L4
UNIVERSITY OF THE (&)

WITWATERSRAND, @7
JOHANNESBURG

N SCHOOL OF
ECONOMICS
AND FINANCE

BENCHMARKING THE TECHNICAL EFFICIENCY OF SOUTH AFRICAN
MUNICIPAL WATER UTILITIES: ADOUBLE-BOOTSTRAP DEA APPROACH

A Research Report submitted in partial fulfilment of the Degree of Master
of Commerce (Economics — CCAOQ1)
in the School of Economics and Finance,
University of the Witwatersrand

by

Amanda Matutu
Student No: 2403701

Supervised by Dr Johane Dikgang

Word Count (including all elements): 19 961

Date: 31 March 2023



Declaration about plagiarism

| certify that this research report, which is submitted in partial fulfilment of the Degree of Master
of Commerce (Economics) at the University of the Witwatersrand is my own unbiased work. It

has not been previously submitted for any degree at any other university.

Amanda Matutu

31 March 2023



Acknowledgements

First, | want to extend my eternal gratitude to the Lord Almighty for granting me the strength to
keep going. | recognise that it is through his mercies that | have completed my research report and
the Degree of Master of Commerce (Economics).

| want to convey my sincere appreciation to my supervisor, Dr Johane Dikgang, for his patience
and the tremendous support he has given me throughout this research. This research report would

not have been finished if it was not for his assistance and guidance.

I am immensely grateful to my parents, Linda and Zolile Matutu, for being a constant source of
support, motivation, and inspiration throughout my life. Through countless sacrifices they made

it possible for me to reach this significant milestone.

Lastly, | want to express my heartfelt appreciation to my husband, Lindelani Matumba, for his
selflessness and for being a consistent source of motivation and encouragement throughout my
Master’s journey. | want to also acknowledge my son, Vele Matumba, for being my main

motivation for completing this thesis.



Table of Contents

Declaration abDOUt PIAGIATISIT .......c..oiuiiiiiiiiiee e i
ACKNOWIEAGEMENTS ... se bbbt i
[ E A0 =1 ] LTRSS v
N 0L - Tod PSSP vi
(O T T 0] (= o= OSSR 1
Introduction and BaCKgrOUNG ...........ccueiiiiiiie et 1
I R [T 11 Tox (o ST PR PRI 1
1.2 Problem STAtEMENT .......ociiiiiiicieeee e ettt 2
1.3 RESEAICN ODJECTIVES ..ottt 4
1.4 Contributions and significance of the reSearch...........ccooeiiiicce 4
1.5 SHIUCTUIE OF TNESIS ...vvetieieieie ettt ettt re e be s nreesteeneesneenee s 5
(O g =T (=] S AT T TP PSP PP TP PRPRORON 6
Overview of the South African WaLer SECTON .........ccoiiiiiiiiiieiee e 6
2% R 1011 T (1T [ o SR P ST PRPRPRR 6
2.2 \Water SECtOr COMPOSITION ......cveeiiiieiieesie ettt e e s sbeeresreesaeeeesneeanas 6
2.2.1  \WWater reSource ManagEMENT ........ueiiuuiiiiiieiiieeeieee st esbeeesbeeesbeeesrbe e s srbeeesnbeesssbeeesseeeans 6
N | (=] =] Y ot SR 7
2.3 Water sector institutional arrangements and role players...........cccoviiviiieiinn s 7
2.4 The water Sector’s ChalleNZES ........cviiviiiiiiiiieii s 8
2.5 Benchmarking in the Water SECTOT ..........ccoiiiuiiiiiiiiiseee e 8
pL G I O] 0 [od [0 (o] o USSP 9
(O80T Vo1 (=] G I ] 1= SR STRR 10
LITEIatUIE REVIBW ... .ottt sttt b e bbbt e te bt sb e e b e eneennas 10
K200 A 1 7T [N o4 T o OSSPSR 10
3.2 INterNAtioNAl STUAIES. ......ecviiiiecieeieciec et a e e sreeaeeneenreenee s 10
3.3 SOULh ATFICAN STUAIES. ... ecveeieieiecie ettt esraeneeneenreeneeas 12
34 CONCIUSION ...t bbbttt b bbbt e bbb et sbenbenne s 14



CRAPLET FOUT ...ttt bbbt bbbt b et ab b b 15

Methodology aNd DAta............cceiieiieiicieciese et esraeaeeneenns 15
O Ty AN o] o] {0 - o SRS PSSTRSSN 15
4.2 Double-bootstrap DEA @pPPIOACH ......c.cciiiiciicie sttt 16
4.3 DeSCrIPLION OF GALA.........eciviiieiieie e re et e e te e e e sreene s 17
4.4 DESCIIPLIVE SEALISTICS .....veveiueeeeiteite sttt bbb ene s 22
4.5 CONCIUSION ...ttt bbbt bbb b ene s 24
CNAPTET FIVE ...ttt b bt bbbt b bbbt b ne e 25
Empirical Results: Presentation and DISCUSSION...........ccuuiiierierieneriesisiseeee e 25
5.1 Results: full urban and rural regreSSION .........c.ccveiieiiiiie i 25
5.2 Results: urban municipal water UtHTIES ..........cooiveiiie e 28
52.1  Traditional DEA FESUILS ......coiuiiiiiiiiieieiee e 28
5.2.2  Double-bootstrap DEA reSUILS .........coviiiiiiii e 29
5.2.3  Determinant TESUITS ........ccoiiiiiieieieese e 31
5.3 Results: rural municipal water ULTHTIES ... 33
531  Traditional DEA TESUILS .......coiiiiiiiiieiee e 33
5.3.2  Double-bootstrap DEA FESUIES .......c.ooviiiiiiiiiicee e 34
5.3.3  Determinant FESUILS ..o 36
5.4 CONCIUSION ...ttt bbbt ettt bbbt abe e 37
(08T o] (=] T SRS PRRRSTROPIN 38
Conclusions and Policy RECOMMENUALIONS ........ccoiviiiiiiiiieiee e 38
6.1 Summary and CONCIUSIONS ........ciuiiiiieiiieie e bbb 38
6.2 POlICY reCOMMENUALIONS. .......eiviiiiiiiiiieieie ettt bbb 40
RETEIENCE LIST ...ttt bbb bbbttt bbb bbb 42
Appendix 1: Full Sample: Urban RESUILS .........cooiiiiiiiii e 46
Appendix 2: Full Sample: RUral RESUILS .........ccvviiiiiiieie et 50



List of Tables

Table 1: Classification of South African municipalities............ccccoevviieiieie e 18
Table 2: Efficiency analysis Variables ............covoe i 19
Table 3: Summary statistics of municipal data............cccccevveviiieiieie e 22
Table 4: Results of urban and rural truncated regresSion ..........c.ccveveeieiieere e 25
Table 5: Top 20-urban biased ffiCIENCY SCOTES ........ccviieiieiieeceere e 28
Table 6: Top 20-urban bias-corrected effiCIENCY SCOIES........cvcvviiieiiiie e 29
Table 7: Results of urban truncated regreSSION..........cccvcveiieiieiieieese e 31
Table 8: Top 20-rural biased-effiCIENCY SCOMES ........cciiiiiieiicc e 33
Table 9: Top 20-rural bias-corrected effiCIENCY SCOTES ........covvveiieiiiie e 34
Table 10: Results of rural truncated regreSSION ..........ccvcvveieeiieeiieieeie e 36



Abstract

Efficiency enhancement in the water sector can help to optimise the use of available resources
and mitigate the impact of climate change on water resources, while promoting sustainable water
usage. Ultimately, this can lead to cost savings that may be channelled into enhancing service
delivery and expanding access to water. Benchmarking is considered a useful method for
improving water sector efficiency. The production frontier approach is the most commonly used
technique for benchmarking, which can be computed using either non-parametric techniques,
including data envelopment analysis (DEA), or parametric methods, including stochastic frontier

analysis (SFA).

A review of the literature reveals that DEA has become the most frequently used method for
efficiency analysis in the water sector. Though a predictable approach, the DEA method may be
influenced by measurement errors and anomalies, and it cannot be used to draw statistical
conclusions. To address this problem, the double-bootstrap DEA technique was introduced, which
permits statistical inference in DEA models. This technique helps the researcher to estimate
efficiency scores that have been corrected for bias, and also identifies the factors that influence
efficiency. For these reasons, this research employs double-bootstrap DEA to evaluate the

efficiency scores of municipal water utilities in the South African water sector.

The truncated double-bootstrap regression outcomes show that water consumer debt, consuming
units receiving free water, and the effects of climate change (such as temperature variation and
altered rainfall patterns) all impact the relative efficiencies of municipal water utilities. The results
indicate notable distinctions in rankings and efficiency scores between the double-bootstrap DEA
model and the traditional DEA model for both urban and rural municipal water utilities. Using the
regression model, this research discovered that water consumer debt and consuming units
receiving free water are significant factors influencing the efficiency of urban and rural municipal
water utilities. These findings raise concerns about the prospects of South African municipal water
utilities, particularly their ability to strike a balance between supporting indigent households and
securing revenue for maintenance and future water infrastructure development, as well as
efficiently managing water consumer debt and addressing the effects of climate change to deliver

desired results consistently and sustainably.

Keywords: benchmarking, efficiency, municipal water utilities, data envelopment analysis,

double-bootstrap, bias correction

Vi



Chapter One
Introduction and Background

1.1 Introduction

Water sustainability has become increasingly important in light of climate change. Climate
change modifies global hydrologic cycles due to shifts in temperature and rainfall patterns,
worsening global and regional water shortages (Du et al., 2021). According to the World
Economic Forum (2022), if current practices persist, the disparity between global water provision
and demand could reach 40 percent by 2030. Ablanedo-Rosas et al. (2020) argue that water is an
essential resource for the survival of humanity. In many countries, water is supplied by
municipalities (i.e. water utilities). Considering the negative impacts of climate change, it is vital

that water utilities operate more efficiently.

However, as government-regulated entities, water utilities generally have no incentives for
efficiency. Benchmarking is deemed to be a useful tool to enhance efficiency because it evaluates
the performance of firms comparatively, thus supporting effective regulation (Walker et al.,
2019). In developed countries like Canada and England, benchmarking has been adopted as a
common practice in regulated water utilities (Dikgang et al., 2020). Benchmarking has also

proven to be successful in developing countries’ water utilities (Samkange et al., 2019).

In the last few years benchmarking has gained attention in academia, with regular attempts to
improve water sector benchmarking methodologies (Walker et al., 2019). The production frontier
approach is the most widely utilised methodology for benchmarking, which can be executed using
either non-parametric approaches, including data envelopment analysis (DEA); or parametric
approaches, including stochastic frontier analysis (SFA) (Molinos-Senante et al., 2018;
Worthington, 2014). The DEA approach is favoured for its mathematical properties in handling
multiple inputs and outputs, and it places lower importance on the configuration of the efficiency
frontier; conversely, SFA can break down anomalies from the frontier into two components:
random noise and inefficiency (Murwirapachena, Dikgang, Mulwa & Mahabir, 2019). For this
reason, DEA is the most widely utilised method for analysing water utilities’ efficiency
(Ablanedo-Rosas et al., 2020).

A number of South African studies utilised the DEA method to measure water utilities’ efficiency

(see Brettenny & Sharp, 2016; Van der Westhuizen & Dollery, 2009). However, DEA is a

deterministic method that can be affected by measurement errors and outliers, and it cannot be
1



used for statistical inferences (Ananda & Pawsey, 2019; Molinos-Senante et al., 2018). To
transcend this constraint, Simar and Wilson (2007) suggested a double-bootstrap approach, which
allows statistical inferences and correction of bias in DEA models, as well as identification of
factors that influence efficiency. A few studies in the water sector in South Africa have utilised
this methodological approach to estimate water utilities’ efficiency (see Nithammer, Dikgang &
Mahabir, 2022; Samkange et al., 2019). This study joins those in applying the more recent
analytical method (double-bootstrap DEA) to analyse the efficiency scores of South African

municipal water utilities.
1.2 Problem statement

Water accessibility is vital for sustaining livelihoods and for economic growth. Therefore, it is
important that countries manage their water resources carefully and sustainably (Mutamba, 2019).
This is crucial given that global climate change may worsen water shortages by reducing
precipitation in many parts of the world (Du et al., 2021). According to Ngobeni and Breitenbach
(2021), there is evidence of declining water resources and precipitation and increasing
temperature changes for the African continent for the next 70 years. South Africa is one of the
world’s driest countries, with an average annual rainfall of 450mm compared to the global average
of 860mm (Trans-Caledon Tunnel Authority, 2020). In this context, efficient management of
South Africa’s limited water resources is crucial to guarantee sustainable water security.
According to Mutamba (2019), the management of water delivery and ensuring the security of a
country’s water resources is determined by the infrastructure, organisations, and regulatory

frameworks employed.

The delivery of safe and affordable water in South Africa is constitutionally mandated to local
government in the form of Water Services Authorities! (WSAs). At present, WSAs are faced with
systemic challenges that negatively impact the efficient delivery of water to the country’s citizens.
According to the Government Communication Information System (GCIS) (2021), these
challenges are caused by (among other reasons): poor water infrastructure management and
investment; climate change; deteriorating water quality; non-payment by water users; and
capacity constraints. Climate change, water supply variability and dwindling water quality could

constrain the country’s economic growth. Moreover, failure to efficiently manage water

L In terms of the Water Services Act (Act N0.108 of 1997) a Water Service Authority is a municipality responsible
for ensuring access to water service to end users.
2



infrastructure, and to collect, treat and reuse water efficiently, may exacerbate water shortages in
South Africa.

Municipal surveys are showing a decline in customer satisfaction with water provision in South
Africa. Dissatisfaction with the quality of water services provision is prevalent, with water quality
being one of the major concerns and a proxy for the operational efficiency of water treatment
plants (Department of Cooperative Governance - DCOG, 2021). The percentage of households
rating service provision quality ‘average’ or ‘poor’ increased from 24 percent in 2005 to 39
percent in 2008, while reports of frequent water interruptions increased from 19.3 percent in 2002
to 31.4 percent in 2008 (DCOG, 2021). An assessment of social protest pathways indicated that
water services delivery is an integral part of a mix of social services that have been linked to social
protests (Water Research Commission, 2015). According to Mamokhere (2020), dissatisfaction
with delivery of clean running water is the leading reason behind the countrywide service delivery
protests. Masiangoako et al. (2022) affirm that water is generally the main focus of service
delivery protests in South Africa. The Auditor General South Africa (AGSA) (2020) reported that
service delivery failures and technical inefficiency are prevalent in municipal service delivery,

and these problems include poor-quality water services.

There has been a decline in access to services, particularly water facilities, despite the increase in
government expenditure on essential services (United Nations South Africa, 2020). Considering
there are only seven years left to 2030, it is unlikely that South Africa as a United Nations member
state will by 2030 realise universal and fair access to safe and reasonably priced drinking water

for all, as set out in Sustainable Development Goal (SDG) 6.

Over the years, South African legislation has created a climate that encourages benchmarking.
The Department of Water and Sanitation (DWS) developed benchmarking programmes that are
aimed at improving the quality and delivery of water services. These initiatives consist of the Blue
Drop and Green Drop certification programmes, among others. The former is intended to protect
South African citizens from the dangers and risks associated with polluted drinking water, and
the latter is intended to protect the environment from the dangers and risks related to polluted
wastewater/sewage (DWS, 2014).

These benchmark initiatives are about comparing service standards between WASs, and do not

consider the productive efficiency of water provision in the achievement of the set standards; they

are more about effectiveness than efficiency. Technical or productive efficiency is a crucial

evaluation element when measuring the functioning of water utilities. As such, it is imperative to
3



adopt scientific technical-efficiency benchmarking frameworks that employ strong mathematical
and econometric methods to ensure accurate performance interpretation, instead of simply

describing the results (Nithammer et al., 2022).

Given this background, the aim of this study is to utilise the double-bootstrap DEA approach
suggested by Simar and Wilson (2007) to calculate the efficiency scores of South African
municipal water utilities while correcting for bias, and identify the factors that influence their
efficiency. A review of previous literature suggests the importance of accounting for exogenous
variables in water utility efficiency (see Salazar-Adams, 2021; Villegas et al., 2019; Molinos-
Senante et al., 2018). As previously stated, South African municipal water utilities are faced with
challenges that impact their productivity. Some of these challenges are within the control of
management, and others are not. In essence, the utilisation of the bootstrap-based algorithm in
this study will help to evaluate the influence of external factors and generate efficiency estimates

that are more reliable and accurate (Samkange, 2019).
1.3 Research objectives

The objectives of the research are based on the problem statement which paints a dire picture of
inefficient water provision by South African municipal water utilities. Thus, this study addresses

the following main objectives:

i.  To use the double-bootstrap DEA technique to estimate unbiased efficiency scores of
municipal water utilities in South African, and then compare the scores with those

obtained through the traditional DEA approach;

ii. To determine the exogenous factors that influence the efficiency of South African

municipal water utilities, while considering the utilities’ location; and

iii.  To provide policy recommendations to improve the efficiency of the sampled water

utilities, based on empirical findings.
1.4 Contributions and significance of the research

In the last few years, efficiency analysis in the water sector has been an important research
objective. To the best of this researcher’s knowledge, there is a limited number of studies that
have employed the methodology suggested by Simar and Wilson (2007) (i.e. double-bootstrap
DEA) to assess the efficiency of water utilities and the factors that influence it (see Nithammer et

al., 2022; Molinos-Senante et al., 2018; Ananda, 2014). However, a review of the literature reveals
4



that none of these previous studies examined the influence of water consumer debt, consuming
units receiving free water and climate change effects (i.e. temperature and rainfall patterns) on
water utility efficiency. These issues are currently prevalent in South Africa’s water sector. The
level of consumer debt of South African municipalities has raised concerns. Municipalities are
struggling to collect payments from residents who are in arrears or have defaulted, leading to an
increase in consumer debt and a decline in the quality of services delivered; for example, water

(Enwereji & Uwizeyimana, 2020).

Additionally, South Africa has a policy of providing free basic municipal services, where the
government provides essential services to indigent households, without any charges. The
introduction of the free basic water policy is a significant step towards promoting equal access
throughout the country. However, this approach presents financial constraints for municipalities
because supplying these complimentary services puts extra strain on their budgets, as the
beneficiaries of these services do not make any financial contributions towards them (Monkam,
2014).

Moreover, South Africa is prone to and at risk of suffering from the destructive impacts of climate
change, especially the consequences of extended periods of drought (Mutamba, 2019). Regulators
and policymakers cannot rely solely on past determinants of efficiency and expect different
results; they must consider the changing environment. Thus this study considers recent potential
environmental factors for regulators and policymakers to target, in order to enhance the efficiency
of their support and intervention. It extends the 2022 study by Nithammer et al. by including
additional political-institutional and climate change explanatory variables, which provides a more

comprehensive operating context for water utilities in South Africa.
1.5 Structure of thesis

The remainder of this study is structured in the following manner: Chapter Two reviews the water
sector in South Africa and Chapter Three reviews and critically discusses the existing literature.
Chapter Four provides an explanation of the data and methods utilised in this research. Chapter
Five provides the empirical findings, the concluding remarks regarding this study are provided in
Chapter Six.



Chapter Two
Overview of the South African Water Sector

2.1 Introduction

The main objective of the water sector is to guarantee that all individuals have access to
fundamental water and sanitation services, as mandated by the constitution’s requirement for
water access for every citizen. Since 1994, South Africa has made considerable strides in
extending water services to underserved communities and rural areas, with a particular focus on
vulnerable populations. However, despite these advances, the water sector operates with limited
resources. Moreover, it is experiencing the effects of climate change, including prolonged
drought, increased temperatures and erratic rainfall patterns. With this context in mind, the

purpose of this section is to provide a brief overview of South Africa’s water sector.
2.2 Water sector composition
2.2.1 Water resource management

The water sector in South Africa comprises water resource management, which follows the
guidelines set by the National Water Act (1998), and water services provision, which follows the
guidelines set by the Water Services Act (1997). ‘Water resource management’ involves
overseeing catchment functions, water storage and abstraction, river systems, and return flow;
‘water services’ involves the provision of both clean water and sanitation facilities, which include
both regional and local water schemes, as well as the collection and treatment of wastewater, and
on-site sanitation (National Treasury, 2011). Notably, water resource management and water
services are interdependent and mutually beneficial. Efficient water resource management is
crucial for ensuring sustainable water services. Insufficient management of water resources could

lead to a situation where the demand for water services cannot be met due to a shortage of water.

The primary source for water in South Africa has been the utilisation of surface water. According
to Mutamba (2019), the country’s water supply comes mainly from surface water (77 percent),
while the remaining water supply is sourced from groundwater (9 percent) and return flows (14
percent). The reliable amount of surface water that the country produces annually is
approximately 14.2 billion cubic meters, and there is an estimated usable groundwater supply of

an additional 3.5 billion cubic meters per year (Mutamba, 2019).



The usage of the available water resources is mostly for agricultural purposes, which account for
60 percent of total demand; domestic demand accounts for 27 percent of total demand: 24 percent
of domestic usage is for urban areas, while the remaining 3 percent is for rural areas (National
Treasury, 2011). The demand for water is projected to increase to 17 billion cubic meters per year
by 2025, versus a reliable yield of 15 billion cubic meters (National Treasury, 2011). Considering
these statistics, South Africa must manage its water resources prudently and efficiently. This is
particularly important given that it is considered one of the driest countries globally. The DWS
suggests plans to diversify water sources to ensure water security, by using groundwater,

managing water demand, and conserving water (Ngobeni & Breitenbach, 2021).
2.2.2 Water services

Since 1994, government has significantly improved access to basic water supply in South Africa
compared to other countries, when measured on progress in achieving SDG 6 (Ngobeni &
Breitenbach, 2021). According to Statistics South Africa (StatsSA) (2016), there are close to 17
million households in South Africa, and a total population of approximately 60 million. Almost
90 percent of households receive water through pipe infrastructure traversing into their yards. On
the other hand, only 14 million households (83 percent) receive safe potable water, and there is
reliable water supply for only 10.8 million households (64 percent). Notwithstanding the
significant improvement in water access, the overall status of water supply systems in the country
is deteriorating (DWS, 2022). Poor management of drinking water services poses a significant
threat to human health. As such, proper management, maintenance and operation of drinking
water purification systems is critical for ensuring that water services are reliable, safe, and

sustainable in the long run.
2.3 Water sector institutional arrangements and role players

The water sector is integrated, but various role players can be identified. The DWS is the owner
of major water resources such as large dams and rivers. The department is assigned the
responsibility of developing and regulating water resources policy by the National Water Act
(1997). The DWS’s main tasks include the planning and execution of significant water resource
infrastructure initiatives, granting water-use licenses, water allocation, management of river
systems and return flows, water abstraction, and water storage (Nithammer et al., 2022). The DWS
also monitors other institutions involved in water management, including water boards, catchment

management agencies, municipalities, and other water providers.



Ngobeni and Breitenbach (2021) list nine government-owned water boards that are tasked with
the responsibility of purifying and distributing bulk water; but some municipalities and the DWS
also carry out this function. According to the National Business Initiative (NBI) (2019), local
government is constitutionally mandated to provide water services to communities at a local level.
South Africa has 257 municipalities, but only 144 of these are legally authorised WSAs allowed
to provide water services to communities. Nithammer et al. (2022) and DWS (2014) have argued
that in certain instances, a WSA could designate a Water Services Provider (WSP) to deliver water
services to customers within a particular geographic region; these may include water boards, other

municipalities and private companies.
2.4 The water sector’s challenges

The water sector in South Africa is facing several noteworthy challenges related to water,
including issues with the availability of the resource itself, as well as problems with the delivery
of water services by municipalities. Mutamba (2019) states that the notable issues impacting
South Africa’s water resources include water scarcity, negative water balance (most river basins
and water management areas are in deficit), water resources pollution, and aging water
infrastructure (resulting in extensive water losses). The Trans-Caledon Tunnel Authority (TCTA)
(2020) associated water services challenges in municipalities with poor technical and leadership
capacity. Additionally, municipalities pay limited attention to sound operation and maintenance;
consequently leading to high non-revenue water, estimated at 35 percent (TCTA, 2020). Coupled
with high levels of non-payment by water users, this negatively affects the sustainability of the
entire water value chain. GCIS (2021) pointed out that municipalities are also faced with capacity

constraints (lack of skilled personnel) and deteriorating water quality.

These challenges slow the rollout of water infrastructure, impacting negatively on water supply
and access, and thus increasing the number of interruptions to water delivery. Studying the
technical efficiency of municipalities and the factors that influence it is highly important in South
Africa. This is especially true when it comes to providing basic water services efficiently, which
IS a pressing matter that requires thorough scientific inquiry.

2.5 Benchmarking in the water sector

Over the past 15 years there have been numerous performance benchmarking initiatives
developed in the water services sub-sector of South Africa. According to Brettenny and Sharp
(2018), these include the National Benchmarking Initiative (NBI); the Blue Drop and Green Drop
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certification programmes; and the Municipal Benchmarking Initiative (MBI). Brettenny and
Sharp (2018) explained that the NBI and MBI have the objective of using benchmarking as a
solution to tackle the significant issues in South Africa’s water sector, whereas the Blue and Green

Drop initiatives prioritise the improvement of service quality.

These benchmarking initiatives undertaken in the South African water sector illustrate the
magnitude of the maintenance-related difficulties in this sector. Nonetheless, it is worth noting
that these initiatives focus mainly on comparing the service standards of the different
municipalities, rather than assessing their productive efficiency in delivering water to meet these
standards. Although it is crucial to assess the effectiveness of water utilities, evaluating their
technical or productive efficiency is equally important. As Nithammer et al. (2022) pointed out,
to achieve this, it is necessary to use scientific technical efficiency benchmarking methods that
employ rigorous mathematical and econometric techniques for accurate performance

interpretation, rather than relying on a descriptive analysis of results.
2.6 Conclusion

South Africa’s ability to ensure long-term water security and drinking water quality is not
completely guaranteed. To guarantee water sustainability and drinking-water quality,
municipalities need to overcome various challenges related to both resources and the actual
provision of water services. Despite efforts to address these challenges, the country’s current
approach is not optimal, particularly regarding water services management. This is evidenced by
municipalities not adhering to legislation regarding the management, maintenance and operation
of their drinking-water purification systems. It is worth emphasising that water security relies not
only on availability but also on quality. Therefore, to enhance the country’s water security and
drinking water services management, regulators and policymakers must take the lead in
embracing non-traditional water sources, and improve the benchmarking of service standards
among different municipalities by adopting benchmarking methods that employ rigorous

mathematical and econometric techniques for accurate performance interpretation.



Chapter Three

Literature Review

3.1 Introduction

In the past few years, there has been considerable expansion in the analysis of efficiency within
the water sector. Scholars in the fields of economics and management science have shown wide
interest in both mathematical programming and econometric approaches (Hosseinzadeh, 2019).
As stated previously, SFA and DEA are the most two popular parametric and non-parametric
efficiency analysis techniques for measuring efficiency. The DEA approach ascribes less
importance on the form of the efficiency frontier, and is preferred due to its mathematical
characteristics for dealing with various inputs and outputs; in contrast, the SFA method can break
down deviations from the frontier into two components: random errors and inefficiency
(Murwirapachena et al., 2019). These techniques have been widely used in empirical studies
across various economic activities and sectors. However, in water-efficiency studies, the DEA

method is the most commonly used approach (Ablanedo-Rosas et al., 2020).

In the water sector arena there have been several research studies that have utilised the non-
parametric DEA approach to analyse the technical efficiency of water utilities. However, as
mentioned previously, the traditional DEA method is vulnerable to measurement errors and
outliers because it is deterministic, and statistical conclusions cannot be drawn from this method
(Ananda & Pawsey, 2019; Molinos-Senante et al., 2018). Simar and Wilson (2007) came up with
a method called double bootstrap to overcome this restriction in DEA models, which permits
statistical inferences to be made. This methodology enables the calculation of efficiency scores
that have been adjusted for bias, and also enables the identification of factors that influence
efficiency (Villegas et al., 2019; Molinos-Senante et al., 2018). Therefore, this section will
provide a brief overview of international and South African studies that have applied the
traditional DEA method and/or the double-bootstrapping procedure to calculate water utilities’

efficiency scores.
3.2 International studies

The efficiency scores of three Spanish water utilities were estimated using the traditional DEA
model by Garcia-Valifias and Mufiiz (2007) during the period 1985 and 2007. The study
considered operational costs as an input. The outputs considered were water delivered, population

served with water, and length of mains. Additionally, the authors included the non-controllable
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variable rainfall in the DEA estimation. The study found that adding rainfall led to efficiency
scores that were similar to those observed globally. The importance of this study in the efficiency
literature is due to its attempt to include a non-controllable variable (rainfall) in the DEA
estimation. Despite this novelty, the use of traditional DEA limited the study in evaluating
whether or not the non-controllable variable (rainfall) significantly influenced efficiency. To
address this shortcoming, the current study evaluated the significance of the non-controllable

variable (rainfall) in influencing efficiency results.

Romano and Guerrini (2011) analysed the efficiency scores of 43 Italian water companies that
operate as the sole provider for their respective regions for the 2007 period. They utilised cross-
sectional data and classified the water utilities into different categories based on their ownership
structure, size, and geographic location. The study employed the traditional DEA model for
determining efficiency scores, and found that the efficiency scores of water utilities were
influenced by their size, ownership structure, and geographic location. Regarding the ownership
structure, public utilities achieved greater efficiency scores compared to private utilities. In terms
of geographical location, the water utilities of central and southern Italy were found to be most
efficient. In terms of size, smaller utilities had higher efficiency scores than medium-sized ones.
This knowledge advises policymakers and water utility managers in the water sector to avoid using
a one-size-fits-all strategy when dealing with the factors that contribute to operational
inefficiency. They must consider efficiency determinants such as ownership, size and location.
The study was constrained in its ability to evaluate the significance of ownership, size, and
location on efficiency results due to the utilisation of the traditional DEA method. The approach
of the current study would help water utility managers and policymakers to target specific areas

influencing efficiency.

Using a double-bootstrap DEA method, Walker et al. (2019) evaluated explanatory factors
alongside bias-corrected economic and environmental efficiency scores for 13 water and sewage
companies in the United Kingdom and Ireland. The study utilised operational and capital
expenditure, operational greenhouse gas emissions, length of mains, and length of sewage pipes
as inputs. The outputs used in the study were water supplied and wastewater treated, drinking
water quality, and discharge permit compliance. The authors listed four prospective environmental
elements that were considered to impact efficiency: consumption per capita, leakage, population
density, and surface water. The study found the application of the double-bootstrap technique
rectified biases in the conventional DEA estimations, changing the company rankings. The

significant factors influencing efficiency were found to be surface water and population density.
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The significance of Walker et al. (2019) in the field of efficiency studies lies in its attempt to
identify the drivers of efficiency. The study used a robust method to determine the performance
of water utilities, and showed the specific areas that required improvement to enhance efficiency.
This nuanced approach is more effective in attaining the intended result. Moreover, the study
showed the importance of truncating the initial efficiency scores for bias-correctness, as this has
a considerable effect on the rankings of technical efficiency among water utilities.

3.3 South African studies

Regarding South African research, Dollery and Van der Westhuizen (2009) conducted a study to
assess the effectiveness of basic service delivery in 231 local municipalities and 46 district
municipalities during 2006/2007. They used traditional DEA methodology to determine the
efficiency estimates, using operational efficiency and labour costs as inputs, while the total
numbers of households receiving water, sanitation, electricity and refuse removal through the
Reconstruction and Development Programme (RDP) were used as outputs. Dollery and Van der
Westhuizen (2009) observed that the level of efficiency differs between provinces. Municipalities
situated in Gauteng had the greatest mean technical efficiency scores among the local

municipalities.

This is a useful study because it examines how well basic services are being provided in South
Africa. However, it would have been beneficial to evaluate the efficiency of basic service delivery
over a longer period, as it would indicate the progress or decline of individual municipalities over
time. This would enable more focused efforts to improve and intervene in those specific areas.
Moreover, the study used traditional DEA, thus there was no evaluation of the factors that
influence efficiency. This is particularly important, since is it commonly known that various

external factors impact the efficiency of water utilities.

Brettenny and Sharp (2016) utilised the traditional DEA model to calculate the efficiency scores
of 88 authorised water services. The study utilised operating expenses as its input, while its
outputs included the number of connections served, length of mains, the amount of water
delivered to customers (both metered and non-metered), the measured volume of water delivered,
the estimated volume of water remaining, and the expenses associated with repairs for pipe bursts.
The study found that water utilities functioning in urban areas performed more efficiently
compared to those in rural areas. This was advantageous, as it provided insights into how location
(whether urban or rural) impacts the efficiency outcomes. The distinction between municipalities
maintains homogeneity in the sample, and avoids the application of a one-size-fits-all method of
12



efficiency measurement. Even so, although the water utilities were split between urban and rural,
the use of traditional DEA in the study restricted the practical application of the findings. As a
result, the study did not evaluate the influence of location (urban or rural) on efficiency results.
Furthermore, the outcomes of the study only showed which municipalities were performing
poorly, without providing any understanding of the specific areas that required improvement to
enhance efficiency.

Nithammer et al. (2022) utilised a double-bootstrap DEA approach to assess bias-corrected
efficiency scores and the factors influencing efficiency for water utilities in urban and rural areas,
covering the period 2010-2012, as well as 2014. The study utilised length of mains and operating
cost as inputs, while authorised consumption and water quality were used as outputs. The authors
included nine environmental factors believed to impact efficiency: location, number of consumer
units, WSA status, ratio of metered to unmetered connections, own bulk water or is sourced from
a water board, outsourcing of water delivery to a non-municipal third-party WSP, proportion of
votes obtained by the majority party, and the impact of the election cycle on local government
spending choices. The findings showed substantial disparities in the rankings and efficiency
scores produced by the traditional DEA model in comparison with the double-bootstrap DEA
model, for urban and rural water utilities. The study also discovered factors such as location and
the proportion of metered to unmetered connections had a significant impact on the effectiveness

of water utilities in both urban and rural areas.

The study above showed the major drawbacks of using traditional DEA, and emphasised the
significance of employing robust efficiency assessments to identify unusual or abnormal
occurrences. Moreover, it provided estimations regarding the factors that influence efficiency
scores, as well as insights into what external factors policymakers and water utility managers
should target to improve efficiency. It can be seen from these that there is a need to expand on the
operational environment and look at other factors that could potentially affect water utility
efficiency. Policymakers and water utility managers cannot rely solely on past determinants of
efficiency and expect different results. They must consider the changing environment in order to

make their support and intervention more effective.
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3.4 Conclusion

In summary, this literature review highlights the significance of employing reliable methods to
assess the technical efficiency of water utilities. Additionally, it shows that there is a rich body of
knowledge that can be utilised to assess the technical efficiency of water utilities, both
internationally and in South Africa. Furthermore, it emphasises the limitations of traditional DEA
when compared to double-bootstrap DEA. In essence, the literature review bolsters the assertion
that the double-bootstrap DEA approach is a more credible methodology to use, as it calculates
efficiency scores that have been corrected for bias and also reveals the factors that influence
efficiency. This is particularly important, since is it commonly known that water utilities are
impacted by various external factors. Therefore, there is an obvious gap in the existing literature,
particularly in South Africa, in terms of expanding on the operational environment and looking at
other factors that could potentially affect water utility efficiency. This study addresses this
shortcoming by considering recent environmental occurrences that could potentially impact the

technical efficiency of South African municipal water utilities.

14



Chapter Four
Methodology and Data

4.1 DEA approach

This study utilised traditional DEA to extrapolate the efficiency scores affected by biases of

municipal water utilities in South Africa.

Charnes et al. (1978) developed the DEA approach, which has been extensively used to evaluate
the efficiency of water utilities (Molinos-Senante et al., 2018). DEA is a tool for benchmarking
efficiency that allows for a comparison of decision-making units (DMUs) that are similar in nature
and operate in similar environments (in this case, South African municipal water utilities). The
most efficient frontier (with a score of 100 percent) is established by utilising sector-specific
inputs and outputs for production technology. Simar and Wilson (2007) stated that the type of
DEA models, either input- or output-orientated, depends on the nature of the industry being
analysed and on the purpose of the research. The input-orientated model focuses on maintaining
the existing level of outputs though determining the maximum number of inputs that can be saved;
on the other hand, the output-oriented model aims to enhance the outputs of DMUs so that they
can achieve the production possibility frontier while keeping the inputs constant (Ngobeni &
Breitenbach, 2021).

Generally, when it comes to measuring efficiency in the water sector, an input-oriented model is
considered better than an output-oriented model, this is because water utilities aim to minimise
their input usage while producing a specific amount of output (Salazar-Adams, 2021). This
research has utilised an input-orientated model, which aligns with previous studies in the field
that has used the traditional DEA methodology to calculate initial efficiency scores (see
Nithammer et al., 2022; Gling6r-Demirci et al., 2018). Furthermore, the DEA benchmarking tool
adjusts for variances in size in the selected Variable Returns to Scale (VRS) orientation. Water
utilities differ in many aspects besides size; they are also likely to have different levels of
productive capacity and efficiency. As a result, this research adopts a VRS input-minimisation
orientation model, which according to Cetrulo et al. (2019) is a credible dispensation when applied
to the measurement of water. As such, given j =1, 2 ..., N units (which in this case are the urban
and rural South African municipal water utilities), each municipal water utility uses M inputs xj
= (x1j,x2j, ..., xMj) in the production process to produce S outputs yj = (y1j, y2j, ..., ySj).

The linear programme that minimises the use of inputs while maintaining constant outputs for
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each DMUj is depicted as follows (Walker et al., 2019):

subject to

N
Z. 1Ajyrj2yr0 1<r<S§ 1)
]:

The efficiency of the water utility being evaluated is determined by 6;, which is efficient when
8; = 1 and inefficient when 6; > 1. It is important to note that the DEA efficiency scores are
greater than 1 because of the use of inverted Farrell efficiency scores. As indicated above, this
study used a VRS model; which means that inverting the efficiency scores has an impact on the
resulting efficiency scores (Nithammer et al., 2022). In this context, M represents the total inputs
utilised by the water utility, while S represents the number of outputs generated, N is the total
number of water utilities evaluated, and 4; refers to a set of variables that indicate the relative

importance of each water utility in the composition of the efficient frontier.
4.2 Double-bootstrap DEA approach

Additionally to the traditional DEA methodology described earlier, this study applied a revised
form of the double-bootstrap DEA technique suggested by Simar and Wilson (2007) to calculate
technical efficiency without bias, and also evaluate the influence of explanatory factors. This
method outputs accurate measures of technical efficiency, and is more robust and stable than
traditional one-stage DEA-derived efficiency scores. Two-stage DEA produces new data drawn
from the initial set, which is then used to re-estimate the DEA model in equation 1 (Molinos-
Senante et al., 2018). Therefore, like previous studies (see Nithammer et al., 2022; Molinos-
Senante et al., 2018), this research applies Simar and Wilson’s (2007) Algorithm 2 double-

bootstrap procedure, summarised below:

After obtaining 6 from the traditional DEA model (equation 1), the maximum-likelihood method
is employed to calculate the estimates of 8 of 8 and 6. of o, which represent the beta and standard

deviation of the error term ¢;, respectively. This is achieved by performing a truncated regression
of 6 against independent variables, as indicated by the subsequent equation:

Zj, 9] = Z]ﬁ + & (2)
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For each water utility, then once more repeat the following four steps (1.1 — 1.4) B, times, to
obtain a set of B, bootstrap estimates éjb for b =1, ..., B; (Simar & Wilson 2007; Nithammer et
al., 2022):

1.1 Generate the residual error &; from the normal distribution N(0, o).

1.2 Compute 8/ = z;B + ;.
1.3 Generate a pseudo-data set (x;, y;) where x;' = x; and (y; = ; (%)
j

1.4 Using the pseudo-data set (xj‘,y}) and equation 1, estimate the pseudo-efficiency estimates

8;". Then calculate the bias-corrected estimator 6; for each utility j (j = 1,2, ..., N) using the

By

bootstrap estimation or the bias b;, where §; = 6; — b; and b; = (%Z éj*b> — 6. Use a

b=1

truncated maximum-likelihood estimation to regress éj on the explanatory variables z; and

provide an estimation for £* of 8 and an estimation for 6* of ... Repeat the subsequent three

k% Akk

steps (2.1 — 2.3) B, times to obtain a set of B, pairs of bootstrap estimates (5 ,6;7) for b =

1, ..., B, (Nithammer et al., 2022; Simar & Wilson 2007):

2.1 Generate the residual error &; from the normal distribution N (0, 6*?).
2.2 Calculate 6;" = z;B* + ¢;.

A Kk

2.3 Use maximum likelihood estimation to run a truncated regression ;“on the explanatory

variables z; and provide an estimate f** for B and 6** for o,.

4.3 Description of data

4.3.1 The study sample

In South Africa, there exists a governance structure that comprises of three tiers: national,
provincial, and local government (Goto et al., 2020). Municipalities are constitutionally mandated
to provide public services; among others these include water services to communities. As shown
in Table 1, there are 278 municipalities in the country. However, out of the 278 municipalities,
only 144 have the legal authority to offer water services within their area of jurisdiction; as

previously mentioned, these authorised municipalities are referred to as WSAs (NBI, 2019).
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Table 1: Classification of South African municipalities

Category Description Number of municipalities
A Metropolitan municipalities 8
Bl Secondary cities 19
B2 Municipalities with a large town as a core 27
B3 Municipalities characterised by small towns 108
B4 Municipalities that are mainly rural 72
District municipalities not authorised to provide water
Cl services 23
District municipalities authorised to provide water
C2 services 21

Source: StatsSA, 2016

The system of categorisation of municipalities was established to reflect significant differences
within and across municipalities. They vary with regard to the operating and institutional
challenges they face in fulfilling their service delivery mandates. The Department of Cooperative
Governance and Traditional Affairs (COGTA) (2009) argue that municipalities within the same
category tend to share homogenous challenges pertaining to (for instance) revenue collection.
Combining similar units is a reasonable approach to facilitating the benchmarking of technical
efficiency (Brettenny & Sharp, 2016).

In order to simplify the comparison and interpretation of the technical efficiency results, this study
has adopted the approach of Nithammer et al. (2022) by grouping the water utilities into two
categories, namely - urban and rural - to maintain homogeneity. Metropolitan municipalities,
secondary cities, and large municipalities (i.e. A, B1, B2) are considered urban utilities; whereas
smaller local municipalities, rural municipalities, and district municipalities authorised to provide
water services (i.e. B3, B4 and C2) are considered rural utilities (Nithammer et al., 2022).
Although there are currently 278 municipalities, the sample reflects the 144 municipalities who
are legally authorised to provide water services within their geographic area. However, as a result
of the unavailability of climatic data for 90 of the municipal water utilities, this study only
evaluates 54 municipal water utilities: 27 urban municipal water utilities and 27 rural municipal

water utilities.
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4.3.2 Variables for efficiency estimation

It is essential to choose appropriate variables to be used in the measurement and assessment of
productive efficiency. Accuracy in selection is crucial in public sector efficiency measurement.
Benito et al. (2019) maintained that input and output selection is cumbersome, as these parameters
are difficult to establish. Data availability is another material consideration. The literature review
conducted was used to buttress the rationale for and selection of the production technology (inputs
and outputs) for this research. The inputs that are commonly used in the literature regarding water
utility efficiency are operating and labour costs, length of mains and number of workers/staff (see
Nithammer et al., 2022; Ablanedo-Rosas et al., 2020; Villegas et al., 2019; Benito et al., 2019;
Molinos-Senante et al., 2018). The most recommended approach for water utilities responsible
for meeting the water needs of the community, is to adopt the input-minimisation orientation

commonly utilised in mainstream studies (Brettenny & Sharp, 2016).

In terms of output variables, the ones commonly found in the literature are water quality (%),
water losses or non-revenue water (%), and volumes of water delivered (see Nithammer et al.,
2022; Molinos-Senante et al., 2018; Ananda, 2018; Brettenny & Sharp, 2016). Therefore, the
input variables utilised in this study are operating expenditure (R) and length of mains (km), while
the default output variables are authorised consumption volumes (kl) and water quality (%). It is
crucial to note that municipal operating expenditure reinforce the link between spending and
selected indicators of municipal outputs, and they also lead to the prompt delivery of those outputs

(Financial and Fiscal Commission, 2011).

Table 2: Efficiency analysis variables

Variable Model Specification
Total operating expenditure (R) Input

Authorised consumption volumes (kI) Output

Length of mains (km) Input

Water quality (%) Output

4.3.3 Explanatory variables

This study evaluates seven potential determinants of efficiency performance, namely the number
of consuming units, number of consuming units receiving free water, water consumer debt (R),
average daily maximum temperature (°C), average daily minimum temperature (°C), average

monthly rain (mm), and location (urban or rural). ‘Number of consuming units’ in this study is
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used as a substitute for the potential cost savings that could be achieved by offering water services
to a larger customer base, which is expected to improve the effectiveness of the delivery of water
service (Monkam, 2014). To put it simply, Samkange (2019) suggests that if economies of scale
are present, bigger utilities that serve more consumers are more likely to deliver water services at
a reduced cost and with greater efficiency than smaller utilities. Moreover, as highlighted by
Nithammer et al. (2022), the consuming units served by municipal water utilities in South Africa
vary greatly, with the smallest utility catering to around 2 000 consumer units and the largest
catering to nearly a million consumer units; this stark difference in size emphasises the cruciality
of examining whether the water sector in South Africa enjoys economies of scale, which could
potentially put the smaller rural utilities at a significant disadvantage.

South Africa has a free basic municipal services policy, wherein the government provides services
at no cost to indigent households. The primary goal of this policy is to ensure that all citizens,
particularly those living in low-income and vulnerable communities, have access to essential
services, irrespective of their ability to pay. These services encompass a minimum amount of
electricity, water, and sanitation, which are deemed sufficient to meet the basic needs of poor
households. As part of this policy, households receiving free water are allocated a monthly amount
of 6 000 litres (6 kI) of water per household. The allocation is managed and monitored using
technological devices, such as prepaid meters, water management devices, and water restrictors
(Water Alternatives Forum, 2022). The implementation of the free basic water policy represents
a positive stride towards achieving equality of access across the country. However, it also poses
financial challenges for municipalities, as the provision of free services places additional pressure
on their budgets, given that those benefiting from these services do not contribute financially
towards them (Monkam, 2014). As such, this study evaluated how ‘the number of consuming

units receiving free water’ impact the efficiency of municipal water utilities in South Africa.

The culture of non-payment by water users has a consequential impact on basic service delivery.
It results in decreasing or stagnant water utilities’ own revenues, which in turn forces them to rely
more heavily on grant transfers from national government, possibly overburdening the fiscus
(DCOG, 2021). Moreover, unrecovered municipal consumer debt reduces the funding that is
accessible for infrastructure delivery, maintenance, and improvement. The issue of citizens in
South Africa not paying for municipal services has been extensively discussed, as the amount of
consumer debt in most municipalities continues to increase (Enwereji & Uwizeyimana, 2020).
Therefore, it is generally believed that municipalities would be able to offer satisfactory services

if they could collect payments from all customers who utilise their services. In this study, ‘water
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consumer debt’ is the total amount owed by water users/customers over a time period of over 90
days. It is essential to note that the amount of consumer debt assessed in the study is considered

realistically collectable, as it has not been written off yet.

As previously mentioned, South Africa is the 29th-driest country globally and experiences an
average annual precipitation of 450mm, which is lower than the global average of 860mm (TCTA,
2020). South Africa gets its water supply predominantly (77 percent) from surface water
(Mutamba, 2019). This means the country is open to and at risk from the destructive effects of
climate change. Therefore it is important to assess the effects of climatic factors such as
precipitation and temperature on the efficiency of South African municipal water utilities. Climate
change aggravates both water scarcity and water-related dangers such as flooding and drought,
because higher temperatures cause disruption to precipitation patterns and thus to the entire water
cycle. Consequently, according to Mutamba (2019), South Africa is susceptible to long-term
droughts. Therefore, given that it is crucial to tackle climate change to guarantee a sustainable
water supply in the future, this study assessed ‘average daily maximum temperature’ (°C),
‘average daily minimum temperature’ (°C), and ‘average monthly rainfall’ (mm) as potential

determinants of efficiency in water service provision in South Africa.

Significant variations exist in economic and political circumstances, as well as location,
performance and capacity (encompassing human resources, finances, and institutions), both
within and between municipalities in South Africa (Monkam, 2014). Considering these
differences, this study includes ‘location’, to assess whether efficiency is influenced by being in
an urban or rural region (Nithammer et al., 2022). For instance, municipal water utilities in the
same location (whether urban or rural) tend to share similar characteristics (COGTA, 2009). As
such, it is necessary to compare rural and urban municipal water utilities separately to provide a

comparison that is more accurate (Brettenny & Sharp, 2016).

4.3.4 Data sources

Since this study extends the 2022 study by Nithammer et al., the dataset covers the same period
used in that particular study, which is 2010 to 2012 and 2014. Considering the use of ‘water
quality’ as an output variable, this study also excluded the year 2013 from the analyses mainly
because the DWS did not conduct the 2013 Blue Drop assessment, resulting in the unavailability

of water quality data for that specific year.
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The input, output and explanatory variables data is not accessible from a single source in South
Africa; the data for this study was obtained from different sources. The data for operating cost
and non-payment by water users was sourced from the National Treasury website, in accordance
with “Section 71 information (In-year Management, Monitoring and Reporting)’. Length of mains
and authorised consumption was obtained from the DWS National Water Services Knowledge
System, specifically the ‘Water conservation and demand management’ section. The study
obtained water quality data from the Blue Drop report (DWS, 2014). The StatsSA website was
the source of data for the number of consuming units, specifically the ‘P9115 Non-financial
census of municipalities’, while the data on rainfall and temperature was acquired from the South
African Weather Service (SAWS).

4.4 Descriptive statistics

This study made use of panel data to conduct an efficiency analysis of water utilities in South
Africa. By using panel data, the study was able to recognise possible trends and control for time-
varying variables that may differ across different entities (individuals, groups, or units), thus
taking into account the unique differences between entities.

Table 3: Summary statistics of municipal data

Variables Measurements Mean Stan_da}rd Minimum | Maximum
Deviation

Operating costs
(R/year in 347 902 0.556 5100

Inputs millions)

Length of mains
(km in thousands)

Authorised
consumption
(kl/year in
millions)

Water quality (%) 70 25 5 99

1.945 3.307 0.046 12.479

32.1 72.1 0.221 350
Outputs

Consuming units

; 117.895 229.070 2.065 965.975
(in thousands)

Consuming units
Continuous receiving free
explanatory water (in
variables thousands)

Water consumer
debt (R/ year in 267 679 1.131 4 450
millions)

50.259 125.290 0.420 745.810
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Average daily
maximum 24.789 2.387 19.775 32.642
temperature (C)
Continuous ]
explanatory Average daily
temperature (C)
Average monthly 42,617 22,598 0.533 114583
daily rain (mm)
Categorical . _
explanatory ]L-OCEI'[IOI‘]. Urban = 0.5 0.5 0 1
variable

Table 3 provides summary statistics of the sample data utilised in this study to calculate the
efficiency scores of municipal water utilities in South Africa. Based on the provided summary
statistics, many of the variables appear to not follow a normal distribution. This is evident from
the significant standard deviation for all variables apart from ‘water quality’, ‘average daily
maximum temperature’, ‘average daily minimum temperature’, and ‘average monthly rain’.
These variables have relatively smaller standard deviations, indicating potential closer adherence
to a normal distribution. The data exhibits considerable variations in values across all factors, as

seen in the difference between the smallest and largest values for each variable.

The ratio between the municipal water utility with the highest operating costs and the one with
the lowest operating costs is approximately 9 107:1, indicating a significant difference in
spending. The ratio of consuming units between the municipal water utility with the most and the
fewest units is approximately 468:1, highlighting a substantial difference in the number of
consumers served. The municipal water utility with the highest water consumer debt has
approximately 4 449 times more debt than the municipal water utility with the smallest water
consumer debt, indicating a significant disparity in debt levels. The difference in average monthly
rain between the municipal water utility with the most and the one with the minimum rain is

approximately 114.050 mm.

Based on the data presented in Table 3, we can infer that the municipal water utilities are not
homogeneous, as there are substantial differences within and across the utilities. These variations
in factors such as operating costs, consuming units, water quality, and water consumer debt

suggest diverse conditions and management practices among the utilities.

Generally, in South Africa, larger municipalities, such as metropolitan municipalities (Category

A), are predominantly located in urban areas. Urban areas have higher population densities,
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increased access to job opportunities, infrastructure, and services. As a result, there is an increased
demand for and affordability to pay for these services. Consequently, municipal water utilities
with a large number of consuming units located in urban areas may have a higher overall debt
load due to the sheer number of consumers. However, they are more likely to collect the debt
given the consumers’ ability to afford payment for their services. In contrast, municipalities in
rural areas often face higher unemployment rates, which can lead to consumers being less likely
to pay for services. These variations in economic conditions point to the likelihood that ‘water
consumer debt” will likely be a significant factor influencing the efficiency of South African

municipal water utilities.
4.5 Conclusion

Due to the unavailability of climatic data for 90 municipal water utilities, this study assessed the
efficiency of only 54 South African municipal water utilities (27 urban and 27 rural municipal
water utilities) during the periods 2010 to 2012 and 2014. The study employed both the traditional
DEA approach and the double-bootstrap DEA approach to estimate the efficiency scores. The
variables utilised as inputs in this research were ‘operating expenditure’ and ‘length of mains’,

and the default output variables were ‘authorised consumption volumes’ and ‘water quality’.

This study considered seven potential determinants of efficiency performance: ‘number of
consuming units’, ‘number of consuming units receiving free water’, ‘water consumer debt’,
‘average daily maximum temperature’, ‘average daily minimum temperature’, ‘average monthly

rain’, and ‘location’.
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Chapter Five
Empirical Results: Presentation and Discussion

5.1 Results: full urban and rural regression

This study evaluated the efficiency of South African municipal water utilities in three stages. In
the first stage, all 54 municipal water utilities were assessed to identify the efficiency scores,
corrected for biases, and the external factors that influence efficiency. The second stage entailed
calculating the efficiency scores and the variables that drive efficiency for the 27 urban municipal
water utilities; and the third stage involved computing the efficiency scores and drivers of
efficiency of the 27 rural municipal water utilities. As indicated previously, it was necessary to
compare rural and urban municipal water utilities separately, to compare ‘like with like’ and

provide a more accurate comparison (Brettenny & Sharp, 2016).

This study selected seven potential determinants of efficiency, namely ‘number of consuming
units’, ‘number of consuming units receiving free water’ ‘water consumer debt’, ‘average daily
maximum temperature’, ‘average daily minimum temperature’, ‘average monthly rain’, and
‘location’. The regression analysis presented in Table 4 considers the inefficiency of utilities as
the dependent variable. A municipal water utility is considered efficient if its bias-corrected
efficiency score is 1; on the other hand, if its score is greater than 1, it is considered inefficient.
Provided that Shepard’s efficiency scores are used (which are the opposite of Farrell efficiency
scores), a negative estimated coefficient means an improvement in efficiency for the water utility,
while a positive coefficient suggests that the estimated parameter reduces efficiency (Nithammer
etal., 2022). The regression results for the complete set of 54 municipal water utilities is displayed
in Table 4.

Table 4: Results of urban and rural truncated regression

Dependent Inefficiency

Independent Coefficients

Consuming units 0.0145* (0.0082)
Consuming units receiving free water - 0.0115***(0.0039)
Water consumer debt - 0.0299*** (0.0060)
Average daily maximum temperature 0.1225* (0.0650)
Average daily minimum temperature 0.0241 (0.0245)
Average monthly daily rain - 0.0082 (0.0088)
Location - 0.0369** (0.0175)
Cons 1.1698*** (0.2464)
Observation 54
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Note: Standard errors in parentheses
*p <0.10; **p < 0.05; ***p < 0.01

In the first stage analysis, the primary explanatory variables are ‘water consumer debt’ and
‘number of consuming units receiving free water’. The coefficient value associated with water
consumer debt is negative (- 0.0299), implying that water consumer debt has a positive influence
on efficiency. It has a p-value of 0.0000 and is significant at 1%, indicating its strong significance
in the analysis of efficiency for municipal water utilities in South Africa. The results do not align
with the preconceived assumptions that consumer debt has adverse effects on municipal
efficiency. In this study, water consumer debt refers to the total amount owed by water users over
a 90-day period and is not yet written off, making the debt considered realistically collectible.
Therefore, water consumer debt can be considered to have a short-term positive impact on
efficiency. If municipal water utilities could successfully collect the outstanding debt in the short
term before it becomes written off and realistically uncollectable, municipal revenues would
potentially increase. Consequently, if the recovered outstanding debt is used wisely, it will assist
water utilities in financing the maintenance and upgrading of water infrastructure. Managers and
policymakers should aim to develop and implement efficient water consumer debt strategies to

effectively manage the debt.

The number of consuming units receiving free water has a positive impact on efficiency, as shown
by the negative sign of its coefficient, with a p-value of 0.0040, signifying significance at 1%.
The number of consuming units receiving free water significantly and positively impacts the
efficiency of municipal water utilities by reducing non-revenue water through decreased illegal
connections and tampering, leading to water conservation. It can increase revenue collection by
avoiding billing costs for indigent households while ensuring access to a basic necessity,
promoting social equity and poverty alleviation. Additionally, it contributes to improved public
health and sanitation, reducing waterborne diseases. Furthermore, political and social stability are
fostered by addressing water access grievances. While providing free water can have significant
positive impacts, it should be done in a balanced and sustainable manner to ensure the financial

viability of municipal water utilities.

The ‘location’ coefficient has a p-value of 0.0350, indicating its significance at a 5% level. The

negative sign of its coefficient suggests that location has a positive impact on efficiency. These

results are expected, considering the significant differences in location between municipalities in

South Africa (Monkam, 2014). Municipal water utilities in the same type of location (urban or
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rural) tend to share similar characteristics, such as unemployment and capacity constraints
(COGTA, 2009). Therefore, it is crucial to compare rural and urban municipal water utilities
separately to provide a more accurate and comparable comparison (Brettenny & Sharp, 2016). As
such, the study determined the influence of the above determinants of efficiency on the efficiency

scores of urban and rural municipal water utilities, respectively.

The study determined that ‘average daily maximum temperature’ is significant at a 10% level of
significance. It has a positively signed coefficient, indicating a negative impact on efficiency.
These findings suggest that the efficiency scores of South African municipal water utilities are
adversely affected by high temperatures. This finding aligns with preconceived assumptions, as
high temperatures can cause increased evaporation of surface water, leading to reduced water
availability (Department of Water Affairs, 2013). This is particularly problematic in South Africa,
considering the country is water stressed and relies on surface water (Mutamba, 2019).
Additionally, high temperatures exacerbate the effects of drought, negatively impacting water
storage (Department of Water Affairs, 2013). Moreover, high temperatures can potentially affect
water quality: as water levels in reservoirs and other water sources decrease, the concentration of
pollutants and minerals in the remaining water may increase, making it more challenging to treat

and deliver safe drinking water to consumers (Department of Water Affairs, 2013).

On the other hand, ‘average monthly rain’ has a positive impact on efficiency, as shown by the
negative sign of its coefficient; however, the effect is negligible. Given that South Africa,
according to TCTA (2020), has an average annual rainfall of 450mm, which is lower than the
world average of 860mm and ranks as the 29th-driest country globally, the result was expected.
While rain can positively impact the efficiency of municipal water utilities by replenishing water
sources and reservoirs, increasing water availability, its overall efficiency benefit may be
negligible due to insufficient rainfall during droughts, challenges in water management practices,
distribution issues, aging infrastructure, and the strain of rapid population growth and urbanisation

on water resources.

‘Number of consuming units’ has a positive coefficient and a p-value of 0.0780, indicating its
significance at a 10% level and its negative effect on efficiency. Based on the findings, the
efficiency scores of municipal water utilities essentially decrease as the number of households or
businesses that use their services increase. This means the preconceived idea that larger municipal
water utilities in urban areas enjoy economies of scale is incorrect. In essence, they are not more

efficient than smaller water utilities serving rural areas.
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5.2 Results: urban municipal water utilities

5.2.1 Traditional DEA results

The 27 urban municipal water biased efficiency scores were calculated in this study using the
traditional DEA model. However, the dataset used in this study includes four sets of data for each
of the municipal water utilities because panel data was used. This means that the study covered a
total of 108 DMUs for the urban analysis. Table 5 displays the biased efficiency scores of the 20

best efficient scores, while Appendix 1 comprise the results of the complete sample.

Table 5: Top 20-urban biased efficiency scores

ID Municipal Category Year Biased efficiency score Rank
31 Bl 2012 1.0000 1
87 Bl 2012 1.0000 1
51 B2 2012 1.0000 1
71 Bl 2012 1.0000 1
67 B2 2012 1.0000 1
20 A 2014 1.0000 1
27 Bl 2012 1.0000 1
19 A 2012 1.0000 1
8 A 2014 1.0000 1
38 B2 2011 1.0000 1
15 B2 2012 1.0000 1
11 A 2012 1.0000 1
39 B2 2012 1.0000 1
35 B2 2012 1.0000 1
23 B2 2012 1.0015 15
2 A 2011 1.0017 16
25 Bl 2010 1.0022 17
37 B2 2010 1.0027 18
17 A 2010 1.0034 19
5 A 2010 1.0035 20
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The “Biased efficiency score’ column in Table 5 lists the traditional DEA efficiency scores. Out
of the 27 urban municipal water utilities analysed over a four-year period, the top 20 performers
consisted of seven from category A, five from category B1, and eight from category B2. The
results indicate that the urban municipal biased efficiency scores are not significantly influenced
by their category or size. The urban sample had an average efficiency score of 1.0318 and a
standard deviation of 0.0258. This indicates that an urban utility could achieve the same level of
output while reducing its inputs by approximately 3.18% to match the benchmark utility’s

efficiency.
5.2.2 Double-bootstrap DEA results

This study utilised the double-bootstrap DEA model to calculate the bias-corrected efficiency
scores of the 27 urban municipal water utilities. The top 20 most efficient utilities’ scores

corrected for bias are shown in Table 6. Appendix 1 comprise the complete sample.

Table 6: Top 20-urban bias-corrected efficiency scores

Municipal B_iqsed . Bias-corrected
ID Year efficiency Rank Bias o Rank
Category score efficiency score
2 A 2011 1.0017 16 -0.0049 1.0066 1
5 A 2010 1.0035 20 -0.0087 1.0122 2
35 B2 2012 1.0000 8 -0.0123 1.0123 3
1 A 2010 1.0071 26 -0.0057 1.0128 4
31 Bl 2012 1.0000 8 -0.0147 1.0147 5
9 A 2010 1.0096 28 -0.0059 1.0154 6
29 Bl 2010 1.0092 27 -0.0069 1.0161 7
25 Bl 2010 1.0022 17 -0.0148 1.0170 8
27 Bl 2012 1.0000 8 -0.0175 1.0175 9
23 B2 2012 1.0015 15 -0.0163 1.0178 10
30 Bl 2011 1.0063 23 -0.0118 1.0181 11
17 A 2010 1.0034 19 -0.0151 1.0185 12
37 B2 2010 1.0027 18 -0.0161 1.0188 13
8 A 2014 1.0000 8 -0.0198 1.0198 14
10 A 2011 1.0147 36 -0.0059 1.0206 15
26 Bl 2011 1.0047 22 -0.0159 1.0207 16
3 A 2012 1.0117 29 -0.0095 1.0212 17
39 B2 2012 1.0000 8 -0.0216 1.0216 18
43 Bl 2012 1.0188 41 -0.0030 1.0218 19
6 A 2011 1.0122 30 -0.0097 1.0218 20
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Table 6 includes a column labelled ‘Bias’, which displays the traditional DEA model’s estimated
bias efficiency scores. The double-bootstrap approach used in this study found a negative bias,
which is consistent with the findings of previous studies that also employed this method (see
Nithammer et al., 2022; Molinos-Senante et al., 2018). The column named ‘Bias-corrected
efficiency score’ in Table 6 displays the efficiency scores of municipal water utilities that have
been corrected for bias. On average, the bias-corrected efficiency score is 1.0433, which is
significantly higher than the biased efficiency score of 1.0318. This suggests that a typical water
utility could lower its inputs by 4.33% to achieve the same level of efficiency as the benchmark
municipal water utility although preserving the same output level. If biased efficiency scores were
used, potential input savings would be underestimated by an average of 1.15%.

When bias-corrected efficiency scores are employed, there is a significant alteration in the ranking
of municipal water utilities. Despite 14 urban municipal water utilities being recognised as
efficient with biased efficiency scores (i.e., scoring 1), only four out of these are among the 20
most efficient water utilities for any of the four years analysed. When adjusting for bias, the City
of Tshwane was ranked as the top performer for its efficiency scores in 2011. However, it was
only ranked 16th when using the traditional DEA model. Breede Valley was ranked 14th for its
performance in 2012 using the traditional DEA model, but was ranked 3rd in the top 20 most
efficient double-bootstrap efficiency scores for its performances in 2012. Drakenstein was ranked
the top performer in terms of the traditional DEA scores for its 2012 performance, but was ranked
5th in the bias-corrected efficiency scores . The City of Cape Town, identified as ID 5, ranked
second in the bias-corrected efficiency scores but only 20th in the biased efficiency scores.
Additionally, the City of Cape Town was found to be the utility that performed the best in all four
years based on the double-bootstrap efficiency scores. According to the efficiency scores
corrected for bias, the City of Ekurhuleni (identified as ID 9 and ID 10) ranked 6th and 15th,
respectively. However, when using the traditional DEA model, it was ranked 28th and 36th,

respectively.

Table 6 shows that the rankings of certain municipal water utilities undergo notable changes when
taking into account the bias-corrected efficiency scores. These variations can have momentous
consequences for policymakers and regulators. As a result, in countries where efficiency analysis
outcomes are utilised to regulate the water sector, it is crucial to accurately reward or penalise
utility companies based on the dependable efficiency scores generated by the double-bootstrap
model (Nithammer et al., 2022).
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5.2.3 Determinant results

In the second phase of the double-bootstrap DEA approach, it becomes possible to identify
external factors that impact the initial efficiency results obtained in the first stage. Therefore, this
study examined the subsequent explanatory variables: ‘number of consuming units’, ‘number of
consuming units receiving free water’, ‘water consumer debt’, ‘average daily maximum
temperature’, “average daily minimum temperature’, and ‘average monthly rain’. The results of
the regression analysis for the urban sample, comprising 27 municipal water utilities, are

presented in Table 7.

Table 7: Results of urban truncated regression

Dependent Inefficiency
Independent Coefficients
Consuming units 0.0009 (0.0033)
Consuming units receiving free water - 0.0109*** (0.0033)
Water consumer debt - 0.0000 (0.0023)
Average daily maximum temperature 0.0315 (0.0293)
Average daily minimum temperature 0.0075 (0.0112)
Average monthly rain 0.0074 (0.0056)
Cons 0.9851*** (0.1013)
Observation 27

Note: Standard errors in parentheses
*p < 0.10; **p < 0.05; ***p < 0.01

In this study, the ‘Number of consuming units’ is an approximation for the economies of scale
that water utilities may achieve by catering to a greater number of units that consume water
services. The number of consuming units was found to have a negative but insignificant impact
on urban municipal water utilities. This indicates that urban municipal water utilities do not
benefit from economies of scale. These findings are supported by the bias-corrected efficiency
scores. In the classification of municipalities in South Africa, Category A municipalities are
regarded as the largest and are located in urban areas. However, not all of these municipalities are
included in the top 20 most efficient municipal water utilities based on the bias-corrected
efficiency scores. For instance, Mangaung (ID 64) is a Category A municipality but is ranked 80th
in efficiency. Municipal water utilities in urban areas may not always benefit from economies of
scale due to factors such as aging infrastructure with increased maintenance costs, distributed

demand requiring multiple facilities, and higher operating expenses.
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‘Number of consuming units receiving free water’ is negative and significant at 1%, and the p-
value is 0.000. This implies that consuming units receiving free water positively impacts the
efficiency of urban municipal water utilities. The outcome is consistent with the one discovered
in the complete sample, implying that the same argument put forth in the complete sample applies
here as well. Providing free water to indigent households in urban areas significantly positively
impacts the efficiency of municipal water utilities by encouraging legal connections, fostering
gradual payment habits, reducing disconnection rates, and supporting economic activity. Free
water provision to poor households incentivises legal connections, by leading more residents to

register with the utility and transition to paying customers beyond the free allocation.

‘Water consumer debt’ insignificantly positively impacts efficiency. Efficient management of
water consumer debt can have a favourable but not so significant impact on the efficiency of urban
municipal water utilities. Municipal water utilities located in urban areas are likely to have more
effective water consumer debt collection due to higher population density and better accessibility.
Urban areas are concentrated with educated and skilled individuals, leading to improved debt
management practices and lower unemployment rates, ensuring more regular income for timely
bill payments. Additionally, urban areas offer better access to financial services and information,
and greater resources for enforcement and monitoring of debt collection policies. Therefore,
consumer debt is likely to be collected successfully in urban areas. It is essential for water utility
managers and policymakers to implement policies and processes that enable positive collection
and recovery of outstanding water consumer debt to ensure it has a significant impact on
efficiency. As water is a constitutional right in South Africa, municipal water utilities should
consider implementing strategies that do not completely terminate water service to non-paying

customers but instead foster a culture of paying for the service.

‘Average daily maximum temperature’ negatively influences the efficiency of municipal water
utilities in South Africa. These results are not consistent with those obtained in the complete
sample, which indicated that the average daily maximum temperature is a significant variable
despite negatively impacting efficiency. Municipal water utilities in South Africa are
constitutionally obligated to provide secure drinking water to communities. Persistently high
temperatures can have an adverse effect on the ability of water utilities to deliver safe drinking
water to communities, as the maintenance required for the operation of drinking water purification
systems will be compromised by the increasing concentration of pollutants and minerals in
remaining water sources. Moreover, poor water quality exacerbates water quality-related diseases,

thus affecting human health.
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The second-last explanatory variable is ‘average daily minimum temperature’. For urban
municipal water utilities, this variable has a negative impact on efficiency but is insignificant.
This implies that average minimum temperatures negatively influence efficiency, but not
significantly. However, it is important for water suppliers to monitor and manage temperature-
related issues to ensure safe and reliable water for their customers. The last factor affecting
efficiency considered in this study is ‘average monthly rainfall’. It also negatively impacts
efficiency but not significantly. South Africa’s water resources are impacted by aging water
infrastructure (resulting in extensive water losses) (Mutamba, 2019). Considering the limited
technical and leadership capacity in municipalities, which impacts effective operation and
maintenance, heavy rainfall could potentially harm water infrastructure, such as storage reservoirs
and treatment plants. As such, it is important for urban municipal water utilities to continually
monitor and assess their systems to adapt to changing climatic conditions and ensure long-term

water sustainability.
5.3 Results: rural municipal water utilities
5.3.1 Traditional DEA results

The 27 rural municipal water utilities’ biased efficiency scores were computed using the
traditional DEA model. The analysis of rural municipal water utilities in the study was based on
panel data, covering a total of 108 DMUs. The top 20 biased efficiency scores for rural
municipalities are presented in Table 8. Appendix 2 comprise the complete results.

Table 8: Top 20-rural biased-efficiency scores

ID Municipal Category Year Biased efficiency score Rank
111 B3 2012 1.0000 1
126 B3 2011 1.0000 1
125 B3 2010 1.0000 1
120 B3 2014 1.0000 1
119 B3 2012 1.0000 1
128 B3 2014 1.0000 1
157 B3 2010 1.0000 1
159 B3 2012 1.0000 1
141 B3 2010 1.0000 1
140 B3 2014 1.0000 1

33



124 B3 2014 1.0000 1
155 B3 2012 1.0000 1
122 B3 2011 1.0000 1
151 B3 2012 1.0000 1
123 B3 2012 1.0000 1
150 B3 2011 1.0002 16
118 B3 2011 1.0011 17
117 B3 2010 1.0011 18
113 B3 2010 1.0047 19
134 B4 2011 1.0114 20

The ‘Biased efficiency score’ column in Table 8 represents the traditional DEA efficiency scores.

The 20 most efficient rural municipal water utilities over four years include 19 from category B3

and one from category B4. These results suggest that the biased efficiency scores may be impacted

by the category and size of a utility in the rural sector. The rural sample as a whole had an

efficiency score of 1.1007 on average, with a standard deviation of 0.0799. This indicates that, on

average, a rural utility could operate with about 10.07% less input and still achieve the same

output level as the benchmark utility while maintaining efficiency.

5.3.2 Double-bootstrap DEA results

This study employed a double-bootstrap DEA method to compute the 27 rural water utilities’

bias-corrected efficiency scores. Table 9 displays the top 20 most efficient bias-corrected

efficiency scores of the 108 rural DMUs included in the study.

Table 9: Top 20-rural bias-corrected efficiency scores

. Bias-
Municipal Biased corrected
ID Year efficiency Rank Bias - Rank
Category efficiency
score
score
111 B3 2012 1.0000 8 -0.0169 1.0169 1
113 B3 2010 1.0047 19 -0.0144 1.0191 2
118 B3 2011 1.0011 18 -0.0186 1.0197 3
117 B3 2010 1.0011 18 -0.0212 1.0222 4
126 B3 2011 1.0000 8 -0.0241 1.0241 5
125 B3 2010 1.0000 8 -0.0266 1.0266 6
120 B3 2014 1.0000 8 -0.0277 1.0277 7
119 B3 2012 1.0000 8 -0.0281 1.0281 8
115 B3 2012 1.0163 24 -0.0147 1.0311 9
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130 B3 2011 1.0134 22 -0.0191 1.0325 10
116 B3 2014 1.0212 26 -0.0166 1.0378 11
128 B3 2014 1.0000 8 -0.0442 1.0442 12
142 B3 2011 1.0276 28 -0.0229 1.0506 13
114 B3 2011 1.0336 34 -0.0186 1.0522 14
133 B4 2010 1.0161 23 -0.0379 1.0540 15
134 B4 2011 1.0114 20 -0.0428 1.0542 16
136 B4 2014 1.0122 21 -0.0421 1.0543 17
146 B3 2011 1.0418 38 -0.0142 1.0560 18
110 B3 2011 1.0291 30 -0.0280 1.0571 19
112 B3 2014 1.0312 33 -0.0267 1.0580 20

The column labelled ‘Bias’ in Table 9 indicates the bias estimates of the efficiency scores
calculated using the traditional DEA model. The negative bias corresponds to the findings in the
urban sample. The average bias-corrected efficiency score of the rural utilities is 1.1398, which is
significantly higher than the average biased efficiency score of 1.1007. This suggests that an
average utility can reduce its inputs by 13.98% to operate at the same efficiency level as the
benchmark utility without reducing output. Furthermore, utilising the biased efficiency scores will
lead to an average underestimation of possible input savings by 3.91%.

The municipal water utilities rankings differ considerably when utilising bias-corrected efficiency
scores. Although 15 rural municipal water utilities were initially identified as efficient using
biased-efficiency scores (i.e., scores of 1), only six of these utilities appear in the 20 most efficient
utilities in any of the four years examined. Karoo Hoogland (ID 110, ID 111, ID 112) was ranked
first for its 2012 performance, 19th for its 2011 performance, and 20th for its 2014 performance
in terms of the double-bootstrap efficiency scores. The traditional DEA model also identified
Karoo Hoogland as efficient in 2012, but most of the rankings of other municipal water utilities
underwent significant changes. The utilisation of bias-corrected efficiency scores resulted in a
significant change in the ranking of Siyathemba (ID 118). It moved up from 17th place, as per the
traditional DEA, to the third spot when utilising the bias-corrected efficiency scores for its 2011
performance. The municipal water utility Mafube (ID 130) moved from its 22nd ranking in the
traditional DEA model to the 10th ranking when the bias-corrected efficiency scores were used
for its 2011 performance.

The variances in the rankings and scores found from the traditional DEA and the double-bootstrap
model have considerable consequences for policymakers and regulators operating in rural areas.

Essentially, the analysis of rural water utilities showed a similar scenario to the urban utility
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analysis, where some municipal water utilities’ rankings changed considerably when the bias-

corrected efficiency scores were taken into account.
5.3.3 Determinant results

Similar to the analysis conducted on urban municipal water utilities, the study also used the second
stage of the double-bootstrap DEA model to determine the factors that affect the bias-corrected
efficiency scores of rural water utilities. The same set of explanatory variables that were used in

the urban analysis were also used in this rural analysis.

Table 10: Results of rural truncated regression

Dependent Inefficiency
Independent Coefficients
Consuming units 0.0914*** (0.0147)
Consuming units receiving free water - 0.0019 (0.0050)
Water consumer debt - 0.0297*** (0.0104)
Average daily maximum temperature 0.1965** (0.0960)
Average daily minimum temperature 0.0258 (0.0348)
Average monthly daily rain 0.0004 (0.0109)
Cons 0.0934 (0.4253)
Observation 27

Note: Standard errors in parentheses
*p < 0.10; **p < 0.05; ***p < 0.01

‘Number of consuming units’ is significant at 1% for rural municipal water utilities, and is
discovered to have a detrimental effect on efficiency. The results are consistent with those of the
complete sample, indicating that rural municipal water utilities in South Africa do not receive any
advantages in terms of economies of scale. The findings depict the reality of rural water utilities.
According to National Treasury (2011), in numerous rural areas, networked services like piped
water and waterborne sewerage are frequently too expensive to establish and sustain, resulting in

them being financially inaccessible.

The ‘number of consuming units receiving free water’ has a positive but insignificant impact on
efficiency. Although providing free water to poor households in rural areas can lead to positive
social and health outcomes, the overall effect on the efficiency of municipal water utilities may
be minor due to challenges such as limited access to services, high unemployment rates, financial

constraints, and infrastructure limitations in rural regions. To achieve a more substantial impact,
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a comprehensive approach is required, addressing not only free water provision but also broader
issues like poverty, access to opportunities, and sustainable water management.

For rural water utilities ‘water consumer debt’ has a negative coefficient and is significant at 1%.
This suggests that it has a positive impact on the efficiency of rural municipal water utilities.
These results align with those obtained from the full sample. If managed well and successfully
collected, consumer debt could significantly boost municipal own revenues and enable rural

municipalities to fund their capital programmes.

‘Average daily maximum temperature’ is significant at 5%. High temperatures have a negative
impact on the efficiency of rural water utilities, as evidenced by the positive coefficient. On the
other hand, ‘average daily minimum temperature’ and ‘average monthly daily rain’ have no
significance on the efficiency scores of rural municipal water utilities. These results are consistent
with those obtained from the urban analysis. Notwithstanding this finding, it is important for
municipal water utilities to mitigate against the effects of climate change. Policymakers and
regulators must develop plans that will establish sufficient resources and expertise in the water
sector and in the country to monitor and detect any issues promptly, as well as being able to adapt

to protect water resources and ensure a sustainable supply of water in the future.
5.4 Conclusion

The results imply that the efficiency rankings and scores of municipal water utilities differ
considerably depending on whether the traditional or double-bootstrap DEA model is employed.
Moreover, these findings suggest that the drivers of efficiency in urban and rural municipal water
utilities in South Africa vary. For municipal water utilities located in urban areas, the number of
consuming units receiving free water is an important determinant of water utility efficiency.
Surprisingly, water consumer debt has a positive effect on efficiency, even though its impact is
insignificant, given that it might not be fully recovered. On the other hand, the climatic variables,
i.e., average daily maximum temperature, average daily minimum temperature, and average

monthly daily rain, negatively impact efficiency, aligning with previously held assumptions.

For municipal water utilities geographically located in rural areas, the number of consuming units
is significant which is not the case in urban municipal water utilities. Water consumer debt is also
significant, as well as average daily maximum temperature. Both number of consuming units and
average daily maximum temperature negatively impact efficiency. Conversely, water consumer

debt positively impacts efficiency, which goes against theoretical expectations.
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Chapter Six
Conclusions and Policy Recommendations

6.1 Summary and conclusions

Improving efficiency and benchmarking are important for ensuring water sustainability, for
managing the effects of climate change, and for improving water service delivery. The efficiency
of South African municipal water utilities was evaluated using the modified double-bootstrap
DEA model. Initially, this study employed traditional DEA to estimate the biased-efficiency
scores of South African municipal water utilities during 2010-2012 and 2014. Subsequently, the
double-bootstrap DEA approach was utilised to produce the bias-corrected efficiency scores, as
well as to assess the impact of external factors. The findings suggest that the rankings of water
utilities based on biased efficiency scores are not reliable. Regarding the biased-efficiency scores
obtained from traditional DEA, certain municipal water utilities were deemed 100% efficient,
whereas the bias-corrected scores reveal that none of them are entirely efficient. The results
emphasise the significance of employing dependable methods to determine efficiency scores, as
biased-efficiency scores can be deceptive, particularly in areas where they are employed to govern

water utilities.

Given that the double-bootstrap DEA method permits the detection of external factors that impact
the initial efficiency estimates, the study analysed seven possible factors that could affect
efficiency in municipal water utilities in South Africa. These included ‘number of consuming
units’, ‘number of consuming units receiving free water’, ‘water consumer debt’, ‘average daily
maximum temperature’, ‘average daily minimum temperature’, ‘average monthly rain’, and
‘location’. To provide a more accurate comparison, the study compared rural and urban municipal

water utilities separately.

The variable ‘consuming units’ had a significant negative impact on efficiency in the rural sample.
This suggests that rural municipal water utilities in South Africa do not benefit from economies
of scale. In the urban sample, the variable ‘consuming units’ also had a negative impact on
efficiency but was deemed insignificant. The study revealed that the ‘number of consuming units
receiving free water’ had a significant positive impact on municipal water efficiency in the urban
sample. Additionally, ‘water consumer debt’ had a significant positive effect on efficiency in the
rural sample. This seems contrary to what we would expect based on intuition. However,

considering that water consumer debt represents the total amount owed by water users within a
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period of over 90 days and has not been written off yet, the debt is considered realistically
collectible. Therefore, it may be considered to have a short-term positive influence on efficiency,

depending on whether it is successfully collected.

‘Average daily maximum temperature’ had a negative effect on efficiency scores in both the urban
and rural samples, but its effect was significant only in the rural sample. This was expected, given
that high temperatures can potentially affect water quality. On the other hand, the study
determined that the ‘average daily minimum temperature’ was not a significant factor for either
the urban or rural sample. To ensure customers receive safe and dependable water, it is important
for water providers to monitor and address temperature-related concerns. The study also
investigated the influence of ‘average monthly rainfall’ as an explanatory variable. In both the
urban and rural sample, the variable was found to negatively impact efficiency but insignificantly.
To avoid the challenges that variations in rainfall can present to municipal water utilities, it is

crucial to implement efficient measures and preventive actions.

The disparity in efficiency rankings between the traditional and double-bootstrap DEA models
indicate the need for careful consideration when comparing and interpreting the results.
Additionally, the distinct drivers of efficiency for urban and rural utilities highlight the importance
of tailoring management strategies to the specific challenges faced in each context. Policymakers
and regulators must recognise the influence of factors such as free water allocation and water
consumer debt on efficiency and explore methods to optimise these variables effectively.
Furthermore, the negative impact of climatic variables on efficiency underscores the urgency of
developing adaptive measures to address the challenges posed by climate change and protect

water resources for sustainable supply in the future.

Due to unavailability of data, this study computed bias-corrected efficiency scores for only 54
metropolitan and local municipalities in South Africa, of which all are categorised as WSAs. The
availability and reliability of data is a serious concern in terms of the efficiency analysis of South
African municipal water utilities. According to Brettenny and Sharp (2018), the information
provided by the South African municipal water utilities may not always be trustworthy or precise,
which means that the outcomes reported may have significant discrepancies. Even though the
benchmarking systems among municipalities have enhanced the quality of data management,
further efforts are needed to address the issue (Brettenny & Sharp, 2016). For this reason, future
studies should confirm these results, also taking into account other exogenous factors such as

fiscal autonomy and institutional capacity, and socio-economic factors such as citizens’ income
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levels. Moreover, given that some municipal water utilities struggle to recover all outstanding
consumer debt, resulting in the debt being written off, the effect of written off bad debt on the

efficiency of municipal water utilities should be determined.
6.2 Policy recommendations

The findings emphasise the significance of utilising credible methodologies to assess the technical
efficiency of water utilities, as biased scores produced by the traditional DEA model differed

significantly from the bias-corrected scores, as demonstrated in both the urban and rural samples.

Location was discovered to positively influence efficiency. Municipal water utilities in the same
type of location (urban or rural) tend to share similar characteristics. Therefore, it is necessary to
analyse rural and urban municipal water utilities separately to assess comparable systems and
produce a more accurate comparison. The understanding of location-specific factors can inform
policymakers and utility managers in adjusting their funding models for water to better reflect
these differences. Additionally, considering the impact of location on efficiency may lead to
targeted interventions and resource allocation strategies, ultimately enhancing the overall

performance and sustainability of water services across urban and rural areas.

The finding that providing free water to consuming units significantly and positively impacts the
efficiency of municipal water utilities has important policy implications. Offering free water to
indigent households not only improves access to water services but also promotes social equity.
The policy reduces the financial burden on poor households and enhances their overall well-being,
contributing to poverty alleviation efforts. Through the implementation of the free basic water
policy, the municipal water supply system’s overall performance can be enhanced with improved
management practices and operational effectiveness. Policymakers must carefully manage the
policy’s implementation to ensure the long-term financial sustainability of water utilities,
balancing support for disadvantaged households with securing revenue for maintenance and

future infrastructure development.

The negative impact of temperature and rainfall patterns on efficiency has significant policy
implications for the operating context of municipal water utilities. Currently, South Africa is not
experiencing a shortage of water; however, if serious measures are not promptly implemented,
the country may face a water crisis in the future. Moreover, the anticipated impacts of climate
change on precipitation and temperature are expected to further exacerbate the water security

challenges in the country. It is of utmost importance for the government to take prompt action to
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prevent a situation where water demand exceeds supply. Therefore, building sufficient capacity
within the sector and the country to effectively monitor and detect climate change is imperative
to adapt accordingly. This proactive approach is necessary to safeguard water resources and
ensure a sustainable water supply for the future, considering the potential challenges posed by

climate change.

The study identified water consumer debt as a significant factor in determining efficiency. This
has serious policy implications, as consumer debt is one of the major obstacles facing South
African municipalities. It is important for water utilities to manage consumer debt and ensure the
successful collection thereof. Water consumer debt can boost water utilities’ revenue if collected
successfully. Therefore, to improve the chances of successfully collecting consumer debt for

water services, regulators and policymakers should ensure the following:

e Water utilities should develop and implement debt management strategies that include
regular communication with customers who are in arrears, as well as the implementation

of payment plans and the use of debt collection agencies;

e Water utilities should provide customers with multiple payment options, such as online
payment, automatic debit, and payment at local banks or post offices. This will make it

easier for customers to pay their bills and reduce the likelihood of missed payments;

e Water utilities should develop and implement education and awareness campaigns to
educate customers about the importance of paying their water bills on time, and the

consequences of non-payment; and

e Water utilities should regularly monitor and evaluate their debt collection approaches to
determine what is working and what is not, and make changes to those tactics that are not

working.

In conclusion, the scientific evidence presented in this study can be utilised by policymakers and
regulators to tackle the inefficient management of drinking water services. Therefore, this study
contributes to the conversation surrounding fiscal policy in South Africa. As such, the study has
successfully accomplished its primary objectives of benchmarking the technical efficiency of

municipal water utilities in South Africa.
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Appendix 1: Full Sample: Urban Results

Table 1.1: Full sample: urban biased and bias-corrected efficiency scores

Biased Bias-
ID Municipal Water Utility | Year | efficiency | Rank | Bias cor_rgcted Rank
Category efficiency
score
score
City of
2 A Tshwane 2011 1.0017 16 | -0.0049 1.0066 1
City of Cape
5 A Town 2010 1.0035 20 | -0.0087 1.0122 2
35 B2 Breede Valley 2012 1.0000 8 -0.0123 1.0123 3
City of
1 A Tshwane 2010 1.0071 26 | -0.0057 1.0128 4
31 Bl Drakenstein 2012 1.0000 8 -0.0147 1.0147 5
City of
9 A Ekurhuleni 2010 1.0096 28 | -0.0059 1.0154 6
29 Bl Drakenstein 2010 1.0092 27 | -0.0069 1.0161 7
25 Bl Stellenbosch 2010 1.0022 17 | -0.0148 1.0170 8
27 Bl Stellenbosch 2012 1.0000 8 -0.0175 1.0175 9
23 B2 Mossel Bay 2012 1.0015 15 | -0.0163 1.0178 10
30 Bl Drakenstein 2011 1.0063 23 | -0.0118 1.0181 11
City of
17 A Johannesburg 2010 1.0034 19 | -0.0151 1.0185 12
37 B2 Dihlabeng 2010 1.0027 18 | -0.0161 1.0188 13
City of Cape
8 A Town 2014 1.0000 7.5 |-0.0198 1.0198 14
City of
10 A Ekurhuleni 2011 1.0147 36 | -0.0059 1.0206 15
26 Bl Stellenbosch 2011 1.0047 22 | -0.0159 1.0207 16
City of
3 A Tshwane 2012 1.0117 29 | -0.0095 1.0212 17
39 B2 Dihlabeng 2012 1.0000 7.5 | -0.0216 1.0216 18
43 Bl Emalahleni 2012 1.0188 41 | -0.0030 1.0218 19
City of Cape
6 A Town 2011 1.0122 30 | -0.0097 1.0218 20
34 B2 Breede Valley 2011 1.0146 35 | -0.0074 1.0220 21
City of Cape
7 A Town 2012 1.0136 33 | -0.0087 1.0223 22
City of
11 A Ekurhuleni 2012 1.0000 8 -0.0223 1.0223 23
41 Bl Emalahleni 2010 1.0197 42 | -0.0031 1.0228 24
71 Bl George 2012 1.0000 8 -0.0229 1.0229 25
47 A eThekwini 2012 1.0045 21 | -0.0185 1.0231 26
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36 B2 Breede Valley 2014 1.0136 34 | -0.0103 1.0240 27
City of

12 A Ekurhuleni 2014 1.0181 40 -0.0059 1.0241 28

15 B2 Overstrand 2012 1.0000 8 -0.0247 1.0247 29
Nelson Mandela

54 A Bay 2011 1.0211 43 -0.0040 1.0251 30

40 B2 Dihlabeng 2014 1.0063 24 -0.0196 1.0259 31
City of

4 A Tshwane 2014 1.0181 39 -0.0082 1.0263 32
City of

18 A Johannesburg 2011 1.0065 25 | -0.0198 1.0263 33
City of

20 A Johanneshurg 2014 1.0000 8 -0.0269 1.0269 34

33 B2 Breede Valley 2010 1.0179 38 -0.0091 1.0270 35

69 B1 George 2010 1.0127 32 -0.0144 1.0271 36

62 A Mangaung 2011 1.0240 47 -0.0035 1.0276 37

57 B1 uMbhlathuze 2010 1.0225 45 -0.0053 1.0278 38

38 B2 Dihlabeng 2011 1.0000 8 -0.0283 1.0283 39
Nelson Mandela

55 A Bay 2012 1.0248 48 -0.0039 1.0287 40
Nelson Mandela

56 A Bay 2014 1.0252 49 -0.0035 1.0287 41

73 A Buffalo City 2010 1.0237 46 -0.0058 1.0296 42

67 B2 Knysna 2012 1.0000 8 -0.0296 1.0296 43

32 B1 Drakenstein 2014 1.0261 50 -0.0041 1.0302 44
City of

90 B1 Mbombela 2011 1.0284 52 -0.0044 1.0328 45

83 B1 Emfuleni 2012 1.0220 44 -0.0111 1.0331 46

63 A Mangaung 2012 1.0298 58 -0.0034 1.0332 47

66 B2 Knysna 2011 1.0147 37 -0.0202 1.0348 48
Nelson Mandela

53 A Bay 2010 1.0296 57 -0.0054 1.0350 49

51 B2 Saldanha Bay 2012 1.0000 8 -0.0351 1.0351 50

44 B1 Emalahleni 2014 1.0320 60 -0.0032 1.0352 51

79 B2 Mogalakwena 2012 1.0125 31 -0.0252 1.0377 52
City of

19 A Johannesburg 2012 1.0000 8 -0.0378 1.0378 53

42 B1 Emalahleni 2011 1.0358 67 -0.0033 1.0391 54

46 A eThekwini 2011 1.0337 62 -0.0068 1.0405 55

65 B2 Knysna 2010 1.0293 54 -0.0113 1.0407 56

98 B1 Matjhabeng 2011 1.0369 69 -0.0039 1.0408 57

45 A eThekwini 2010 1.0335 61 -0.0073 1.0408 58
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95 B2 Makana 2012 1.0308 59 | -0.0103 1.0411 59
68 B2 Knysna 2014 1.0289 53 | -0.0129 1.0418 60
50 B2 Saldanha Bay 2011 1.0296 56 | -0.0127 1.0422 61
75 A Buffalo City 2012 1.0383 71 | -0.0048 1.0431 62
22 B2 Mossel Bay 2011 1.0295 55 | -0.0140 1.0435 63
87 Bl Sol Plaatje 2012 1.0000 8 -0.0440 1.0440 64
49 B2 Saldanha Bay 2010 1.0337 63 | -0.0105 1.0442 65
61 A Mangaung 2010 1.0378 70 | -0.0068 1.0446 66
96 B2 Makana 2014 1.0339 64 | -0.0108 1.0447 67
93 B2 Makana 2010 1.0264 51 | -0.0193 1.0457 68
City of
89 Bl Mbombela 2010 1.0426 75 | -0.0051 1.0478 69
81 Bl Emfuleni 2010 1.0421 73 | -0.0057 1.0478 70
94 B2 Makana 2011 1.0366 68 | -0.0137 1.0503 71
48 A eThekwini 2014 1.0431 77 | -0.0074 1.0506 72
14 B2 Overstrand 2011 1.0352 65 | -0.0155 1.0507 73
78 B2 Mogalakwena 2011 1.0352 66 | -0.0159 1.0510 74
99 Bl Matjhabeng 2012 1.0425 74 | -0.0104 1.0529 75
86 Bl Sol Plaatje 2011 1.0478 82 | -0.0058 1.0537 76
101 Bl Polokwane 2010 1.0493 83 | -0.0044 1.0537 77
82 Bl Emfuleni 2011 1.0448 78 | -0.0091 1.0539 78
13 B2 Overstrand 2010 1.0477 81 | -0.0102 1.0579 79
64 A Mangaung 2014 1.0556 87 | -0.0040 1.0596 80
16 B2 Overstrand 2014 1.0429 76 | -0.0169 1.0598 81
City of
91 Bl Mbombela 2012 1.0529 86 | -0.0068 1.0598 82
97 Bl Matjhabeng 2010 1.0558 88 | -0.0041 1.0599 83
70 Bl George 2011 1.0457 79 | -0.0148 1.0605 84
52 B2 Saldanha Bay 2014 1.0495 84 | -0.0110 1.0605 85
City of
92 Bl Mbombela 2014 1.0529 86 | -0.0079 1.0608 86
59 Bl uMhlathuze 2012 1.0468 80 | -0.0151 1.0619 87
77 B2 Mogalakwena 2010 1.0411 72 | -0.0216 1.0627 88
74 A Buffalo City 2011 1.0579 89 | -0.0051 1.0630 89
85 Bl Sol Plaatje 2010 1.0586 90 | -0.0065 1.0651 90
84 Bl Emfuleni 2014 1.0645 94 | -0.0038 1.0684 91
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102 Bl Polokwane 2011 1.0606 92 | -0.0092 1.0699 92
76 A Buffalo City 2014 1.0670 96 | -0.0033 1.0703 93
100 Bl Matjhabeng 2014 1.0603 91 | -0.0109 1.0712 94
60 Bl uMhlathuze 2014 1.0622 93 | -0.0097 1.0718 95
58 Bl uMhlathuze 2011 1.0662 95 | -0.0079 1.0741 96
103 Bl Polokwane 2012 1.0734 100 | -0.0054 1.0788 97
104 B1 Polokwane 2014 1.0701 98 | -0.0090 1.0790 98
28 Bl Stellenbosch 2014 1.0693 97 | -0.0110 1.0804 99
106 Bl Rustenburg 2011 1.0775 101 | -0.0063 1.0838 100
88 Bl Sol Plaatje 2014 1.0811 104 | -0.0079 1.0890 101
72 Bl George 2014 1.0777 102 | -0.0117 1.0894 102
107 Bl Rustenburg 2012 1.0840 105 | -0.0058 1.0899 103
80 B2 Mogalakwena 2014 1.0718 99 -0.0203 1.0921 104
24 B2 Mossel Bay 2014 1.0796 103 | -0.0155 1.0951 105
105 Bl Rustenburg 2010 1.0895 106 | -0.0101 1.0996 106
108 Bl Rustenburg 2014 1.1018 108 | -0.0045 1.1063 107
21 B2 Mossel Bay 2010 1.0968 107 | -0.0116 1.1084 108

Average 1.0318 1.0433

Standard

Deviation 0.0258 0.0236
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Appendix 2: Full Sample: Rural Results

Table 2.1: Full sample: rural biased and bias-corrected efficiency scores

. Biased Bias-
ID l\c/l::g ;:)F;?,I Water Utility | Year | efficiency | Rank | Bias g?fﬁ;ﬁig Rank
score score
111 B3 Karoo Hoogland | 2012 1.0000 8 -0.0169 1.0169 1
113 B3 Richtersveld 2010 1.0047 19 | -0.0144 1.0191 2
118 B3 Siyathemba 2011 1.0011 18 | -0.0186 1.0197 3
117 B3 Siyathemba 2010 1.0011 18 -0.0212 1.0222 4
126 B3 Khéi-Ma 2011 1.0000 8 -0.0241 1.0241 5
125 B3 Khéi-Ma 2010 1.0000 8 -0.0266 1.0266 6
120 B3 Siyathemba 2014 1.0000 8 -0.0277 1.0277 7
119 B3 Siyathemba 2012 1.0000 8 -0.0281 1.0281 8
115 B3 Richtersveld 2012 1.0163 24 -0.0147 1.0311 9
130 B3 Mafube 2011 1.0134 22 -0.0191 1.0325 10
116 B3 Richtersveld 2014 1.0212 26 -0.0166 1.0378 11
128 B3 Khéi-Ma 2014 1.0000 8 -0.0442 1.0442 12
142 B3 Tsantsabane 2011 1.0276 28 -0.0229 1.0506 13
114 B3 Richtersveld 2011 1.0336 34 -0.0186 1.0522 14
133 B4 Gamagara 2010 1.0161 23 -0.0379 1.0540 15
134 B4 Gamagara 2011 1.0114 20 -0.0428 1.0542 16
136 B4 Gamagara 2014 1.0122 21 -0.0421 1.0543 17
146 B3 Kou-Kamma 2011 1.0418 38 -0.0142 1.0560 18
110 B3 Karoo Hoogland | 2011 1.0291 30 -0.0280 1.0571 19
112 B3 Karoo Hoogland | 2014 1.0312 33 -0.0267 1.0580 20
109 B3 Karoo Hoogland | 2010 1.0417 37 -0.0169 1.0587 21
157 B3 Bitou 2010 1.0000 8 -0.0600 1.0600 22
135 B4 Gamagara 2012 1.0279 29 -0.0325 1.0603 23
150 B3 Witzenberg 2011 1.0002 16 -0.0608 1.0610 24
159 B3 Bitou 2012 1.0000 8 -0.0645 1.0645 25
143 B3 Tsantsabane 2012 1.0346 36 -0.0341 1.0687 26
149 B3 Witzenberg 2010 1.0301 31 -0.0406 1.0707 27
154 B3 Beaufort West 2011 1.0171 25 -0.0551 1.0721 28
152 B3 Witzenberg 2014 1.0254 27 -0.0477 1.0731 29
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141 B3 Tsantsabane 2010 | 1.0000 8 |-00734| 1.0734 30
144 B3 Tsantsabane 2014 1.0346 35 -0.0403 1.0749 31
127 B3 Khai-Ma 2012 | 10538 | 42 |-0.0224 | 10762 32
163 B3 Bergrivier 2012 | 1.0461 | 40 |-0.0306 | 1.0768 33
167 B3 Hantam 2012 | 10530 | 41 |-0.0275| 1.0805 34
140 B3 Lephalale 2014 | 1.0000 8 |-0.0816| 1.0816 35
158 B3 Bitou 2011 | 1.0311 32 |-00511| 1.0822 36
124 B3 Setsoto 2014 | 1.0000 8 |-0.0855 | 1.0855 37
155 B3 Beaufort West | 2012 |  1.0000 8 |-0.0858 | 1.0858 38
122 B3 Setsoto 2011 | 1.0000 8 |-0.0920 | 1.0920 39
151 B3 Witzenberg 2012 | 1.0000 8 |-0.0940 | 1.0940 40
171 B3 Swartland 2012 | 1.0452 39 |-0.0526 | 1.0978 41
173 B3 Umsobomvu 2010 | 10772 | 44 |-0.0301| 1.1073 42
123 B3 Setsoto 2012 | 1.0000 8 |-01113| 1.1113 43
168 B3 Hantam 2014 | 10875 | 48 |-0.0347 | 11222 44
121 B3 Setsoto 2010 | 1.0809 | 45 |-0.0415| 1.1224 45
156 B3 Beaufort West | 2014 | 1.0632 | 43 |-0.0640 | 11272 46
184 B3 Cederberg 2014 | 1.1130 56 | -0.0153 | 1.1282 47
178 B3 Emthanjeni 2011 | 1.1080 52 |-00219 | 1.1300 48
179 B3 Emthanjeni 2012 | 1.1095 54 |-00213 | 1.1308 49
160 B3 Bitou 2014 | 1.0049 | 49 |-0.0405| 1.1354 50
189 B3 \S/‘;'I‘I(i‘;‘/ys River | 2010 | 1.1173 60 | -0.0217 | 1.1390 51
185 B3 Matzikama 2010 | 1.1170 50 | -0.0227 | 1.1396 52
131 B3 Mafube 2012 | 1.1188 61 |-0.0218 | 1.1406 53
162 B3 Bergrivier 2011 | 1.1061 51 | -0.0356 | 1.1417 54
174 B3 Umsobomvu 2011 | 1.1133 57 | -0.0304 | 1.1437 55
170 B3 Swartland 2011 | 1.0841 | 46 |-0.0598 | 1.1439 56
139 B3 Lephalale 2012 | 1.0845 | 47 |-0.0628 | 1.1473 57
175 B3 Umsobomvu 2012 | 1.1193 62 | -0.0284 | 1.1477 58
177 B3 Emthanjeni 2010 | 1.1209 63 | -0.0293 | 1.1502 59
187 B3 Matzikama 2012 | 1.1155 58 | -0.0358 | 1.1513 60
153 B3 Beaufort West | 2010 | 1.1047 50 | -0.0486 | 1.1533 61
199 B3 Eguuifra”e 2012 | 1.1280 64 |-00276 | 1.1556 62
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Sundays River

190 B3 Valley 2011 | 1.1352 67 |-00252 | 1.1603 63
186 B3 Matzikama 2011 | 11408 | 715 |-0.0211 | 1.1619 64
188 B3 Matzikama 2014 | 11408 | 715 |-0.0230 | 1.1638 65
176 B3 Umsobomvu 2014 | 1.1382 68 | -0.0208 | 1.1680 66
195 B3 Theewaterskloof | 2012 1.1125 55 -0.0567 1.1692 67
198 B3 Blue Crane 2011 | 1.1391 69 |-0.0304 | 1.1695 68
Route
200 B3 g:)“uetecra”e 2014 | 1.1412 73 | -0.0287 | 1.1699 69
191 B3 f‘/‘;’fl‘li‘/ys River | 2012 | 1.1443 74 | -00275 | 1.1718 70
180 B3 Emthanjeni 2014 | 1.1303 65 |-0.0447 | 1.1750 71
129 B3 Mafube 2010 | 1.1541 78 | -00222 | 1.1764 72
181 B3 Cederberg 2010 | 1.1547 79 |-00238 | 1.1785 73
197 B3 g:)“uetfra”e 2010 | 1.1598 83 |-0.0241| 1.1839 74
161 B3 Bergrivier 2010 | 1.1610 86 |-0.0240 | 1.1850 75
138 B3 Lephalale 2011 | 1.1089 53 | -0.0774 | 1.1863 76
193 B3 Theewaterskloof | 2010 |  1.1494 76 | -0.0396 | 1.1890 77
137 B3 Lephalale 2010 | 1.1339 66 | -0.0571 | 1.1910 78
205 B3 Ndlambe 2010 | 1.1606 84 |-00330 | 1.1936 79
165 B3 Hantam 2010 | 1.1563 80 |-0.0375| 1.1938 80
183 B3 Cederberg 2012 | 1.1498 77 | -0.0447 | 1.1945 81
169 B3 Swartland 2010 | 1.1408 70 | -0.0549 | 1.1957 82
192 B3 \S/‘;rl‘l‘i"g‘/ys River | 2014 | 1.1626 87 |-00361| 1.1987 83
206 B3 Ndlambe 2011 | 1.1660 89 | -0.0336 | 1.1996 84
201 B3 Kouga 2010 | 1.1465 75 | -0.0540 | 1.2005 85
145 B3 Kou-Kamma | 2010 | 1.1751 o1 |-0.0274 | 1.2025 86
132 B3 Mafube 2014 | 11810 94 | -0.0249 | 1.2059 87
166 B3 Hantam 2011 | 1.1580 82 | -0.0485 | 1.2065 88
207 B3 Ndlambe 2012 | 1.1798 92 |-00271| 1.2069 89
202 B3 Kouga 2011 | 11574 81 |-0.0502 | 1.2075 90
164 B3 Bergrivier 2014 1.1809 93 | -0.0274 1.2083 91
203 B3 Kouga 2012 | 1.1699 90 | -0.0398 | 1.2097 92
194 B3 Theewaterskloof | 2011 1.1607 85 -0.0510 1.2117 93
182 B3 Cederberg 2011 1.1913 97 | -0.0253 1.2166 94
204 B3 Kouga 2014 | 1.1866 96 |-0.0389 | 1.2256 95
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196 B3 Theewaterskloof | 2014 1.1851 95 | -0.0406 1.2256 96
172 B3 Swartland 2014 1.1651 88 -0.0623 1.2274 97
147 B3 Kou-Kamma 2012 1.1946 98 -0.0344 1.2290 98
148 B3 Kou-Kamma 2014 1.1973 99 | -0.0360 1.2333 99
208 B3 Ndlambe 2014 1.2002 101 | -0.0366 1.2368 100
211 B3 Nama Khoi 2012 1.1991 100 | -0.0377 1.2368 101
209 B3 Nama Khoi 2010 1.2238 102 | -0.0342 1.2580 102
210 B3 Nama Khoi 2011 1.2285 103 | -0.0413 1.2699 103
212 B3 Nama Khoi 2014 1.2475 104 | -0.0552 1.3027 104
214 B3 Kopanong 2011 1.2878 106 | -0.0283 1.3161 105
213 B3 Kopanong 2010 1.2841 105 | -0.0393 1.3235 106
216 B3 Kopanong 2014 1.2904 107 | -0.0449 1.3353 107
215 B3 Kopanong 2012 1.3398 108 | -0.0576 1.3974 108

Average 1.1007 1.1398

Standard

Deviation 0.0799 0.0794
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