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ABSTRACT

Water shortages, public demonstrations and lack of service delivery have plagued many South African water services
authorities (WSAs) for a number of years. From 2004–2007 the National Benchmarking Initiative (NBI) was implemented to
improve the performance, efficiency and sustainability of WSAs. The current study demonstrates the use of data envelopment
analysis (DEA) and the Malmquist productivity index (MPI) for the assessment of the effectiveness of the NBI in achieving
these goals. Furthermore, the MPI is used to assess the impact that the termination of the NBI had on the efficiency of the
WSAs in the years that followed. In conclusion, the MPI is identified as a valuable tool for regulators and policy makers that
wish to assess the performance of their benchmarking initiatives.
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INTRODUCTION
South Africa is a water-scarce country and the effective
management of water resources is essential for the continued
provision of services to the public (Fisher-Jeffes et al., 2015).
There is an important need for Government to constantly assess
the performance of water services authorities (WSAs) as poor
performances in this regard can lead reduced provision of water
services to their constituents. Assessments of this nature often
take the form of a benchmarking scheme or initiative (OMBI,
2011; Braadbaart, 2007), which seeks to compare WSAs against
each other or against predetermined target levels in an effort to
ascertain the level of relative or absolute performance for each.
Performance benchmarking was initially used in the
private sector and not considered for the public sector because
government officials maintained that their organisations
were unique and any comparisons would ultimately be of no
use (Ammons, 1999). However, the success of benchmarking
practices in the corporate world began challenging this
argument. While there are many instances of benchmarking
practices in the private sector, the most prominent is the
successful use of benchmarking by the Xerox Corporation in
the early 1980s which showed that organisations need not be
alike for them to be able to learn from each other (Ammons et
al., 2001). In this case, the Xerox Corporation learnt valuable
warehousing and distribution lessons from a benchmarking
project undertaken with the catalogue merchant L. L. Bean
(Dorsch and Yasin, 1998). The disparity in the two business
types in this case did not preclude them from learning
valuable practices from each other (Ammons, 1999). The use
of performance benchmarking in this manner undermined
the ‘uniqueness argument’ (Ammons et al., 2001) used by
public sector officials to rule out their involvement. As such,
performance benchmarking and measurement in the public
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sector began gaining ground rapidly in the early 1990s (Bruder
and Gray, 1994). Tillema (2010) provides examples of public
sector organisations which have used benchmarking for
performance assessments and the creation of accountability.
These examples include, but are not limited to, local authorities
where performance was assessed by the ability of the authorities
to provide ‘best value’ services, i.e., to raise standards while
limiting costs (Bowerman and Ball, 2000), and police forces,
where reduction in crime and increase in public confidence
were top performance objectives (Collier, 2006).
The water services sector in South Africa is not unfamiliar
with performance benchmarking initiatives. In fact, over the
past 15 years three separate benchmarking initiatives have been
implemented. Initially the National Benchmarking Initiative
(NBI), which included the 2004/05 to 2006/07 municipal
years, sought to compare the performance of municipalities
in South Africa. Performance assessment which focused on
the provision and quality of potable water and the removal
of wastewater was introduced by the Blue and Green Drop
certification processes, respectively, in 2008. Most recently, a
second benchmarking initiative, the Municipal Benchmarking
Initiative (MBI), began in 2012. While the Blue and Green
Drop initiatives focused on the quality of services, the NBI (and
subsequently MBI) sought to use benchmarking to address
the main challenges faced by the South African water sector,
namely to (SALGA, DWAF and WRC, 2005):
• Increase public access to sanitation and water services while
maintaining their affordability.
• Ensure that all processes and services provided were
sustainable.
• Create the capacity to ensure that the above two challenges
were met.
• Enhance the performance of the water service providers
so that the above challenges were met in the most efficient
manner.
The current study seeks to assess the effectiveness of the NBI in
achieving the final challenges indicated above. In so doing, this
study aims to establish whether the return to benchmarking in
the form of the MBI was justified and to propose a tool for the
continued assessment of the MBI. This is achieved through the
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of water service delivery, and the Malmquist productivity index
(MPI) which assesses the efficiency change over time.
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of any functions or distributions. The DEA method uses a linear
(see Murillo-Zamorano, 2004).
programming technique to construct the frontier against which
The method for DEA presented above provides a crossthe firms are compared to determine the relative efficiency of
sectional assessment of the WSAs for a given fixed time period t.
∗
each. Owing to the flexibility of the DEA procedure and its
min 𝜃𝜃𝑘𝑘𝑡𝑡
As such, the frontier 𝜃𝜃and
efficiencies are fixed in time.
𝑘𝑘 =associated
𝜃𝜃𝑘𝑘𝑡𝑡 ,𝜆𝜆𝑡𝑡𝑎𝑎
prominence in the related literature, this method is selected for
To assess the change experienced by the WSAs from one time
use in the current study.
period to the next, the change in efficiencies as well as the change
The terminology used to present the DEA method is used
in the position of the frontier between the two time periods
𝑛𝑛
with reference to Brettenny and Sharp (2016). Firstly, each of
must be assessed.
In a DEA
framework, this is typically achieved
𝑡𝑡
𝑡𝑡
− ∑ 𝜆𝜆𝑡𝑡𝑎𝑎 𝑥𝑥𝑖𝑖𝑖𝑖
≥ 0 (𝑖𝑖 = 1,2, … , 𝑙𝑙)
𝜃𝜃𝑘𝑘𝑡𝑡 𝑥𝑥𝑖𝑖𝑖𝑖
the n WSAs which are included in the analysis are considered to
through the use of the MPI. Less common approaches to assess
𝑎𝑎=1
be decision-making units which are responsible for converting
this change, such as window analysis, are possible, but are not
a set of l inputs, denoted Xi where i = 1,2, … , l, to produce a set
presented in this study, see Cooper et al. (2007) for details.
of m outputs, denoted Yj where j = 1,2, … , m where all inputs
Suppose that two time
periods
and𝜃𝜃𝑘𝑘𝑡𝑡t2 are considered such that
𝜃𝜃𝑘𝑘∗ =t1min
𝑛𝑛
𝜃𝜃𝑘𝑘𝑡𝑡 ,𝜆𝜆𝑡𝑡𝑎𝑎
and outputs are identical. Since the decision-making units in
t2 > t1 and let𝑦𝑦δ𝑡𝑡t ≤
(x kt∑
, ytk𝜆𝜆) 𝑡𝑡be𝑦𝑦 𝑡𝑡defined
as the efficiency estimate of
𝑎𝑎 𝑗𝑗𝑗𝑗 (𝑗𝑗 = 1,2, … , 𝑚𝑚)
𝑗𝑗𝑗𝑗
this case are WSAs, the outputs (water delivered, etc.) can be
WSA k using inputs
and
outputs
from
time period t1, evaluated
𝑎𝑎=1
considered a predetermined and fixed value while the inputs
𝑛𝑛
against the DEA frontier formed
by the observations in time
𝑡𝑡
𝑡𝑡
used to achieve these specified outputs should be minimised
𝑥𝑥𝑖𝑖𝑖𝑖
− ∑ 𝜆𝜆𝑡𝑡𝑎𝑎 𝑥𝑥
0 (𝑖𝑖 = efficiency
1,2, … , 𝑙𝑙)
period t2. Using this𝜃𝜃𝑘𝑘𝑡𝑡notation,
the
estimate for
𝑖𝑖𝑖𝑖 ≥DEA
𝑎𝑎=1
to achieve econometric efficiency. The DEA procedure in this
WSA k as determined𝑡𝑡 using Eq. 1 for time period t1 is
𝜆𝜆𝑎𝑎 ≥ 0 for all a
scenario thus takes on an input orientation.
θkt = δt (x kt , ytk). The MPI
for productivity change between time
The set of inputs and outputs used by WSA k, where
𝑛𝑛
as (Cooper et al., 2007):
periods t1 and t2 is now defined
𝑡𝑡
𝑡𝑡
k = 1, …, n, for a given time period t, can be expressed as
𝑦𝑦𝑗𝑗𝑗𝑗
≤ ∑ 𝜆𝜆𝑡𝑡𝑎𝑎 𝑦𝑦𝑗𝑗𝑗𝑗
(𝑗𝑗 = 1,2, … , 𝑚𝑚)
t
𝑎𝑎=1
1
) represent
(x tk, ytk) where x tk = (x 1tk,... x tlk) and y tk = (y1kt ,... ymk
2
𝑡𝑡
𝑡𝑡
𝑡𝑡
𝑡𝑡
𝛿𝛿 𝑡𝑡1 (𝑥𝑥𝑘𝑘2 , 𝑦𝑦𝑘𝑘2 ) 𝛿𝛿 𝑡𝑡2 (𝑥𝑥𝑘𝑘2 , 𝑦𝑦𝑘𝑘2 )
the input and output vectors, respectively. The original DEA
(𝑡𝑡1 ,𝑡𝑡2 )
𝑀𝑀𝑀𝑀𝐼𝐼𝑘𝑘
=[
×
]
𝑡𝑡
𝑡𝑡
𝑡𝑡1 𝑡𝑡1
model, as developed by Charnes et al. (1978) (the Charnes2 (𝑥𝑥
𝛿𝛿 𝑡𝑡1 (𝑥𝑥𝑘𝑘1 , 𝑦𝑦𝜆𝜆𝑘𝑘𝑡𝑡𝑎𝑎1≥
𝛿𝛿 𝑡𝑡all
) 0 for
a 𝑘𝑘 , 𝑦𝑦𝑘𝑘 )
Cooper-Rhodes or CCR-DEA model), was developed under
		
(2)
the assumption of constant returns to scale (CRS) and the
1 the CRS
efficiency estimate, θk* , for WSA k in time period t using this
where efficiency estimates are determined
under
2
𝑡𝑡
𝑡𝑡
𝑡𝑡
𝑡𝑡
1
𝛿𝛿 𝑡𝑡1 (𝑥𝑥𝑘𝑘2 , 𝑦𝑦𝑘𝑘2 ) 𝛿𝛿 𝑡𝑡2 (𝑥𝑥𝑘𝑘2 , 𝑦𝑦𝑘𝑘2 )
(𝑡𝑡1 ,𝑡𝑡2 ) in Eq. 2
model is determined as the solution to the following (Cooper et
assumption. The𝑀𝑀𝑀𝑀𝐼𝐼
index
was
decomposed
et
𝑡𝑡1 al.
𝑡𝑡1 2
[ 𝑡𝑡2 𝑡𝑡𝑡𝑡 2 𝑡𝑡 × 𝑡𝑡1 𝑡𝑡 𝑡𝑡2 𝑡𝑡 𝑡𝑡]2 by Färe
𝑡𝑡1
𝑘𝑘 𝛿𝛿 𝑡𝑡2=(𝑥𝑥
𝑦𝑦
(𝑥𝑥
)
(𝑥𝑥
,
𝑦𝑦
)
𝛿𝛿
𝛿𝛿
1 ) 1
1 , 𝑦𝑦
1
𝑡𝑡1 ,(𝑥𝑥
𝑡𝑡2 (𝑥𝑥
𝑘𝑘
𝑘𝑘
𝑘𝑘
𝑘𝑘
𝑘𝑘
𝑘𝑘
𝛿𝛿
𝛿𝛿
,
𝑦𝑦
)
,
𝑦𝑦
)
(𝑡𝑡 ,𝑡𝑡 )
(𝑡𝑡1 ,𝑡𝑡2 )into a (𝑡𝑡
al., 2007):
(1992)
for technical
change
(TEC) ]
𝑘𝑘
𝑘𝑘
𝑘𝑘
1 ,𝑡𝑡2 )
× 𝑇𝑇𝑇𝑇𝑘𝑘component
=[
×
𝑀𝑀𝑀𝑀𝐼𝐼𝑘𝑘 1 2 = 𝑇𝑇𝑇𝑇𝐶𝐶
]𝑘𝑘 × [ efficiency
𝑘𝑘
𝑡𝑡
𝑡𝑡
𝑡𝑡2 𝑡𝑡2
𝑡𝑡1 𝑡𝑡1
and technical progress
𝛿𝛿 𝑡𝑡1(TP)
𝛿𝛿 𝑡𝑡2 (𝑥𝑥𝑘𝑘and
(𝑥𝑥𝑘𝑘1 ,as
𝑦𝑦𝑘𝑘1(Kleynhans
)
, 𝑦𝑦𝑘𝑘 Pradeep,
) 𝛿𝛿 𝑡𝑡2 (𝑥𝑥2013):
𝑘𝑘 , 𝑦𝑦𝑘𝑘 )
𝑡𝑡
𝜃𝜃𝑘𝑘∗ = min
𝜃𝜃
𝑡𝑡 𝑡𝑡 𝑘𝑘
(1)
2

1

𝜃𝜃𝑘𝑘 ,𝜆𝜆𝑎𝑎

subject to:
𝑡𝑡
𝜃𝜃𝑘𝑘𝑡𝑡 𝑥𝑥𝑖𝑖𝑖𝑖

−

𝑛𝑛

𝑡𝑡
∑ 𝜆𝜆𝑡𝑡𝑎𝑎 𝑥𝑥𝑖𝑖𝑖𝑖
𝑎𝑎=1

≥ 0 (𝑖𝑖 = 1,2, … , 𝑙𝑙)

(𝑡𝑡 ,𝑡𝑡2 )

𝑃𝑃𝑃𝑃𝑃𝑃𝐶𝐶𝑘𝑘 1
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𝑦𝑦𝑗𝑗𝑗𝑗 ≤ ∑ 𝜆𝜆𝑎𝑎 𝑦𝑦𝑗𝑗𝑗𝑗 (𝑗𝑗 = 1,2, … , 𝑚𝑚)
𝑎𝑎=1

𝑡𝑡

2

(𝑡𝑡 ,𝑡𝑡2 )

𝑡𝑡

𝑡𝑡

𝑡𝑡

𝑡𝑡

𝑡𝑡

𝛿𝛿𝑉𝑉1 (𝑥𝑥𝑘𝑘1 ,𝑦𝑦𝑘𝑘1 )
(𝑡𝑡 ,𝑡𝑡2 )

𝑃𝑃𝑃𝑃𝑃𝑃𝐶𝐶𝑘𝑘 1

(𝑡𝑡 ,𝑡𝑡2 )

𝑡𝑡

𝑡𝑡

𝑡𝑡

𝛿𝛿𝑉𝑉2 (𝑥𝑥𝑘𝑘2 ,𝑦𝑦𝑘𝑘2 )
𝑡𝑡

𝑡𝑡

𝑡𝑡

𝛿𝛿𝑉𝑉1 (𝑥𝑥𝑘𝑘1 ,𝑦𝑦𝑘𝑘1 )

(𝑡𝑡1 ,𝑡𝑡2 )

× 𝑇𝑇𝑇𝑇𝑘𝑘

(𝑡𝑡 ,𝑡𝑡2 )

] and 𝑆𝑆𝑆𝑆𝐶𝐶𝑘𝑘 1
=[

1

1

= 𝑇𝑇𝑇𝑇𝐶𝐶𝑘𝑘 1

𝑀𝑀𝑀𝑀𝐼𝐼𝑘𝑘 1

𝛿𝛿𝑉𝑉2 (𝑥𝑥𝑘𝑘2 ,𝑦𝑦𝑘𝑘2 )

=[

1

1

=[
𝑡𝑡

𝑡𝑡

𝛿𝛿 𝑡𝑡2 (𝑥𝑥𝑘𝑘2 ,𝑦𝑦𝑘𝑘2 )

=[

𝑡𝑡

𝑡𝑡

𝑡𝑡

𝛿𝛿𝑉𝑉2 (𝑥𝑥𝑘𝑘2 ,𝑦𝑦𝑘𝑘2 )

(𝑡𝑡 ,𝑡𝑡2 )

] and 𝑆𝑆𝑆𝑆𝐶𝐶𝑘𝑘 1

𝑡𝑡

𝑡𝑡

𝑡𝑡

𝑡𝑡

𝑡𝑡

𝛿𝛿 𝑡𝑡1 (𝑥𝑥𝑘𝑘2 , 𝑦𝑦𝑘𝑘2 ) 𝛿𝛿 𝑡𝑡1 (𝑥𝑥𝑘𝑘1 , 𝑦𝑦𝑘𝑘1 )
𝛿𝛿 𝑡𝑡2 (𝑥𝑥𝑘𝑘2 , 𝑦𝑦𝑘𝑘2 )
×
]×[
]
𝑡𝑡1 𝑡𝑡1
𝑡𝑡
𝑡𝑡
𝑡𝑡
𝑡𝑡
𝑡𝑡
𝛿𝛿 1𝑡𝑡 (𝑥𝑥𝑘𝑘 , 𝑦𝑦𝑘𝑘𝑡𝑡 ) 𝑡𝑡 𝛿𝛿𝑡𝑡𝑡𝑡2 (𝑥𝑥1𝑘𝑘2 , 𝑦𝑦𝑘𝑘2 ) 𝛿𝛿 𝑡𝑡2 (𝑥𝑥𝑘𝑘1 , 𝑦𝑦𝑘𝑘1 )

×
𝑡𝑡

𝛿𝛿𝑉𝑉1 (𝑥𝑥𝑘𝑘1 ,𝑦𝑦𝑘𝑘1 ) 2
𝑡𝑡

𝑡𝑡

𝛿𝛿 𝑡𝑡2 (𝑥𝑥𝑘𝑘2 ,𝑦𝑦𝑘𝑘2 )

=[

𝑡𝑡

𝑡𝑡

𝑡𝑡

𝛿𝛿 𝑡𝑡1 (𝑥𝑥𝑘𝑘1 ,𝑦𝑦𝑘𝑘1 )
𝑡𝑡

𝛿𝛿𝑉𝑉2 (𝑥𝑥𝑘𝑘2 ,𝑦𝑦𝑘𝑘2 )

×

𝑡𝑡

𝑡𝑡

].
𝑡𝑡

𝛿𝛿𝑉𝑉1 (𝑥𝑥𝑘𝑘1 ,𝑦𝑦𝑘𝑘1 )
𝑡𝑡

𝑡𝑡

𝛿𝛿 𝑡𝑡1 (𝑥𝑥𝑘𝑘1 ,𝑦𝑦𝑘𝑘1 )

1
2

(3)

1
2

].
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𝜆𝜆𝑡𝑡𝑎𝑎 ≥ 0 for all a
𝑡𝑡

𝑡𝑡

𝛿𝛿 𝑡𝑡1 (𝑥𝑥𝑘𝑘2 , 𝑦𝑦𝑘𝑘2 )

𝑡𝑡

𝑡𝑡

𝛿𝛿 𝑡𝑡2 (𝑥𝑥𝑘𝑘2 , 𝑦𝑦𝑘𝑘2 )
(𝑡𝑡1 ,𝑡𝑡2 )
where TEC measures the𝑀𝑀𝑀𝑀𝐼𝐼
change
in
the
CRS
efficiency
estimate
=
×
[
]
𝑘𝑘
𝑡𝑡1 𝑡𝑡1
𝑡𝑡1 𝑡𝑡1
𝛿𝛿 𝑡𝑡1 (𝑥𝑥between
𝛿𝛿 𝑡𝑡2 (𝑥𝑥periods
𝑘𝑘 , 𝑦𝑦𝑘𝑘 ) time
𝑘𝑘 , 𝑦𝑦𝑘𝑘 )
and TP measures the shift in the frontier

1
2

Literature review

The assessment of efficiency in the public sector, particularly
t1 and t2. Let δtv (x kt , ytk) denote the efficiency estimate calculated
the water sector, is not uncommon in the literature.
under VRS assumption. Using the VRS formulation, Färe
Worthington (2014),
Singh et al. (2011), De Witte and Marques
et al. (1994) show that the TEC component in Eq. 3 can be
1
𝑡𝑡
𝑡𝑡2
𝑡𝑡
𝑡𝑡
𝑡𝑡1 𝑡𝑡1 2
and Cohen (2009) provide thorough
decomposed
into factors
which(𝑡𝑡are
attributed
𝑦𝑦𝑘𝑘changes
)
(𝑥𝑥𝑘𝑘2 , 𝑦𝑦𝑘𝑘2 ) (2010)
, 𝑦𝑦𝑘𝑘Abbot
)
𝛿𝛿 𝑡𝑡2 (𝑥𝑥𝑘𝑘2 ,to
𝛿𝛿 𝑡𝑡1in
𝛿𝛿 𝑡𝑡1 (𝑥𝑥𝑘𝑘and
,𝑡𝑡
)
(𝑡𝑡1 ,𝑡𝑡2 )
(𝑡𝑡1 ,𝑡𝑡2 )
=(SEC)
𝑇𝑇𝑇𝑇𝐶𝐶𝑘𝑘 and ×
𝑇𝑇𝑇𝑇𝑘𝑘 1 2 in=pure
×summaries
[
]×
[
]
𝑘𝑘
scale 𝑀𝑀𝑀𝑀𝐼𝐼
efficiency
changes
technical
efficiency
𝑡𝑡
𝑡𝑡
𝑡𝑡
𝑡𝑡
𝑡𝑡
𝑡𝑡 of the studies that have assessed efficiency in the
𝛿𝛿 𝑡𝑡1 (𝑥𝑥𝑘𝑘1 , 𝑦𝑦𝑘𝑘1 )
𝛿𝛿 𝑡𝑡2 (𝑥𝑥𝑘𝑘2 , 𝑦𝑦𝑘𝑘2 ) 𝛿𝛿 𝑡𝑡2 (𝑥𝑥𝑘𝑘1 , 𝑦𝑦𝑘𝑘1 )
water services sector. Brettenny and Sharp (2016) discuss a
(PTEC). The TEC component is thus represented as
number of studies which use DEA to analyse efficiencies in the
TECk(t1, t2) = PTECk(t1, t2) x SECk(t1, t2) where:
water sector and provide a summary of the use of efficiency
1
analysis in the South African public services sector. The review
𝑡𝑡2 𝑡𝑡2 𝑡𝑡2
𝑡𝑡
𝑡𝑡
𝑡𝑡
𝑡𝑡
𝑡𝑡
𝑡𝑡
2
2
1
1
1
𝛿𝛿𝑉𝑉 (𝑥𝑥 ,𝑦𝑦 )
𝛿𝛿 2 (𝑥𝑥 ,𝑦𝑦 )
𝛿𝛿𝑉𝑉 (𝑥𝑥 ,𝑦𝑦 ) 2
(𝑡𝑡 ,𝑡𝑡 )
(𝑡𝑡 ,𝑡𝑡 )
𝑃𝑃𝑃𝑃𝑃𝑃𝐶𝐶𝑘𝑘 1 2 = [ 𝑡𝑡1 𝑘𝑘𝑡𝑡1 𝑘𝑘𝑡𝑡1 ] and 𝑆𝑆𝑆𝑆𝐶𝐶𝑘𝑘 1 2 = [ 𝑡𝑡2 𝑘𝑘𝑡𝑡2 𝑘𝑘𝑡𝑡2 × 𝑡𝑡 𝑘𝑘𝑡𝑡1 𝑘𝑘𝑡𝑡1 ] .
in the current study focuses on the literature pertaining to the
𝛿𝛿𝑉𝑉 (𝑥𝑥𝑘𝑘 ,𝑦𝑦𝑘𝑘 )
𝛿𝛿𝑉𝑉 (𝑥𝑥𝑘𝑘 ,𝑦𝑦𝑘𝑘 )
𝛿𝛿 1 (𝑥𝑥𝑘𝑘 ,𝑦𝑦𝑘𝑘 )
use of the MPI to assess the change in efficiencies over time in
(4)
the water services sector.
Urban water utilities in the Australian states of New South
The MPI is thus the product of three components or
Wales and Victoria were subject to an efficiency assessment
factors, the PTEC, SEC and TP, with each component
using DEA and the MPI by Byrnes et al. (2010). A total of 52
measuring a different and distinct element of the productivity
water utilities from these provinces were assessed over the
change from one time period to the next. The PTEC value
2000 to 2004 period. It was found that the utilities included
is a basic ratio of the BCC-DEA estimated relative technical
in the assessment exhibited declines in both efficiency and
efficiencies of a WSA from one period to the next, and the
technology. In fact, a yearly average decrease of 10% was
SEC value is a ratio of the scale efficiencies of a WSA from
observed in the total factor productivity for the utilities, with
one period to the next. Values greater than 1 indicate an
70% of this attributed to declines in the productive capacity of
increase in the relative technical and scale efficiency between
the utilities.
time periods, while values below 1 indicate a decrease
Hon and Lee (2009) used the MPI to assess and quantify
in these categories. Improvements in relative technical
the efficiency change and technical change experienced by
efficiency (PTEC > 1) indicate that a WSA is moving closer
private and public water companies in Malaysia. The study
to the frontier. Similarly SEC > 1 indicates an improvement
assessed technological and efficiency changes for the 7-year
in scale efficiency which is characterised by a WSA which
period between 1999 and 2005. Hon and Lee (2009) found
moves towards production levels which are most suitable to
that the overall mean level of productivity in the Malaysian
the size of their operation. The opposite holds for PTEC < 1
water services sector declined by 2.9% during this period. This
and SEC < 1. TP measures the movement of the frontier, or
observation was decomposed into a regress in the technology of
the change in technology, from one time period to the next.
the operations of 7.1% on average over the years assessed, and
Technical progress is observed when TP > 1, that is, from one
technical and scale efficiency increases over the same period.
time period to the next, less inputs are required to produce the
Hon and Lee (2009) noted that none of the state water utilities
same outputs and the technology has improved in the region
exhibited technological progress over the years included in the
of the WSA. Technical regress is indicated if TP < 1.
assessment.
Table 1 provides a description of each component and is
In Portugal, Marques (2008) assessed 43 water and
used for interpretative purposes according to the value of each
sewerage services (WSS) over the time period of 1994 to 2001.
component.
Marques (2008) utilised 4 different DEA models to determine
Using the results of the MPI technique, the effectiveness
the MPI, each distinguished from the other through the use of
and value of benchmarking initiatives can be established
different input and output combinations. The results indicated
and quantified by assessing the changes in productivity,
that the average productivity decreased in each of the models
efficiency and technology over the period in which the
and that this loss in productivity was largely as a result of a
initiative is implemented. This information is critical to
decrease in the production technology. This result echoes the
those implementing the benchmarking initiative as progress
findings of Byrnes et al. (2010).
and regress can be established for each participating
Coelli and Lawrence (2006) assessed 18 large water services
WSA for each year of the initiative. This allows for the
businesses in Australia over the period of 1996 to 2003, using
identification of both the strengths and shortcomings of
the MPI to gauge productivity growth among these businesses.
the initiative. Such knowledge can be used to enhance the
The MPI was assessed using 4 different models, taking into
initiative and provide direction for interventions to improve
account capital and price deflators. As with Byrnes et al. (2010),
service delivery.
an average decrease in productivity was observed. The results of
2

1

1

Table 1
Interpretations of the components of the MPI for a WSA k
Value
Component

>1

<1

MPIk(t1,t2)

Increase in productivity of WSA k

Decrease in productivity of WSA k

PTECk(t1,t2)

Increase in pure technical efficiency of WSA k

Decrease in pure technical efficiency of WSA k

SEC

Increase in scale efficiency of WSA k

Decrease in scale efficiency of WSA k

Technological progress in region of WSA k

Technological regress in region of WSA k

(t1,t2)
k

TPk(t1,t2)

http://dx.doi.org/10.4314/wsa.v44i1.05
Available on website http://www.wrc.org.za
ISSN 1816-7950 (Online) = Water SA Vol. 44 No. 1 January 2018
Published under a Creative Commons Attribution Licence

39

Coelli and Lawrence (2006), however, indicated average yearly
declines of between 0.6% and 1.7%, depending on the model
used. Coelli and Lawrence (2006) concluded that the choice of
the data used in the studies is important and that, in particular,
the data available on the capital of each business require
improvement.
Woodbury and Dollery (2004) investigated 73 municipal
water services in New South Wales for a 3-year period (1998 to
2000). It was found that the productivity increased marginally
(0.2%) over the time period assessed. This increase was
attributed to a 2.2% increase due to a change in technology
being all but cancelled out by a 1.9% decrease in efficiency,
which suggested that the staff may still be adjusting to
new technologies. A longer time period for assessment was
suggested by the researchers, as this would provide additional
clarity on the findings. This, however, would have resulted in
fewer water services being included in the assessment owing to
data limitations.
There have been several studies which use SFA to
assess the productivity change of water service utilities;
however, this discussion is limited to the studies which
were conducted on the African continent. Estache and
Kouassi (2002) assessed a sample of 21 African water utilities
between 1995 and 1997 using SFA. The study found that,
in general, African water utilities operate at relatively low
efficiency levels. In Uganda, Mugisha (2007) assessed 15
Ugandan water sub-utilities to determine whether financial
incentive applications reduce inefficiencies of the firms.
The assessment used data for the 2000–2006 time period. It
was found that financial incentives have positive effects in
reducing firm inefficiency.
From a South African perspective there have been limited
published studies which assess the efficiency of public services,
most notably Mahabir (2014), Monkam (2014) and Van der
Westhuizen and Dollery (2009), which assess the efficiency of
municipalities considering all their operations and Brettenny
and Sharp (2016) which focus on the South African water
services sector. These studies all used cross-sectional data, and
efficiency analysis over time using the MPI was not considered.
Recently Mienie et al. (2017) used the MPI to assess the
efficiency of port operations on the African continent, with
particular attention being paid to the South African ports.
Other than this, research of this kind in South Africa, and in
the water services sector in particular, is absent. The current
study addresses this gap in the literature by providing such an
assessment, and using it to evaluate the effectiveness of the NBI
in improving the efficiency of WSAs.
The South African metropolitan and local municipal
structure
South Africa is split into non-overlapping geographical regions,
with each region being classified and run by metropolitan
(A) or local (B) municipalities. Local (B) municipalities
are categorised, according to their size and population
characteristics, into 4 sub-categories, namely, B1, B2, B3 and
B4. District municipalities, which are made up of a collection
of local municipalities, are not considered for this study owing
to the poor quality of the data available for these entities. The
characteristics of local and metropolitan municipalities in
South Africa are provided in Table 2.
Each local and metropolitan municipality can be
categorised according to whether it is a WSA or not. Only
municipalities which are WSAs are considered in this study.
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Table 2
Categorisation of metropolitan and local South African
municipalities (Source: CoGTA (2009))
Classification

Description

Characteristics

A

Metropolitan

Large urban complex, > 1
million population

B1

Local

Large budgets, secondary
cities

B2

Local

Large town

B3

Local

Small towns, significant
urban population

B4

Local

Mainly rural, one or two
small towns

Table 3
Input and output variables used in the current study
Inputs (l = 3)

Outputs (m = 2)

Operating expenditure

System input volume

Number of FTE employees

Number of connections

Length of mains

Data and variable selection
The choice of input and output variables in a DEA model is of
utmost importance. These variables need to be chosen such that
they provide sufficient information regarding the operations
of the assessed WSAs, while at the same time the number of
variables included in the model should be chosen to satisfy n
≥ max{2 x l x m, 3 x (l + m)} (Banker et al., 1989; Dyson et al.,
2001). The variables chosen for use in the current study were
based upon their prevalence in the related literature and their
availability for the time period in question. Table 3 provides the
input and output variables used in the current study.
The use of multiple input and output variables is one of the
key benefits of using the DEA methodology and, as such, does
not present a problem in this study. Operating expenditure
is a fundamental input of any water service provider. This
variable provides an indication of the financial commitment
of each WSA to achieve their level of output. The number of
full-time equivalent (FTE) staff provides information regarding
the labour force of each WSA which, again, is fundamental
to the operations of the WSA. Lastly, the ‘length of mains’
variable, which indicates the physical length of the main water
line, is included as a proxy for the capital costs of the WSA.
This is in line with the use of the ‘length of mains’ variable
for this purpose by Coelli and Lawrence (2006) and De Witte
and Marques (2010). The outputs used are the system input
volume, which indicates the volume of water delivered by the
WSA, and the number of connections served by the WSA,
which indicates the total number of metered or unmetered
connections to the supply system. These (or similar) variables
are the most common output variables used in studies which
assess the efficiency of water service provision as indicated
from the literature reviews of De Witte and Marques (2010)
and Brettenny (2017). Lastly, an input-orientated DEA model is
used to assess the efficiency of the South African WSAs. This is
most appropriate as South African WSAs are required to meet
a demand in the community (making the outputs exogenous)
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values indicate percentage growth/decline from one year to the
next. The full set of results for each of the 36 WSAs are provided
in the Appendix. For ease of interpretation and simplification of
the findings, a summary is provided in Table 4.
Table 4 indicates the average MPI values (including
its components), where the average is taken over all 36
municipalities and over each municipal category. No Category
B4 local municipality reported sufficient data to be included in
the study. This is a drawback, as there is thus no information
regarding the effect of the NBI on the most rural of WSAs.
However, sufficient detail is available for the remaining WSA
categories to provide insight into the effectiveness of the NBI
and the impact of its termination.
The results of the MPI analysis indicate that during the
implementation of the NBI there was an average yearly increase
in productivity of 4.6%. This provides evidence that the NBI
was meeting its objectives of enhancing the provision of water
service delivery in South Africa. The increase is mainly due
to technological advances (TP = 1.036). This indicates that
during the course of the NBI, there was an improvement in the
productive capacity of the WSAs. That is, the relative bestpractice frontier was shifting towards higher (or equivalent)
output from lower input. That being said, marginal decreases
(less than 0.5%) in PTEC (or managerial efficiency) and small
increases (just above 1%) in scale efficiency are observed for this
period. This indicates that, for this time period, the operational
or managerial efficiencies of the WSAs decreased slightly,
while the operating size of the WSAs improved. Most notable,
however, is the increase in technology, which is associated
with improved infrastructure and technological capacity.
This observation is consistent through all categories of WSAs,
with Category B3 WSAs showing the largest technological
improvements. Minor decreases in scale efficiency are observed
for Category B2 and B3 WSAs which service smaller towns and
more rural areas. This, along with slightly lower MPI values for
these categories, suggests that the NBI might have benefited
urbanised WSAs more than their more rural counterparts.
This, however, is of little consequence as the net result, for all
WSA categories, is a considerable improvement in productivity
during the implementation of the NBI.
The NBI was terminated following the 2006/07 municipal
year. The MPI and its components for the 3 years following
the termination (2007–2010) are presented in Table 4. The
results of the MPI analysis for the years after the NBI stand
in stark contrast to those observed during the NBI. For this
period, there was an average yearly decline in productivity
of approximately 3.7% when all of the assessed WSAs are
considered. This decline is mainly due to a considerable average
yearly regress in technological change (0.956). Hon and Lee
(2009) claim that this regress could be as a consequence of

(Berg and Lin, 2008). Thus, efficiency studies in the water
services sector typically aim at minimising the inputs used to
achieve a desired, or predetermined, level of output.
The data required for the DEA and MPI assessments
were gathered from the StatsSA – P9115 Financial Census of
Municipalities document (StatsSA, 2011a), a report published
by the WRC (TT522/12) entitled ‘The State of Non-Revenue
Water in South Africa’, by Mckenzie et al. (2012), as well as
the StatsSA – P9114 Non-Financial Audit of Municipalities
document (StatsSA, 2011b).
Annual data were collected for each variable for the 2005/06
to the 2009/10 municipal years, as these were the most recent
data available. For a WSA to be included in the assessment it
would have to report data for all input and output variables,
for every year of assessment. This presented a considerable
challenge as the standard of record-keeping at municipal level
in South Africa is often poor (Mckenzie et al., 2012). As such,
only 36 municipalities reported sufficient data to be included
in the study. Although this is a small number of WSAs it is
considered to be a large enough sample to provide an indication
of the effect of the NBI on water service efficiency.

RESULTS AND DISCUSSION
The DEA and MPI analyses were performed using the opensource statistical software R 3.3 (R Core Team, 2017) with the
FEAR (Wilson, 2008) package. The DEA and MPI analytical
routines solved within seconds and encountered no problems.
Data were captured and sorted in Microsoft Excel 2016.
The NBI was implemented for the 2004/05 to 2009/10
municipal years. The data available to this study included
the final 2 years of the NBI (2005/06 and 2006/07) and 3
subsequent years, i.e., the 2005/06 to 2009/10 municipal years.
This data is sufficient to provide information regarding the
success or failure of the NBI with respect to the efficiency of
service delivery (2005/06–2006/07), as well as the effect of the
termination of this initiative (2007/08–2009/10). Since this
analysis is conducted over time, any variables which were
measured in monetary terms (South African Rand) were
standardised to the value of the most recent data, i.e., 2010,
using the South African consumer price index (CPI).
To assess the change in efficiency for these time periods, the
MPI and its components, namely, the pure technical efficiency
change (PTEC), the scale efficiency change (SEC) and the
technological progress (TP), were calculated for each year of
the assessment. The geometric mean was then calculated for
each WSA over the 2005–2007 and 2007–2010 time periods,
separately. This value indicates the average yearly change for each
WSA over each of these two periods. The geometric mean was
used as it provides appropriate results in this setting as the MPI

Table 4
Average yearly results of the MPI assessments for the NBI (2005–2007) and post-NBI (2007–2010) time periods
NBI (2005–2007)

Post NBI (2007–2010)

Cat

n

MPI

PTEC

SEC

TP

MPI

PTEC

SEC

TP

All

36

1.046

0.997

1.014

1.036

0.963

1.010

0.998

0.956

A

7

1.042

0.998

1.037

1.007

0.976

1.003

0.985

0.989

B1

6

1.106

1.001

1.057

1.046

0.952

1.018

0.988

0.946

B2

9

1.019

1.013

0.990

1.015

0.960

0.992

1.000

0.968

B3

14

1.040

0.984

0.999

1.059

0.963

1.023

1.007

0.936
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poor maintenance and/or an increase in non-revenue water.
The decrease observed in technological progress indicates
that the production capacity of the WSAs was declining over
the period observed. In its simplest form this means that, in
general, additional resources are required to deliver the same
service to the consumers. This provides compelling evidence
that the NBI effectively increased the productivity of WSAs
during its implementation. The negligible average annual
increases observed for technical efficiency are outweighed
by the significant decline in technology. Category B2 WSAs,
those that benefitted most from the NBI, are, unsurprisingly,
those that are most adversely affected by the termination of
the NBI, with annual average decreases in productivity of
around 4.8% observed for this category. The best performing
category, according to the MPI, is Category A WSAs. Category
A municipalities experienced an average yearly decrease in
productivity of approximately 2.4% subsequent to the cessation
of the NBI. Table A1 (Appendix) indicates that less than a third
of the 36 WSAs assessed in this study exhibited average yearly
technological progress during this time. This provides a strong
indication that the termination of the NBI had an adverse effect
on the technological progress of WSAs in South Africa.
The Blue and Green Drop systems began in 2008,
subsequent to the cancellation of the NBI. The initiatives
focused on the improvement in the quality of the products
supplied by WSAs. The implementation of these initiatives may
have affected the productivity of WSAs in the years following
the NBI, as WSAs may focus additional resources on satisfying
the requirements of the Blue and Green Drop assessments.
This, however, cannot be established without more data.
Nevertheless, the MPI has been demonstrated to be an effective
tool for the assessment of the impact of these initiatives on the
productivity of water services authorities in South Africa.

CONCLUSIONS, LIMITATIONS AND FURTHER WORK
Performance benchmarking of public services is an important
tool for policy makers and regulators. It allows for peer
comparison and evaluation which, in turn, can lead to
improved performance over time. Equally important is a means
to evaluate the effectiveness of the benchmarking initiatives
which are undertaken. The current study demonstrates that the
Malmquist productivity index (MPI) can provide important
information on the performance of benchmarking initiatives
in South Africa and the impact that the termination of these
initiatives can have on productivity. The results of this study
show that the National Benchmarking Initiative (NBI), which
ran from 2004–2007, appears to have had a positive impact on
the productivity of the water service industry in South Africa.
Subsequently, the termination of this initiative coincides with
notable decreases in productivity in the years that followed. The
MPI thus provides a tool which is effective for the assessment
of the impact of interventions and programmes in the water
services (and other) sectors. As such, this is a method which
can be used on an annual basis to assess ongoing benchmarking
initiatives (namely the Municipal Benchmarking Initiative
(MBI)) and the impacts thereof.
The main limitation of the current study is the fairly small
sample size used. Although the sample is big enough to provide
valuable insight into the productivity of WSAs in South Africa, a
larger sample would provide more compelling evidence. A further
limitation of the study was the lack of sufficient data to include
district municipalities in the assessment. This analysis would have
allowed for a more comprehensive investigation into the effect
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of the NBI, and its subsequent termination, on the productivity
of all WSAs in South Africa. The continuing assessment of the
productivity of South African WSAs using a larger sample is the
primary area for future research into this topic. Added to this, the
use of a bootstrapping technique to provide inferences regarding
the MPI values is a further area for future research.
In conclusion, this study demonstrates that the MPI can be
used to assess the effectiveness of South African benchmarking
initiatives in achieving their goal of efficient and improved
service delivery. Owing to the usefulness of this procedure it
is envisioned that this can be used to assess the MBI which is
currently underway in South Africa, provided the necessary
data are made available.
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APPENDIX
Table A1
Complete results of the MPI assessments for each WSA in the NBI (2005–2007) and post NBI (2007-2010) time periods.
NBI (2005-2007)

Post NBI (2007-2010)

WSA

Pro

Cat

MPI

PEC

SEC

PT

MPI

PEC

SEC

PT

Buffalo City

EC

A

1.052

1

0.973

1.081

0.941

1

1.014

0.928

City of Johannesburg

GT

A

1.012

1

1.047

0.967

0.995

1

0.971

1.025

City of Tshwane

GT

A

1.086

1

1.087

1

0.950

1

0.941

1.010

Ekurhuleni

GT

A

0.972

0.996

0.986

0.990

1.011

1.003

0.997

1.011

Ethekwini

KZN

A

0.990

0.980

1.042

0.970

0.958

1.006

0.939

1.015

Mangaung

FS

A

1.074

1.013

1.021

1.039

1.003

1.005

1.041

0.958

Nelson Mandela Bay

EC

A

1.105

0.998

1.103

1.005

0.972

1.007

0.991

0.974

Emfuleni

GT

B1

1.361

1

1.241

1.097

0.846

1

0.933

0.907

Mbombela

MP

B1

1.084

1

1

1.084

0.924

1

1

0.924

Mogale City

GT

B1

1.093

0.960

1.167

0.976

1.077

1.044

1

1.032

Rustenburg

NW

B1

0.911

1

0.957

0.952

0.999

1

1.030

0.970

Steve Tshwete

MP

B1

1.080

1.043

0.977

1.060

0.963

1.061

0.966

0.939

Umhlathuze

KZN

B1

1.108

1

1

1.108

0.905

1

1

0.905

Kungwini

GT

B2

0.972

1

1

0.972

1.037

1

1

1.037

Makana

EC

B2

0.986

0.912

1.008

1.073

0.991

1.100

0.974

0.925

Metsimaholo

FS

B2

0.824

0.902

0.995

0.919

0.995

0.970

1.003

1.023

Midvaal

GT

B2

1.041

1.103

0.998

0.945

0.982

0.974

1

1.008

Moqhaka

FS

B2

1.298

1.208

0.970

1.107

0.945

1

0.968

0.977

Msukaligwa

MP

B2

1.085

1.019

0.979

1.087

0.882

0.901

1.020

0.959

Nokeng Tsa Taemane

GT

B2

0.934

1

1

0.934

0.876

0.991

0.999

0.885

Randfontein

GT

B2

1.003

0.997

0.987

1.019

0.989

1.008

1.015

0.967

Westonaria

GT

B2

1.023

0.972

0.974

1.081

0.942

0.983

1.025

0.935

Baviaans

EC

B3

1.267

1.007

1.120

1.124

0.848

1

1

0.848

Camdeboo

EC

B3

1.090

1

1.012

1.077

1.010

1

1

1.010

Hantam

NC

B3

1.035

0.936

1.052

1.051

1.001

1.025

1.031

0.948

Karoo Hoogland

NC

B3

1

1

0.999

1.002

0.959

1

1.040

0.922

Khai-Ma

NC

B3

0.967

0.989

0.889

1.099

0.961

1.007

1.049

0.910

Lesedi

GT

B3

1.084

1.085

0.998

1.001

0.889

0.934

0.967

0.984

Letsemeng

FS

B3

0.946

0.841

1.026

1.096

1.044

1.123

0.966

0.962

Mafube

FS

B3

1.166

1.085

1

1.075

0.954

1.029

1.003

0.924

Mantsopa

FS

B3

0.919

1

1

0.919

0.995

1

1

0.995

Nama Khoi

NC

B3

1.053

0.983

1.019

1.050

0.907

0.984

1.006

0.917

Ndlambe

EC

B3

1.027

0.921

1.017

1.096

1.046

1.142

0.995

0.92

Richtersveld

NC

B3

0.966

1

0.889

1.086

0.959

1

1.040

0.921

Setsoto

FS

B3

0.990

1

0.954

1.038

0.873

0.931

1.029

0.911

Tswelopele

FS

B3

1.044

0.930

1.016

1.105

1.041

1.147

0.977

0.929
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