being made, many options may seem viable at the 

time of selection. Once implemented, however, they fail to meet the desired expectations. 

This can result in unnecessary expenses, as some of these options will need to be replaced 

with alternative options. The ideal thing to do with regard to oversight arrangements would 

be to investigate and assess the effectiveness of adaptation options by other institutions 

locally and internationally. This can help provide useful information regarding the 

effectiveness of certain options, and hence poor options can be removed from the list of 

selected options and replaced with suitable alternatives. It is important, therefore, that prior to 

implementation, extensive research is conducted regarding options selected to ensure cost-

effectiveness and to save time.  

It is also important that institutions develop an oversight framework for adaptation options. 

This framework should provide guidelines to the units in charge of adaptation effectiveness 

measurement, to help them understand steps that need to be followed if a particular 

adaptation option falls below the required expectation. Furthermore, there are currently 

existing arrangements and structures that can be realigned to ensure that implemented 
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adaptation options are producing maximum benefits. Examples of such structures include the 

use of the green drop and the blue drop score. (The green drop score is a municipal score that 

indicates the state of wastewater services of the municipality).  

The different criteria used to award the green drop score include the efficiency of the 

wastewater quality monitoring programme, the credibility of drinking water sample analysis, 

wastewater treatment works capacity, etc. (DWAF, 2009). The blue drop score, on the other 

hand, is based on drinking water quality reticulated by municipalities, indicating the level of 

performance of the water treatment and distribution works. These scores could be realigned 

to ensure that institutions are indeed adapting to climate change by measuring the 

performance of water and wastewater treatment works in correlation with the implemented 

adaptation options. This will enforce adaptation across all regions as municipalities aim to 

achieve maximum scores on the blue drop and green drop scales. Currently, some 

municipalities, especially metropolitan municipalities like Tshwane tend to score high on the 

blue drop and green drop scales, although their actual performance is sub-optimal. In terms of 

the green drop scale, the municipalities do not address burst pipes, and leakage of storm 

water, yet come across with high green drop scores that suggest they adequately and 

effectively treat wastewater. This is an oversight that can be addressed in line with the 

assessment of adaptation options.  

 

8.3 Monitoring process 
 

The monitoring process should be conducted by the appointed oversight directorate. Every 

institution responding to climate change adaptation will require a monitoring process for its 

selected adaptation options. This should ideally occur after adaptation options by other 

institutions have been assessed, poor options have been taken off the list, and suitable options 

have been put in their place. In spite of their projected suitability, the new options will have 

to be monitored after implementation to ensure that they are performing maximally. The key 

questions to ask during the course of the monitoring process include: ‘What are the benefits 

of the implemented adaptation option?’ and ‘What are the shortcomings of the implemented 

adaptation option?’ 
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In answering these questions, performance ratings of the institution can provide useful clues. 

Adaptation options, once implemented, should improve the performance of any water service 

institution. This can be determined by assessing performance scores like the blue drop or 

green drop. The rate of water distribution, storm water conveyance, wastewater treatment 

works, etc. can all provide the necessary information.  

In order to ensure that institutions are truly invested in adaptation, and are not simply doing a 

shoddy job to get the oversight unit off their backs, a points score for adaptation can be used 

during the monitoring process to indicate which adaptation options are working effectively, 

which adaptation options need to be improved, and which adaptation options are simply non-

functional. By creating such a system and linking it to institutional performance ratings, 

adaptation implementation can be rendered successful across the board.  

 

8.4 Alignment to future climate change and changing 

international obligations 
 

Climate change research and response in South Africa is driven mainly by the international 

community. International protocols and obligations determine the nature of response adopted 

by the South African national government, which in turn needs to be translated to local 

strategies, programmes and projects to ensure successful implementation. South Africa’s 

accession to the Kyoto Protocol required that the country must meet up with international 

obligations in a collaborative effort with other signatory parties to ensure that climate change 

adaptation and mitigation strategies had the desired effect. While the Kyoto Protocol 

highlighted the need to reduce GHG emissions, the IPCC is constantly working to ensure the 

science of climate change is well understood. Based on the variations of models and 

scenarios used to explain climate change science, the available information is always 

changing, and often becomes outdated when new information is published. This subsequently 

affects the set obligations of international institutions. 

Currently, the Kyoto protocol has been dismissed as ineffective, and a new protocol (the Paris 

protocol) has emerged. Although the Kyoto protocol set standards which ought to be met by 

signatory parties, it was proven ineffective as recent measurements of carbon emissions seem 

to have exceeded set thresholds. The Paris protocol, which was developed in December 2015, 
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is the first legally-binding protocol that requires all signatory parties to meet the stated 

requirements by 2020 when the agreement comes into force. The main focus points of the 

2015 Paris agreements include mitigation, adaptation, and loss and damage. In terms of 

mitigation, the agreement aims for signatory parties to collaborate so as to ensure that 

temperature increase is limited to 1.5°C. This requires extensive mitigation measures. In 

terms of adaptation, the signatory parties are tasked with the mission of strengthening the 

ability of societies to deal with climate change impacts. The agreement also highlights the 

importance of minimizing and averting loss and damage associated with climate change 

impacts by fostering cooperation amongst signatory parties to enhance emergency 

preparedness.  

The Paris agreement also highlights the need for a global stock-take whereby signatory 

parties set their personal obligations according to the state of their economy, resources and 

abilities every five years in a bid to ensure effective mitigation. This means that every five 

years, South Africa will set different obligations to meet with the conditions of the Paris 

agreement, and hence some modifications might be required to ensure implemented 

adaptation options meet these requirements. This means that implemented adaptation options 

should be flexible to allow for modifications when necessary.  

Adaptation technologies should aim to meet international obligations as they are during the 

time of implementation. The science and trends that lead to adaptation selection, however, 

must be well-considered and precise, based on local information. This will not hamper South 

Africa’s accession to international obligations, as adaptation technologies are specific to 

South Africa’s vulnerability and sensitivity to climate change.  

 

8.5 Re-engineering to enhance adaptation benefits 
 

The rapid changes in climate change information will require continuous re-engineering of 

selected and implemented adaptation options to enhance the benefits obtained, and ensure 

that the adaptation options are in line with rapidly-changing international obligations, as well 

as local evaluation standards. 
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8.5.1 Re-engineering to align adaptation to international developments 
 

International developments that may affect climate change response are not limited to 

developed protocols and obligations. The science of climate change is constantly changing, 

and new scenarios are being developed by the IPCC to obtain more precise information 

regarding temperature increase, and possible climate change impacts in different regions of 

the world.  

Given that South Africa relies heavily on the IPCC for data which is downscaled to provide 

local information, it is evident that when the next IPCC report is published, projections for 

Africa might have changed considerably. This might affect adaptation planning, and might 

even require the redefinition of time for South Africa. Past IPCC reports have highlighted 

that Africa is one of the most vulnerable regions, and with the recent surge in global 

temperatures, projections might have worsened.  

It is therefore important that adaptation options can be improved after implementation to 

handle the changing projections, without any extensive cost implications. The focus should 

be mainly on improving the state of water services through adaptation, and averting loss and 

damage as they occur. In highly vulnerable regions, modular structures that can be easily 

modified should be utilized. Win-win adaptation technologies can also be utilized. These are 

technologies and approaches that are effective irrespective of the kind of climate change 

impact that occurs. Some of these technologies include the adoption of green processes. 

 

8.5.2 Re-engineering to respond to the outputs of local monitoring and 

evaluation of adaptation initiatives 
 

South Africa is a developing economy; hence there are other competing needs that must be 

addressed. Service delivery backlogs and the need for socio-economic development take 

precedence over emerging issues. It is important that climate change response is in line with 

these two factors, hence limiting the costs assigned to climate change response. In other 

words, the funds assigned to each institution can be used to address service delivery backlogs 

and improve the economic standing of the region in such a way that it builds the climate 
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resilience of societies. This requires excellent decision-making when selecting improvement 

options for the water services sector of any region, and will reduce adaptation costs and 

planning. The improvement options can be monitored and evaluated for benefits and 

shortcomings. Where there are shortcomings, addressing them can be included in the next 

round of improvement plans to limit the associated costs.  

It is important for institutions to look out for feedback sources; this could be the community 

in which certain adaptation technologies have been implemented, or early adopters in a 

separate yet similar region. Early adopters can report back on the performance of a certain 

adaptation technology or approaches, thereby helping skeptical institutions make decisions on 

implementation and improvement of the selected technology. Information from early 

adopters should not be limited to local adopters only. The performance of a certain adaptation 

option internationally can be used for monitoring and evaluation prior to implementation. By 

obtaining monitoring and evaluation information prior to adaptation implementation, local 

institutions can avoid expending money on options that may end up unsuitable.  

In some areas, monitoring and evaluation only occur after implementation. Feedback from 

performance assessors and community members should be dutifully used to improve the state 

of the technology, or modify the process and its parameters in order to ensure desired results 

are obtained.  

 

Climate change adaptation is cash- and skill-intensive, and hence it cannot be treated with 

levity. Technology uptake tends to be an expensive process which has a high element of 

financial risk. In many cases the decision-maker is faced with the risk of potential losses in 

the event that a chosen technology fails. Lack of a necessary enabling environment affects the 

uptake of adaptation technology and approaches. This environment is characterized by a high 

level of institutional support, available positive budget catering for research and 

development, and the possibility of implementing the technology to address issues across the 

different sectors in order to spread costs.  

 

The decision-makers are expected to test the selected options against the unique nature of the 

service provided, how it is provided, where it is provided, when an option could be 

implemented, as well as ensuring that the prioritization done in the selection process has 
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provided a positive net benefit. The options selected should be such that they enhance the 

prevailing business objectives. Observations indicate that adaptation initiatives are embedded 

within the broader context of development goals and planning of a municipality or other local 

government entity and are thus seldom undertaken in response to climate change alone. 

 

Based on the lessons learnt from cases involving adaptation, implementation of adaptation 

should start with adequate knowledge of the baseline, which is clearly defined with 

measurable indicators that can be monitored for change during the life of the adaptation 

project or programme. It is prudent to point out that monitoring of adaptation technologies, or 

approaches during the initial period of adaptation, is an important component of adaptation 

implementation. The process of implementing the adaptation option is only part of the 

process, and there is need for continued monitoring in order to facilitate adaptive 

management and learning-by-doing.  

After the implementation phase, further uptake costs will continue to be incurred as 

communities adjust to the new technology or approach (Birkmann, 2011). There should be a 

budget available to ensure that the adaptation technology is supported through its early life. 

The lessons that are drawn during implementation and monitoring will prepare municipalities 

for wider application of adaptation elsewhere.  
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