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ABSTRACT 

 

Access to water is essential to sustain human life and is a fundamental human right. This is 

because water is used by rural dwellers for activities that generate income and ensure food 

security. Therefore, as a result of the coordinated efforts of various stakeholders under the 

Millennium Development Goals (MDG) global agenda, now superseded by the Sustainable 

Development Goals (SDG), significant progress has been noted in improved water access 

coverage in rural areas. However, more still needs to be done as it is reported that eight out 

of ten rural dwellers are without access to an improved water sources (IWS). Given the 

importance of sustained access to water, this warrants the need for research that address 

issues that affect water access in rural dwellings to ensure sustained water access. This 

document presents a literature review discussion about water access in rural areas, and their 

sustainability within the scope of the research proposal. The focus of the literature discussion 

was on definitions of improved water access, water access as a human right and roles and 

responsibilities of institutions and partnerships mandated to provide water services in rural 

municipalities of South Africa. The indicator, and methods and techniques used to measure 

improved water access as well as sustainability, and factors that affect sustainability of water 

access were discussed. The indicator, and methods and techniques used to measure water 

access coverage at different geographical scales are to blame for patchy access to IWS in the 

rural areas. This is because proxy indicators are used to measure improved water access 

coverage which are based on the number of households claiming to use IWS as a primary 

source of water. Furthermore, the indicator does include not sustainability aspects of 

improved water access such as physical access, reliability, affordability, and water quantity 

and quality, which are critical to ensure the sustainability of IWS over their useful life. This 

result in distortion of the reality on the ground resulting in diversion of investments in IWS 

to other problem areas leaving a greater number of the proportion of the population without 

access to IWS. Therefore, the proposed study seeks to map geographical inequalities in IWS 

coverage using sustainability indicators to be developed that measure and track temporal 

changes in access to IWS. The study also aims to enhance the understanding of the complex 

interactions of the critical factors that affect water access. The study will provide an 

informational advantage in understanding why the situation is as it is on the ground   and 

contribute to evidence-based strategic planning, and appropriate development and 

management of IWS ensuring sustained access to IWS in rural municipalities. 
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1. INTRODUCTION 

 

Access to sustainable water sources is essential to sustain human life and a fundamental 

human right. Rural dwellers use water for activities that generate economic benefits and 

ensure their food security resulting in an improvement in their livelihoods. As a result, efforts 

with significant progress have been noted with regards to improving access to water in rural 

areas. Such efforts include the Millennium Development Goals (MDG) global agenda, which 

guided the planning, development and implementation of interventions aimed at improving 

water access at global, regional and national scales. A spectrum of stakeholders involved in 

the water sector united in a coordinated manner under the MDG agenda to focus their efforts 

to achieve the MDG goal (Target 7.C) of reducing the proportion of people without access 

to sustainable and safe drinking water sources (WHO, 2015). As a result, the goal was 

reported to have been attained in 2010 (WHO, 2015). This meant that it was attained 5 years 

earlier than anticipated. The achievement was celebrated globally, but more needed to be 

done as there was still a substantial proportion of the population remaining without access 

to improved water sources (IWS), particularly in rural areas (WHO, 2015). 

 

At the end of the MDG agenda in 2015, five developing regions, including sub-Saharan 

Africa, failed to meet their targets, leaving eight out of ten people living in the rural areas 

without access to IWS (WHO, 2015). Around the same time (in 2015), 96% of the urban and 

84% of the rural population were estimated to have gained access to IWS (WHO, 2017). 

With regards to piped water on premises, 79% of the urban population were estimated to 

have direct access to piped water compared to 33% of the rural population (WHO, 2017). 

This indicated that more needed to be done to sustain the achievements of the MDG as well 

as enhance or accelerate efforts in increasing access to IWS, particularly in rural areas. As a 

result, post-MDG, the Sustainable Development Goals (SDG) were conceived and adopted 

to sustain as well as build on the achievements of the MDG. With regards to water, the SDG 

(Target 6.1) aim to achieve universal access to IWS, while part of Target 6.3 aims to reduce 

the percentage of the population suffering from water scarcity through increased access to 

IWS. 
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WHO (2015) refers to IWS as safe and affordable water sources dominant in rural 

communities. These IWS include; communal standpipes, equipped boreholes (e.g. hand 

pump), rainwater technologies, and protected dug wells and springs used by rural 

communities as water sources for their daily water activities (WHO, 2015). They are mainly 

designed to cater for domestic water needs, provide basic water services in line with the 

human right to water. This is notwithstanding research evidence arguing that rural 

communities do not only require water for domestic purposes, but also for other uses such 

as irrigation of vegetable gardens and recreation purposes (Liu et al., 2013; Sambo, 2015).  

 

As mentioned before, the MDG to halve the percentage of people without access to safe and 

affordable water sources was met earlier than expected. At the time (in 2010) of the report, 

national statistics estimated that 97% of South African citizens had access to IWS (DWA, 

2010). This meant that at that time South Africa was remaining with 3% of the population 

to achieve universal access to IWS. However, the estimated figure is not without controversy 

as the same report cautions that the estimated figure of the population with access to IWS 

could be slightly lower (DWA, 2010). This is because the figure is based on the number of 

IWS provided to a number of people it is intended to provide a water service (Martinez-

Santos, 2017). Thus, the estimated figure does not reflect the quality of ongoing water 

service provided by an IWS over its useful life. This is also the case with the water access 

figures reported at a global scale (Martinez-Santos, 2017; Lestera and Rhiney, 2018). The 

assumption made is that simply providing an IWS to a particular percentage of the 

population translated to sustained water access over its useful life. This is because the Joint 

Monitoring Programme (JMP) global indicator used to track progress in the attainment of 

universal access to IWS does not have a clear method to track temporal changes in water 

access (Lestera and Rhiney, 2018). The limitation is as a result of proxy indicators used 

which are based on the primary water source reported to be used by households admiration 

during admiration of national households surveys (e.g. census) (Lestera and Rhiney, 2018). 

However, the existence of IWS does not mean people have access to safe and affordable 

water sources, as the technologies fail due to a multiple of factors that negatively affect water 

access (Guardiola et al., 2010; Sambo, 2015; Martinez-Santos, 2017).  

 

A survey conducted in 11 countries in the rural parts of sub-Saharan Africa found that an 

estimated 15% after one year and 25%  within the fourth year of installation the IWS fail 
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(Fusey, 2013). Research conducted in the rural communities of South Africa found that more 

than 30% of IWS were not functional and in poor condition as they were not properly 

operated and maintained (Rietveld et al., 2008; Majuru et al., 2012; Sambo, 2015). To 

address this, and for the sake of reporting good numbers, government continues to employ a 

“quantification approach” by investing in providing more IWS neglecting their maintenance, 

including those already existing in the rural communities (Rietveld et al., 2008; Sambo, 

2015). It has been proven that IWS that are operated for a long time without proper 

maintenance eventually breakdown, and sometimes water quality will change due to natural 

occurring contaminates or human and animal activities or the water source (e.g. boreholes) 

dry-out due to environmental factors or poor siting (Rietveld et al., 2008; Sambo, 2015). As 

a result, this negatively affect access to IWS.  

 

To address the limitations mentioned above, there is need for accurate, current and reliable 

data which represents the reality on the ground with regards to water access coverage without 

any distortion (DWA, 2013). Therefore, availability and accessibility of such information 

which is routinely collected, disseminated and undated at various national administrative 

levels can help understand water access coverage inequalities.  This complemented by an 

understanding of the factors that affect water access can yield sustainable benefits for the 

rural communities. This is because the information can be used to; (i) inform evidence-based 

decision making, (ii) formulate and implement evidence-based policies and strategies, (iii) 

enhance transparency in budgetary procedures, (v) measure progress and performance, and 

(iv) allocate resources where they are much needed to make an impact (Giné-Garrigaa et al., 

2013). This will in turn contribute to improved water access and sustainability of IWS. 

 

It is for the reasons mentioned above that the study seeks to develop indicators that can be 

used to measure and track inequalities in access to IWS taking into account their 

sustainability over their useful life as well as provide an understanding of the critical factors 

that affect water access. In the context of this study, sustainability aspects of IWS include; 

physical access, reliability, affordability, and water quantity and water quality.  Using 

indicators that incorporate sustainability aspects of IWS and understanding critical factors 

that affect water access will provide an informational advantage to various stakeholders 

involved in water service provision, as the information can be used in a manner that rural 

dwellers benefit from improved water access. Given the methodological challenges with 
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regards to collection of data for water access coverage, the study also seeks to improve 

methods and techniques which can be used for routine collection and analyse of water access 

coverage data. It is worth noting that the study does not seek to replace the water access 

indicator used by the JMP, but to complement the meaning of the data presented by the 

indicator in such a manner that it captures sustainability of IWS over their useful life. It is 

expected that it will result in a more accurate representation of the situation on the ground 

instead of the situation presented by the proxy indicators currently in use. 

 

The chapter 2, 3 and 4 of the document presents the literature reviewed on the subject matter 

of the proposed research study. The introductory section of the literature review discusses 

the definition of IWS linking it to institutions and partnerships mandated to provide water 

services in rural communities as a human right. This is followed by a discussion about 

indicators adopted by different stakeholders to benchmark access to IWS and approaches 

used to collect and analyse data on access to IWS coverage. This is then followed by a 

discussion on the factors that influence access to IWS and sustainability of IWS. Lastly, the 

rich literature presented in this document is summarised in a discussion and conclusion 

section. 

 

The chapter 6 of the document presents the PhD research proposal. The problem statement, 

research questions, hypothesis, aim of study together with specific objective are presented. 

The originality of the study is outlined. This is followed by a summary of methods and 

materials. A work plan outlining the resources required and deliverables is presented. The 

last chapter is the reference section.  
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2. ACCESS TO IMPROVED WATER SOURCES IN RURAL 

COMMUNITIES  

 

This chapter presents the literature reviewed regarding the definition of improved water 

access, indicators of improved water access and measures of improved water access. 

 

2.1 Water Access Definition and Perspective  

 

There is a wide debate on the appropriate definition of improved water access. This is 

because that improved water access is defined and understood differently by various 

stakeholders involved in the water sector. Nganyanyuka et al. (2014) state that these 

stakeholders base their definition of improved water access on diverse conditions in the 

context of locality, economic status, environment, politics, institutions and other conditions 

of a region or country. As a result, this makes it difficult to derive a universal definition of 

improved water access.  

 

At a global scale, the Millennium Development Goals (MDG), Goal 7 indicator defined 

improved water access as the proportion of people with access to sustainable and safe 

drinking water sources (WHO, 2015). Post-MDG, the Sustainable Development Goals 

(SDG), Goal 6, Target 6.1, Indicator 6.1.1 refers to improved water access as the proportion 

of the population using safely managed and affordable drinking water services (WHO, 

2015). Unlike the SDG definition, the MDG definition does not make mention of 

affordability of water services but covers sustainability. It is assumed that sustainability is 

build-in as part of the SDG. Safety of the water supplied by the water source is emphasized 

by both MDG and SDG given that it touches on human rights. Affordability, which is 

covered by SDG, is also an important aspect which can restrict access to water. Currently, 

the SDG definition of improved water access is used at a global scale in support of universal 

access to Improved Water Sources (IWS) (see Figure 2.1 for examples). This is despite 

critics arguing that the definition does not cover aspects of sustainability as the indicator 

used to measure attainment of IWS does not cover critical aspects of sustainability of IWS 

over their useful life (Kayser et al., 2013). These aspects include physical accessibility, 

reliability, affordability and water quality and quantity which affect water access. Not 

reporting on the mentioned aspect of water access is advantageous for United Nations (UN) 
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member countries, including developing countries committed to achieving the SDG, as they 

only report on IWS provided and the number of people reached but not on the operational 

status of the IWS over their useful life (Martinez-Santos, 2017). The data to support this is 

based on the response of households who claim to use  IWS as their primary water source 

(Giné-Garrigaa et al., 2013). It is assumed that the IWS are maintained to provide an ongoing 

good quality and sustained water service.  This results in a misrepresentation of the reality 

on the ground with regards to water access. However, countries are not compelled to adopt 

the global definition of improved water access, but as part of their agreement are required to 

provide information required to measure and track progress in terms of the attainment of 

SDG, Goal 6, Target 6.1. This gives them flexibility to derive their own definition of 

improved water access taking into consideration their prevailing conditions in their 

respective countries. 

 

 

Figure 2.1 Improved and unimproved water sources (Yale-University, 2018) 

 

South Africa is one of the UN member countries that has derived its own definition of 

improved water access in the form of a criteria, particularly for basic water services. Basic 

water service refers to water service provided through an IWS  to meet minimum human 

water requirements for drinking, food preparation and personal hygiene (Statssa, 2016).  The 

definition is based on key aspects that affect water access, which is as follows; (i) distance 

– 200 meters from households within community, (ii) water quantity –  supply 25 

liters/capita/day for free, (iii) water quality - water should meet standards for human 

consumption, (iv) water delivery – minimum of 10 liters/minute and (v) reliability of 98% 
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(available 350 days in a year) (DWA, 2010). It is therefore expected that IWS constructed 

in rural areas comply with the criteria. The criteria cover fundamental aspects of water access 

as it incorporates physical accessibility, reliability, affordability, and water quality and 

quantity. Therefore can be used to derive appropriate indicators to measure and track 

temporal changes in access to IWS. The indicators should be supported by routine collection, 

dissemination and update of data to inform evidence-based strategic planning and 

appropriate development and implementation of IWS to contribute towards sustained water 

services (Lestera and Rhiney, 2018). This is paramount as access to sufficient water is a 

fundamental human right recognized by global and nation national statutes. Therefore, the 

defining criteria of improved water access adopted by South Africa is preferred. 

 

2.2 Water Access as a Human Right  

 

South Africa’s defining criteria of improved water access was derived taking into 

consideration the Constitution of South Africa which recognizes water as a human right 

rather than a commodity. This is embedded in Section 27(1) (b) of the Constitution of South 

Africa which state that “Everyone has the right to sufficient water”. This is because the 

Constitution recognizes water as essential to sustain human life, and a fundamental human 

need in achieving a host of other human rights including the right to life, health, education 

and adequate standard of living. The lack of access to water directly infringes on human 

rights. To attain the human right, Section 27(2) of the Constitution requires government to 

develop the necessary mechanisms or measures within the available resources. It is therefore 

government’s responsibility to provide water in rural communities as a human right. As a 

result, government established relevant institutions and forged partnerships in the water 

sector mandated to provide water services in rural areas in such a manner that everyone have 

access to safe and affordable water sources. 

2.3 Overview of Institutional Arrangements and Partnerships in Water Service 

Provision in South Africa  

 

The establishment of strong institutions and partnerships in order to deliver on the 

constitutional mandate to provide water service was critical. This was in view of the 

historical background of South Africa, as during the apartheid era black people were forcedly 

moved to parts of the country where poor services including water services were offered to 
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them. Post-apartheid, the institutions and partnerships developed as a result were allocated 

roles and responsibilities (see Figure 2.3) along the water sector value chain (see Figure 2.2). 

The Department of Water Affairs (DWA) has an oversight responsibility over the institutions 

and partnerships existing and operating in the water sector as well as setting policies and 

regulations, and provide budgetary support.  

 

At the district and local levels, the Water Service Authorities (WSA) and Water Service 

Providers (WSP) are responsible for water service provision in their respective 

municipalities, including rural municipalities. The mandates of WSA and WSP is defined in 

the Water Service Act of 1997 (Water Service Act, 1997). In summary, the WSA is 

responsible for ensuring improved access to water services through policy setting and 

monitoring of the performance of WSP in respect to water provision. The WSP is responsible 

for providing water in line with the policies and performance agreement of the WSA. 

However, prior to the year 2000, the functions of WSA and WSP rested with the DWA. 

After the establishment of municipalities in the rural areas (former homelands) some of the 

functions of the DWA were decentralized to the WSA and WSP operating in the newly 

established municipalities. The decentralization was believed to offer an informational 

advantage over centralized government with regards to needs and priorities, for provision of 

demand-driven water services, equitable allocation of resources and development of 

evidence-based policies and strategies in support of improved service delivery. In most cases 

district and local municipalities were designated as WSA and WSP, respectively. In other 

areas, local municipalities were designated as both WSA and WSP. WSA have the 

responsibility of deciding on the WSP which can be private companies, water boards, 

community based organizations, non-governmental organizations (NGOs) and others. 

Normally, the partnership between the WSA and WSP is established through a performance 

based agreement with specific deliverables. As a result, the performance evaluation of the 

WSP is based on the deliverables agreed on with the WSA with regards to water provision. 

The performance agreement does not include mechanisms for rural communities to rate the 

water service provided.  This means that the quality of water service is rated by the WSA 

and not the receiver of the services. This creates problems as water users are unable to give 

feedback on performance of water services provided. Hence the prominence of water service 

delivery protest in South Africa as rural communities view protest action as communication 

channel available to provide feedback of the water services provided. Despite this, where a 
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performance based agreement exist, the specific deliverables are not clear (World-Bank, 

2011) and the WSA/WSP does not consult communities to understand their water needs.  

Service level indicators that measure and track temporal changes in water access coverage 

can play an important role in providing WSA/WSP with the relevant and accurate 

information to support water service provision  (Fukuda-Parr et al., 2014), as it will aid in 

identification and prioritization of communities at risk (Hoque and Hope, 2018) and inform 

decision making and investment in respect to development, implementation and 

management of IWS to ensure sustained water service in rural areas.  

 

 

Figure 2.2 Water value chain (DWA, 2013) 
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Figure 2.3 Roles and responsibilities of various institutions (DWA, 2013) 

 

2.4 Indicators of Improved Water Access  

 

The defining criteria of improved water access (for basic water service) used by South Africa 

can be modified to derive indicators to measure and track access to IWS in rural 

municipalities. This is because it includes aspects of physical accessibility, reliability, 

affordability, and water quantity and quality. Development and implementation of such 

indicators will result in a sophisticated, accurate and better understanding of the progress 

made with regards to attainment of SDG and the human right (Clasen, 2012; Kayser et al., 

2013; Shaheed et al., 2014). As mentioned in previous sections of this document, current 

measures of access are based on IWS provided as the focus is on quantification. In their 

study, Fukuda-Parr et al. (2014) found that MDG indicator were poorly selected and 

distorted the reality on the ground as other aspects of water access were not considered in 

the development of the indicator.  This had a far-reaching implication for policy priority 

setting - as a consequence, it led to unintended diversion of investments to other problem 



11 

 

areas (Fukuda-Parr et al., 2014). This is because in 2010, it was reported that the proportion 

of people without access to IWS were halved, meaning MDG, Goal 7 was achieved. 

However, the figure reported did not reflect continuous ongoing water service provided by 

IWS. A similar mistake has been repeated with the SDG indicator used to track universal 

access to IWS. The indicator does not measure fundamental aspects of sustainability of IWS. 

It is not adequate to measure improved water access coverage by the number of household 

claiming to collect water from an IWS. This is because IWS fail, with failure rate increasing 

on a yearly basis (Fusey, 2013). This raises a need for the development of indicators that 

include aspects that affect sustainable access to IWS supported by simple, less labour 

intensive and cost-effective methods and techniques that allow for routine collection of 

accurate and reliable data. This is because methods used to collect water access data are 

regarded as expensive and labour intensive, especially water quality data (Kayser et al., 

2013; Martinez-Santos, 2017; Lestera and Rhiney, 2018). Availability and accessibility of 

such data will allow for an accurate measure of the water access coverage by reflecting the 

reality on the ground (Clasen, 2012; Kayser et al., 2013; Kulinkina et al., 2017).  As a result, 

the information provided by the indicators will inform policy priority setting, and 

development of strategies that will ensure sustained access to IWS over it useful life. Table 

2.1 shows indicators or criteria used by different stakeholders that can be employed to 

measure access to IWS (Scanlon, 2004; DWA, 2010; World-Bank, 2011; WHO, 2015). The 

indicators are discussed in the sub-sections below.  

 

2.4.1 Physical accessibility 

 

Physical accessibility refers to the distance or walk time traveled by users such as children, 

elderly persons and persons with disabilities to access an IWS in a particular location in a 

community or village. As shown in Table 2.1, the recommend distance varies depending on 

stakeholders.  For example, DWA recommends a distance of not more than 200 m from the 

households, while WHO and UNICEF recommends a distance of 1000 m. DWA does not 

take into account walk time while WHO and UNICEF recommend a walking time of 15 

minutes, which is calculated from the time the user leaves the household to the IWS, queuing 

and return.  Majuru et al. (2012) in their study conducted in the rural municipalities of South 

Africa found that when IWS was not operational, users had to walk distances two times 

longer than the recommended distance  of 200 m to the next operational water source. This 



12 

 

suggests that there might be a direct proportional relationship between distance and 

operational status of IWS.  Furthermore, the study found that when people walked a long 

distance to collect water, they collected less quantities of water relative to when the water is 

collected at a water source close to the household. As a result, households were forced to 

prioritize domestic water use over irrigation of vegetable gardens and livestock watering 

(Majuru et al., 2012; Fan et al., 2013). It is therefore necessary to ensure that IWS are located 

within the recommended distance (e.g. 200 m) to the households and are maintained as it 

affects access to water. This will prevent water users from traveling long distances to collect 

water at an alternative operational IWS resulting in them not collecting sufficient water to 

cater for their needs. 

 

Table 2.1 Possible indicators and criteria for measuring access to IWS (Scanlon, 2004; 

WHO, 2010; World-Bank, 2011; DWA, 2013)  

Indicator  Criteria  Institution 

Physical accessibility 

(distance ) 

Distance: 1000 meters 

Walk-time: not more than 15 

minutes  

WHO/UNICEF 

Distance: 0 – 200 meters 

Walk-time: not available 

DWA 

Quantity of water 50 – 100 liters/capita/day WHO 

25 liters/capita/day DWA 

Reliability 24 hours per day WHO/UNICEF 

98%  DWA 

Affordability 5% disposable income World Bank 

3% disposable income UNDP 

Free DWA 

Quality and safety WHO water quality 

standards 

WHO 

 

2.4.2 Reliability 

 

Reliability refers to the ability of IWS to continuously provide an ongoing quality water 

service (Martinez-Santos, 2017). As shown in Table 2.1, WHO and UNICEF recommend 

that IWS should be available for use for 24 hour/day (100% reliability), and the DWA 

recommends 98% reliability or should not be out of service for more than two days in a 

month. To achieve this, DWA has committed to maintain IWS but will not take 
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responsibility to maintain those provided by other stakeholders (DWA, 2013). However, the 

focus has been on providing more IWS neglecting their maintenance (Rietveld et al., 2008; 

Majuru et al., 2012; Sambo, 2015; SAICE, 2017). As a result, reporting of access to IWS at 

global and national scale has been on IWS provided, and does not take into consideration of 

the reliability and operational status of the IWS over its useful life (Kayser et al., 2013; 

Sambo, 2015). It is estimated that more that 30% of IWS existing in rural municipalities of 

South Africa are not functional (Rietveld et al., 2008; Majuru et al., 2012; Sambo, 2015). 

Yet it is reported that a greater part of the population have access to IWS. This may have 

been true at the time of their establishment but given that they are not maintained over their 

useful life, a greater percentage of the IWS are not operational. Sambo (2015) reports that 

broken down IWS sometimes take weeks, even months in a state of disrepair affecting access 

to water in the communities. Other studies found that where IWS are not operational, rural 

communities resorted to unprotected water sources which could have been contaminated 

(Hoko and Hertle, 2006; Rietveld et al., 2008; Sambo, 2015). This exposes rural 

communities to water-borne diseases that pose a threat to their life.  Therefore, maintenance 

of IWS is crucial to ensure that they provide a continuous ongoing water service.  However, 

this is not always in place, especially in rural communities (Martinez-Santos, 2017). DWA 

(2013) blames the lack of current information on the operational status of the IWS. This is 

because it is difficult to obtain the information as some villages are located in remote areas, 

which are difficult to reach (DWA, 2013). There is also the issue of capacity at the WSA/ 

and WSP levels as they do not have sufficient staff to support monitoring of IWS (Sambo, 

2015). However, during election time political parties with the assistance of local 

government are able to access the most remoted areas to canvas for votes promising to 

address all the challenges experienced by the communities if elected. 

 

2.4.3 Water quantity 

 

Water quantity refers to sufficient water supplied by IWS for hydration and domestic use 

(bathing, washing clothes, food preparation and other personal uses) (Shaheed et al., 2014). 

As an estimate, WHO recommends between 50 – 100 liters/capita/day, and DWA (2013) 

recommends 25 liters/capita/day (see Table 2.1). The recommended quantity of water does 

not take into account changes in water consumption behavior as a result of increased access 

to IWS. Fan et al. (2013) state that with increased access to IWS, household’s water 
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consumption behavior changes. A study conducted in the rural communities of China found 

that water supplied by IWS was not only used for domestic purposes, but was also used for 

agricultural purposes (vegetable gardening) and some younger community members bought 

and used washing machines as a result increasing quantity of water used (Fan et al., 2013). 

The same study found a significant positive correlation between water consumption in 

l/capita/day with water supply patterns and vegetable garden area (Fan et al., 2013).  Fukuda-

Parr et al. (2014) state that governments must review their policy priorities to consider 

changes that arises as a result of increased access to IWS. To achieve this, it is important to 

understand water consumption behavior to design efficient and effective water use strategies 

and related policies (Fan et al., 2013). Therefore, implementation of indicators that can track 

quantities of water used and water uses by the rural communities can inform development 

of such policies and strategies. 

 

2.4.4 Water quality  

 

Water quality refers to water that is safe for human consumption free from harmful 

microorganisms and other toxic substances (Martinez-Santos, 2017).  At global and national 

levels, WHO water quality standards are used as a guideline for water meant for human 

consumption. Nonetheless, globally reported estimated figures on access to IWS do not cater 

for water quality as water quality testing is regarded as “prohibitively expensive” and 

“logistically” complicated (Shaheed et al., 2014).  To address this, the Rapid Assessment of 

Drinking Water Quality (RADWQ) method was introduced (WHO, 2010). The method is 

field-based, was dubbed to be rapid and low-cost to obtain water quality data and was piloted 

in China, Ethiopia, Jordan, Nicaragua, Nigeria and Tajikistan during 2004 and 2005 (WHO, 

2010). The method was found to be rapid but the way it was implemented made it expensive 

(WHO, 2010). A recommendation was made to increase the efficiency of the method to 

enhance the statistical approach used (WHO, 2010).  Given the results of the study, the 

methods was not adopted by UN member countries. It is assumed that since IWS are 

protected from outside contamination of water than unimproved water sources the water is 

safe for human consumption (Majuru et al., 2012; Patunru, 2015). Literature reviewed 

indicated that the use of IWS does not necessary mean that the water is safe as water quality 

can changes due to naturally present microbes and chemicals in the environment (Patunru, 

2015; Martinez-Santos, 2017). The water can be contaminated by human and animal 
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activities, agro-chemicals and chemical from industrial processes (Martinez-Santos, 2017). 

Therefore, monitoring of water supplied by IWS is a key part to maintaining consistent safe 

water supplies in rural communities. This will require routine testing to benchmark water 

quality against adopted standards.  

 

2.4.5 Economic access  

 

Economic access refers to the cost associated with accessing water service provided by IWS. 

This is expressed as a percentage of the households’ disposable income per month or year 

(World-Bank, 2011). Scanlon (2004) and World-Bank (2011) recommend a payment for 

water services that does not exceed 5% and 3% of households’ disposable income, 

respectively. This makes it difficult for governments to determine payment rate for water 

services provided as households do not earn the same income, some households do not have 

income at all. It will mean that those without income will not have to pay for water or as a 

result of not being able to pay will not access water. This may also cause conflict among 

users of IWS as they will be paying different rates for the same water service. As a result, it 

could discourage users from paying for the water services. Lack of payment may result in 

water service disruptions, as the cost for Maintenance and Operation (O&M) may not be 

met. Van Houtven et al. (2017) reviewed 60 research studies on urban and rural 

communities’ households’ willingness to pay, it was found that households’ willingness to 

pay is sensitive to the magnitude of the improved water services provided and household 

income. The study also found that households are willing to pay between USD 3 to USD 30 

per month for water services provided (Van Houtven et al., 2017). Martinez-Santos (2017) 

states that the cost of water should not deter households from accessing water and should 

not place the user in debt as they have the right to sufficient water. To attain its constitutional 

mandate, the government of South Africa has committed to providing basic water services 

for free in rural municipalities. 

 

2.5 Measures of Access to Improved Water Sources  

 

Generally, measures of access to IWS (Iiws) in its fundamental form is computed as shown 

in Equation 2.1 (Kulinkina et al., 2017). Equation 2.1 can be used at different administrative 

areas (e.g. ward, district and national). The data to compute Iiws is obtained through an 
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administration of a survey instrument in a particular community of interest. However, for 

reporting purposes, national governments use national census data which can also be used 

for research purposes, if made publicly available and accessible. When using national census 

statistical data, Iiws is computed by dividing the number of people reported to be using IWS 

with the total number of people surveyed. Although this approach is widely used, it has 

limitation as it does not take into account basic aspects of sustainability that affect access to 

IWS (Clasen, 2012; Kayser et al., 2013; Patunru, 2015; Martinez-Santos, 2017). Despite 

this, governments continues to use the approach to report on improved water access coverage 

(Kulinkina et al., 2017). The computed figures feed into the UNICEF’s Joint Monitoring 

Programme (JMP) global indicator for monitoring universal access to IWS. However, as 

mentioned previously, the indicator has limitations as it does not cover basic aspects of 

improved water access related to physical accessibility, reliability, affordability, and water 

quantity and quality of IWS over their useful life (Clasen, 2012; Kayser et al., 2013). 

Therefore not capturing temporal changes in water access. As a result, reported figures of 

water access distort the reality on the ground. 

 

 𝐼𝑖𝑤𝑠 =
𝑃𝑖𝑤𝑠

𝑃𝑡𝑜𝑡
∗ 100              (2.1) 

Where 

 𝐼𝑖𝑤𝑠 = access to improved water sources [%], 

 𝑃𝑖𝑤𝑠 = number of people using an IWS, and 

 𝑃𝑡𝑜𝑡 = total estimated population. 

In a quest to address the problem, researchers developed tools to measure improved water 

access (Majuru et al., 2012; Sambo, 2015; Kulinkina et al., 2017; WaterAid, 2017). Most 

researchers covered one or two aspects of water access. Rietveld et al. (2008) developed a 

technical tool to assess the condition of communal standpipes in rural communities. Sambo 

(2015) modified the technical tool (Rietveld et al., 2008) to include IWS and unimproved 

water sources (UWS).  Rietveld et al. (2008) and Sambo (2015) focused on technical 

(reliability) aspects and did not cover other aspects of sustainable water access. A study 

conducted in the rural communities of Ghana employed a distance-based approach (spatial) 

and designed capacity-based approach (non-spatial) as indicators to measure improved water 

access (Kulinkina et al., 2017). The study also covered aspects of water quality.  Majuru et 

al. (2012) used selected indicators (distance, reliability and water quantity and water quality) 
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derived from South Africa defining criteria of water access (basic water service) to 

benchmark IWS (communal standpipes) in the rural municipality of South Africa.  Majuru 

et al. (2012) and Kulinkina et al. (2017) studies yielded interesting results as they gave 

insight about improved water access in rural communities and also provided direction in 

terms of development of sustainability indicators that can be used to measure and track water 

access over time. The methods employed by the mentioned studies can be modified and 

integrated to derive sustainability indicators that cover aspects of improved water access. 

The development of the indicator should take into consideration the significant differences 

that exist with regards to access to IWS at regional, district and local levels as a result of 

density and population catered by water source (Ntozini. et al., 2015). Furthermore,  

significant variation in indicator values can exist at village and sub-village level as a result 

of functional status of IWS, heterogeneity in topography and other social, demographics, 

economics and environmental factors (Bartram et al., 2014; Pullan et al., 2014). Kayser et 

al. (2013) state that it is important to take into account the differences due to their influence 

on sustainability of IWS as they are implemented at a local scale. To address this, researchers 

(Giné-Garrigaa et al., 2013; Ntozini. et al., 2015) used the Water Point Mapping (WPM) 

(WaterAid, 2017) approach combined with statistical approaches which enabled a more 

detailed and systematic assessment of aspects of water access at local level.  

The WPM approach was successfully piloted in Malawi and Tanzania to measure improved 

water access based on aspects of distance and functional status of IWS (WaterAid, 2017). 

The pilot study used a survey instrument to collect relevant qualitative and quantitative 

information about the water source. Geospatial information was also collected to determine 

the location of the IWS. The information obtained was integrated with demographical, 

administrative and physical data using a Geographical Information System (GIS) package to 

visually present improved water access coverage based on distance and functional status 

using a map at a local scale. As a result, the approach provided insight on aspect of improved 

water access in the piloted studies (WaterAid, 2016). Therefore, the WPM approach 

combined with other methods/approaches can be successfully used to measure aspects of 

improved water access in rural communities (Giné-Garrigaa et al., 2013; Ntozini. et al., 

2015; WaterAid, 2017). The computed figures of improved water access can be used to 

empirically inform policies and strategies which guide development and implementation of 

IWS. This will ensure sustained water services in the rural communities without distorting 

the reality on the ground and diverting IWS investments elsewhere leaving rural dwellers 
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without access to IWS. This should be supported by a holistic understanding of the factors 

that affect water access. 

3. FACTORS THAT AFFECT ACCESS TO IMPROVED WATER 

SOURCES  

 

The indicators that measure improved water access are mainly qualitative in nature. The 

qualitative information paints a picture of the situation on the ground without providing 

reason why the situation is as it is. It is for this reason that this section discusses literature 

reviewed on the factors that affect access to IWS. Research studies conducted in the rural 

communities found that access to IWS is affected by a multitude of factors (Harvey and 

Reed, 2004; Rietveld et al., 2008; Graciana and Nkambule, 2012; Majuru et al., 2012; Fan 

et al., 2013; Sambo, 2015). These factors are categorized under different categories of 

factors, namely; technical, social, institutional, financial and environment. These factors are 

interconnected, as a result interact to affect access to IWS at a level of a complex system 

(Harvey and Reed, 2004; Sambo, 2015). However, literature reviewed does not capture the 

complex nature of the factors. This is mainly to do with the approaches used in the analysis 

of the factors (Sambo, 2015). The factors are analysed in a compartmentalised manner 

resulting in gaps which can be captured by an approach that takes into account their complex 

nature. The categories of factors are discussed below. 

 

3.1 Technical Factors   

 

Factors in this category are of a technical nature and related to design, construction, operation 

and maintenance (O&M) of IWS.  Graciana and Nkambule (2012) in a study conducted in 

the rural communities of Swaziland found that technical factors are critical in ensuring 

availability, reliability and sustainability of IWS over its useful life. Other research studies 

conducted in the rural communities found that inappropriate system design, poor borehole 

siting, aging IWS, lack of maintenance, and broken-down IWS which can go for weeks, and 

even months without being repaired are some of the major technical factors that affect access 

to IWS (Mann, 2003; Rietveld et al., 2008; Boshoff, 2009; Graciana and Nkambule, 2012; 

Marks and Davis, 2012; Sambo, 2015; Martinez-Santos, 2017). Majuru et al. (2012) found 

that when the commonly used IWS is not operation, rural communities are forced to travel 

longer than usual distance to collect water at the next available water source. This can be an 
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IWS or unimproved water source. Majuru et al. (2012) and Kulinkina et al. (2017) in 

separate studies found that rural communities collected less volume of water when they had 

to travel long distance to collect water relative to when they collected water at a nearby by 

water sources. Rietveld et al. (2008) state that the use of unimproved water sources poses a 

health risk to the rural communities as they run the risk of contracting water-borne diseases. 

The lack of technical knowledge and skills at WSP and communities levels result in 

improper O&M of IWS which eventually breakdown (Sambo, 2015). This is a common 

problem that affect access to IWS (Mann, 2003; Hoko and Hertle, 2006; Rietveld et al., 

2008; Boshoff, 2009; Marks and Davis, 2012; Sambo, 2015; Selala, 2016; Martinez-Santos, 

2017) 

 

3.2 Social Factors 

 

Social factors refer to cultural, religious, gender and other human related activities that affect 

access to IWS. These factors cut across all other factors as the water service is centered on 

the water need of the households or communities (Sambo, 2015). For example the following 

are some the factors identified (Sambo, 2015; Selala, 2016); (i) improper disposal of human 

waste can contaminate groundwater (ii) improper use of IWS can lead to breakdown of IWS, 

(iii) poor consultation with communities can result in communities not claiming ownership 

of IWS, and (v) low income households may not be able to afford water service. Households’ 

lifestyles and cultural backgrounds also affect access to IWS (Fan et al., 2013). This is 

because the preferred IWS technologies by the communities is influence by their lifestyles 

and cultural backgrounds. 

 

3.3 Institutional Factors 

 

Institutional factors refers to issues to do with governance, accountability, rules, norms, 

behavior, practices, institutional arrangements and partnership as well as policies and 

strategies (Sambo, 2015; Selala, 2016). Corruption and poor leadership in institutions 

responsible for providing water to rural communities has been cited as some of the major 

factors that affect access to IWS (SAICE, 2017). This results in poor planning and top-down 

approach where IWS are constructed in rural communities without consulting communities 

about their water needs and technologies preferred to provide water services. As a result, 
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there are also no feedback mechanisms to rate the water service provided to the communities. 

World-Bank (2011) reported that in South Africa where an agreement exist between a WSA 

and WSP the specific deliverables are not clear and not followed in most cases. As a result, 

WSP is not fully held accountable for the poor water service in the rural communities. This 

affects water services as without proper policies and strategies to guide development and 

management of IWS, access to IWS will be negatively affected.  

 

3.4 Economic Factors 

 

These are factors that have to do with the budget availability, economic welfare, costs and 

utilization on the supply side (WSA and WSP) as well as affordability of water services on 

the demand side (users). On an annual basis, WSA receive a budget from the DWA based 

on their Integrated Development Plan (IDP) which outlines the budget for development of 

water infrastructure and O&M of IWS in the respective district or local municipality. 

However, as mentioned earlier in this document, the focus has been on providing more IWS 

neglecting O&M. The DWA cites the lack of accurate information on the level of water 

service provided by existing IWS for the lack of maintenance (DWA, 2013). Due to this, 

budget meant for O&M is channeled to provide more IWS or moved to other line items to 

address other problem areas. This is an indication of wasteful use of public funds as the main 

problem is not the shortage of IWS but the poor service delivery as a result of lack of 

maintenance of IWS. Due to this households are forced to contribute funds for repairs of 

broken down IWS through water committees which maybe existing at the time (Marks and 

Davis, 2012). This puts a strain on households that cannot afford to contribute as they run a 

risk of been restricted from using the IWS or use it with limitations. However, as a human, 

the cost of water should not deter households for accessing water from IWS. 

 

3.5 Environmental Factors  

 

Environmental factors refers to issues that affect availability and quality of water provided 

by IWS. Poor siting of boreholes resulting in no water discharge or drying-out of water 

source can affect access as the IWS will not be available for use (Sambo, 2015).  Human and 

animal activities can result in contamination of the water sources which will render the water 

discharged unsuitable for human consumption. The use of agro-chemicals in agriculture can 
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contaminate groundwater and surface water resulting in loss of crops and livestock, and 

human life. Existence of unwanted mineral in the water can react with the material used for 

IWS resulting in water not to be suitable for drinking.  Therefore, it is important to 

understand environmental factors as at most time they pose a threat to human health and life 

and loss of income. 

 

3.6 Complex Systems   

 

As mentioned before, the factors discussed above are interrelated in nature depicting a 

complex system (Harvey and Reed, 2004; Sambo, 2015). A complex system refers to a 

system which consist of inter-connected and interacting factors that exhibit emergence and 

behaviour that cannot simply be understood by analysing a single category of factors existing 

within the system (Bezuidenhout et al., 2013). A cause-effect relationship is what connects 

the factors within the system. The system can sometimes be complex to understand as the 

number of inter-connected and interacting factor increase resulting in complicated 

connections. Therefore, to accurately understand a complex system, one would need to 

employ an approach that captures the inter-connectedness and interaction of the factors 

within the system (Sambo, 2015).  

 

Researchers have used different approaches to understand complex systems (Cross et al., 

2002; Martinez-Lopez et al., 2009; Fairweather, 2010; Bezuidenhout et al., 2013). Watson 

(2004) recommends the Fish-bone approach to analyse and understand inter-connected 

factors within a system. This approach compartmentalise factors in the same category and 

analyse them separately. It does not take into consideration the inter-connection and 

interaction between different categories of factors. Some researchers have used cognitive 

mapping to represent complex cause-effect relationships between factors at a level of a 

system in complex agricultural systems (Fairweather, 2010; Bezuidenhout et al., 2013), 

policy analysis administrative sciences and management sciences (Wanga, 1996). 

Bezuidenhout et al. (2013) used social network approach in mapping opinions of 

stakeholders to generate a network representative of the cause-effect relationship of the 

different categories of factors within a system. The generated network facilitated the 

diagnosis of complex systems. Martinez-Lopez et al. (2009) state that such networks are 

prone to subjectivity as a result of the qualitative methods used for data collection.  To reduce 
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subjectivity, the use of Q-methodology is recommended (Fairweather, 2010). In addition, 

Bezuidenhout et al. (2013) state that analysis of the generated map can be subjected to the 

researcher’s perceptions and biases. Therefore for one to understand a complex system, 

subjectivity and biasness should be reduced as much as possible. 

 

The theme and domain network analysis approach can be used to analyse inter-connected 

and interacting factors at a level of a complex system (Bezuidenhout et al., 2013; Sambo, 

2015). The approach uses a combination of techniques from graph theory, statistics and 

algebra to analyse relationships between factors within a complex system.  Borgatti and Li 

(2009) state that such an approach can aid researcher to visualise the system and is especially 

powerful in systems which researchers have limited knowledge. The graph theory allows for 

a systematic analysis of the system in identifying critical points where opportunities for 

improvement exist. Therefore, the network analysis approach can be used to understand 

inter-connected factor that interact influencing water access in rural communities (Sambo, 

2015). Literature indicate limited use of the approach in the water sector to analysis of factors 

that influence water access to ensure sustainable water services in the rural communities. 

Therefore, this presents an opportunity to further explore the use of the approach in 

combination with other approaches to derive a holistic understanding of the synergies and 

trade-off resulting from the inter-connection and integration of the different factors.  
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4. SUSTAINABILITY OF IMPROVED WATER SOURSES  

 

Sustainable water access is defined in this document as water services constituting sufficient, 

affordable, reliable and continuous supply of potable water supplied through a IWS on a 

daily basis (Lestera and Rhiney, 2018). As mentioned in the previous sections, the SDG aim 

to ensure sustainability of, and build on, the achievements of the MDG. This is because some 

regions achieved and others did not achieve the MDG targets (WHO, 2015). The unlimited 

collective goal of the SDG is to permanently end poverty in all it’s forms and dimensions in 

the world. To attain this, it is critical to build in aspects of sustainability in interventions 

aimed at achieving the SDG targets and indicators used to measure and track progress on the 

attainment of SDG. Therefore, proper monitoring of the achievements of the SDG should go 

beyond 2030. This is to ensure that investments and efforts targeted to ensure sustainability 

of the achievements beyond the SDG are allocated to problems areas which threaten to 

reverse the achievement of the SDG. 

 

Universal access to safe and affordable water sources is recognised as one of the core goal 

to achieve in order to end poverty. However, the indicator used to measure the goal does not 

include basic aspects of sustainability built in it. This arises from the difficulties in defining 

and measuring such a complex and cross-cutting concept of sustainability (Lestera and 

Rhiney, 2018). From the SDG point of view, sustainability refers to ensuring continuous 

water services in a safe and affordable manner. However, these parameter are overlooked 

when reporting on improved water access. This is because it is assumed that IWS provided 

to a community today will continue to provide an on-going water service over its useful life 

(Martinez-Santos, 2017). As a result, national governments count providing an IWS such as 

a hand pumps installed on a borehole as part of the national statistics of access to IWS. 

However, once established, the IWS is not maintained nor are they revisited to check if they 

are still providing an on-going water service (Rietveld et al., 2008; Majuru et al., 2012; Fan 

et al., 2013; Sambo, 2015). In reality, IWS fail due to a variety of factors that affect their 

sustainability resulting in patchy access to water in rural communities (Graciana and 

Nkambule, 2012; Sambo, 2015). 

 

There are variety of technical, institutional, economic, environmental and social factors that 

affect sustainability of IWS to provide an on-going water service in the rural communities. 
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These factors are complex in nature and are not easily measurable. However, some 

researchers have attempted to quantitatively and qualitatively explain the effect of the factors 

on access to water in rural communities. For example, Rietveld et al. (2008) and Sambo 

(2015) used a technical tool quantify and categorise functional status of IWS based on 

condition. Majuru et al. (2012) assessed the quality of water used by rural communities for 

domestic use, including drinking.  Due to the dynamic and complex nature of the factors that 

affect water access, the studies recommended regular assessment of factors that affect access 

to IWS to ensure their sustainability. It is therefore important to develop and implement 

indicators that measure and track temporal changes in aspects of affect sustainability of IWS 

as well as understand the complex interactions of factors that affect water access.  

 

The application of indicators that can be used to regularly measure temporal changes of 

sustainability aspects that affect access to IWS will ensure that the reported figures reflect 

the reality on the ground. The basic sustainability aspects that affect access to IWS includes 

physical accessibility, functionality affordability, and water quality and quantity. They can 

be measured at different times over the useful life of the IWS to ensure planning, 

development and management of IWS is informed by recent, accurate and reliable data. As 

a result, resources meant for development of IWS will not be reallocated elsewhere resulting 

in patchy access to water in communities where access is reported based on the IWS 

provided and not on the quality of water service provided by the IWS. This will result in 

sustainability of the IWS over their useful life.   
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5. DISCUSSION AND CONCLUSION 

 

An increase in access to improved water sources (IWS) is essential to sustain livelihoods 

and human life. Rural communities use water supplied through IWS for activities that 

generate economic benefits as well as those that contribute to their food security. Therefore, 

sustained access to IWS can contribute to enhanced rural livelihoods. However, rural 

communities are deprived of these benefits as literature suggest that more than 30% of IWS 

are non-functional. In response to this, the Sustainable Development Goals (SDG) aim to 

attain universal access to IWS. This is in light of the fact that post-Millennium Development 

Goals (MDG) some regions did not achieve their national targets with regards to halving the 

proportion of the population without access to safe and affordable water sources. However, 

at a global scale the MDG target to have the proportion of the population without access to 

IWS was reported to have been achieved. Despite this, it is estimated that eight out of ten 

dwellers are without access to IWS.  It is for the reason that the SDG aims to build on the 

achievement of the MDG and accelerate efforts in the attainment of universal access to IWS 

with a focus on sustainability. To attain this, the approach to provide more IWS has been 

adopted, neglecting their monitoring and maintenance over their useful life. This has a 

negative impact on water access, and distorts the reality on the ground. 

 

The indicator, and methods and techniques used at the global and national levels to monitor 

progress in the attainment of SDG are to blame for the current situation with regards to 

access to IWS in rural areas. The global indicator uses a “people-reached approach” where 

it tracks the number of IWS provided to a proportion of the population. It does not track 

access to IWS over their useful life once constructed in the communities. It assumes that all 

the necessary requirements are meet to ensure that IWS provides an ongoing water service.  

However, it is common knowledge that IWS fail over time resulting in limited or no access 

to water. Literature indicate that collecting data that include aspects of sustainability is 

expensive and labor intensive due to the methods and techniques used. However, to ensure 

sustained water services provided through IWS the indicator of improved water access 

should go beyond “people-reached” to also track temporal changes of sustainability aspects 

of physical access, reliability, affordability, water quantity and quality over its useful life. 

Using such indicators which conform to the “sustainable water access” definition defined in 

this document will ensure sustained access to IWS. The indicators should be simple and cost-
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effective but adequately measure key aspects that affect sustainability of IWS. Simple in 

terms of not being data and labour intensive, and not leave anything to assumption, and cost-

effective in terms of resources required to collect data to inform the indicators. Integration 

of such aspects will only be an initial step in the development and implementation of policies 

and strategies informed by empirical evidence resulting in proper channeling of investment 

aimed at increasing water access in rural communities. 

To attain the above mentioned, a variety of methods have been employed by researchers to 

measure one or more aspect(s) of improved water access. Most of the researchers focused 

on physical accessibility (distance) and some on water quantity and water quality as a 

measure of improved water access. The research studies reviewed did not measure all aspects 

of improved water access in one study. However, the methods employed by the studies can 

be modified and integrated to develop an indicator that includes all aspects of improved 

water access. The Water Point Mapping (WPM) approach is preferred for measuring aspects 

of improved water access over other methods reviewed. The approach integrated with other 

methods can be used to map aspect of access to IWS based on indicators at different 

geographical scales. Just like the national census, the data required to inform the indicators 

can be collected on a routine basis. Some indicators will require sampling of statistical 

representative population of IWS in a certain geographical area as it may be expensive and 

labor intensive to cover all the IWS. However, the quantitative information computed will 

only give a picture of the reality on the ground. This will need to be supported by qualitative 

data which explain why the situation is as it is. This can be achieve by understanding the 

factors that affect access to IWS in the rural communities. 

Understanding of factors that influence access to IWS is important to design relevant policies 

and water management strategies to address challenges affecting access including 

monitoring of IWS. The factors can be categorized under technical, social, institutional, 

economic and environmental factors. These factors are inter-connected and interact making 

them complex in nature. The factors are connected by a cause-effect relationship which 

makes them difficult to understand, especially when they are multitude of factors to consider 

within a given system. However, little research on the interconnection and interactions of 

the factors has been done. It is therefore necessary to employ methods that can capture the 

complex nature of the factors to have a holistic understanding of the interactions of the 

factors in order to sustainably resolve the factors that negatively affect access to IWS. 
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Therefore, a complex system approach can be employed to capture the complex nature of 

the factors for a detailed and systematic analysis (Sambo, 2015). The use of the approach in 

the water sector is still in its enfant stage. This presents an opportunity to use the approach 

in a more advanced manner to understand the synergies and trade-off that exist in the systems 

to improve the system. 

In conclusion, universal access to IWS is key to sustaining human life. However, focusing 

on providing IWS and neglecting their maintenance over their useful life is not a sustainable 

approach in ensuring ongoing water services in rural communities. To address this, at the 

global and national levels, indicators used for tracking access to IWS should be improved to 

include aspects of physical accessibility, reliability, water quality, water quantity and 

affordability to reflect the reality on the ground satisfying the definition of  “sustainable 

water access”. This complimented by a comprehensive understanding of the factors affecting 

access to IWS is also key to design of relevant water management policies and strategies to 

ensure sustained water services in the rural communities. 
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6. PROJECT PROPOSAL 

 

This chapter presents the research proposal. 

 

6.1 Rationale and Research Problem 

 

In 2010, the proportion of the population without access to Improved Water Sources (IWS) 

was reported to have been halved (WHO, 2015). In the same year, 97% of the South African 

citizens were reported to have access to IWS (DWA, 2013). This resulted in diversion of 

investments earmarked for planning, development and implementation of IWS to other 

priority areas in the economy as only 3% of the population was considered to be without 

access to IWS remained (Fukuda-Parr et al., 2014). However, the figure of the population 

with access to IWS is not accurate and cannot be used for decision-making with regards to 

IWS coverage as it is based on the number of households claiming to use IWS as their 

primary water source (DWA, 2013; Pullan et al., 2014; Shaheed et al., 2014; SAICE, 2017). 

This is used as a proxy indicator, and the data required to inform the indicator is easily 

attainable through household surveys (e.g., national census), which are constrained by data 

gaps (Hoque and Hope, 2018). Therefore, reducing the burden on government to collect 

accurate data, which incorporate basic aspects of sustainability of IWS. This is because 

traditional methods used to obtain such data are considered to be labour intensive, time 

consuming and expensive, especially those employed for water quality data (Guardiola et 

al., 2010; Martinez-Santos, 2017). However, to achieve sustainability of IWS as well as 

support evidence-based strategic planning, and appropriate development and management 

of IWS, there is a need to incorporate aspects of sustainability in indicators used to measure 

access to IWS over their useful life. The sustainability aspects include accurate data on 

physical access, reliability, affordability, and water quantity and quality of IWS (Fukuda-

Parr et al., 2014; Shaheed et al., 2014). The data should be updated on a regular basis and 

made available and accessible as it will provide an informational advantage in determining 

needs and priorities in accordance with the water services provided. This should be 

complimented by an understanding of factors influencing access to IWS in rural 

communities (Graciana and Nkambule, 2012; Fan et al., 2013). This is because the literature 

reviewed indicates that access to IWS is affected by a magnitude of technical, social, 

institutional, economic and environmental factors, which are complex in nature (Harvey and 
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Reed, 2004; Hoko and Hertle, 2006; Graciana and Nkambule, 2012; Sambo, 2015; Selala, 

2016). However, there is little understanding of their inter-connectedness and interactions as 

most research studies use methods that focus on analysing a single category of factor or 

analyse the factors in isolation neglecting their inter-connectedness and interactions. 

Therefore, there is a need for more research that analyses the multitude of factors as a 

complex system.  In doing so, it will provide an enhanced understanding of the synergies 

and trade-off resulting from the inter-connectedness and interactions of the factors in order 

to propose sustainable solutions to address challenges that impact water access in rural areas.  

 

In view of the information gap identified required to support sustainability of IWS; 

limitations in indicators, and methods and techniques employed to  measure and track access 

to IWS, and lack of understanding of factors that impact water access are to blame for the 

patchy access to IWS  in rural areas. It is for these reasons that the proposed study seeks to 

develop indicators that incorporate aspects of sustainability to measure and track temporal 

changes in IWS access in selected rural municipalities. This will be complemented by a 

holistic and systematic analysis of the inter-connectedness and interactions of the factors that 

impact on water access at a level of a system to contribute to an enhanced and more accurate 

understanding of why the situation is as it is on the ground. It is expected that the approach 

employed will contribute to closing the information gap, as it will provide direction in terms 

of development and implementation of sustainability indicators that measure and track 

temporal changes in water access, and provide a holistic understanding of the multitude of 

factors that affect water access to take advantage of the synergies and trade-offs that occur 

due to their inter-connectedness and interactions. The approach maybe adopted  and used at 

different administrative levels of government to generate data that can be used to support 

decision making in terms of planning, development, implementation and management of 

IWS.   

 

6.2 Research Questions  

 

The research questions to be answered by the study are as follows: 

1. Are rural communities satisfied with the criteria used to benchmark basic water 

services in South Africa? 

2. What are the factors that affect sustainability of improved water sources (IWS)? 
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3. Can an indicator(s) incorporating sustainability of access to IWS be developed to 

incorporate physical accessibility, reliability, affordability, and water quantity and 

quality? 

4. Can the developed indicator(s) be used to map geographical inequalities in improved 

water access in rural municipalities? 

6.3 Scope of the Study 

 

The scope of the study is limited to using indicators to be developed by the study to measure 

geographical inequalities in improved water access coverage, and analyse different category 

of factors that affect water access using methods that captures inter-connectedness and 

interactions of the factors at a level of a system. The study will only cover IWS (piped water 

and water from borehole), and will not consider unimproved water sources and other IWS. 

 

6.4 Aim and Objectives 

 

The main objective of the study is to map geographical inequalities in improved water access 

using developed indicators that incorporate sustainability aspect of IWS, and analyse the 

complex interactions of the factors that affect water access. 

 

The specific objectives are as follows: 

 

1. to assess water users’ satisfaction levels with the criteria used to benchmark 

improved water sources (IWS) in rural municipalities, 

2. to investigate and analyse critical factors that affect the sustainability of improved 

water sources (IWS) in rural municipalities, 

3. to develop indicators that measure aspects of sustainable access to improved water 

sources (IWS) in rural municipalities, 

4. to map geographical inequalities in improved water access using developed 

indicators in selected rural municipalities, and 

5. to develop a framework to enhance access to improved water sources (IWS)  in rural 

municipalities. 
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6.5 Originality of the Study 

 

The research study employs a modified approach of the Water Point Mapping (WPM) to 

assess geographical inequalities in improved water access using indicators that incorporate 

aspects of sustainability of IWS. The approach used is more advanced compared to the 

traditional approach of mapping the locations of IWS and their functional status. 

Furthermore, the study will use a systems approach to analyse the inter-connections and 

interactions of the factors that affect water access. According to literature reviewed, there is 

limited knowledge on the use of such an approach to analyse inter-connections and 

interactions of factors that affect water access. It is expected that the results generated will 

contribute of the advancement of the body of knowledge in the area of rural water supplies 

and management.  

 

6.6  Study Area and Methodology 

 

This sub-section presents the study area and the methodology to be used to address the 

objectives of the study. 

 

6.6.1 Study area 

 

The study will be undertaken in selected rural municipalities in the Limpopo Province of 

South Africa. The selection will be based on accessibility, availability and location (rural 

area) of IWS in the rural municipalities.  

 

6.6.2 Objective 1: To assess water users’ satisfaction levels with criteria used to 

benchmark improved water sources (IWS) in in rural municipalities 

 

The study will employ a qualitative research approach to access the satisfaction levels of 

water users with the criteria used to benchmark basic water services provided through IWS. 

A survey instrument will be developed, ethically cleared, piloted, and revised based on the 

results of the pilot study, and used to collect information on satisfaction levels for 

assessment. A statistical representative sample (of survey respondents) will be determined 

using proven sampling method depending of the size of the population. Enumerators will be 
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recruited and trained to assist in the administration of the survey instrument. If necessary, 

the survey instrument will be translated to the local language and administrated using the 

local language to get a better response. The survey will be administrated in dwellings using 

communal water points while water users are collecting water at the water point at different 

times of the day.  

 

6.6.3 Objective 2: To investigate and analyses critical factors that affect sustainability 

of improved water sources (IWS) in rural municipalities 

 

An integrated methodology based on a qualitative research method and complex system 

approach will be used to investigate and analyse the factors that affect sustainability of water 

access in the study area (Specific Objective 2). Qualitative research approach – key 

informant interviews will be used to collect qualitative explanatory information on the 

factors that affect sustainability of IWS. Key informant interviews approach  is preferred by 

the study over other qualitative approaches methods such as surveys and focus groups  as it 

is less time consuming, reduce biasness and allow for the interviewer to probe further when 

they don’t understand certain aspects of the interviewee’s response (Guardiola et al., 2010; 

Bezuidenhout et al., 2013). The stakeholders including IWS users to be interviewed will be 

randomly selected based on their availability and accessibility during the duration of the 

study. This is due to the foreseeable budget constrain and duration of the study. The study 

will focus on stakeholders that are involved in planning, management, operation and 

maintenance of IWS. The interviews will be conducted face-to-face, telephonically and via 

Skype video call. The interviews will consist of semi-structured questions which will be 

asked to the stakeholders to answer.  In the case where the answer given is not clear, follow-

up questions will be asked for clarification. This will aid in enhancing the understanding of 

the interviewer about the issues raised. Where possible and if permission is granted by the 

interviewee, the interviews will be recorded using a voice recorded. The qualitative 

information obtained will be analysed to derive a list of critical factors that affect access to 

IWS.  

 

Complex system approach - will be used to analyse the complex interactions of the identified 

factors that affect water access. The social network method combined with graph theory and 

community structure methods will be used to graphically and visually capture the 
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interactions of the factors for analysis and interpretation (Sambo, 2015). The social network 

method capture the interconnections and interactions of the factors in the form of a network. 

The graph theory will be employed to enhance the understanding of the interactions by 

identifying critical points in the network based on the number of connections of factors with 

other factors and closeness. The community structure will aid in the identification of 

different communities within the network resulting from the interactions of different factors; 

to reduce the effort required to analyse the whole network. The combinations of the methods 

allows for a systematic analysis of the complex nature of the factors reducing biasness which 

can be introduced by the researchers’ knowledge of the issues (Guardiola et al., 2010).  

 

6.6.4 Objective 3: To develop indicators that measure aspects of sustainable access to 

improved water sources (IWS) in rural municipalities 

 

The Systematic Literature Review (SLR) approach will be used to achieve Specific 

Objective 3 of the study. The approach has been used by different researchers to conduct an 

extensive literature search on different subject matters (Stucka et al., 1999; Selala, 2016). 

Different publication databases will be identified and a search of literature relevant to the 

subject matter on sustainability indicators used to measure improved water access and how 

the data collected is used to inform strategic planning, and appropriate development and 

management of IWS at different levels of government.  Different keywords and titles will 

be used to search for the publications store in different databases. The relevant references of 

the reviewed publications will also be systematically reviewed. Only publications written in 

English will be considered, which include; published and unpublished studies, abstracts, 

dissertations, theses, book chapters and strategic documents. Key experts’ will be contacted 

for clarification on certain issues regarding the subject matter (Stucka et al., 1999). The 

literature search will be limited to literature covering the subject matter in the context of 

rural areas in Africa. The information obtained will be analysed and used to develop 

sustainability indicators that measure water access in rural municipalities. 

 

6.6.5 Objective 4: To map geographical inequalities in improved water access using 

developed indicators in selected rural municipalities 
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A mapping approach combined with a qualitative research approach will be used to map the 

geographical inequalities in improved water access coverage (Specific Objective 4). The 

mapping approach, as a process involves data collection, mapping, storage, processing and 

analysis (Yu et al., 2017). The use of the approach is based on the purpose of the research. 

The purpose of the research is to map the geographic inequalities of in improved water access 

coverage using developed indicators of access to IWS. Geographical inequalities of 

improved water access in the context of this study refers to differences in water access at 

different geographical scales for the purpose of comparing and identify communities most 

at risk, and prioritise them in terms of the risk.  

 

To achieve this objective, depending on the population of IWS in the study area, a proven 

sampling method will be used to determine a statistically representative sample size. A 

physical visit to the IWS will be used to collect data regarding location, reliability, functional 

status, affordability, and water quality and quantity using a checklist developed by the study. 

The data will be collected at different times of the day. To determine the distance of IWS to 

households, a Global Positioning System (GPS) will be used to capture the geographical 

location of IWS. Data on reliability, affordability, and water quantity and quality (colour, 

taste, smell) will be solicited from the IWS users’ colleting water at the IWS. Additional 

data on water quality (e.g. TDS pH and electrical conductivity) will be collected through 

sampling and testing of water supplied by IWS. The functional status of the IWS will be 

determine through observation (physical inspection). Secondary data on the IWS will be 

obtained from various custodians of the data. Data include latest data on the location of the 

water sources and shapefiles (demographical, administrative and physical data). The data 

collected will be organized and integrated in a Geographical Information System (GIS) 

software for processing and analysis as well as create maps. Different layers will be created 

using the imported data. The layers will visually represent the different types of data on 

water access. Where necessary, overlay techniques will be used to integrate two or more 

layer to visually represent a certain aspect of water access for analysis. The technique is 

powerful as it integrates data in such a manner that can not be achieved by simply analyzing 

the data separately. An integration of the household layer and water point layer will be done 

to perform a distance analysis to determine the distance from household to the water point. 

The sampled water quality data will be interpolated as due to time constrains the study cannot 

collect water samples in all the water points. Maps representing inequalities in improved 



35 

 

water access based on physical accessibility, reliability, functional status, affordability, 

water quantity and quality will be produced. 

 

6.6.6 Objective 5: To develop a framework to enhance access to improved water 

sources (IWS) in rural municipalities 

 

The results of Specific Objective 1 to 4 will be used to achieve Specific Objective 5. The 

results will be further analyzed and a matrix approach used to develop a framework for 

planning, development and maintenance of IWS in rural municipalities. 

 

6.7 Resources Required, Deliverables and Work Plan 

 

Table 6.1 shows proposed activities and timelines of the research study. Furthermore, the 

resources required to support implementation of each activity are indicated in Table 6.1.  The 

study will be sponsored by University of Venda (UNIVEN). The University of Kwa-Zulu 

Natal (UKZN) will partially sponsor (R 5000) communication and printing costs related to 

the study.  An estimated budget of R 120 000 will be allocated to the study by the UNIVEN. 

All cost indicated in Table 6.1 are estimated cost. 

The estimated resources required for this project are below: 

 

Below are the main deliverables of the project: 

 3 x Journal articles, 

 3 x conference presentation, and 

 a PhD Thesis.
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Table 6.1 Work Plan 

No. Tasks/Objectives   
Resources required (estimated cost) 

[sponsor] 
2017 2018 2019 2020 

 

Q2 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 

1 Registration [UNIVEN]                         

2 Proposal development                          

2.1 Initial meeting with Supervisor Accommodation, travel, S&T  (R 8000)                         

2.2 Meetings with supervisor  Accommodation, travel, S&T (R 16000)                         

2.3 1st Draft proposal & Feedback Communication and printing 
[UNIVEN/UKZN]                         

2.4 2nd Draft proposal & Feedback Communication and printing 
[UNIVEN/UKZN]                         

2.5 3rd Draft proposal & Feedback  Communication and printing  
[UNIVEN/UKZN]                         

2.6 Final Draft Proposal  Communication and printing 
[UNIVEN/UKZN]                         

2.7 Submission of proposal for review Communication and printing 
[UNIVEN/UKZN]                         

3 Literature Review              

3.1 Literature review              

4 Proposal oral defence of proposal                          

4.1 Presentation of proposal  Accommodation, travel, S&T (R 5000) 
[UNIVEN]                         

5 Inception meetings  
                        

5.1 Introductory meeting with stakeholders (mid-
level) 

Communication, Acc, travel, S&T 
(R3000) [UNIVEN]                         

5.2 Introductorily meeting with stakeholders 
(study site) 

Communication, Acc, travel, S&T 
(R3000) [UNIVEN]                         

6 Data Collection and Analysis  (objective 1, 2, 3, 4, 5) 
                        

6.1 Pilot data collection instruments    Accommodation, travel, S&T, GPS 
device, Digital camera, tape recorder, 

                        

6.2 Data collection                          
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No. Tasks/Objectives   
Resources required (estimated cost) 

[sponsor] 
2017 2018 2019 2020 

 

Q2 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 
training and Incentive for enumerators 
(70000) [UNIVEN] 
  

6.7 Data analysis  N/A                         

7 Thesis write-up & Journal papers                         

7.1 Thesis write-up Communication and printing 
[UNIVEN/UKZN]                         

7.2 1st Draft submission  Communication and printing 
[UNIVEN/UKZN]                         

7.3 2nd Draft submission  Communication and printing 
[UNIVEN/UKZN]                         

7.5 Final Draft submission  Communication and printing 
[UNIVEN/UKZN]                         

7.6 1st journal paper/chapter  Communication and printing 
[UNIVEN/UKZN]                         

7.7 2nd journal paper/chapter  Communication and printing 
[UNIVEN/UKZN]                         
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