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Executive Summary 

Introduction 

Households connected to municipal water systems in South Africa are likely to see rising water 

bills over the years to come due to rising costs of raw water supply and an increase in 

municipal water tariffs. In a country where more than half of the population is classified as 

poor1, this raises concerns about the affordability of water. This study presents a more 

nuanced measure of water affordability for residential customers in four municipal case studies 

(A, B, C and D). The study focuses on the ability to pay aspect of water affordability and 

calculates both the affordability ratio and residual income. This is made possible through 

matching billing data to Census 2011 data to produce a dataset that contains three crucial 

variables for understanding affordability: income, water bill and consumption data.  The match 

also facilitates an investigation of household characteristics across the different measures 

resulting in a more comprehensive picture of water affordability.  

 

Literature review 

This literature review elucidated several factors regarding the affordability of water services. 

The first is with respect to the definition of affordability, particularly that it is a normative 

concept which is a function of both willingness and ability to pay. Secondly, there are two main 

approaches to measuring affordability: the affordability ratios and residual income approach.  

The former calculates the bill as a proportion of income and compares it to a threshold while 

the latter compares the difference between income and the bill to a poverty line. A third 

important finding is that the human rights perspective requires a determination of a minimum 

standard with respect to access and quantity of water services consumed before affordability 

can be measured. Finally, the literature review points to income, price, climate, household size 

and composition by age, on-site leakage rates, behaviour and stand area as important 

determinants of the quantity of water households consume.  

 

Methodology and analytical framework 

The unit of analysis selected for this research was a small area layer (SAL), a geographic unit 

defined by Statistics South Africa and created by combining all enumerator areas (EA) with a 

population of less than 500 with adjacent EAs within the same sub-place. SALs typically 

contain between 150 and 200 households.  

                                                 
1 55.5% of South Africans fell below the upper-bound poverty line of R992 per person per month in 
2015, according to Statistics South Africa’s ‘Poverty Trends in South Africa’ report (Statistics South 
Africa, 2017). 



The proposed analytical framework was revised after piloting it in one municipality. The revised 

framework defines eight cases which are a combination of three key criteria: (1) the high bill 

criteria where an SAL’s average ratio is above a 3% threshold, (2) low residual income criteria 

where the residual income is below the upper bound poverty line and (3) under-consumption 

which refers to SALs that consume less than 20 lpcd, the minimum required for short term 

survival. SALs in case 1 meet all the criteria, those who fall into case 2 to 4 only experience 

one of the constraints and those in case 5-7 only satisfy one of the criteria. Lastly, there are 

also SALs that face no constraints. The overall analysis results are then synthesised to answer 

the following key questions: 

• Which households face affordability constraints due to the price of water being too high? 

• Which households face affordability constraints due to their incomes being too low? 

• Which households face affordability constraints due to both the price of water being too 

high and their incomes being too low? 

• Which households cannot afford to purchase the minimum quantity of water required? 

Census 2011 data from Statistics South Africa and the SWIFT dataset managed by GLS 

Consulting are combined to apply the framework in four municipal case studies. Tariff code 

descriptions and tariffs were also collected from each municipality. The case studies were 

initially planned to be socio-economically diverse, however due to data collection limitations 

the final sample is based on what was available and feasible at the time of analysis. 

 

There are several limitations associated with the methodology, analytical framework, data and 

the unit of analysis. These include amongst others the heterogeneity of households within a 

SAL and the Census data structure which affects the calculation of the representative income; 

the lack of sanitation data in the SWIFT dataset which precluded an analysis of water services; 

and the focus on billed data due to lack of payment information in the SWIFT dataset. 

Additionally, an important limitation is the fact that water affordability is assessed in isolation 

of the affordability of other municipal services used by residential customers which means that 

while some households may find water affordable, it is still possible that they are unable to 

pay their total household bill. 

 

Key findings 

Affordability in municipalities based on two approaches. Both approaches at the macro 

level hide constraints that are present at the micro-level. Municipality A, B and D all face some 

constraints across both measures, however Municipality C faces the most significant 

challenges.  



Determinants of affordability constraints. The ratios are explained in part by the 

relationship between median income and consumption with relatively lower income 

households consuming a lot of water. The residual income results are explained by either high 

consumption by low income SALs or payment of water bills by households who were already 

poor.  

Combination of constraints. Most of the SALs facing constraints in all four municipalities 

simultaneously experience both bills that are more than 3% of their income and residual 

incomes that fall below the poverty line. 

Assumptions of the IBT. The assumption underlying the IBT, that consumption increases 

with income, holds true in all four municipal case studies. However, consumption at the top of 

the income distribution is not much higher than consumption at the bottom in some cases. 

High consumption (more than 150 lpcd) by some households suggest that the assumption that 

IBTs discourage waste does not necessarily hold.  

Analytical approach and implementation. The study finds that macro-level measures hide 

constraints and shows the presence of affordability constraints in all four municipalities when 

assessing affordability at the SAL level. Moreover, the affordability ratio and residual income 

approach produce different results in terms of the proportion and composition of small areas 

facing constraints. 
Unit of analysis and data quality. The SAL is more granular than looking at the entire 

municipality, however the study finds heterogeneity of households within a small area pointing 

to more accurate and robust results if the analysis is conducted at a household level. The 

SWIFT dataset had efficiency benefits, however it required extensive cleaning and there are 

some questions regarding its completeness and thus the extent to which it can provide a 

representative overview of affordability for all residential customers.   

Ease of replication in local municipalities. Municipalities require water billing data in spatial 

form, software to spatially join census data to billing data and data analysis skills. Any 

municipality that faces any challenge with either of these requirements will be unable to 

replicate this study internally. Even if municipalities meet all these requirements, time and 

capacity constraints make it a challenge for them to undertake a similar analysis for all their 

small areas. Drawing a representative sample of SAL is a solution to this problem and yields 

similar results.  
 

Conclusions 

Is water affordable for municipal residential customers? The study suggests a degree of water 

unaffordability in all four municipal case studies.  However, these do not occur to the same 

extent, nor are they driven by the same factors. The key determinants of affordability 

constraints in all cases are income and consumption, i.e. those SALs experiencing constraints 



either had low incomes, high consumption or some combination of the two that explained their 

ability to pay for water. The study points to the necessity of multiple approaches to fully 

understand affordability. While there was some overlap, SALs facing constraints under the 

affordability ratio are not the same as those facing constraints under the residual income 

approaches. 

 

Implications for policy, practice and regulation 

The findings from this study point to the following implications:  

• A need for the regulation of tariff setting to include a comprehensive analysis of the 

affordability of municipal tariffs, particularly the overall effect of their IBT design on the 

affordability of water. 

• A review of IBTs application in practice and testing the extent and conditions under 

which the assumptions underlying their successful implementation hold.  

• A review to ascertain to ascertain whether the level of support provided is sufficient 

and whether the right households are receiving support. 

• Investigation of different option to address varying forms of constraints. Households 

with affordability constraints that are largely driven by high consumption levels could 

be protected through programmes that encourage reduction in consumption through 

efficient use or adoption of water saving technologies. 

Recommendations for future research 

• A follow up study is recommended to apply the approaches presented in this report to 

a sample of households from a representative mix of municipalities within the country 

to facilitate conclusions on the affordability constraints nationwide which can then be 

used to inform current policy on free basic water, provide guidance to municipalities on 

criteria for selecting households that are eligible for support and guidance for how to 

regulate municipal tariff setting to include affordability analysis. 

• This study also recommends future research into and the development of a user-

friendly affordability tool that municipalities can utilise to assess the affordability of their 

tariffs. The tool needs to address the challenge with obtaining income data and 

matching it to the municipality’s billing data. 

• An extension of this study could include a simulation or an experiment to test the impact 

of different tariff structures and levels on affordability for residential customers. 
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1 

1 INTRODUCTION AND OBJECTIVES 

Households connected to municipal water systems in South Africa are likely to see rising water 

bills over the years to come for two reasons. Firstly, according to analysis by National 

Treasury, water tariffs in most municipalities in South Africa are below cost; this means that 

tariffs must rise in future to become cost-reflective and ensure the sustainable provision of 

services. Moreover, South Africa is a water scarce country, but municipal tariffs are set to 

meet budgets which do not take resource constraints into account. Secondly, water costs 

themselves are likely to increase in future as new resource development becomes ever more 

expensive. In a country where more than half of the population is classified as poor2, this 

raises concerns about the affordability of water.   

 

It is vital that municipalities assess the affordability of their tariffs periodically if not during the 

annual tariff setting process: the result of setting tariffs that are unaffordable is likely to be 

increasing levels of non-payment. It is against this background that the Water Research 

Commission (referred to as WRC hereafter) commissioned research on how best to assess 

the affordability of water services for residential consumers in South Africa. The focus of the 

study is to present a nuanced approach to measuring water services affordability that takes 

the South African context into account.  

 

The report firstly presents a literature review that provides an understanding of current 

available research on the affordability of water services with a focus on how it is defined and 

measured. It then proposes an analytical framework that draws from the literature to present 

a comprehensive approach for measuring affordability in the South African context. A key 

innovation proposed is the matching of water services billing data to Census 2011. The study 

applies two measures of affordability identified in the literature, an affordability ratio and a 

residual income method, in a disaggregated manner across four municipal case studies. It 

attempts to determine which households face affordability constraints either because their 

water bills are a high proportion of income; because their water bills force them below a poverty 

line; or because they consume less than a minimum quantity of water. The intention is to 

provide a holistic picture of affordability which goes beyond determining whether there are 

constraints, to understanding the different constraints that households face and determining 

the characteristics associated with these households.  

 

                                                 
2 55.5% of South Africans fell below the upper-bound poverty line of R992 per person per month in 
2015, according to Statistics South Africa’s ‘Poverty Trends in South Africa’ report (Statistics South 
Africa, 2017). 
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The study advances our understanding of how to measure water affordability constraints and 

can be used to guide municipalities in their tariff design. 

 

2 LITERATURE REVIEW 

On 28 July 2010, the United Nations General Assembly explicitly recognised the human right 

to water and sanitation through resolution 64/292 (United Nations, 2010). Giving effect to this 

human right means ensuring every human being has access to water and sanitation (referred 

to as water services hereafter). A critical component of access to water is affordability.  The 

objective of this literature review is to provide an overview of current research on water 

services affordability and how it impacts on the realisation of the human right to water services. 

The review unpacks the definition of affordability, outlines the various measures to assess 

affordability of water services and considers how the price of water services and the quantity 

consumed are integral to understanding affordability.  

 

2.1 Defining affordability 
 

Affordability is a function of both ability and willingness to pay. Subject to a budget constraint, 

the ability to pay refers to whether consumers can purchase goods or services given the 

prevailing prices. The amount that can be consumed is therefore constrained by the income 

available to the consumer. Willingness to pay refers to the maximum amount an individual is 

willing to sacrifice to acquire a good or receive a service. It therefore emphasises the 

consumer’s preferences and taste. 

 

In the case of willingness to pay, affordability considerations refer to the acceptability of prices. 

A good or service set above the maximum price a consumer is willing to sacrifice to acquire it 

will thus be unacceptable (Pontius, 2003). The literature on water affordability has sought to 

estimate willingness to pay for improvement in service levels and determine the value placed 

on goods (Brown, 1997; Griffin et al., 1995). The contingent valuation method (CVM) is the 

most common method used to investigate how much consumers are willing to pay for 

hypothetical improvement in services (Filippidis, 2005). Despite its limitations, Tussupova et 

al. (2015) used the CVM to determine willingness to pay for improvements and found that 

more than 90% of consumers were willing to pay more for better water quality and regular 

water supply in the Pavlodar Region, Kazakhstan. Similar studies in America suggest that 

American citizens are willing to pay more to maintain and ensure access to water resources 

(Mack and Wrase, 2017). This approach to determining affordability is particularly important 

for developing countries where a disproportionate number of households remain unserved. 
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Estimating willingness to pay for improved services contributes to better design of tariff rates 

that should be charged to serve these households.  

 

Ability to pay is a necessary condition for affordability. While a consumer that is unable to pay 

for a good or service can be said to be facing affordability constraints, the ability to purchase 

a good or service does not necessarily translate into a willingness to do so. Determining ability 

to pay requires a value judgment regarding what the price level should be. MacLennan and 

Williams (2002) define affordability as a situation where a household is able to secure a given 

standard of living at a price which does not impose, from the perspective of a third party (such 

as government), an unreasonable financial burden on household incomes. Robinson et al. 

(2006) specify two ways of understanding financial burden: firstly, how much of the consumer’s 

income is going to this purchase? Secondly, how much income is left over for other goods 

once the purchase has been made?  The requirement to define “unreasonable financial 

burden” in order to assess affordability makes it a normative concept (Niëns et al., 2002). The 

inherent problem is the need to invoke some benchmark for which no objective definition 

exists, i.e. the percentage of income that should be spent on water consumption and the 

income that a household should have remaining after spending on water.   

 

Willingness to pay refers to the acceptability of the price charged and setting tariffs to reflect 

the value that is placed on the good. It is particularly useful to consider in cases where service 

providers want to determine an acceptable increase to tariffs to improve cost recovery. Ability 

to pay focuses on the resources available to consumers and whether these are sufficient to 

pay the tariff level.  It is especially relevant when the objective is to determine whether tariff 

levels preclude a portion of the target population from consuming the service.  

 

While willingness to pay is a key factor in determining affordability, the available data for this 

study requires a focus on the ability to pay aspect of affordability. The remainder of the 

literature review thus focuses on this dimension of affordability.  

 

2.2 Why does affordability matter? 
 

Affordability matters because of two main, often contradictory, objectives of utilities and the 

state: (1) financial sustainability and (2) social protection. In an ideal setting, the tariffs charged 

to municipal customers for services would ensure cost recovery; however, the tariffs required 

to recover all cost may be too high, making the services unaffordable to some households. 

For instance, an affordability study in France founded that female-headed households and 

households with substantial number of people who receive social grants are more likely to 
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face affordability constraints (Mark and Wrase, 2017). Furthermore, unaffordable tariffs may 

lead to high levels of non-payment which further impacts negatively on financial sustainability. 

The human rights perspective to water services necessitates an additional social protection 

objective to ensure tariffs are set to levels that do not inhibit access. Where they do, the state 

has a responsibility to step in to create safety nets for the poor and low-income households. 

 

From a basic needs perspective, unaffordability of water may infringe on the capacity to fulfil 

other basic human needs which are necessary for survival such as cooking (Bos, 2016). Bos 

(2016) adds that from the human rights perspective, it hampers progressive realization since 

unaffordability of water may imply that one or more human rights cannot be enjoyed by the 

individual. Therefore, a nuanced understanding of affordability of water is important.   

 

 
        Source: Leflaive, 2009 

Figure 1: Trade-offs affecting water tariff setting 
 
Figure 1 from Leflaive (2009) shows the diverse set trade-offs to be considered when setting 

water tariffs. While technically feasible, it becomes politically and practically difficult for 

municipalities to set tariffs at levels that would make the service unaffordable for a proportion 

of their target population (Gawel and Bretschneider, 2011a). Reconciling social protection and 

cost recovery objectives requires an understanding of affordability. It is important for the 

municipality to understand by how much tariffs can be raised to reach cost recovery without 

harming the most vulnerable. Similarly, the state needs to know how large the safety net needs 

to be to ensure the most vulnerable are protected. 
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2.3 Measuring affordability  
 

Two prevalent approaches to measuring affordability from an ability to pay perspective are the 

affordability ratio and the residual income approaches. These have been applied to varying 

degrees in the water services sector with affordability ratios having clear dominance. A third 

and alternative approach combines both methods and calculates the ratio of water services 

expenditure to residual income where residual income is household income less food 

expenditure. 

 

Affordability Ratios: What proportion of household income is allocated to water 
services?  

The most common and popular measure of affordability of water services is affordability ratios. 

These ratios indicate what proportion of household income is spent on water services. The 

OECD (2003) differentiate between macro-affordability ratios and micro-affordability ratios. 

The former calculates average national water services expenditures divided by average 

household income and the latter does the same but for different subgroups such as income 

groups, family type and composition and geographic region (Cruz et al., 2015).  Macro-

affordability ratios are what Gawel et al. (2011) refer to as Conventional Affordability Ratios 

(CAR).   

 

The calculated ratio is compared to a pre-defined threshold. Prices are considered affordable 

where the ratio is below the threshold and considered to be creating a financial burden where 

it is above the ratio (Hutton, 2012). This section presents findings from the literature on the 

different measures of water expenditure used to calculate the ratio as well as the relative 

merits of using income versus expenditure as denominators. It also presents some 

perspectives on how the threshold is determined and a critique of macro-affordability ratios.  

 

What numerator to use? 

 

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 =
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐴𝐴𝐴𝐴𝐴𝐴𝐸𝐸𝐴𝐴𝐸𝐸 𝐴𝐴𝐸𝐸 𝑤𝑤𝐴𝐴𝐴𝐴𝐸𝐸𝐴𝐴 𝑠𝑠𝐸𝐸𝐴𝐴𝑠𝑠𝐴𝐴𝑠𝑠𝐸𝐸𝑠𝑠

𝑇𝑇𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 ℎ𝐴𝐴𝐸𝐸𝑠𝑠𝐸𝐸ℎ𝐴𝐴𝐴𝐴𝐴𝐴 𝐴𝐴𝐸𝐸𝑠𝑠𝐴𝐴𝑖𝑖𝐸𝐸 𝐴𝐴𝐴𝐴 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐴𝐴𝐴𝐴𝐴𝐴𝐸𝐸𝐴𝐴𝐸𝐸
 𝐸𝐸 100      (1) 

 

Equation 1 above presents the general formula used to calculate affordability ratios. The first 

issue when calculating affordability ratios is deciding what numerator to use, i.e. defining 

‘expenditure on water services’. Hutton (2012) suggests three possible definitions of 
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‘expenditure’: (1) financial cost, which is the size of the water bill the household must pay,  

(2) financial cost plus other costs such as treatment and storage and (3) capital cost or 

connection fee. The first two refer to affordability of consumption while the third is a measure 

of the affordability of access which, depending on the number of unserved households in a 

country, may be as important as that of consumption. Some studies consider water services 

to refer only to water while others also include waste water in the bill.  

 

Cruz et al. (2015) compute the water bill (water and waste water) value for 275 Portuguese 

mainland municipalities using a consumption level of 70 litres per capita per day (WHO, 2011), 

the average household size per municipality and the associated tariff schemes in charge. 

Christian-Smith et al. (2013) conducted a pilot study in two regions of California, the City of 

Sacramento and Tulare Lake Basin to assess water (drinking water only) affordability. They 

calculate water expenditure for a water system as the amount households pay to use 1500 

cubic feet of water per month. The price per unit of water and the rate structure thereof was 

considered. The authors also consider water expenditure as the average monthly bill plus 

replacement costs, the cost to purchase non-contaminated water.  

 

Fankhauser and Tepic (2005) note that utility expenditures can be defined as actual payments 

instead of billed amounts. They use self-reported water payments from household data for 

both water and waste water. The difference in billed and actual amounts can be substantial 

due to poor collection rates.  

 

What denominator to use? 

The second issue when calculating affordability ratios is deciding what denominator to use. 

The literature considers whether household income or household expenditure is the most 

appropriate denominator. Studies use either the median or the average income as the 

denominator to calculate the ratio. 

 

Hutton (2012) finds that most ratio calculations use income data but where this is not available 

or is found to be unreliable, expenditure is used as a proxy. Expenditure data is often a better 

indicator of living standard and preferable to income especially in developing countries where 

households receive incomes from informal activities and agricultural production. In addition, 

Mark and Wrase (2017) suggest that in a developing country with a large informal sector, 

expenditure data provides a better understanding of affordability when compared to household 

income data which may not include all sources of income. These sources of income may also 

be poorly recorded making expenditure data better estimates of welfare (Deaton, 2001). 
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Expenditure data is however laborious and costly to collect leading to the appeal of income 

data despite its apparent limitations. 

  

Income and Expenditure Surveys (IES) are prominent sources of data for obtaining all the 

inputs required to calculate these affordability ratios. These are however not administered in 

all countries and where this is the case alternative data sources need to be used. Furthermore, 

household income and expenditure surveys are prone to potential sources of error. These 

include: recall errors due to memory failures; reporting errors and the number of items covered 

and conditioning effects from being in the survey (Deaton and Grosh, 2000; Scott and 

Amenuvegbe, 1990).  It is also widely acknowledged that richer groups are under-sampled in 

household surveys (Szekely and Hilgert, 1999; Deaton, 2001). In many household surveys, 

including those in South Africa, some of the poorest people are also not captured.  

 

Cruz et al. (2015) use average household disposable income obtained from the Directorate-

General for Taxation. Fankhauser and Tepic (2005) prefer to use expenditure data obtained 

from household surveys as they believe that this is more reliable than income.  

 

What should the threshold be? 

The threshold used to measure the ratios against is imperative to assessing affordability. Table 

1 below shows the thresholds used by several international agencies. Some of these refer to 

thresholds for water only and some to water services (including wastewater). These range 

from 3% to 5%, however poorer households, especially those residing in developing countries, 

face much higher percentages (OECD, 2009).  

 
Table 1: Thresholds used by international agencies 

International agency Threshold 
UNDP (water only) 3% 

World Bank: Africa Infrastructure Diagnostic (water services) 5% 

OECD (water only) 4% 

African Development Bank (water services) 5% 

Asian Development Bank (water services) 5% 
Source: Hutton, 2012; Smets, 2009; Fankhauser and Tepic, 2005 

 

Besides the international agencies listed in Table 1, the Universalist Services Committee 

advocates for 2.5% of household income and the U.S Environmental Protection Agency (EPA) 

standard is that households pay no more than 2% for water only (Mark and Wrase, 2017).  



8 

Deciding the level for the threshold requires a certain value judgement. Following an analysis 

of thresholds used globally, Hutton (2012) notes that, regrettably, these thresholds are often 

not backed up by empirical analysis. Gawel et al. (2011) attempt to rectify this problem and 

apply a microeconomic household model to understand affordability. They normatively define 

two quantities: a minimum quantity of the utility (the index good) that is necessary to reach a 

decent standard of living and a minimum quantity of all other consumer goods except the 

utility. Once these are determined or decided, and the prices and income are known, an 

implicit target ratio can be derived. 

 

Hutton (2012) further notes that the mechanism through which a subsidy is provided will 

generate different results on affordability. A subsidy that reduces expenditure on water will 

reduce the proportion of the cost of water more substantially than an income top up of the 

same amount (Hutton, 2012). Hence, the threshold should also vary depending on the 

mechanism of support provided to low income households. 

 

Pitfalls of the affordability ratios 

Gawel et al. (2011) contend that affordability ratios suffer from severe shortcomings that 

render them of limited usefulness for policy design. Firstly, there is no correlation to a minimum 

consumption level. This means that poor households that are consuming very small quantities 

of water can also be reflected as having no affordability problem. Secondly, Mack and Wrase 

(2017) explain that the other primary pitfalls of expenditure-based ratios is that households 

with above average income, who consume huge amounts of water for non-essential reasons, 

may be deemed water poor. Hence, there is no correlation to a maximum and so some well-

off households consuming large quantities of water may also be identified as having 

affordability problems. 

 

A study by Christian-Smith et al. (2013) highlights how the macro-affordability ratios can 

conceal underlying heterogeneity among households when applied too broadly. They 

implemented the ratio using three different scales namely the (1) water system scale, (2) block 

group scale and (3) the household scale and found that affordability measures calculated at 

different scales of analysis lead to different results. The more granular the scale the greater 

the degree of unaffordability.  For the rural case study, the authors reported 17% of the units 

to be paying unaffordable rates at the water system scale. This percentage increased to 27% 

when replacement costs were accounted for. The respective figures at the household scale, 

are 29% and 51% respectively.  
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The Organisation for Economic Cooperation and Development (OECD) notes that while 

donors and international financial institutions use a benchmark of 3% to 5% of household 

income as an indicator of affordability of water tariffs, this rule of thumb is often disconnected 

from local situations (OECD, 2009). The study recommends defining criteria for assessing 

affordability locally because the actual share of income spent on water and sanitation by 

households can be much higher. This is typically the case where unserved households that 

rely on vendors who charge prices higher than those for network services. In this case, 

charging for water above the international thresholds but below actual expenditure on water 

would represent improvement in affordability (OECD, 2009). The point being emphasised here 

is the importance of assessing actual willingness and ability to pay in local populations when 

determining the relevant threshold. Willingness to pay for improved services may be higher 

than expected. 

 

The extent that water rates are deemed affordable depend on the water consumption level 

analysed and the affordability benchmark applied (Mark and Wrase, 2017). However, there is 

no consensus on the minimum level of water consumption to meet the basic human needs.  

 

Micro-affordability ratios: addressing some of the shortcomings of the macro-affordability 
ratios 

As discussed above, micro-affordability ratios apply the measure to different subgroups such 

as income groups, family type and composition and geographic region (Cruz et al., 2015). 

Micro-affordability ratios help to address the shortcomings related to heterogeneity of 

households that get masked when using macro-affordability ratios.  

 

Cruz et al. (2015) use observed water consumption levels and actual income at the household 

level to calculate the percentage of households in Portugal’s municipalities with a ratio greater 

than 3%. They find a range between 2.4% to 27.1% across 13 municipalities. Looking at 

affordability for low income households, they find that 32% of Portuguese municipalities face 

affordability problems. This contrasts with the macro level ratio at national level that shows 

that on average water affordability is not an important issue in Portugal. These results support 

the findings from Christian-Smith et al. (2013) that prevalence of unaffordability increases 

when a more granular scale is considered.  
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Residual Income Approach: How much income does the household have left for other 
goods after purchasing the utility service?  

The residual income approach introduces a normatively determined residual income as an 

alternative threshold to the ratios (Gawel and Bretschneider, 2011a). The residual income is 

the amount of money that a household has left over after paying for the utility. The actual 

residual income is compared to a normatively defined residual income that a household should 

have remaining after paying for the utility to assess the affordability of the utility. What should 

the threshold be? 

 

Niëns et al. (2009) set the normatively determined amount to the poverty line. A household is 

said to be impoverished by the expenditure on the service if their income was above the 

poverty line prior to purchasing the utility service and are now below it post purchase.  The 

authors alternatively refer to the residual income approach as the impoverishment method to 

further emphasise the point that the approach is concerned with ensuring that expenditure on 

water does not result in poverty.  

 

Poverty is popularly measured using poverty lines making these a first step to determining a 

threshold to measure residual income against. Two types of poverty lines can be set: an 

absolute poverty line and a relative poverty line. Absolute poverty lines determine the minimum 

basket of goods that is required to be considered non-poor. In contrast, relative poverty lines 

directly link to a society’s standard of living where this is some function of the national income 

or median income (Bundlender, Leibbrandt and Woolard, 2015). An example is the OECD’s 

poverty lines which are set at 50% or 60% of median national income. Absolute poverty lines 

are mostly applied in developing countries while developed countries have moved to relative 

lines.  

 

Ravallion’s (1998) Cost of Basic Needs is the commonly applied method to determining 

absolute poverty lines in South Africa. Ravallion (1998) proposes calculating three lines: (1) a 

line based on minimum food needs for daily energy requirements, plus essential non-food 

items called the lower bound poverty line, (2) a line below this threshold that indicates extreme 

poverty called the food poverty line and (3) a line above it to indicate a broader level of 

household income adequacy called the upper bound poverty line. The food poverty line is 

established by calculating the cost of food that would meet the minimum caloric intake a 

person needs to survive. Determining the basket of goods requires studying the consumption 

habits of the poor, a reference group which must be chosen up front. This group’s average 

caloric intake is calculated, and the food expenditure associated with this is linearly adjusted 
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(keeping food item shares constant) until the minimum caloric intake is met (Bundlender, 

Leibbrandt and Woolard, 2015).  

 

The calculation of the other two lines is more controversial because there is no minimum 

caloric intake equivalent for benchmarking. Ravallion (1998) proposes calculating the non-

food expenditure of households that have a total expenditure that is similar to the food poverty 

line and adding the amount to the food poverty line to arrive at the lower bound poverty line. 

Taking the food poverty line as the total food expenditure of a household and examining what 

these households spend on non-food items and adding this to food poverty line produces the 

upper bound poverty line.  

 

Statistics South Africa (StatsSA) typically uses decile two to four as the reference group and 

a minimum caloric intake of 2100 kilocalories for calculating poverty lines for the country 

(Statistics South Africa, 2015). Following a rebasing in 2015, the latest poverty lines are R335 

per person per month for the food poverty line, R501 for the lower bound poverty line and 

R779 for the upper bound poverty line. These are updated annually to adjust them to 

consumer price index. Application of the residual income approach would consider all three 

poverty lines as benchmarks for understanding how water expenditure creates affordability 

constraints of other goods.  

 

Affordability ratio using residual income: What proportion of a household income 
after spending on food is allocated to water services? 

An alternative measure using residual income calculates the ratio of water expenditures to 

income after the household has spent money on basic necessities (usually food). This is non-

discretionary expenditure and thus the ratio serves as an indicator of household ability to pay 

for water without reducing food expenditures for example. Water charges exceeding 10% of 

household residual income in this sense are considered a signal of probable affordability 

problems (Niëns et al., 2009). 

 

2.4 Setting affordable water prices: the inclining block tariff 
 

Regardless of the approach used, it is evident from the discussion above that the price of 

water is a crucial factor to understanding affordability. The objective of pricing water is to set 

rates that are affordable for consumers but also sufficient to recover the fixed and variable 

costs of building and maintaining infrastructure (Mark and Wrase, 2017). The price a 

household faces is a function of the tariff structure. Pro-poor tariff structures are designed to 
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cushion the poorest households from unaffordable rates. To this end, South Africa implements 

an inclining block tariff structure (IBT) for water services. This tariff structure has found 

popularity in developing countries for its redistributive and efficient resource allocation appeal. 

IBTs are a volumetric form of nonlinear pricing where the households who consume less face 

lower average prices. IBTs are argued to ensure affordable consumption of water for most 

households by charging below cost prices for basic consumption in the first block and higher 

prices in later blocks. An underlying assumption of the former is that high income households 

have higher consumption levels than low income households while the latter suggests that 

consumer respond to the rising marginal prices. Most South African municipalities use an IBT 

structure for water. This section reviews literature on the impact of IBTs on affordability, 

outlines the drawbacks and considers the conditions under which IBTs are effective. 

 

One drawback of inclining block tariffs and other block pricing systems is the potential welfare 

loss for society.  Ruijs (2007) conducts a comparison between welfare and distribution effects 

of alternative pricing systems and finds that pro-poor price systems may result in lower 

average welfare than a flat price system although individual welfare for the poor increases. 

Furthermore, while pro-poor pricing systems improve income distribution, they tend to lower 

revenues for water utilities suggesting a trade-off.   

 

Testing IBTs for electricity use in California, Borenstein (2010) finds that the rate structure 

redistributes income to lower income groups, but the effect is only modest. Looking at demand 

quantities, he also finds preliminary evidence that consumers do not respond to the tariff 

structure they face which puts the efficient allocation motive into question. The efficient 

allocation motive only prevails if consumers respond to the tariff structure and change their 

consumption patterns.  

 

Pashardes and Hajispyrou (2002) criticise the distributive effect of IBTs because water 

consumption is affected by household size and age structure within a household. In this case, 

the notion of income is no longer equivalent to that of welfare. IBTs create a financial burden 

for households whose income is low but still consume high amounts of water because of size 

and age composition. They construct a relative equivalence scale to measure welfare effects 

by family size in Cyprus and find that the cost of water consumption for households at low 

budget levels increases due to the IBT by 6.3% of the average water bill when one adult is 

added and by 3% when one child is added to the household.   

 

The case of South Africa is unclear due to a limited number of studies conducted to investigate 

the effects of the IBT structure. The country is one of a few in the world where the first block 
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is often a lifeline block, i.e. the volume of water corresponds to the essential minimum 

consumption, which in South Africa is set to 6 kl. Poor households with consumption levels up 

to 6 kl are exempt from paying tariffs in many municipalities, with some providing up to 15 kl 

of water free. 

   

2.5 The minimum quantity of water services required 
 

Effecting the human right to water services requires setting a minimum standard with respect 

to access and quantity consumed. Setting the minimum standard of water consumption is 

challenging not only due to different climatic and cultural characteristics, but also because it 

is difficult to differentiate between essential and non-essential uses of water (Mark and Wrase, 

2017).  The perceptions of essential uses of water are likely to vary based on the income, 

culture, religion, and diet of people.  

 

The design of progressive IBT structures ensures that consumption in the first block is priced 

such that the criteria of affordability is met. This requires a minimum quantity to be defined 

and the price set to correspond to the first block. The World Health Organisation’s South East 

Asia’s technical note provides guidelines for required quantity of water based on uses. The 

standard used is that all people have safe access to a sufficient quantity of water for drinking, 

cooking and personal and domestic hygiene. Public water points need to be sufficiently close 

to shelters to allow use of the minimum water requirement. 

 

This standard is measured against the following set of indicators: 

• At least 15 litres per capita per day (lpcd) is collected. 

• Flow at each water collection point is at least 0.125 litres per second. 

• There is at least 1 water point per 250 people. 

• The maximum distance from any shelter to the nearest water point is 500 metres. 

 

The note acknowledges that water has many uses with varying degrees of importance.  

Figure 2 is from the note and is inspired by Maslow’s hierarchy of needs to show guidelines 

for water consumption by use. The point made here is that each additional use has health and 

other benefits, but with decreasing urgency. 
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Source: WHO, 2011 

Figure 2: Hierarchy of water requirements 

 
The WHO recommends the following guidelines (Table 2) for minimum short-term survival and 

minimum medium-term allocation. Survival requirements can be up to 20 lpcd depending on 

climate and individual physiology, social and cultural norms and food type. Similarly, medium 

term requirements can be up to 70 lpcd depending these factors and also on access to a flush 

toilet.  

 
Table 2: WHO Minimum Guidelines 

Guidelines: Minimum short-term survival Guidelines: Minimum medium-term allocation 
7 lpcd (sustainable for only a few days) 

• Drinking 3-4 lpcd 
• Food preparation, clean-up 2-3 lpcd 

15-20 lpcd (sustainable for a few months)  

• Drinking 3-4 lpcd  
• Food preparation, clean-up 2-3 lpcd  
• Personal hygiene 6-7 lpcd  
• Laundry 4-6 lpcd 

 
Gleick (1996) argues that at least 50 lpcd are required to meet human and ecological needs. 

This is divided as follows: 5 lpcd for drinking in tropical climates, 20 lpcd for sanitation, 15 lpcd 

for bathing and 10 litres lpcd for food preparation.  

 

According to the South African constitution, each person has the right to clean water. The free 

basic water policy was implemented in 2001 to provide poor families with 6000 litres of free 

water every month. This amount was based on 25 lpcd for a household of 8 people and is just 

above the WHO’s recommended 20 lpcd, however it has been criticised as being too low to 

meet the poorest households’ basic needs (Smith, 2010). For example, the amount does not 

include water for home-grown vegetables and is also not sufficient to cater for the special of 
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the sick (Goldin, 2005). As a result, a number of municipalities deviate from this minimum 

figure (South African Government, 2016).  

 

Determining the minimum quantity therefore depends on several variables which include but 

are not limited to uses of water, the desired health level, the sources of water available and 

whether the solution implemented is for the short, medium or long term. 

 

Determinants of household water demand 

Based on the literature reviewed thus far, it is evident that the quantity of water consumed is 

an essential element to understanding affordability and designing pro-poor pricing structures. 

It is therefore worthwhile to investigate the water demand function. There is an extensive body 

of literature on the determinants of water consumption. Determinants emerging from studies 

include, but are not limited to: household income, attitudes towards water conservation, 

household size and composition, mean age of individuals in the household, the cost of water 

to the household, education levels, the percent of water efficient stock (for example, low flow 

taps) as well as water conservation intentions (OECD, 2008 and Beal et al., 2011). This 

section discusses the various methods used to estimate this relationship, the key determinant 

and their respective effects on water consumptions. 

 

Estimating the effect: methodologies 

The studies reviewed all use a variation of econometric models to estimate the effects of 

several independent variables on water consumption. The studies considering the effect of 

behaviour on water consumption use randomised controlled trials and natural experiments to 

estimate the effect.  

 

The choice of econometric model is driven by theory, the available data and the relationships 

to be estimated. Ogunbode and Ifabiyi (2014) apply multiple linear regression model to primary 

data collected in the state of Osun, Nigerian. This method models the relationship between a 

scalar and continuous variable and a set of explanatory variables. Grafton et al. (2011) 

conduct their assessment of the determinants of residential water consumption using ten 

country household surveys. Two models are estimated. The first is a multiple regression 

analysis and the other an ordered probit regression. The former estimates the relationship 

between water consumption and a set of socioeconomic variables and residential 

characteristics. The latter is a method that applied to ordinal variables and allows for an 



16 

analysis of relative odds for each category of the variable. The authors apply it to a set of self-

reported water saving behaviours to determine what drives presence of these behaviours. 

In addition to a linear regression model, Schleich and Hillenbrand (2009) apply instrumental 

variable techniques to address potential endogeneity in their linear model. Endogeneity refers 

to a case where one or more of the independent variables included in the model are correlated 

with the error term violating one of the crucial assumptions for linear regression modelling. 

Romano et al. (2014) apply a set of linear mixed models which extends the conventional linear 

model by considering random effects, hierarchical effects, repeated measures and spatial 

correlations. Linear models assume that observations in the data are independent, an 

assumption that does not hold when there are clusters of data. An example is data collected 

at a water system level. Although data between different water systems is likely to be 

independent, observations within a water system are likely to share some properties.  

 

Studies on the determinants of water in South Africa include one by Jansen and Schulz (2006) 

who studied determinants of water demand in the Cape Metropolitan Area using primary data 

collected from randomly selected households in five suburbs and water consumption data 

from the City of Cape Town. They also apply instrumental variable techniques using two-stage 

least squares to address the fact that the IBT structure means that high levels of water 

consumption will always be observed for high marginal price and hence higher prices will 

interact with higher random elements.  Van Zyl and Griffeon (2014) use the SWIFT software 

package that is used by a few municipalities to capture water bill and consumption information 

to investigate factors affecting the average domestic demand of a large number of suburbs in 

South Africa using standard linear regression analyses.  

 

Dependent variable: water consumption 

The main variable of interest in all the models reviewed is water consumption. It is largely 

measured as average water use per capita per day in litres (Romano et al., 2014; Schleich 

and Hillenbrand, 2009) or kilolitres per year (Grafton et al., 2011). The key difference between 

studies is the type of water consumption that is modelled. Grafton et al. (2011) consider 

household water consumption more broadly while Schleich and Hillenbrand’s (2009) average 

water per capita per day is calculated from the total of amount of water sold to the household 

by the water utility and sewage works and the total number of persons connected to the 

system. Romano et al. (2014) calculate the average consumption of drinking water for 

domestic use in the chief towns of each Italian province. Van Zyl and Griffeon (2014) model 

water consumption as Annual Average Daily Demand in kilolitres per day.  
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Key determinants 

The discussion below presents results for determinants of water consumption. While most 

models control for a comprehensive set of variables, the variables discussed below are those 

with a statistically significant effect on water consumption. Only a few studies have looked at 

household behaviour.  

 

Price 

The law of demand suggests a negative relationship between the price of water and its 

consumption. Several empirical studies have found this to be true although the size of the 

effect differs between them. A linear model is estimated in some studies while others estimate 

a natural logarithm model which allows for the estimation of the price elasticity of demand.  

Schleich and Hillenbrand (2009) point to two broad types of water use, water used for 

necessities and for non-necessities. A low price elasticity is expected for necessities because 

of the lack of substitutes where the price elasticity is expected to be higher than for non-

necessities.  

 

In models that include household characteristics, water-saving devices, environmental 

concerns and attitudinal characteristics as explanatory variables, Grafton et al. (2011) find that 

the average volumetric price of water is an important predictor of water consumption. The 

model finds the average price elasticity of water to be -0.429, i.e. a 1% increase in the average 

price of water reduces water consumption by 0.429%. The tariff applied on water is found to 

have a strong negative effect on residential water consumption in the chief towns of Italy 

(Romano et al., 20). A unit increase in the tariff decreases the average litre per person per 

day by 0.169 litres per capita per day. Jansen and Schulz (2006) calculate the price elasticity 

for different income groups and find a price elasticity of -0.23 for the poorest group and -0.99 

for the richest group of consumers.   

 

While economic theory states that economic agents respond to marginal prices, this relies on 

the assumption that consumers are aware of the price and structure of tariffs. A contention in 

the literature is whether consumers, especially when faced with block tariffs, respond to 

average or marginal prices. Arbues et al. (2003) contend that the rate structure may not be 

sufficiently known by consumers to react to marginal prices.  

 

Income  

A positive relationship is found between income and water consumption across all the studies. 

Grafton et al. (2011) use income after tax as an explanatory variable and finds a positive 
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relationship between water consumption and income. The estimated income elasticity at the 

mean income is 0.11, i.e. a 1% increase income increases water consumptions by 0.11%. 

Schleich and Hillenbrand (2009) conduct their analysis separately for old federal German 

states and new states and find the income elasticity is 0.241 and 0.658 respectively confirming 

that water is a normal good whose consumption increases with income. Households with 

higher levels of income consume more complementary commodities linked to water such as 

gardens, saunas, pools and dishwashers.  Romano et al. (2014) uses average taxable income 

per capita and also finds a positive relationship. Van Zyl and Griffeon (2014) use stand value 

as a proxy for income and find a small but positive effect on water consumption. Stand value 

is a better proxy for wealth than it is for income and is thus likely underestimating the effects 

of income on water demand. For the purposes of understanding determinants of water, 

changes in income likely play a bigger role in than changes in the value of ones stand. 

 

Household size and age groups 

The estimated effect of household size is found to be positive. Grafton et al. (2011) control for 

number of adults and number of children which speaks to both household size and 

composition of the household. They find that adding an adult to the household increases water 

consumption by 13.3% while adding a child increases consumption by 5.9% where 

consumption is measured as kilolitre per year. Jansen and Schulz also find a positive 

relationship between household size and water consumption. When water consumption is 

measures in per capita terms, adding an additional household member is found to have a 

negative impact on consumption. This is likely because water for non-basic uses does not 

change with the addition of more household members. Schleich and Hillenbrand (2009) a 

negative relationship between average household size and per capita water use.  

 

The results by Grafton et al. (2011) suggest that children consume less water than adults. 

Schleich and Hillenbrand (2009) control average age in the population and their results 

indicate that as people get older, they appear to use more water. In their study the average 

age is 42 years, if this increases by one year, the consumption per person increases by 1.5 

litres per day.  

 

Stand area 

A key finding of the study by Van Zyl and Griffeon (2014) is the importance of stand area in 

determining water consumption. They find that all else constant, a metre squared increase in 

stand area increases the water consumed by 0.47 kilolitres. It is important to note however 

that their model does not control for price of water which is an important determinant of 

demand. The results reported therefore have a degree of bias.  
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Climate 

An important driver of water demand is climate because it is believed that variables such as 

temperature and rainfall have an influence on the frequency and amount of activities such as 

personal hygiene and gardening which involve water use. Schleich and Hillenbrand (2009) 

control for cumulated rainfall in mm and find a negative relationship between summer rainfall 

and water demand. In particular, a ten percent decrease in summer rainfall would lead to an 

increase in daily water consumption per person of 1.2 litres. Romano et al. (2014) also report 

a negative relationship between average annual precipitation and per capita water use.  

 

Leaks 

Poor quality plumbing products and resulting on-site leaks are a considerable driver of water 

consumption in South Africa. A 2008 study by van Zyl et al. found that around 50% of plumbing 

products used in South Africa are non-compliant with standards. Spot checks of low cost 

housing developments indicated that more than 90% of the plumbing products were non-

compliant and that these failed and leaked at an early age. “While the average house visited 

was only 1.5 years old, 50% of the toilets were already leaking” (van Zyl et al., 2008, p.vi). The 

same study found that 59% of 182 properties assessed had on-site leaks and that average 

leakage rates on properties with leaks were 30 kl per month.  

 

Incidence of on-site leakage in middle to high income suburbs in Cape Town and Mangaung 

was 17% and 28% respectively, lower than that of 67% found in a previous study by Lugoma 

et al. (2012) in Johannesburg (Couvelis and van Zyl, 2015). Couvelis and van Zyl (2015) notes 

further that literature suggests that on-site leakage is highest on low income properties, not 

covered under their study. They indicate that the monthly on-site leakage rates in Cape Town, 

Mangaung and Johannesburg can be estimated as 2.6, 8.0 and 11.0 kl per month per property. 

 

Behaviour 

Recent studies in behavioural economics have highlighted behaviour as an important non-

pecuniary determinant on demand. A few studies have been conducted to test the effect on 

water conservation.  Datta et al. (2015) use a randomised controlled trial to determine the 

impact of simple and replicable interventions on water consumption in Costa Rica and find a 

positive and significant effect on reduction. Three interventions using stickers added to water 

bills were tested: (1) communicating the average household’s consumption in the 

neighbourhood, (2) communicating the average household’s consumption in the city and (3) 

communicating the household’s consumption and facilitating goal setting and plans regarding 

by how they would reduce consumption. The first interventions led to statistically significant 

reductions in water consumption of between 3.6% and 5.7%. The results for the third 
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intervention is between 3.4% and 5.6% reduction. Furthermore, their results indicate that the 

comparison treatment was more effective for high income users whereas the planning 

treatment was more effective for low income users.  Ferraro and Price (2013) partnered with 

a metropolitan water utility in Atlanta, Georgia and implement a natural field experiment to test 

social comparison messages on water demand and find that social comparison messages are 

more effective than general pro-social messages. Moreover, the highest effect is observed 

among high users. An important note the authors make is that the effectiveness of the 

messages wanes over time.  

 

2.6 Conclusion 
 

This literature review has elucidated several factors regarding the affordability of water 

services. The first is with respect to the definition of affordability, particularly that it is a 

normative concept which is a function of both willingness and ability to pay. How affordability 

is measured depends on which of these aspects is of interest. Willingness to pay is typically 

measured using contingent valuation methods and aims to establish the value of goods and 

how much users are willing to sacrifice for improvements. Ability to pay is measured using 

either affordability ratios or residual income and aims to understand the financial burden that 

expenditure on water exposes households to.  

 

Secondly, there are two main approaches to measuring affordability: the affordability ratios 

and residual income approach. The literature review finds that ratios calculated at a broad 

level and assessed against internationally recognised thresholds tend to underestimate 

affordability constraints at the household level. Furthermore, ratios ignore the quantity of water 

consumed and hence some customers may appear to face constraints despite consuming too 

much water. Conversely, households consuming too little water may appear to face no 

constraints. The residual income approach is particularly useful for understanding poverty. It 

is therefore important to use a comprehensive set of measures, applied at various levels and 

measured against a set of thresholds that capture the local context to paint a complete picture 

of the affordability situation in an area.  

 

A third important finding emerges when affordability is approached from the human rights 

perspective. This human rights approach requires a determination of a minimum standard with 

respect to access and quantity of water services consumed before affordability can be 

measured. Studies applying affordability ratios and the residual income approach have thus 

far ignored this aspect leading to cases where households are marked as having no 

constraints despite consuming water below subsistence level. 
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Finally, the literature review points to income, price, climate, household size and composition 

by age, on-site leakage rates, behaviour and stand area as important determinants of the 

quantity of water households consume. These are important subgroups that can be 

considered when calculating micro-affordability ratios. For example, households can be 

grouped by household size and affordability ratios calculated to establish whether affordability 

differs by this factor.  

 

This study aims to contribute to the South African literature on water services affordability by 

taking the above factors into account to produce a more nuanced measure of affordability. 

The study focuses on the ability to pay aspect of water affordability and calculates both the 

affordability ratio and residual income for households across five different cases. Furthermore, 

an exercise to match billing data to Census 2011 data allows investigation of household 

characteristics across various thresholds for all the different measures resulting in a more 

comprehensive picture of water services affordability in the country. The next section presents 

the methodology applied to achieve this objective. 

 

3 METHODOLOGY 

This section presents the analytical framework applied, discusses sources of data used and 

the process followed to create a dataset from analysis. It also introduces the unit of analysis 

used, the small area layer (SAL), and the four case study municipalities to which the analysis 

was applied.  

 

3.1 Proposed analytical framework 
 

Research on water affordability in South Africa is limited due to the lack of household level 

datasets that contain both billing information, water consumption and household income, the 

main variables required to understand affordability. A key innovation is this study is the overlay 

of Census 2011 data (which contains income data) and the SWIFT dataset (which contains 

billing data) to create a dataset that makes it possible to investigate affordability for a subset 

of municipalities.  

 

Drawing from the literature review, this section sets out a proposed analytical framework for 

measuring the affordability of water services in South Africa. The framework is intended to 

contribute to a nuanced understanding of affordability in the South African context by providing 

a comprehensive analysis of affordability that considers three main factors: expenditure on 

water, income and water consumption. The proposed analytical framework is presented in 
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Figure 3 below. This framework was applied to a pilot case study and revised based on 

findings. The revised analytical framework is presented in section 3.8.  

 

    
Figure 3: Analytical Framework 

The literature review identified two common approaches to determining affordability:  

(1) affordability ratios and (2) the residual income approach. To understand affordability across 

the three factors listed above, the two approaches are applied to five different cases resulting 

in a total of ten different measures for water affordability.   

 

Case 1: Water services bill  

This scenario considers what consumers are billed for water services and not necessarily what 

they pay. A ratio of the water bill to income is calculated for each unit of analysis3 as well as a 

residual income which is the unit’s average income less the average expenditure on water. 

The quantity of water consumed in this case is taken as what is stated on the bill.  

 

Case 2: Water payment 

In contrast to the previous scenario, this one considers what consumers actually pay for water 

services which, as discussed in the literature review, is often less than the bill.  The actual 

payment is influenced by affordability: in not paying the bill in full, the household may be 

providing some indication of how affordable they perceive that bill to be. A ratio of the payment 

                                                 
3 The unit of analysis used was a small area layer (SAL) as discussed in Section 3.4 in the Methodology. 
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for water to income is calculated for each unit of analysis as well as a residual income which 

is the unit’s average income less the average payment for water. 

 

Case 3: Minimum quantity of water consumed 

The minimum quantity of water refers to a normatively set amount that an individual requires 

for short term survival to cover their basic needs of drinking and cooking. The proposed 

minimum quantity of water to be used is 20 lpcd as suggested by the WHO. In this case, the 

analysis assumes every unit of analysis is consuming the minimum quantity and calculates 

the associated cost. The ratio of this cost to income is then calculated. This measure is 

therefore intended to assess the social protection aspect: can households afford the amount 

of water required to meet their basic needs? 

 

Case 4: Medium quantity of water consumed 

This analysis goes one step further to consider affordability constraints for a quantity of water 

that would be required for medium term maintaining. In addition to drinking and cooking, 

activities include personal washing, washing clothes, cleaning home and waste disposal. The 

assumption made here is that in the medium to long term, the minimum quantity of water is 

inadequate to fulfil the full set of activities that satisfy all human needs. The proposed medium 

quantity of water to be used is 70 lpcd as suggested by the WHO. Hence, the analysis 

assumes every unit of analysis is consuming some medium quantity of water and calculates 

the associated cost. The ratio of this cost to income is then calculated.   

 

Case 5: High quantity of water consumed 

A high quantity of water consumed is associated with activities such as garden recreation, 

business (crops production, livestock) in addition to the activities listed above. Due to the lack 

of a standard guideline, the proposed high quantity of water to be used is a minimum of 100 

lpcd and a maximum of 150 lpcd. This is so that an affordability range can be considered. The 

cost associated with consuming a predetermined high quantity of water is calculated as well 

as the proportion of this cost to income.  

 

3.2 Limitations of the proposed analytical framework 
 

It must be noted that the proposed analytical framework considers water affordability in 

isolation of the affordability of other municipal services used by residential customers.  
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The tariff setting approach in municipalities involves several strategic decisions4 that affect the 

size and composition of the household bill for all services. Hence, despite an affordable water 

bill, it may still be the case that households are severely vulnerable due to high total household 

bills.  

 

3.3 Sources of data 
 

Two primary sources of data are required to calculate water affordability, namely data on 

household income and data on household water demand. Additional data on household 

characteristics is also required to provide further nuance. 

 

Data on household income and household characteristics was obtained from StatsSA’s 

Census 2011. Data was obtained on household income, household size and access to piped 

water. Household composition (mix of adults and children) is also of interest but was not 

available at the level of granularity required for the analysis.  

 

Data on water demand by residential customers is available in municipal billing datasets. PDG 

initially proposed sourcing billing data directly from municipalities but, following discussions 

with Professor Kobus van Zyl, an alternative option to use the SWIFT dataset managed by 

GLS Consulting emerged as a more efficient method to gather the data. This dataset contains 

stand number, portion, sub-portion, and property rate information (rate tariff codes, stand 

owner and market value). Depending on the billing system there is also water account 

information (name, tariff code) as well as the water usage information. GLS receives the 

cadastral information from the municipalities and pulls this into the SWIFT system. For every 

meter, they calculate the Annual Average Daily Demand (AADD) and link this information to 

the cadastral shape files. 

 

Given the focus on affordability of residential water tariffs, the study is only concerned with 

residential customers with access to municipal water. While the SWIFT dataset only includes 

billed customers, Census data includes all households. Hence, the Census data was filtered 

to include only incomes of households with access to piped water in the yard and to the 

                                                 
4 These include decisions on how to allocate the local government equitable share and how much 

surplus to generate on services. The more equitable share a municipality allocates to water services, 

the lower the price of water is. Similarly, the more surplus the municipality aims to generate on water, 

the higher the price.  
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property. This improves the accuracy of the analysis, however given the focus on customers 

that are tariffed, this study by design excludes those who do not have access to piped water 

on stand, which may include the poorest of the poor. It is important to note, however, that in 

South Africa households who access water via a level of service lower than piped water on 

the stand receive the service free. Affordability is not an issue for them; access is the key issue 

here. The implication is that this study is focused on the affordability of municipal water for 

those who receive it and are required to pay for parts or all of their consumption.   

 

3.4 Selecting a unit of analysis 
 

As discussed in the literature review, affordability ratios are often calculated using an entire 

municipality as the unit of analysis. In this case, the average expenditure on water in the 

municipality is compared to the median municipal household income. At the other end of the 

granularity spectrum would be a calculation of the affordability ratio for each individual 

household in a municipality. This would allow for a very nuanced analysis, but availability of 

data is a key constraint here: there is no way to link data on household income for individual 

households obtained from StatsSA to specific billing records from SWIFT5.   

 

The unit of analysis selected for this research was a small area layer. A SAL is a geographic 

unit defined by Statistics South Africa and created by combining all enumerator areas (EA) 

with a population of less than 500 with adjacent EAs within the same sub-place. SALs typically 

contain between 150 and 200 households. These SALs are used by StatsSA to aggregate 

spatial census statistics. By overlaying cadastral data provided by the municipality with SALs 

and intersecting the data using the geographic information system (GIS), it is possible to 

determine which properties are in each respective SAL. Therefore, it is possible to ‘join’ 

aggregated SAL household data from StatsSA to the SWIFT database.   

 

An underlying assumption of using the SAL as the unit of analysis is that a SAL is relatively 

homogenous, and so the average income, water consumption level and socio-economic 

characteristics of the SAL apply relatively consistently across all households within the SAL. 

  

                                                 
5 Statistics South Africa are also very careful about releasing census data for individual households 
although we understand that this is possible under controlled conditions (working on the data at 
Statistics South Africa premises only, for example) and with stringent confidentiality controls. 
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3.5 Selecting municipal case studies 
 
The intention of the research was to apply the analytical framework proposed earlier in this 

section to several case studies. The decision to use SWIFT data instead of requesting data 

directly from the municipality limited the total sample of municipalities to the 16 municipalities 

that provide data to GLS. Appendix A provides a list of these municipalities. Some of the 

municipalities have not submitted data consistently over the last five years, which further limits 

the sample as the analysis is for the same year across all municipalities to allow for 

comparison. Initially, the objective was to include three municipalities of different socio-

economic contexts for an in-depth analysis and a few other municipalities where a sample 

would be drawn to test the approach. Due to data availability challenges, the final sample is 

instead based on what was available and feasible at the time the analysis was completed. As 

a result, four in-depth case study municipalities were selected. The analytical framework was 

piloted on one municipality and adapted based on the findings. The revised framework was 

then used to conduct the analysis for the other three municipalities. The names of the 

municipalities are anonymised in the analysis to maintain the focus on understanding the 

affordability constraints and not a comparison of the municipalities to each other. Municipality 

A was the pilot with Municipality B and C and D making up the other three municipalities 

included in the in-depth analysis. Descriptive statistics for each municipality are discussed in 

Section 4.1 of the report.  

 

3.6 Creating a dataset  
 

The data collection process involved obtaining billing data from the selected municipalities 

discussed above and matching the small areas within each municipality to the small areas in 

the Census 2011. The result of this matching process is the ability to create a dataset that 

contains both water services consumption and billing information as well as socio-

demographic variables by small area layer. The main advantage of this approach is the ability 

to understand how socio-economic characteristics that are associated with water demand 

drive water affordability.  Once gathered and matched, the data collected is consolidated, 

cleaned and prepared for analysis.  

 

The two main inputs that were required to create the dataset for analysis are SWIFT dataset 

that contains water consumption and billing data in spatial form and socio-economic data from 

Census 2011 at a small area layer level. Obtaining the data in spatial form was crucial to the 

analysis as this facilitates the merger of the two datasets using the SAL codes.  
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The SWIFT dataset is cleaned in the following seven steps that comprise: 

(1) Identifying key variables of interest: the data set contained 119 variables of which only 

13 variables were required for the analysis. Only these variables were kept in the 

dataset. 

(2) Removing any records that do not have a meter serial number: these records do not 

have any meters and consequently consumption associated with them  

(3) Removing any records for vacant stands: vacant stands in the dataset are those with an 

average daily demand less than 0.1 kl. These stands have no one residing on them and 

hence no water consumption 

(4) Identifying and removing non-residential customers: the dataset contains tariff codes, 

these were used to identify the customer type and remove all non-residential customers 

as the focus of the study is on residential customers.  

(5) Identifying and removing duplicate meters: the geographic overlay of small areas 

creates several duplicates if a stand is split into multiple small areas. These are 

removed to avoid double counting.  

(6) Determining anomalies by calculating the number of meters per SAL and comparing it to 

the number of households. SALs where the number of meters exceeds the number of 

households by more than 10% are removed from the analysis. 

(7) Identifying outliers based on consumption and removing these SALs from the analysis. 

The outcome of the cleaning process is a dataset of annual average daily demand (AADD) for 

each meter record that has billed consumption associated with it in the municipality. The SAL 

code, availability and water consumption tariff codes are also kept in the dataset for merging 

and bill calculation purposes. The variable that indicates whether the record belongs to an 

indigent household is also kept in the dataset to distinguish indigents from other residential 

customers. This is particularly important in municipalities where free basic water is only 

provided to indigent households only. A detailed outline of the data cleaning process is 

provided in Appendix A.  

 

The Census 2011 dataset contains three key variables of interest namely access to piped 

water, household income and household size. Access to piped water was used to determine 

the subset of households that are likely to have access to municipal water. Household income 

was also only limited to the income of households with access to piped water. Household size 

was included to assess its correlation with consumption and consequently affordability. 

 

The final dataset used for the analysis is a merger of the key variables of interest from SWIFT 

and Census. After data cleaning, we found that the number of SALs in the SWIFT dataset did 
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not match the number in the Census dataset. Table 3 compares the total number of small 

areas in the SWIFT after the data cleaning process6 with those in the Census dataset. 

 
Table 3: Outcome of merging SWIFT and Census 2011 datasets 

 Municipality 
A 

Municipality 
B 

Municipality 
C 

Municipality 
D 

Number of SALs in Census 313 886 577 232 

Number of SALs in SWIFT before 

cleaning 
312 542 109 222 

SWIFT SALs before cleaning as % 

of Census SALs 
100% 61% 19% 96% 

Number of SALs in SWIFT after 

cleaning 
234 445 91 149 

SWIFT SALs after cleaning as % of 

Census SALs 
75% 50% 16% 64% 

Total meter records 21 011 16 245 9 947 10 581 

Total households 45 936 80 952 16 113 22 980 

Average households per meter 2.2 5.0 1.6 2.2 

 

Municipality A and D have the least variation between Census and SWIFT prior to data 

cleaning, while Municipality C’s SWIFT data contains only 19% of the total SALs in the 

municipality. Unlike the former two where the removal of non-useful data in the cleaning 

process explains the difference, the difference in Municipality C seems to be due to external 

factors to the analysis. A check of the SALs in Census that are not in SWIFT showed that 

these all contain households with access to piped water suggesting that the mismatch 

between the two data sources is likely due incompleteness of billing data submitted to GLS. It 

is also possible that the municipality only bills and collects revenue from a subset of the 

households provided with water services. A similar issue may be the reason for the variance 

in Municipality B. 

 

Only the SALs that matched between the two datasets were used in the analysis, the number 

of data points is therefore small. The implication is a sample of SALs that is not necessarily 

representative of all households within the municipality that have access to piped water.  

 

                                                 
6 The data cleaning includes removing outlying ratios. The interquartile range is used to determine 
extreme values and outliers. The effect on average income, consumption and the household bill when 
outliers and extreme values are kept was used to determine whether to include them in the final dataset.  
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The total meter records and households included in the analysis are also shown in the table. 

Based on this data, the average households per meter in municipality A, B and C is no more 

than two, which is reasonable given that some properties, e.g. complexes and flats are likely 

to house more than one household. With an unreasonably high household per meter average, 

Municipality B’s results provides further evidence of possible data incompleteness. It also 

suggests that using households with access to piped water in the dwelling and the yard may 

overstate the number of households with access to municipal water in the SWIFT data. 

  

3.7 Data limitations and implications 
 

The available data and the data cleaning resulted in a dataset that allowed for an analysis of 

water affordability, however some gaps in the data and decisions in the cleaning process limit 

the extent to which the data can reliably and completely answer the research questions set 

out in the proposed analytical framework. This section outlines the limitations and discusses 

their implications for the analytical framework and approach. 

 

Obtaining representative income for each SAL 

Household income data in the Census 2011 is provided as a distribution per small area 
layer, not an average or median income per small area. Two approaches are considered to 
arrive at a representative income for the small area. The first calculated an average income 
by calculating a weighted average of the midpoint for each income bracket. This approach 
assumed that the incomes within each small area would be relatively homogenous. 
However, the Census 2011 income data has a relatively high range of incomes per 
household in each small area. Moreover, the size of the brackets is increasingly larger as 
one moves up the income distribution which results in higher midpoints for income brackets 
at the end of the distribution. Using average income per small area as a reflection of all 
household incomes likely overstates the average household income and may thus be 
misrepresentative. The second approach calculates the median income per small area by 
determining the income bracket where 50% of the households earn within the bracket or 
less. The midpoint of this income bracket is taken to be the median income for the small 
area.   
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Table 4 compares the average and median income in each municipal case study.  
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Table 4: Comparison of average and median household income in the municipal case studies 

Household income  Municipality 
A 

Municipality 
B 

Municipality 
C 

Municipality 
D 

Weighted average monthly 
income (nominal Rand value in 
2014) 

12 240 15 718 9 288 14 546 

Median income (nominal Rand 
value in 2014) 6 015 6 015 3 034 6 015 

 

The average monthly income is significantly higher than the median in all municipal case 

studies. The measure chosen for household income has a significant impact on the results 

because income is the key variable of interest in both the approaches applied in the study. 

Holding the household water bill constant, a higher income reduces the affordability ratio and 

residual income and hence the affordability constraints that a household faces. Given South 

Africa’s context of high inequality and acute poverty, the median income is used in the analysis 

as a closer representation of household income at the small area layer compared to the 

weighted average household income.  

 

Adjusting income from 2011 to 2014 

The water consumption data for Municipality A was available from 2011 but GLS only has 

SWIFT data from 2014 for the other three case studies. For comparability across 

municipalities, the data used in the analysis is for 2014. Since household income data is from 

Census 2011, the figures required adjustment to make them comparable to 2014. The South 

African Reserve Bank publishes total household disposable income data online on a quarterly 

and annual basis. Table 5 shows the annual nominal percentage change in total disposable 

income since 2011. 

 
Table 5: Nominal annual percentage change in total disposable household income 

Year National disposable income (R 
millions) Annual % change 

2011 1 778 448 0% 
2012 1 944 909 12% 
2013 2 095 875 7% 
2014 2 236 484 7% 

 
The income data is thus adjusted using nominal annual change in household disposable 

income between 2011 and 2014. Nominal disposable income increased by 8% per annum on 

average within this period. 
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No sanitation data in the SWIFT dataset 

The analytical framework applied allows for the analysis to go beyond just looking at water 

consumption to assess water services (both water and sanitation). Apart from Municipality A, 

however, the SWIFT data available does not contain any information on sanitation tariff codes 

for use to calculate sanitation bills. Hence, the analysis can only consider water and not water 

services.   

 

SWIFT data only contains billing information and not payments  

The actual amount paid is important to include as water bills tend to underestimate affordability 

constraints by assuming the entire amount can be paid. Non-payment can serve as an 

important signal for affordability constraints where a household responds to the cost of water 

by not paying the bill or only paying a proportion of it. The SWIFT data does not contain 

household water payment data which made it impossible to consider the water payment 

variable for the analysis. This aspect of the analytical framework therefore could not be 

included in the analysis.  

 

Water bill calculation 

The water bill per household is calculated as shown in the diagram below. Individual bills are 

calculated for each meter and summed to get to the total bill per SAL. This is divided by the 

number of metres to calculate the average bill per meter. Finally, the average bill per meter is 

divided by the number of households per meter to calculate the average bill for each 

household within the SAL. A similar approach is used to calculate the average water 

consumed in the SAL. 

 
Table 6: Average water bill per household calculation method 
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Sometimes inaccuracies may occur within the billing system of the municipality. As a result, 

some households may not be billed for their water consumption even though data for 

household with access to piped water is available. In these cases, the number of households 

used to determine household per bill factor that is used to estimate the average bill and 

consumption in a small area may overstate the number of water customers within the small 

area and consequently understate the average bill and consumption. Using the average might 

have some degree of error especially in cases where a single household has more than two 

meters.   

 

3.8 Revised analytical framework  
 

The analytical framework presented earlier in this section was revised following findings from 

applying it to the Municipality A pilot case study.  The new analytical framework used is 

presented in Figure 4.  

 

 

Figure 4: Revised analytical framework 

 

The key difference between the framework in Figure 3 and the one above is the introduction 

of cases that SALs can fall into. Instead of ten measures under the affordability ratio and 

residual income approach, we calculate the ratios and residual income using the water bill. 

We then compare the actual average consumption per SAL to the minimum, medium and high 
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quantity of water required.  The new framework does not include the water payment due to 

lack of data. 

 

Once determined, we plot the distribution of SALs for each indicator. Following this, we 

compare the results from a macro approach that considers affordability at a municipal level to 

a micro approach implemented at the small area layer. The framework investigates the 

household characteristics of the SALs to determine their role in affordability constraints.  

 

The new framework defines eight cases which are a combination of three key criteria. The first 

is where an SAL’s average ratio is above 3%, the high bill criteria. The second is the low 

residual income criteria where the residual income is below the upper bound poverty and 

finally under-consumption refers to SALs that consume less than 20 lpcd, the minimum 

required for short term survival. SALs in case 1 meet all the criteria, those who fall into case 2 

to 4 only experience on of the constraints and those in case 5-7 only satisfy one of the criteria. 

Lastly there are also SALs that face no constraints. The overall analysis results are then 

synthesised to answer the following key questions: 

• Which households face affordability constraints due to the price of water being too high? 

• Which households face affordability constraints due to their incomes being too low? 

• Which households face affordability constraints due to both the price of water being too 

high and their incomes being too low? 

• Which households cannot afford to purchase the minimum quantity of water required? 

This analytical framework is applied to the data in each municipality to provide an overview of 

affordability constraints. The next section presents the results of the analysis.  

 

4 ANALYSIS RESULTS 

Noting the limitations of both the analytical framework and the available data, this section of 

the report contributes to our understanding of affordability in four South African municipalities 

by applying the two main approaches to understanding affordability identified in the literature 

review. It also shows the different sets of affordability constraints households face and how 

the household characteristics of SALs facing constraints differ from those with no affordability 

constraints.  
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4.1 Municipal descriptive statistics 
 

Before presenting the results, it is useful to introduce each of the four municipal case studies. 

The descriptive statistics in Table 7 provide information about the socio-economic context in 

each municipality which is important for interpreting the results presented later. The reader is 

reminded that the analysis focussed on municipal water customers, hence all the summary 

statistics below exclude households without access to piped water in the dwelling and in the 

yard.  
 
Table 7: Descriptive statistics for municipalities 

 
Municipality 

A Municipality B Municipality 
C 

Municipality 
D 

Total SALs used in analysis 234 445 91 149 

District Cape 
Winelands uMgungundlovu Waterberg Cape 

Winelands 
Median monthly income 
(nominal Rand value in 2014) 6 015 6 015 3 034 6 015 

Average household size 
(number of people) 3.8 3.2 3.2 3.4 

Average household water 
consumption per month (kl) 12 6 13 12 

Average household water bill per 
month (nominal Rand value in 
2014) 

103 83 102 114 

 

Two of the municipalities are in the Cape Winelands district in the Western Cape, one from 

uMgungundlovu in KwaZulu-Natal and another from Waterberg district in Limpopo. 

Municipalities A, B and D have the same median monthly household income while Municipality 

C has the lowest household income, an indication of higher poverty levels. The average 

household size is similar in Municipality B and C while D’s figure is slightly higher. Households 

in Municipality A are relatively bigger. Water consumption and associated water bills also vary. 

The differences are explained to some extent by different underlying patterns in the 

municipalities, however it is important to note that these averages are likely also due to data 

limitations7 discussed in Section 3.7. This particularly true for Municipality B where the average 

consumption is very low. Despite this, it is still useful to keep the municipality in the analysis 

to explore affordability patterns.  

 

                                                 
7 The mapping of consumption per meter to consumption per household in cases where the 
consumption data is not fully representative of the total number of households with access to piped 
water in the municipality results in an underestimation of consumption. 
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Based on Census 2011, Municipality A had a total of 59 774 households of which 80% had 

access to piped water. It has two main urban centres located close to a major highway and 

smaller rural settlements. The main economic sectors in the municipality are finance, 

insurance and real estate.  

 

Municipality B municipality is one of the smallest municipalities in the uMgungundlovu District 

but the largest in the sample with 164 772 households. Of these, 48% had access to piped 

water. It encompasses the main economic hub in the district with community services and 

finance as key economic sectors. 

 

Municipality C is a largely rural municipality in the Waterberg District of Limpopo province. 

Based on Census 2011 data, this municipality had a total of 78 632 households of which 20% 

had access to piped water inside dwelling. Mining and agriculture constitute the main 

economic activity in the municipality.  

 

Lastly, municipality D is the smallest of the municipalities in the Cape Winelands district with 

43 417 households of which 72% had access to piped water. A major portion of its land area 

is dedicated to agricultural purposes, however the main economic sectors in the municipality 

are community services, finance and business services; and manufacturing.  

 

Household income distribution 

Income is an important variable in affordability calculations, hence the distribution of 

household income provides a first insight into the possible distribution of constraints within the 

municipality. Table 8 shows the distribution of SALs across four income brackets with the first 

one identifying the proportion of SALs that have median incomes below the upper bound 

poverty line.  

 
Table 8: Income distribution in the municipalities (based on nominal Rand value in 2014) 

 
Municipality A Municipality B Municipality C Municipality D 

<R3000 14% 18% 33% 13% 

R3000-R5000 27% 21% 47% 25% 

R500-R10000 32% 19% 8% 34% 

>R10000 27% 42% 12% 28% 
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While it is evident that Municipality C is facing significant socio-economic challenges with 33% 

of SALs earning incomes that are less than R3000, it also notable that Municipalities A, B and 

D have a non-negligible proportion of poor households, despite higher overall income levels. 

Based on this distribution, we can expect relatively more constraints in Municipality C 

compared to the other three. 

 

Water consumption and the human rights perspective  

A key contribution of this study relative to similar research on affordability is the consideration 

given to whether residential customers in South African municipalities are consuming water at 

levels that allow them to attain their human right to water. Table 9 unpacks the average 

consumption figures presented above into deciles. The consumption data is sorted from lowest 

to highest and divided into 10 equal parts such that the first decile represents the lowest 10% 

of water consumption in the municipality and the 10th decile represents the highest 10%. The 

average consumption in each decile is shown in the table below.  

 

The distribution of water consumption  
Table 9: Consumption distribution in the municipalities 

Consumption 
decile Municipality A Municipality B Municipality C Municipality D 

1 0 0 4 1 

2 2 2 8 3 

3 4 4 10 7 

4 5 5 11 9 

5 7 6 13 11 

6 9 6 14 13 

7 10 7 14 15 

8 13 8 15 17 

9 16 9 19 19 

10 23 11 23 24 
 

Municipality C has the highest consumption at each decile for the first six deciles. The income 

and consumption distributions suggest that Municipality C is operating in a context of low 

income and high consumption, both factors that make it susceptible to a prevalence of 

affordability issues. Municipality D has the highest consumption at each decile for the last 4 

deciles, i.e. the highest consumers in this municipality consume relative more water than in all 

the other municipalities.  Municipality B, as suggested by the average level, has the lowest 

consumption across all the deciles.  
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The minimum quantity of water required 

The human rights perspective to water affordability requires further analysis of consumption 

beyond the distribution to look at whether the levels of water consumed are enough. Figure 2 

in Section 2.5 of the literature review presented the WHO’s guideline on water requirements 

for different activities. This guideline was used to compare the average consumption per SAL 

to amounts required for short term survival, medium term sustenance and high consumption 

levels.  

Table 10 shows number of proportion of SALs that consume below the minimum required for 

short term survival (20 lpcd), those consuming between the minimum and the medium (20-70 

lpcd), those consuming between the medium and high (70-150 lpcd) and those consuming 

high levels of water (more than 150 lpcd). 
 

Table 10: Residential customers consuming less than the required amount of water  

 Municipality 
A 

Municipality 
B 

Municipality 
 C 

Municipality  
D 

Number of SALs consuming: 

less than 20 lpcd 35 60 2 16 

between 20 to 70 lpcd 59 235 9 18 

between 70 and 150 lpcd 86 142 46 66 

more than 150 lpcd 54 8 34 49 

% of SALs consuming: 

less than 20 lpcd 15% 13% 2% 11% 

between 20 to 70 lpcd 25% 53% 10% 12% 

between 70 and 150 lpcd 37% 32% 51% 44% 

more than 150 lpcd 23% 2% 37% 33% 

   

Apart from Municipality C, all municipalities have a sizable proportion of SALs consuming less 

than the minimum for short term survival. The majority of SALs in Municipality B consume 

between 20 and 70 lpcd which is what is required for medium term sustenance. Most of the 

SALs in Municipalities A and D consume between 70 and 150 lpcd which caters for activities 

such as gardening which are low priority, therefore suggesting that while consumption at the 

lower end of this range is probably reasonable, the top end of this bracket is probably 

associated with some degree of water wastage. A key assumption underlying IBTs is that they 
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serve to discourage wasteful use of water. Evidence of water consumption exceeding 150 lpcd 

in all municipalities suggests that this assumption does not necessarily hold true in all cases. 

Most notable is Municipality C where almost 37% of the SALs consume more than 150 lpcd 

on average. This finding suggests that IBTs do not necessarily work as intended or that their 

design and application in local municipalities is potentially ineffective.  

 

Relationship between water consumption and income 

In addition to discouraging wasteful use, a key underlying assumption in the design of an 

inclining block tariff is that higher income households consume more water or, conversely, that 

lower income households can and/or will reduce their water consumption to make their water 

bills more affordable. The results in Table 11 show the extent to which this is prevalent in the 

four municipal case studies.    

 
Table 11: Water consumption by median household income bracket8 

Income  Municipality A Municipality B Municipality C Municipality D 

<3000 10 4 14 11 

3000-5000 10 5 12 10 

5000-10 000 10 6 15 11 

>10 000 18 6 16 15 
 

All the municipalities show a weak positive linear relationship with correlation coefficients of 

0.306, 0.221, 0.100 and 0.316 respectively for Municipality A, B, C and D respectively. High 

consumption for SALs with high median incomes is observed in all four municipalities. SALs 

with incomes below the UBPL in municipality C consume more water than SALs in the second 

bracket which are above the poverty line.   

 

Certainly, the underlying assumption of inclining block tariff design that consumption increases 

with income seems to hold, however in some cases poor income households do not consume 

significantly lower levels of water. Households with lower income do not consume significantly 

less water than those with higher income in Municipalities A, C and D in particular and we may 

thus expect to see some affordability problems in the lower income SALs.  

 

                                                 
8 Consumption outliers, defined as consumptions outside 1.5 times the inter-quartile range, have been 
removed from this analysis. 
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Relationship between average income and household size 

Figure 5 below shows the relationship between household income and household size. All 

four municipalities show a negative relationship between average income and household size 

although the strength of the relationship differs (correlation coefficients of -0.460, -0.238,  

-0.137 and -0.010 respectively for Municipality A, B, C and D).  

 

 

Figure 5: Median household income by household size deciles 

 

Relationship between water consumption and household size 

As discussed in the literature review, most studies find a positive relationship between water 

consumption and household size.  Figure 6 below shows the relationship between water 

consumption and household size in the municipal case studies.  
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Figure 6: Water consumption by household size deciles 

 

The relationship between water consumption and household size is positive in Municipality B 

and C (correlation coefficients 0.321 and 0.186 respectively). Municipality A and D show a 

negative relationship between water consumption and household size (correlation coefficients 

-0.218 and -0.020 respectively), with smaller households consuming more water than larger 

ones. Combining this finding with the results above on the relationship between household 

size and income suggests that high income earners in these municipalities reside in small 

households which consume more water. It is therefore important to note that the simple 

correlation between water consumption and household size observed above may be 

confounded by income, i.e. the negative relationship is due to fact that the analysis does not 

control for the effect of income on water consumption.  

 

Water bills 

Together with income, water expenditure is a key variable to understanding affordability.  The 

descriptive statistics provide the average bill in each municipality however, it is essential to 

understand how the water bill rises with increasing consumption in each municipality to 

comment on the relative cost of water.   

Table 12 compares water bills for non-indigent households in the municipalities for different 

levels of consumption. 
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Table 12: Non-indigent customers water bills for different consumption levels (nominal Rand value in 
2014)  

 
Municipality A Municipality B Municipality C Municipality D 

Total SALs 234 445 91 149 

Bill for 10 kl 69 112 40 82 

Bill for 25 kl 198 320 201 177 

Bill for 40 kl 378 593 361 308 
 

It is immediately clear from the table that the tariff structure implemented in each municipality 

has an impact on the water bill. At R40, the bill for 10 kl of water consumed is the cheapest in 

Municipality C. Municipality B’s water is the most expensive at each level of consumption 

revealing a very steep slope. Households consuming 25 kl per month in Municipality B paid 

R320 which 4% more expensive than the bill for 40 kl of water Municipality D. The tariff design 

provides some explanation for this difference. Whereas municipalities A and D charge a 

standard IBT and an availability charge, Municipality B charges a fixed charge of R41 for the 

first 6 kl, a per kilolitre charge for all water consumption after that and an availability charge. 

Municipality C charges only a consumption-based tariff.  

 

It is important to note that the policy on providing free basic water also has an influence on the 

bill. Table 13 shows the bills for indigent customers in the different municipalities and provides 

insight into both the degree of support provided by each municipality and the effect of free 

water on the bills. 

 
Table 13: Indigent customers water bills for different consumption levels (nominal Rand value in 2014)  

 
Municipality A Municipality B Municipality C Municipality D 

Total SALs 234 445 91 149 

Bill for 10 kl 0 55 40 21 

Bill for 25 kl 155 263 201 116 

Bill for 40 kl 335 536 361 247 
 

Municipality A provided 10 kilolitres of free water only to households that qualify as indigent. 

By comparison, Municipality B and D’s indigent customers receive only 6 kilolitres of water 

free. Municipality C provided the first 6 kilolitres of water free to every residential customer. 

This policy explains the relatively low bill for the 10 kl of water consumed because customers 

effectively pay for 4 kl. Municipality B and D’s indigent customers pay 49% and 26% of the 

non-indigent customers’ water bills respectively. It is interesting to note that while  
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Municipality C’s non-indigent customers face the lowest bills for 10 kl of water, indigent 

customers are paying more for 10 kl of water than similar customers in Municipality A and D.  

 

For Municipality A, the analysis uses the indigent variable in the SWIFT dataset to identify 

which record represents an indigent residential customer to calculate the bill appropriately. 

Municipality C provides free water to all customers, hence no adjustments are made to the 

bill. Municipality B and C’s data did not include an indigent variable, hence the support 

provided to vulnerable households in these municipalities is not considered.   

 

4.2 Affordability ratio approach 
 

This section presents results for affordability of water when using the ratio approach. Results 

for both macro and micro-affordability ratios are presented below. This study defines a macro-

affordability ratio as the average bill in the municipality divided by the median income. Micro-

affordability ratios are the bill to median income ratio but calculated at a small area layer level. 

The results are compared to the UNDP’s threshold of 3% for water. 

 

Using macro-affordability ratios 

Figure 7 shows the results for macro-affordability ratios in all the municipalities. This approach 

is useful for understanding affordability constraints on a macro level.  

 
 
Figure 7: Macro-affordability ratios by municipality 

Based on a comparison of the bill to income ratios to the UNDP threshold, the conclusion at a 

macro level is that Municipality A, B and D face no affordability constraints while Municipality 

C faces some challenges.  
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Using micro-affordability ratios 

As discussed in the literature review, macro-affordability ratios can typically hide affordability 

constraints at the micro level that leave some households vulnerable. Table 14 shows the 

distribution for micro-affordability ratios at the SAL level various affordability ratio bands. 

 
Table 14: Distribution of SALs into affordability ratio bands 

Affordability ratio 
band 

Municipality A Municipality B Municipality C Municipality D 

Number of SALs 

<3% 152 321 27 79 

3-5% 53 72 39 52 

5-10% 17 33 20 8 

>10% 12 19 5 10 

% of SALs 

<3% 76% 80% 45% 70% 

3-5% 11% 9% 27% 18% 

5-10% 7% 7% 22% 5% 

>10% 5% 4% 5% 7% 

 

The distributions in Municipality A, B and D explain the low macro-ratios in Figure 7 above. 

Most of the SALs in these municipalities have ratios below the 3% threshold. Nonetheless, 

there are SALs with ratios above the threshold which would be ignored if only the macro-ratio 

was relied on as an indicator of affordability constraints. Overall, 82 (24%) of the SALs in 

Municipality A face challenges, 124 (20%) in B and 70 (30%) in D. The macro-ratio for 

Municipality C suggested potential issues with affordability. The distribution above, with 55% 

of SALs experiencing constraints, suggests that the macro-ratio underestimates the degree of 

the problem.  

 

Household characteristics of those experiencing affordability constraints 
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Table 15 below shows the characteristics of households constrained according to the 

affordability ratio (i.e. with affordability ratios of 3% or above) compared to those that are 

unconstrained. 
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Table 15: Characteristics of SALs constrained according to affordability ratio measure compared to 
unconstrained SALs 

Household characteristics Municipality 
A 

Municipality 
B 

Municipality 
C 

Municipality 
D 

No. of constrained SALs 82 124 64 70 
Median income 
Constrained  3 034 1 533 2 283 3 034 
Unconstrained  6 015 12 083 3 034 6 015 
Constrained as % of 
unconstrained 50% 13% 75% 50% 

Household size average 
Constrained  3.72 3.40 3.35 3.05 
Unconstrained  3.81 3.16 3.09 3.56 
Constrained as % of 
unconstrained 98% 108% 108% 86% 

Consumption average 
Constrained  16 7 16 15 
Unconstrained  11 5 11 11 
Constrained as % of 
unconstrained 154% 141% 147% 135% 

 
The median income of constrained SALs is smaller than that of unconstrained SALs in all the 

municipalities while average consumption is higher across all municipalities. Some minor 

differences are observed with average household size. In Municipality A and D, constrained 

SALs reside in smaller households than those in unconstrained SALs whereas the opposite is 

true for Municipality B and C.  All constrained SALs in all the municipalities consume more 

water than unconstrained SALs.  

 

In summary, in Municipalities B and C affordability problems as measured by the affordability 

ratio are a problem of high consumption in low income SALs and are related to large household 

size. In Municipality A and D, the problem is due to high consumption by low income, but not 

necessarily poor, SALs residing in smaller households.  

 

4.3 Residual income approach 
 

This section presents results for water affordability using the residual approach. The residual 

income refers to the difference between average household income in a SAL and the average 

household water bill. Similar to the analysis on affordability ratios, the section outlines results 

from a macro-approach and a micro-approach. The three poverty lines discussed in section 

of the literature review are all shown in the macro-approach, however the micro-approach only 

considers the upper bound line as this is the level of income that ensures a household can 

purchase necessary food and non-food items. The Statistics South Africa poverty lines are 

presented on a per capita basis. The average household size is used to convert the poverty 
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lines to a household basis for each municipality. Hence, the poverty lines differ per municipality 

due to differing average household sizes. 

 
Using a macro approach 

Table 16 is an overview of the average residual income in each municipality for all three 

poverty lines. The descriptive statistics presented in section 4.1 are repeated here for ease of 

reference.  
  

Table 16: Residual incomes by municipality (all in nominal Rands in 2014) 

  Municipality 
A 

Municipality 
B 

Municipality 
C 

Municipality 
D 

Total SALs used in analysis 234 445 91 149 
Average monthly household 
consumption 12 6 13 12 

Average monthly household bill  103 83 102 114 

Average monthly household income  6 015 6 015 3 034 6 015 
Residual monthly household 
income  5 912 5 932 2 932 5 901 

Food poverty line per household 
(FPL)  1 533 1 297 1 307 1 378 

Lower bound poverty line per 
household (LBPL) 2 115 1 790 1 803 1 902 

Upper bound poverty line per 
household (UBPL) 2 961 2 506 2 524 2 662 

 

The residual incomes across all four municipal cases at the macro level are above all the 

poverty lines suggesting that the water bill is not poverty inducing on average. After paying for 

their water bills, residential customers in the municipalities have sufficient income remaining 

to meet their other needs. Hence, using the residual income on a macro level leads to the 

conclusion that affordability is not a problem in any of these municipalities.  

 

Using a micro approach 

The micro-approach is displayed in   
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Table 17 which shows the number and percentage of SALs that fall below each of the three 

poverty lines after paying the water bill. 
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Table 17: Distribution of SALs by residual income 

Poverty line Municipality A Municipality B Municipality C Municipality D 

Number of SALs 

Below FPL 33 20 5 11 

Below LBPL  0 60 25 9 

Below UBPL 28 0 0 0 

Above UBPL 173 365 61 129 

% of SALs 

Below FPL 14% 4% 5% 7% 

Below LBPL  0% 13% 27% 6% 

Below UBPL 12% 0% 0% 0% 

Above UBPL 74% 82% 67% 87% 

 

Similar to the results observed using the affordability ratio approach, the majority of SALs in 

each municipality do not face poverty inducing water bills, however there are a proportion that 

fall below each of the poverty lines. Most SALs in Municipality B, C and D fall below the LBPL 

while Municipality A has some SALs below the FPL and other that are above this but fall below 

the UBPL after paying for the bill.  

 

Are these household pushed into poverty by the water bill or were they already poor prior to 

paying the bill? In the case of the latter, the water bill pushes them further into poverty and 

increases their vulnerability. The results in Table 18 below answer this question by showing 

the number of SALs where paying the bill results in poverty or pushes the households further 

into poverty.  

 
Table 18: Number of SALs in each municipality that are moved into or further into poverty by the water 
bill 

Top of affordability ratio band 
Municipality 

A 
Municipality 

B 
Municipality 

C 
Municipality 

D 
Number of SALs 

Moving from below LBPL to below 

FPL 
0 0 0 2 

Moving from below UBPL to below 

LBPL 
0 0 0 0 

Moving from above UBPL to below 

UBPL 
28 0 0 0 
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Table 18 shows that while some SALs in each municipality experience affordability constraints 

in paying their water bill because they are below a poverty line, it is rare that it is the water bill 

that pushes them below the poverty line. In Municipalities B and C, there is no case of the 

water bill pushing a SAL below the UBPL. The SALs experiencing constraints were already 

below the respective poverty line and paying the water bill deepens their poverty.  In 

Municipality D, however, there are 2 SALs where the water bill pushes the SAL from below 

LBPL to below the FPL and in Municipality A 28 SALs that were above all the poverty lines 

are pushed to below the UBPL after paying for water. These SALs are impoverished by the 

water bill. 

 

A key question at this point is how the results from the residual income approach compare to 

those observed using the affordability ratio approach. The latter suggested higher incidence 

of affordability constraints. Moreover, analysis presented later in Section 4.4 shows that the 

SALs that face constraints when using the residual income approach are not always the same 

as those facing constraints under the affordability ratio approach. This suggests that 

measuring affordability is not only sensitive to the thresholds that are used but also to the 

overall approach.  

 

Household characteristics of those experiencing affordability constraints 

Table 19 below shows the characteristics of households constrained according to the residual 

income measure (i.e. with residual incomes below the UBPL) compared to those that are 

unconstrained. 

 
Table 19: Characteristics of households constrained according to residual income measure compared 
to unconstrained households 

Household characteristics Municipality 
A 

Municipality 
B 

Municipality 
C 

Municipality 
D 

No. of constrained SALs 58 80 30 20 
Median income 
Constrained  1 533 1 533 1 533 1 144 
Unconstrained  6 015 6 015 3 034 6 015 
Constrained as % of 
unconstrained 25% 25% 51% 13% 

Household size average 
Constrained  3.91 3.18 3.20 2.45 
Unconstrained  3.75 3.21 3.25 3.56 
Constrained as % of 
unconstrained 105% 99% 98% 69% 

Consumption average 
Constrained 13 4 14 11 
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Household characteristics Municipality 
A 

Municipality 
B 

Municipality 
C 

Municipality 
D 

Unconstrained  12 6 13 12 
Constrained as % of 
unconstrained 107% 66% 104% 86% 

 

The constrained SALs are all earn much lower median incomes than the unconstrained 

groups. Moreover, the median incomes are all below the UBPL with the median income in 

Municipality D already below the FPL prior to paying the bill. Hence, at least 50% of 

constrained households in all municipalities were already poor prior to paying for water. There 

is a minor difference in the household sizes of the constrained and unconstrained in 

Municipality A, B and C, while households in constrained SALs in Municipality D are smaller 

than those in unconstrained households. The major difference between the municipalities is 

in the levels of consumption in the constrained groups compared to the unconstrained.  

Municipality A and C’s constrained SALs consume more water than unconstrained SALs on 

average. The opposite is true for Municipality B and D.  

 

In summary, constraints in Municipality A are due to poor SALs in large households consuming 

relatively more water. High consumption by poor SALs in relatively small households explains 

the constraints observed in Municipality C. Municipality B and D’s constrained SALs consume 

less water, hence the constraints here are largely due to already poor households paying for 

water. 

 

4.4 Do the same SALs experience multiple affordability constraints?  
 

The analysis up until this point has looked at the various affordability constraints in isolation. 

In this section, the results obtained through the different measures are compared to determine 

whether the same SALs are identified as facing affordability constraints under all or a 

combination of the measures. Three criteria are used to group the SALs facing constraints into 

eight cases of vulnerability. These are low residual income, high bills and under-consumption 

and are defined as follows: 

• Low residual income refers to SALs that have residual incomes (median income less 
the water bill) that are less than the upper bound poverty line.  

• High bill refers to SALs that pay bills that make up more than 3% of their median 
income. 

• Under-consumption refers to SALs that consume less than 20 lpcd of water on 
average. 
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Table 20: Specifying unique groups of SALs facing constraints 

Affordability constraints 

Residual 
income below 

minimum 
(UBPL) 

Affordability 
ratios above 

threshold (3%) 

Quantity below 
the minimum 

(20 lpcd) 

Case 1: Low income, under-

consumption and high bill 
X X X 

Case 2: Low income and under-low 

consumption  
X  X 

Case 3: High bill and under-

consumption 
 X X 

Case 4: Low income and high bill X X  

Case 5: High bill  X  

Case 6: Low income X   

Case 7: Under-consumption   X 

No constraints    

 

Case 1 refers to SALs that meet all three of the criteria above, Cases 2 to 4 refer to SALs 

facing any combination of two criteria. Case 5 to 7 refer to SALs that only fit one of the criteria 

while no constraints refers to all SALs that do not meet any of the criteria and hence face no 

constraints.  These cases are mutually exclusive, i.e. if a SALs is classified as Case 1, it cannot 

also be classified as low Case 2.  Table 21 below shows the number and percentage of SALs 

in each municipality that fall into each of these cases. 

 
Table 21: Number and percentage of SALs falling into risk profiles 

Affordability constraints 
Municipality 

A 
Municipality 

B 
Municipality 

C 
Municipality 

D 
Number of SALs 

Total SALs 234 445 91 149 

No constraints 110 286 33 83 

Constraints 124 159 58 66 

Case 1: Low residual income, 

under-consumption and high 

bill 

1 1 0 0 

Case 2: Low residual income 

and under-low consumption  
7 31 1 4 

Case 3: High bill and under-

consumption 
0 0 0 0 
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Affordability constraints 
Municipality 

A 
Municipality 

B 
Municipality 

C 
Municipality 

D 
Case 4: Low residual income 

and high bill 
41 65 35 23 

Case 5: High bill 13 24 15 22 

Case 6: Low residual income 35 10 6 5 

Case 7: Under-consumption 27 28 1 12 

% of total SALs 

No constraints 47% 64% 36% 56% 

Constraints 53% 36% 64% 44% 

Case 1 to 3 3% 7% 1% 3% 

Case 4: Low residual income 

and high bill 
18% 15% 38% 15% 

Case 5: High bill 6% 5% 16% 15% 

Case 6: Low residual income 15% 2% 7% 3% 

Case 7: Under-consumption 12% 6% 1% 8% 

 

A sizable portion of SALs do not face any constraints with these SALs in the majority in 

Municipality B and D. Case 4, where households simultaneously experience incomes that fall 

below the UBPL after paying for the bill and bills that are more than 3% of their income, is the 

most prevalent in Municipality A, B and C, with burden experienced in Municipality C. 

Municipality D has 15% of SALs that only experience Case 4, bills that make up more than 

3% of their incomes. Although the portion is very small, it is concerning to note that one SAL 

in both Municipality A and B respectively that face all three constraints simultaneously. 

 

Several SALs in Municipality A, B and D SALs (12%, 6% and 8% respectively) and a few in 

Municipality C consume less than 20 lpcd. An immediate question with respect to these SALs 

is whether they are consuming such low levels of water because they cannot afford to buy 

more water. A simulation to calculate what their water bills would be if they consumed at least 

20 lpcd suggests that these SALs would not face constraints under both the affordability ratio 

and residual income approach. Hence, their consumption patterns are not a response to high 

water bills and are rather likely due to either a decision to consume at these levels or limitations 

in the data used for this analysis. 

 

The results above show that the SALs facing constraints when using the affordability ratio 

approach are not the same as those facing constraints under the residual income approach, 

although some overlap exists. The table is therefore a useful source of information to respond 

the four key research questions outlined in the revised analytical framework in Section 3.8.   



54 

What proportion of SALs face affordability constraints due to their incomes being too low? 

These SALs are classified as case 6, i.e. their bills make up less than 3% of their median 

income, they consume more than 20 lpcd however, their residual incomes fall below the UBPL. 

Municipality A has the highest proportion of SALs with incomes that fall below poverty after 

paying for their water bills. The problem exists in all the other municipality but to a lesser 

extent.    

 

What proportion of SALs face affordability constraints due to the price of water being too high? 

SALs that fit this criterion are classified as case 5, i.e. their residual incomes above the UBPL 

and consumption levels are above the 20 lpcd but they experience bills that are more than 3% 

of their incomes. These households can consume an adequate amount of water and they are 

not defined as poor, but the water bill makes up a larger than desirable share of their income. 

Of the total, 6% of SALs in Municipality A, 5% in Municipality B, 16% in Municipality C and 

15% in Municipality D fit this profile.  

 

What proportion of SALs face affordability constraints due to both the high price of water and 

low income? 

This refers to SALs that are classified as Case 4, i.e. those with consumption levels that are 

more than 20 lpcd but with residual incomes that fall below the UBPL and bills that are more 

than 3% of the median incomes. This constraint is the most prevalent in Municipality A (18%), 

B (15%) and C (38%). The analysis previously shown in Table 18 on page 49 of this report 

showed that while, in most cases, it is not the water bill that forces the median income of the 

SAL below the UBPL because the SALs were already impoverished prior to paying the bill, 

there are cases of this happening in Municipality A.  

 

What proportion of SALs consume less than the minimum quantity of water required? 

SALs that fit this criterion are specified by Case 7, i.e. they consume less than 20 lpcd but 

have no affordability constraints. This problem is most prevalent in Municipality A where 12% 

of SALs consume less than the minimum required for survival and least prevalent in 

Municipality C where only 1% of the SALs face this constraint. The analysis into whether 

households in these SALs consume below the minimum due to an inability to pay for water 

suggests that this is not the case in any of the municipalities, rather it is either a decision on 

the part of the household, or likely the result of a limitation with the data used in the analysis.  
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5 KEY FINDINGS 

 

Affordability in municipalities based on two approaches 

This study investigated the affordability of water for residential customers in South African 

municipalities through case studies in Municipalities A, B, C and D. The affordability ratio 

approach provided the first insight into affordability constraints for residential customers in 

South African municipalities. The macro approach suggests no constraints in Municipality A, 

B and D while Municipality C faces some challenges. A micro-level analysis, however, 

highlights that while not large, there are SALs that face constraints in Municipality A, B and D. 

Furthermore, SALs in Municipality C have ratios that are significantly above the threshold.  

 

The residual income approach suggests no constraints for any of the municipalities at a macro 

level. The micro-level highlights that there are a few SALs in all four municipalities that are 

facing constraints. Similar to the affordability ratio results, Municipality C faces the most 

challenges under the residual income approach, but the composition of the SALs differs.  

 

Determinants of affordability constraints 

The ratios in all municipalities are partly explained by the relationship between median 

household income and consumption, i.e. relatively lower income households consuming a lot 

of water. The relationship between household size and income in Municipality A and B 

suggests that some of the constraints are due to non-poor SALs consuming a lot of water. The 

residual income results are explained by either high consumption by low income households 

or consumption by households who were already poor prior to paying the bill, hence any 

payment would have pushed them into deeper vulnerability.  

 

Combination of constraints 

The study finds that most of the SALs in Municipality B and D do not face any constraints. 

Most of the SALs facing constraints in all four municipalities simultaneously experience both 

bills that are more than 3% of their income and residual incomes that fall below the poverty 

line. There is also a portion of SALs in each municipality were households consume less than 

the minimum daily need (20 lpcd) on average; but there are also some consuming very high 

levels of water (more than 150 lpcd). 

 

Assumptions of the IBT 

The relationship between consumption and income suggests that the assumption underlying 

the IBT, that consumption increases with income, holds true in all four municipal case studies. 
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However, consumption at the top of the income distribution is not much higher than 

consumption at the bottom in some cases. Additionally, IBTs are often championed for their 

ability to discourage water usage. With evidence of a portion of SALs consuming more than 

150 lpcd in all four municipal case studies, the study suggests that this assumption either does 

not hold, or municipalities’ application of the IBT is not effective. 

 

Analytical approach and implementation 

The study demonstrates the limitations of macro-affordability ratios discussed in the literature 

review and shows the presence of affordability constraints in all four municipalities when 

assessing affordability at the SAL level. Moreover, the affordability ratio and residual income 

approach suggest different results in terms of the proportion and composition of small areas 

facing constraints. The study also the finds presence of consumption below the minimum level 

required for short term survival in all four municipalities.   

 

Unit of analysis and data quality 

This study analysed affordability at the small area layer level. While this is more granular than 

looking at the entire municipality and a layer below the ward level, the study finds that the 

heterogeneity of households within a small area suggests that the analysis would yield more 

accurate results if conducted at a household level. Moreover, the SWIFT data used for the 

analysis came with the benefit of convenience and time saving relative to gathering data 

directly from the municipality, but the data required extensive cleaning and there are some 

questions regarding its completeness and hence the extent to which it can provide a 

representative overview of affordability for all residential customers.   

 

Ease of replication in local municipalities 

The study finds that completing this analysis using the analytical framework requires water 

billing data to be available in spatial form, the capacity and software to join Census data to 

billing data at the small area layer and capacity to conduct data cleaning to create a useful 

dataset for analysis. Municipalities that face any challenge with either of these requirements 

will be unable to replicate this study internally. Even if municipalities meet all these 

requirements, time and capacity constraints make it a challenge for municipalities to be 

undertake a similar analysis for all their small areas. Drawing a sample of SALs is a possible 

solution in this case. In addition to the affordability analysis, the study conducted a test of the 

robustness of this approach to sampling (see Appendix C) and found that selecting a sample 

of SALs that is representative of the income profile is sufficient to provide insight into the 

affordability context within the municipality.  
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6 CONCLUSIONS  

Is water affordable for municipal residential customers? The study suggests a degree of water 

unaffordability in all four municipal case studies.  However, these do not occur to the same 

extent, nor are they driven by the same factors. Most of the SALs in three of the four case 

studies investigated can afford to pay for water, but even in these municipality at least 13% of 

SALs face constraints.  In contrast, more than 50% of SALs in one of the municipalities cannot 

afford to pay for water. The key determinants of affordability constraints in all cases are income 

and consumption, i.e. those SALs experiencing constraints either had low incomes, high 

consumption or some combination of the two that explained their ability to pay for water.  

 

This study also considered whether households are consuming the required amount of water 

required for their human rights to be met.  The study finds cases where SALs are consuming 

below the minimum required for short term survival, but further analysis suggests that there 

are no cases where the consumption level is a response to prevailing water prices. This finding 

is therefore likely to be the result of a choice by households to consume less water, or 

limitations in the data used for the analysis. At the other extreme, the study also finds cases 

of high consumption that suggests that the tariff design in the municipal case studies is not 

sufficiently effective in discouraging wasteful use.  

 

Two key approaches were applied to understand affordability using both macro and micro 

measures to understand the efficacy of the snapshot provided by the macro measures. The 

study points to the necessity of multiple approaches to fully understand affordability. While 

there was some overlap, SALs facing constraints under the affordability ratio are not the same 

as those facing constraints under the residual income approaches. It is possible for a 

household’s bill to be less than 3% of their median income but for the residual income to be 

below the UBPL. In cases where the household was already impoverished prior to paying the 

bill, this finding suggests that the support available for poor households in the municipality is 

either insufficient or does not adequately target all vulnerable households9. This finding is 

missed if only the affordability ratio is used to determine affordability. In terms of measures, 

the SAL provided insight into affordability that would have been ignored if only a macro level 

indicator was used.  

 

The data used for the analysis presented both advantages and limitations. A key advantage 

is the ability to join two datasets that allow for consumption and billing data to be merged with 

                                                 
9 Note that this only applies to Municipality A and C, where the support provided was accounted for in 
the bill calculation. 
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income data, making analysis of affordability at the municipal level possible. However, the 

calculation of a representative income per small area, the adjustment of income from 2011 to 

2014 figures and the adjustment of per meter averages to per household averages are some 

of the limitations that affect the degree to which the results are representative.  

 

Despite these limitations, the study provides a nuanced approach and understanding of 

affordability in the South African municipal context. Firstly, the study interrogates the 

relationship between key variables that explain affordability. Secondly, it provides a snapshot 

of affordability at the municipal level across two approaches and a breakdown thereof at a 

more granular level. Thirdly, it shares insights into the drivers of affordability patterns observed 

in each municipality. Lastly, the study considers whether current consumption levels in the 

municipality fulfil households’ human right to water. The findings provide a baseline for future 

studies into affordability of water for residential customers in South African municipalities.  

 

7 IMPLICATIONS FOR POLICY, PRACTICE AND REGULATION 

Implications for the regulation of tariff setting  

The study points to a need for the regulation of tariff setting to include a comprehensive 

analysis of the affordability of municipal tariffs, particularly the overall effect of their IBT design 

on the affordability of water. As the study shows, implementation of the tariffs in the 

municipalities studied resulted in various combinations of constraints which could have been 

mitigated through undertaking an affordability analysis and designing appropriate 

interventions to protect households in response.   

 

Implications for the use of IBTs 

The implementation of IBTs has become almost ubiquitous in the South African context. This 

study suggests that the assumptions that underlie the effectiveness of IBTs either do not hold 

or do so to only a marginal extent. Moreover, evidence of high consumption, especially at the 

lower end of the income distribution, suggests that IBTs are not necessarily effective in 

managing waste and while offering protection to vulnerable households. The findings call for 

a review of IBTs to understand whether the assumptions simply do not hold or whether 

municipalities’ application of the tariff structure is ineffective. In the case of the former, a 

consideration of alternative tariff structure would be required while the latter calls for better 

guidance and regulation of how municipalities implement IBTs.  

  



59 

Implications for targeting of households that require support 

For two of the municipalities where indigent qualification was considered in the bill calculation, 

the results point to a limitation with the current approach used by most municipalities to provide 

free water to indigent households to protect vulnerable households from high water prices. 

The study suggests that despite this intervention, there are still households that face 

affordability constraints. This is particularly concerning for the cases observed where SALs fall 

below the poverty line after paying for the bill but were not poor, and hence did not qualify for 

support, prior to paying for the bill. In cases where households qualify but do not receive 

support, possible limitations in the current application of the criteria used to select the 

households that qualify for support could explain this. A review and update of the indigent 

registers in these municipalities to ensure that the right households are receiving support 

would alleviate constraints faced by these households.  

 

Implications for the nature of support offered to vulnerable households 

The provision of free basic water is currently the main intervention used by municipalities to 

offer support to households that qualify. Based on the results, a set of interventions should be 

considered to address the diverse types of vulnerability in each municipality. The study 

suggests that households with affordability constraints that are largely driven by high 

consumption levels could be protected through programmes that encourage reduction in 

consumption through efficient use or adoption of water saving technologies. Households that 

face high bills in the face of low incomes and low consumption can benefit from relief through 

design of the IBT to protect consumers at the lower end of the consumption distribution.   

 

8 RECOMMENDATIONS FOR FUTURE RESEARCH 

Improve accuracy and reliability by using household level data 

This study contributed to a more nuanced understanding of water affordability for residential 

customers through analysis at the SAL level in only four municipalities. Two key limitations of 

this approach are the heterogeneity within an SAL and the non-representative nature of the 

municipal case studies. The effect of this is possibly large variances in the results at the 

household level and an inability to draw conclusions on water affordability within the country.   

Hence, a follow up study could apply the approaches presented in this report to a sample of 

households from a representative mix of municipalities within the country to facilitate 

conclusions on the affordability constraints nationwide which can then be used to inform 

current policy on free basic water, provide guidance to municipalities on criteria for selecting 

households that are eligible for support and guidance for how to regulate municipal tariff 

setting to include affordability analysis. 
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The development of a comprehensive tool for municipalities 

The limitations and extensive data cleaning followed in this study present a significant 

challenge to the ease of replication at the municipal level. Hence, this study recommends 

future research into and the development of a user-friendly affordability tool that municipalities 

can utilise to assess the affordability of their tariffs. The tool needs to address the challenge 

with obtaining income data and matching it to the municipality’s billing data. If it uses spatial 

combination of Census data with municipal data, this step should be partially incorporated into 

the tool itself such that municipalities only need to perform a minimal cleaning of their billing 

data to the format required by the tool, upload into the tool and perform a few steps to obtain 

results. The results should be accompanied by understandable narrative and options for 

interventions depending on the results.  

 

Review IBTs and test the effect of alternative tariff structures on affordability constraints 

The study suggests the need for a review of how IBTs are currently implemented in local 

municipalities and investigate the extent to which the underlying assumption hold true. 

Moreover, this study tests the effect of prevailing structures and tariff levels in municipalities 

on water affordability. An extension of this study could include a simulation or an experiment 

to test the impact of different tariff structures and levels on affordability for residential 

customers. It would need to account for elasticities and behavioural responses from customers 

as well as cost recovery and ease of implementation for the municipality. 
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APPENDIX A: MUNICIPALITIES WITH SWIFT DATA 

Municipality Category Median annual household 
income (Census 2011) 

Tshwane A R57 300 

Ekurhuleni A R29 400 

Mogalakwena B R14 600 

Drakenstein B R30 000 

Stellenbosch B R30 000 

Overstrand B R29 400 

Buffalo City A R29 400 

Mbombela B R29 400 

Rustenburg B R29 400 

George B R29 400 

Msunduzi B R29 400 

Johannesburg A R29 400 

Cape Town A R57 300 

Bergrivier B R57 300 

Bitou B R29 400 

Midvaal B R29 400 
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APPENDIX B: DATA CLEANING PROCESS 

The following section outlines the SWIFT and Census 2011 data cleaning process as well as 

how the SWIFT dataset is merged with the Census 2011 data to create a dataset that is used 

for the analysis. 

 

Cleaning the SWIFT dataset 

Following the receipt of permission to access the SWIFT dataset for the municipalities included 

in the sample, PDG began the process of cleaning the dataset. The SWIFT data from GLS 

was populated at Census enumerator level whereas the analytical framework requires data at 

the small area layer level. PDG remapped the data using Census small area layer shapefiles 

obtained from StatsSA.  

 

Once the SWIFT data remapping was completed, a seven-step data cleaning approach was 

adopted and applied for each municipality within sample. The following subsection provides a 

brief description of each of the steps followed to clean the SWIFT dataset 

 

Step 1: Identify variables of interest 

The SWIFT data set comes with 119 variables. The following table briefly describes the 13 

variables that were used in the analysis. 

 

Table A1: Variables in the SWIFT dataset 

Municipality Category 

Serial number Meter serial number 

Availability Code Water availability code 

Water Tariff Water consumption tariff code 

Value Improvement Value of the improvements on the site 

Suburb Suburb 

Suburb Category The user specified suburb category to which the 
suburb code is mapped 

Stand Number Stand number 

Annual average Daily Demand Annual average daily demand for the record 
determined from the readings 

Annual Average Daily Demand Units Average daily demand divided by the number of 
units supplied by the meter  

Stand Annual Average Daily Demand The sum of the average daily demand for all the 
records on the stand 

Total Measurement 
The total water consumption in the last year. If the 
record period is for less than a year the total water 
demand = Annual Average Daily Demand x 365 
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Municipality Category 

Small Area Layer code Small area layer code 

Indigent Whether the record belongs to an indigent 
household 

 

Step 2: Remove invalid records 

The next step was to identify valid records within the SWIFT dataset. A record is considered 

valid if there is a serial number associated with it. Hence, where there is a record with no serial 

number, there is also no consumption and that record is invalid. These records are removed 

from the analysis. 

 

Step 3: Remove vacant plots  

After identifying the invalid records, the next step in the data cleaning process is to remove all 

the vacant plots. A plot is vacant if it has an average daily demand less than 0.1 kl. The vacant 

plots need to be removed because they have no one residing on them and hence no water 

consumption.  

 

Step 4: Distinguish residential records 

After removing the plots that have meters but are vacant, the following step in the data cleaning 

process is to distinguish residential records from the non-residential records. This is important 

since the focus of the study is only on residential consumers. Residential consumers can be 

identified using the water tariff codes. The SWIFT data has the water tariff codes which 

allowed PDG to ask the municipality to indicate which of these codes are for residential 

customers. Hence, only records associated with residential consumers are kept.  

 

Step 5: Identify duplicate meter records 

After identifying residential customers, the next step in the data cleaning process is to identify 

duplicate meter records. Duplicates occur when the small area line cuts through a stand in a 

way that causes the stand to fall in more than one small area layer. These duplicates need to 

be removed because they may lead to the issue of double counting. The approach adopted to 

identify duplicate meter record was to create a new serial variable that combines several 

variables including, serial number, water availability code, water tariff code, suburb category, 

value improvement and average daily demand.  
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This new variable is used to identify duplicate meters by verifying whether the serial number 

is distinct and unique. Hence, Records with similar serial number as well as tariff code in the 

same suburb with the same value of improvements on the property and the same average 

daily demand are likely to be referring to the same meter.  

 

Example of how duplicates occur 

 
Figure A6: How duplicates occur 
 

Figure A6 shows that the duplicates arise when the small area line slices through a stand in a 

way that causes the stand to fall in more than one small area layer.  

 

Handling the duplicate meter records 

The approach adopted to deal with the issue of duplicate meter records involves calculating 

the area of each piece of the stand that is cut up. Then identifying the maximum area and the 

SAL code associated with that area. Hence, only SALs associated with the maximum piece of 

the stand are kept and all the other duplicates are deleted.  

 

Step 6: Compare total meters in an SAL with total number of households 

After duplicate meter records have been identified and removed, the next step of the data 

cleaning process is the identification of number of meters in each stand to identify the stands 

with more than one meter. Most residential stands tend to have one meter or sometimes two 

meters, however, this must be confirmed.  
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Given that municipalities meter properties, it is common for a single meter to serve multiple 

households. However, the opposite, where a property has more than one or two meters, is 

uncommon. Hence, cases where the number of meters are more than households are 

considered outliers. The analysis removes all SALs where the total number of meters is more 

than 10% the number of households. 

 

Step 7: identify and remove consumption outliers 

Consumption outliers are identified by comparing the consumption levels to inter-quartile 

range. All consumption outside 1.5 times the inter-quartile range are removed from this 

analysis. 

 

Outcome of each step in the cleaning process 
Table 22: Summary of outcome of the data cleaning process 

Data cleaning step Municipality 
A 

Municipality 
B 

Municipality 
C 

Municipality 
D 

Total SALs in SWIFT data  312   542   109   222  
Step 2: remove invalid 
records 14 0 0 2 

Step 3: remove vacant plots 2 44 2 1 
Step 4: remove non-
residential customers 14 14 3 8 

Step 5: remove duplicate 
records 1 16 0 26 

Step 6: remove SALs where 
meters are more than 
households 

23 1 3 18 

Step 7: remove outlier SALs 
based on consumption 24 22 10 18 

Total remaining SALs 234 445 91 149 
 

Table 22 shows the outcomes of the data cleaning process in each municipality. The data 

cleaning starts with the full set of SALs from the SWIFT dataset and removes SALs with each 

step. No SALs were removed for Municipality B and Municipality C municipalities since there 

were no invalid records. A total of 14 SAL codes which were associated with the invalid records 

in Municipality A and 2 SALs in Municipality D were removed. Municipality B had the highest 

number of small areas with vacant plots while remaining municipalities only have a few. 

Municipality A and B have a number SALs were all the records belonged to non-residential 

customers. The most duplicate records are found in Municipality D whereas Municipality A has 

23 SALs were the number of metres is more than the total SALs as per the Census data. 

Outliers based on consumption are removed from all municipal case studies to finally arrive at 

the total number of SALs that are included in the analysis.  
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Cleaning the Census 2011 dataset 

The socio-economic data from Census 2011 needs to be cleaned to obtain average income 

per household at a small area layer level which will then be merged with the SWIFT data to 

arrive at the final dataset that is used in the analysis. The following subsection will provide a 

brief description of the process followed to clean the Census 2011 data to obtain the variable 

of interest.  

 

Identifying the correct households to include 

Census data from Statistics SA contains household access to municipal services including 

water. However, not all the household within a municipality are billed for water consumption. 

On one hand, households who have access to piped water through community stand are not 

billed. These households may be supplied by the municipality but do not necessarily face 

water affordability constraints since their water consumption is not billed. On the other hand, 

households who have access to piped water inside dwelling/institution/yard may also be 

supplied by the municipality. These are the households that have to pay the municipality water 

bills and are more likely to have some water affordability issues. Hence, only households that 

have access to piped (tap) water inside dwelling/institution or yard are included in the study.  

 

Calculating median household income per small area layer  

Since the overall intentions of the research is to test affordability of municipal water tariff rates 

per household, the focus should only be on the households who have access to water. PDG 

used small area layer data obtained from StatsSA to only look at the distribution of income for 

SALs with access to piped water inside the dwelling or the yard. 

 

The variable of interest is the median income per household within a small area. However, the 

Census 2011 data provides the total number of households in each small area layer that earn 

within various income brackets. Hence, from the Census 2011 data set, the median income 

across all households needed to be determined to arrive at a representative household income 

for each small area. The approach calculates the median income per small area by 

determining the income bracket where 50% of the households earn within the bracket or less. 

Since the distribution of each income band is unknown, it is assumed that everyone consumes 

at a midpoint.  

 

Census 2011 reports income levels for 2011, some of the municipal data from GLS is only 

available for later years. Municipality A, Municipality C and Municipality B municipalities have 
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consumption data for 2014/15. We use this as our year of analysis to allow for comparisons 

across the municipalities. The analysis uses South African Reserve Bank data on disposable 

household income to adjust the income data to 2014. On average, disposable household 

income increased by 8% per annum in nominal terms.  

 

Other variables of interest: Household size 

Based on the literature reviewed, household size is one of the major determinants of 

household demand for water. Studies estimate that the relationship between household 

demand for water and number of individuals within household is positive (Grafton et al., 2011). 

Hence, water consumption is expected to increase with the number of individuals within a 

household. StatsSA provides data on geography by household size. Hence, the weighted 

average household size per SAL is calculated and used in the research.  
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APPENDIX C: TESTING THE ROBUSTNESS OF THE APPROACH TO 
SAMPLING 

All municipality have access to water billing data, however most do not have access to or the 

capacity to gather income data on customers in the municipality. Where the billing data is 

available in spatial form, it can be joined to Census data to obtain income at a small area layer 

and conduct affordability analyses. This study suggests a rigorous and extensive process to 

arrive at useful data for analysing affordability at the municipal level.  Hence, time and capacity 

constraints make it a challenge for municipalities to be undertake similar analysis for all their 

small areas.  In this context, drawing a sample of SALs becomes an effective way to 

understand affordability constraints within the municipality.  

 

Using Municipality D as an example, this section demonstrates the robustness of the analytical 

framework by applying key aspects thereof to a sample of SALs and comparing the indicators 

to those for the entire municipality. This exercise suggest that a stratified sampling based on 

income ensures a similar distribution of results in the sample to that in the full population of 

SALs in the municipality.  A stratified sample firstly divides the sample into separate groups 

and then draws a random sample within each group. In this case, the SALs in Municipality D 

are divided into deciles and a random sample is drawn from each decile. This ensures that we 

match income distribution in the sample to that of the full municipality. A total sample of 59 

was drawn. This is based on a 10% margin of error and a confidence level of 95%. This margin 

of error can be reduced to increase the accuracy of the results; however, a larger sample is 

required. Depending on the available resources, municipalities can draw larger samples to 

increase accuracy.  

 

Table 23 compares key statistics between the sample and the full population of SALs in 

Municipality D  

 
Table 23: Municipality D statistics: all SALs vs. sample 

 
All SALs Sample SALs 

Total SALs used in analysis 149 59 
Median monthly income (nominal 
Rand value in 2014) 6 015 6 015 

Average household water consumption 
per month (kl) 12 13 

Average household water bill per 
month (nominal Rand value in 2014) 114 126 

Macro affordability ratio 1.9% 2.1% 

Macro residual income 5901 5889 
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The macro affordability ratio and residual income are similar between the full population and 

the sample. The average bill and consumption are slightly higher in the sample, however these 

are not statistically different from each other. This is based on the results from t-tests to test 

whether the null hypothesis that the difference in the means is zero. The results yielded  

p-values of 0.55 and 0.33 respectively. A p-value below 0.1 would suggest that the difference 

between the means is greater than zero. Hence, in this case we cannot reject a hypothesis 

that the mean in the sample is not statistically different from the mean in the full population.  

 
Table 24: Affordability ratio frequency distribution: all SALs vs sample 

Affordability ratio band All SALs Sample SALs 

Number of SALs 

<3% 79 40 

3-5% 52 10 

5-10% 8 4 

>10% 10 5 

% of SALs 

<3% 70% 68% 

3-5% 18% 17% 

5-10% 5% 7% 

>10% 7% 8% 

 

Using the random sample produces comparable results to those for the full population of SALs 

with a slightly higher proportion of SALs facing water bill constraints than in the sample. 

Whereas only 70% of the SALs have ratios below the threshold in the full sample, 68% 

experience no constraints using the sample. The sample thus slightly overestimates the 

proportion of SALs facing challenges. 

 

Table 25 shows the proportion of SALs by residual income for the full set of SALs and for the 

sample. 
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Table 25: Residual income 

Poverty line All SALs Sample SALs 

Number of SALs 

Below FPL 11 5 

Below LBPL  9 3 

Below UBPL 0 0 

Above UBPL 129 51 

% of SALs 

Below FPL 7% 8% 

Below LBPL  6% 5% 

Below UBPL 0% 0% 

Above UBPL 87% 86% 

 

The difference between the distribution of SALs in the full population and the sample is minor. 

In this case, using the sample would lead to a minor overestimation of the proportion of SALs 

experiencing problems with water affordability when using the FPL and an underestimation of 

those facing no constraints.  

 

Based on the simulation results, municipalities using a sample of SALs based on income 

deciles are likely to obtain an overview of the affordability constraints that is immaterially 

different from the actual constraints in the municipality. The sample is useful for understanding 

the overall picture of affordability in the municipality.  
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