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Technical inefﬁciency effects in a stochastic production
function for managerial incentives in public water utilities
Silver Mugisha

ABSTRACT
Performance of state-owned water utilities in developing countries is often weak. This study
estimates the impact of managerial incentives upon efﬁciency using a stochastic frontier production
function with revenue water as the output. The empirical analysis utilises unbalanced panelled data
consisting of revenue water, connections, operating expenditure, water delivered and staff, from
Uganda’s 19 National Water and Sewerage Corporation (NWSC) sub-utilities for a 9-year period,
2002–2010. The inefﬁciency effects are modelled as a function of utility-speciﬁc variables: service
coverage, level of ﬁnancial incentives, target difﬁculty, and year of observation. While ﬁnancial
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incentives and increased service coverage improve efﬁciency, targets (such as the reduction of nonrevenue water) that are perceived as excessive by employees may reduce it. The ﬁndings suggest
some policy implications: utility managers in the public water sector need to incorporate monetary
incentives and increase service coverage to reduce non-revenue water. However, targets need to be
set with great care and with transparency.
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INTRODUCTION
Non-revenue water (NRW) is deﬁned as the difference

of water distribution pipes. There may be a much greater

between the system input volume of water and billed author-

ﬁnancial and environmental return on investment (ROI)

ised consumption (Lambert ). According to Kingdom

from long-term inspection programmes focusing on large

et al. (), NRW is one of the major issues affecting

diameter distribution mains. Identifying and solving NRW

water utilities in the developing world. High levels of

issues early can lead to big savings over the lifetime of a

NRW reﬂect huge volumes of water being lost through

water pipeline. Many utilities look towards increasing bill-

leaks, not being invoiced to customers (generally reﬂecting

able water by increasing treatment capacity at the plant;

theft), or both. It seriously damages the ﬁnancial viability

however by addressing and eliminating causes of non-

of water utilities through lost revenues, increased oper-

revenue water, the overall efﬁciency of the network of

ational costs, and reduced water quality. According to

distribution pipes can also be increased.

Asian Development Bank (), before cities consider

Clearly, from the deﬁnitions above, one of the surrogate

expanding their distribution networks, they should ﬁrst

ways of reducing NRW in a water utility is to maximise

look to reduce NRW. This will lead to greater overall efﬁ-

volumes of revenue water (sales), given a vector of oper-

ciency and ﬁnancial sustainability. A key issue is whether

ational inputs. This paper investigates factors that inﬂuence

state-owned water utilities are capable of providing manage-

inefﬁciency using a stochastic frontier production function

rial incentives and setting reasonable targets that promote

for revenue water operations of utilities in Uganda’s National

performance improvements.

Water and Sewerage Corporation (NWSC). The model incor-

Increased levels of NRW can reﬂect large volumes of

porates speciﬁc incentives facing water utility managers

water being lost through leaks distributed across a network

(proxied by the ratio of maximum incentive payment to
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employee expenses) as well as the difﬁculty of meeting
reduction of NRW targets (captured by required percentage

Table 1

|

|

14.1

1998

2010

research question: does service coverage, NRW target difﬁ-

1. Service coverage

48%

74%

culty, level of ﬁnancial incentives and year of observation

2. Total connections

50,826

261,000

3. New connections per year

3,317

25,000

inﬂuence the level of utility inefﬁciencies in a production
environment involving revenue water output?

4. Staff per 1,000 connections 36

6

5. Collection efﬁciency

65%

98%

6. NRW

60% (Kampala ∼ 33.2%
(Kampala
65%; others ∼
∼ 36%; other
57%)
towns ∼ 15%)

7. Proportion metered
accounts

65%

99.6%

8. Annual turnover (million
USD)

10

65

NWSC PERFORMANCE AND CHALLENGES
NWSC is a public corporation, currently operating in the 23
largest towns in Uganda. The operational structure is organised in such a way that there is a Head Ofﬁce that plays the
oversight role (performance regulation). Operations management

is

carried

out

through

19

sub-utilities

whose

2014

NWSC performance, 1998–2010

Performance indicator

improvement). Speciﬁcally, the paper investigates the

|

9. Proﬁt (before depreciation) 4.0 (loss)
(million USD)

12.5 (surplus)

relationship with the Head Ofﬁce is regulated by sets of
internally delegated performance contracts, which specify
obligations, targets and incentive arrangements, among

expansion and enabled maintenance programmes to be

others. Some of the sub-utilities are comprised of clusters of

scheduled and implemented.

two or three towns. The sub-utilities have sufﬁcient manage-

Despite the accomplishments, NWSC still faces chal-

rial autonomy, mainstreamed through the contracts, to

lenges of high NRW, among others. Speciﬁcally, the level

conduct operations and maintenance, and carry out delegated

of NRW in Kampala still remains high and reﬂects sub-

investments and staff recruitments. All the sub-utilities are

optimal operational performance. Over the past decade,

responsible for both water and sewerage operations.

NWSC has designed incentive plans to improve perform-

Mugisha et al. () outline a number of reform initiat-

ance. The most recent plans involve a Base Incentive,

ives in NWSC since 1998. Table 1 documents the positive

which is adjusted by meeting minimum service standards

impacts of these initiatives. Notably, service coverage in

and rewards for improving operating margins, improving

urban areas has increased from 48 to 74% (about 3.5 M

the working ratio, reducing NRW, and improving connec-

people are served as at 2010). In addition, new connections

tion efﬁciency. The latter three terms are given speciﬁc

increased from 3,300 to 25,000 per year. This trend is attrib-

weights – reﬂecting organisational priorities and local cir-

uted to the new connection policy that was introduced in

cumstances. In addition, reductions in total billing arrears

2004. The NWSC New Connection Policy involves pro-

are rewarded. An example of such an incentive plan for

vision of free new connection materials for both water and

Kampala Water Supply Area is shown in Box 1 below.

sewerage for the ﬁrst 50 m of a customer’s connection. It

Of course, partial performance measures need to be aug-

was introduced through a tariff adjustment of about 9%

mented by advanced statistical techniques to obtain more

reﬂecting extra funding requirements. Non-revenue water

comprehensive indicators of performance. Such techniques

(NRW) has fallen dramatically: from about 60 to 33% (Kam-

help decision-makers understand the factors that inﬂuence

pala is at 36%, while other areas are now at 15%). On the

inefﬁciency in a production process where the output is

ﬁnancial side, annual turnover (revenue) has improved

water sales (affected by NRW). Establishing such a pro-

from about US$10 million to US$65 million. Because of

duction function can go a long way in informing policy

this performance, operating proﬁt after depreciation has

formulation processes to address inefﬁciencies in key

improved from losses of US$4.0 million to a surplus of

aspects of water utility operations in developing countries,

US$12.5 million. Positive cash ﬂows have ﬁnanced network

speciﬁcally focusing on NRW management strategies. This
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Box 1 | Incentive Formula for Kampala Water Supply Area (2008–2010)
The Incentive Fee (IF) is paid to the Operator on a prorated and weighted basis once the Operator exceeds the Minimum
Performance Standards (MPS) for the parent indicators. The IF computation is prorated between the MPS and the
desired target Performance Standards for parent indicators at the end of the Contract duration or the end of the respective months as the case may be. The improvements in a parent indicator that contribute to the IF are capped and are
limited to the achievement of the desired target performance standard. If the Area improves performance beyond the
desired target performance standards, that improvement beyond the desired performance standard, except for the
cash operating margin, does not contribute to the IF: thus, the IF is capped. In this regard, the incentive fee for Kampala
Water is computed as follows:
General Formula
IF ¼ BIF* (P/N) þ {X%*(OME–OMO)*[aWRpa þ bNRWpa þ cCEpa]} þ YTApa
Speciﬁc Formula
IF ¼ 139,037,000*(P/N) þ {15%*(OME–OMO)*[0.4WRpa þ 0.3NRWpa þ 0.3CEpa]} þ 10,000,000TApa
where:
BIF ¼ Ushs.139,037,000 is the Base Incentive (Ushs. – Ugandan Shillings)
P ¼ the weighted number of minimum service standards that have been achieved for the given month
N ¼ 100, is the total weighted number of minimum service standards to be achieved
X% ¼ 15% is the agreed proportion (%) of the improvement in operating margin (OM) to be retained by the
Operator as bonus
OMO ¼ Minimum cash operating margin based on the agreed operating expenditure (Base Fee þ Performance Fee)
and the set Minimum Standard for revenue collections
OME ¼ the achieved cash operating margin during the month being evaluated
WRpa ¼ Percentage incremental achievement in the improvement of the Working Ratio
NRWpa ¼ Percentage incremental achievement in the reduction of Non-Revenue Water
CEpa ¼ Percentage incremental achievement in the increase in Connection Efﬁciency
TApa ¼ Percentage incremental achievement in the reduction of Total Arrears
Z ¼ Ushs.10,000,000 is the agreed incentive attached to reduction of arrears (debts)
a, b, & c ¼ Area speciﬁc weights for Parent Targets for computing Incentive Fees where a þ b þ c ¼ 1.
The percentage incremental achievement (PIA) is computed as follows:
PIA ¼ [(Ia – Im)/(It – Im)]*100
where:
Im ¼ the minimum performance standard for a given indicator
It ¼ the desired target performance standard for a given indicator for the month or quarter in question
Ia ¼ the actual achieved performance level for a given indicator for the month.
Source: NWSC ().

study aims at taking the analysis beyond partial efﬁciency

utility managers and regulators involved in design of incen-

measures to a more comprehensive technical efﬁciency

tive schemes and policies for NRW management in

analysis. The study results have strong implications for

developing countries.
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public companies. Mugisha () investigates the effects of
incentive applications on technical inefﬁciencies for NWSC

The measurement of the technical efﬁciency of a ﬁrm rela-

water sub-utilities. This study expands this analysis, using a

tive to other ﬁrms or to the ‘best practice’ in an industry

bigger sample in a pooled framework (covering more

has been of interest to water utility regulators, performance

years), to include more efﬁciency variables, and to determine

monitors and researchers. Berg & Marques () identify

the impact on technical efﬁciency by level of ﬁnancial incen-

120 quantitative journal articles on water utilities, but only

tives, service coverage and target difﬁculty. In other words,

three on Africa—which is somewhat surprising given the sig-

the study is, partly, an extension of goal setting theory,

niﬁcant amount of international donor funding that has

which Mugisha () does not cover.

gone into the region. So this paper ﬁlls some gaps in literature by determining factors that inﬂuence inefﬁciency of
water utilities. Therefore, this study increases the number
of technical efﬁciency studies on Africa. Moreover, it is
one of the few studies that investigate environmental factors
that affect efﬁciency in a production function that incorporates NRW.

EFFICIENCY FRONTIER MODEL FOR PANEL DATA
Consider a translog stochastic production frontier for panel
data,

The study draws upon work by Battese & Coelli ()
who proposed a model for technical inefﬁciency effects in

ynt ¼ β 0 þ

K
X

a stochastic frontier production function for panel data.
The model estimates the parameters of the stochastic frontier

and

inefﬁciency

model

simultaneously,

given

distributional assumptions associated with panel data on

i¼1

þ

K
X

β i ln xint þ

K X
K
1X
β ln xint ln x jnt
2 i1 j¼1 ij

λi ln xint t þ ϕ1 t þ ϕ2 t2 þ vnt  unt

i¼1

n ¼ 1, 2, . . . , N; t ¼ 1, 2, . . . , T

(1)

the sample ﬁrms. According to Coelli & Battese (), provided the effects are stochastic, the model permits the

where ynt is the log of output (quantity of delivered water); ln

estimation of both technical change in the stochastic fron-

xint is the log of i-th input quantity; t is a time trend; vnt is an

tier and time varying technical inefﬁciencies. The current

error term (noise) that picks up what the model cannot

study applies this model to unbalanced panelled data of

explain; unt is the inefﬁciency term, preceded with a negative

NWSC’s utilities for the period 2002–2010.

sign because inefﬁciency means less output; and the Greek

There have been many applications of frontier pro-

letters depict unknown parameters to be estimated. Accord-

duction functions to water utilities over the years. These are

ing to Coelli et al. (), the vnt is assumed to be

summarised by Abbott & Cohen () and illustrated further

independent and identically distributed (iid) N(0, σv 2)

by Berg (). Mugisha et al. () outline the use of internal

random errors, distributed independently of unt. The unt

incentive contracts to improve water utility performance for

term is a non-negative random variable, associated with tech-

the case of Uganda’s NWSC. They conclude that no simple

nical inefﬁciency of production, which is assumed to be

recipe for promoting efﬁciency exists. However, they point

independently distributed, such that unt is obtained by trunca-

out useful ingredients, including proper contract framework

tion (at zero) of the normal distribution with mean, znt δ and

design, competition for managerial responsibility, effective

variance, σ 2; znt is a (1 × m) vector of explanatory variables

business planning, performance monitoring and the use of

associated with the technical inefﬁciency of production for

managerial incentives. Correia & Marques () apply a mul-

ﬁrms over time; δ is an (m × 1) vector of unknown coefﬁcients

tiproduct translog cost function, using unbalanced panelled

to be estimated. The explanatory variables are discussed in

data to investigate the effects of ownership, size and diversiﬁ-

greater detail in the next section.

cation on efﬁciency in Portuguese water utilities. They ﬁnd

Battese & Coelli () state that the model of inefﬁ-

that private companies are slightly more efﬁcient than

ciency effects can only be estimated if the inefﬁciency
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effects are stochastic; and the error distribution is speciﬁed.

considered for empirical application of our model speciﬁed

Hence, the analysis needs to include statistical hypothesis

above. We chose this period because it represents the time

tests about the inefﬁciency effects. These and other null

when internal incentive contracts have taken root in

hypotheses of interest are tested using the generalised

NWSC operations. The efﬁciency variables considered in

likelihood-ratio, LR, deﬁned by Equation (2),

this study include; promised ﬁnancial incentive, revenue
water target difﬁculty, service coverage, and time trend,

LR ¼ 2 ln½L(H0 )=L(H1 )

(2)

which are used to explain the differences in inefﬁciency
effects among NWSC utilities. The use of these variables

where L(H0) and L(H1) are the values of the likelihood func-

illustrates policy variables that are viewed as critical for

tion under the speciﬁcations of the null hypotheses, H0 and

NRW management in developing countries. A summary of

H1, respectively. Asymptotically, the LR statistic has a chi-

the sample data on the different variables in the stochastic

square distribution with degrees of freedom equal to the

frontier and inefﬁciency model, used in this study, is pre-

number of restrictions involved. It should be noted that

sented in Table 2.

where the null hypothesis includes the restriction γ ¼ 0 (a

We take the model of the production function at a single

point on the boundary of the parameter space), the likeli-

connection level because this is the primary unit of focus in

hood ratio statistics will have asymptotic distribution equal

the management of NRW in developing countries. In

to a mixture of chi-square distribution (1=2)χ20 þ (1=2)χ 21 .

addition, the production variables of water supplied, staff,

The maximum likelihood technique is proposed for simul-

operating expenditure and connections are all highly corre-

taneous estimation of the parameters of the stochastic

lated and considering them as separate production input

frontier and the model for the technical inefﬁciency effects.

variables in that form would result in statistical bias. More-

The likelihood function is expressed in terms of the variance

over, dividing by connections, all through the variables, is

parameters as shown in Equations (3) and (4),

aimed at estimating a production function at the level of
individual connected unit in a variable returns to scale

σ 2s

¼

σ 2v

þσ

2

(3)
Table 2

γ ¼ σ 2 =σ 2s

The technical efﬁciency of production for the n-th ﬁrm at
the t-th observation, which is between zero and one and is
inversely related to technical inefﬁciency, is deﬁned by
Equation (5). The efﬁciencies are estimated using a predictor
that is based on the conditional expectation exp (unt), presented in Coelli et al. (), and is incorporated in
FRONTIER Version 4.1.
TEnt ¼ expðunt Þ

|

(5)

Summary statistics for variables in the stochastic frontier production function
for NWSC sub-utilities (per annum)

(4)

Sample

Standard

Min.

Variable

mean

deviation

value

1. Revenue
water (m3)

2,376,345

5,911,924

130,890 30,293,700

2. Water
3,649,026
production (m3)

10,044,216

166,951 50,444,455

3. Connections
(No.)

9,528

23,259

597

146,243

4. Staff (No.)

62

121

8

715

5. Op.Ex.
(×1000,Ushs)

2,519,540

6,215,943

198,316 39,692,746

6. Service
coverage (%)

64

15

31

90

30.65

8.50

218.22

7.15

92.09

142.86

DATA AND EMPIRICAL APPLICATION

7. Max. earnable 53.92
incentive (%)

Unbalanced panelled data on all NWSC sub-utilities (12–19

8. Revenue
water target
difﬁculty (%)

sub-utilities making 146 observations in a pooled framework) from Uganda for the period 2002–2010 are

Downloaded from http://iwaponline.com/ws/article-pdf/14/1/61/415388/61.pdf
by guest

106.24

Source: Analysis from NWSC Audited Reports, 2002–2010.

Max. value

66

S. Mugisha

|

Water Science & Technology: Water Supply

Managerial incentives in public water utilities

(VRS) framework. According to Coelli et al. (), once a
model involves efﬁciency variables which relate to scale,

|

14.1

|

2014

Year/t is the year of observation (expressed in terms of 1, 2,
………..,9)

the elasticity is given by the proportionate effect on pro-

βs are unknown coefﬁcients to be estimated

duction

δs are unknown scalar quantities to be estimated. A negative

of

changes

in

input

variables

and

the

environmental variable. Since all efﬁciency variables in

value of δj would mean that the corresponding environ-

this study are not related to scale, we do not express any

mental variable has a positive impact on the reduction

of them per connection, except for input and output

of ﬁrm technical inefﬁciencies (see Equation (5)).

variables.
The stochastic frontier production function, at connec-

We use the time trend in both the production frontier

tion unit level, to be estimated, is obtained from

estimation and the mean efﬁciency sub-equation because

Equation (1),

we want to observe the behaviour of revenue water
output and inefﬁciency effects, over time. The expected
signs of the βs and δs in Equations (6) and (7) are not

lnðRWit Þ ¼ β 0 þ β 1 lnðSit Þ þ β 2 lnðPit Þ þ β 3 lnðXit Þ

clear in all cases. However, in the NWSC case, the sum

þ β 4 t þ 0:5β 5 ðlnðSit ÞÞ2 þβ 6 lnðPit ÞlnðSit Þ

of the ﬁrst-order input coefﬁcients would be expected to

þβ 7 lnðSit ÞlnðXit Þ þ β 8 lnðSit Þt þ 0:5β 9 ðlnðPit ÞÞ2

be greater than unity, suggesting increasing returns to

þβ 10 lnðPit ÞlnðXit Þ þ β 11 lnðPit Þt þ 0:5β 12 ðlnðXit ÞÞ2

scale at a single connection level – in other words, a

2

þβ 13 lnðXit Þt þ β 14 t þ vit  uit
i ¼ 1, 2, . . . , N ðnumber of utilitiesÞ; t ¼ 1, 2, . . . , 9:
(6)

change in inputs results in a bigger change in outputs.
This is because sub-utilities tend to favour increased
single connections as a way of increasing service coverage
and maximising water sales (output). Kingdom et al.

where the subscripts i and t refer to the i-th utility and the

() suggest the need for strong incentives, autonomy

t-th observed data, respectively. The technical inefﬁciency

and commitment for staff involved in NRW activities. In

effects are assumed to be deﬁned by

this case, the elasticity related to staff should have a positive sign, suggesting that increasing staff increases the

uit ¼ δ 0 þ δ I ðServ  Coverageit Þ þ δ 2 ðIncentiveit Þ
þ δ 3 ðTarget  Diff it Þ þ δ 4 ðYearit Þ

production output of revenue water. However, extra staff
(7)

may be involved in perpetuating illegal connections
due to poor remuneration, greed and/or recruitment

ln represents the natural logarithm (i.e., to base e)

history, leading into negative elasticity. This observation

RW represents revenue water (water sales) per connection

is in line with a recent study by Delavallade (),

(cubic m per connection)

which associates more corruption with ﬁrms that

S represents staff per connection (number per connection)

are less competitive. Moreover, additional staff may lack

P is the water production per connection (cubic m

competencies in respect to NRW reduction and, by

per connection)
X is the operating expenditure per connection (Ushs
per connection)
vit is the error term (where noise is deﬁned in the previous
section)
Serv-Coverage is the proportion of target population that is
served with water services (%)
Incentive is the percentage of maximum promised incentives
to total employee costs (%)
Target-Diff is the proportion of negotiated RW target to average RW value for the previous 12 months (%)
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resulting in a negative coefﬁcient (interpreted as elas-

who win contracts through their competing for ‘lead-part-

ticity). Part of the additional water supply may also be

ner’ responsibilities, where the main evaluation criteria

consumed by inactive (suppressed) accounts whose con-

incorporate competitive targets. After selecting a lead part-

sumption is not being monitored. The associated theft

ner, he/she then selects a team and obtains agreement for

may not be deterred by utility managers and staff or it

speciﬁed ‘winning’ targets. Therefore, target difﬁculty is

could be facilitated by bribes. All these factors can con-

self-imposed through a competitive managerial process.

tribute to an increase in NRW.

However, target difﬁculty can be a strong perverse incen-

The other input parameter in Equation (6) is operating

tive leading to internal squabbling and complaints.

expenditure (X). An increase in operating expenditure per

Consequently the sign of the coefﬁcient is unclear in the

connection is expected to improve capabilities and motiv-

case of NWSC utilities: it could be positive or negative,

ation of operating teams to increase revenue water; we

depending on the feasibility of meeting targets and

would expect a positive elasticity for this input. In NWSC

employee perceptions of fairness.

distribution utilities, there is a strong orientation towards

The sign of the Year variable in the model for the inefﬁ-

cost optimisation: all performance priorities relate to

ciency effects (Equation (7)) is expected to be negative. This

increasing cash operating margins, which depends on

implies that the levels of inefﬁciency effects of utilities

increased revenue water. Therefore we expect a positive

should tend to decrease over time. That is, utility managers

elasticity with respect to this input. However, if increased

are expected to make their utilities more efﬁcient as they

expenditures only end up ﬁnancing unrelated activities like

gain experience and expertise. In addition, this time-trend

travel allowances, cleaning services, and meeting expenses,

is expected to pick up the inﬂuence of factors that vary sys-

this scenario could result into a negative elasticity.

tematically through time which are not included in the

Turning to the inefﬁciency drivers, we consider cover-

inefﬁciency model.

age, incentives, and the stretch required to meet targets. In

In line with Estache et al. () and Coelli et al. (),

developing countries, low water service coverage is expected

this study sets all period numbers to 1 and the utility num-

to be associated with high NRW due to illegal water uptake

bers vary from 1 to 146 (even though the data are from 12

by small scale independent providers to meet unsatisﬁed

to 19 ﬁrms over a period of 9 years). This is done to

demand. If this is the case, service coverage in the inefﬁ-

ensure that the Frontier program treats each observation

ciency equation (Equation (7)) is expected to have a

individually. According to Coelli et al. (), if this is not

negative sign. That is, we expect that greater levels of service

done, we would be imposing a restriction on the model

coverage will be associated with smaller values of inefﬁ-

that the technical efﬁciency of the i-th ﬁrm must be constant

ciency effects. On the other hand, the sign of the

across all the 9 years (which is imposed by the Frontier pro-

coefﬁcient for the incentive index is expected to be negative

gram when panel data are used). Using this methodology,

if increased level of promised incentives reduces production

also in line with Berg & Lin (), we utilise pooled data.

inefﬁciency. This expectation stems from research by

In addition, Coelli et al. () point out that in order to

Mugisha () who ﬁnds that both ﬁnancial and emotional

interpret the estimated ﬁrst order parameters in the stochas-

incentives have positive effects on the level of technical

tic frontier analysis (SFA) function as production elasticities

efﬁciency in utility operations.

easily, evaluated at the sample means, we can express all

The sign of the coefﬁcient of target difﬁculty in the inef-

data in deviations from the sample means. Consequently,

ﬁciency model is expected to have a positive sign to the

in this analysis, all data have been computed as deviations

extent that high targets put pressure on managers to inno-

from the column sample means. The time trend variable is

vate and increase performance. However, high targets

also in deviation from the mean, that is, as the mean of

which are set without a full acceptance by all ‘shop’ ﬂoor

the time trend variable is 4.658 (un-panelled data) in this

employees may yield resentment, especially after compar-

instance, the mean corrected trend variable is converted

ing their targets with those of perceived peer utilities.

from (1, 2, 3, 4, 5, 6, 7, 8, 9) to (3.658, 2.658, 1.658,

High targets are in the interest of NWSC utility managers

0.658, 0.342, 1.342, 2.342, 3.342, 4.342). Furthermore,
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according to Berg & Lin (), multi-collinearity inﬂuences
the statistical signiﬁcance of the model. The robustness of a
model can be checked through a multi-collinearity test, to

Table 3

|

|

|

14.1

2014

Maximum likelihood estimates

Type (logged variable)

Coefﬁcient

t-ratio

determine whether two or more independent variables are

beta 0

very highly correlated: if two independent variables are

beta 1 (ln S)

0.026

0.030

0.862

beta 2 (ln P)

0.911

0.028

31.966

highly correlated, there is no way to tell how much effect
each has separately. In our case, after running a multiple
correlation test with all regressors, we do not ﬁnd high correlations between them (the range is 0.007–0.65).

0.211

Standard error

0.216

0.045

4.778

beta 4 (t)

0.008

0.005

1.597

0.103

0.049

2.105

0.311

0.130

2.387

beta 5 (ln S)2
beta 7 (ln S*ln X)

The maximum likelihood estimates from the Frontier 4.1

25.274

beta 3 (ln X)

beta 6 (ln S*ln P)

RESULTS AND DISCUSSION

0.008

0.124

0.129

0.960

beta 8 (ln S*t)

0.015

0.021

0.735

beta 9 (ln P)2

0.222

0.124

1.801

0.095

0.138

0.691

beta10 (ln (P)*ln(X))
beta11 (ln(P)*t)

0.002

0.026

0.085

beta12 ((lnX)2)

0.097

0.240

0.403

beta13 (lnX*t)

0.023

0.026

0.900

beta14 (t*t)

0.009

0.005

1.879

delta 0

0.210

0.246

0.851

delta 1 (Serv-Coverage)

0.006

0.001

5.189

large number of connections is preferred. The estimated

delta 2 (Incentive)

0.276

0.082

3.364

coefﬁcients of water production and operating expenditure

delta 3 (Target-Diff)

0.242

0.223

1.083

variables, 0.911 and 0.216, respectively, are signiﬁcant, sig-

delta 4 (Year)

0.015

0.012

1.281

sigma-squared

0.019

0.003

6.582

Gamma

0.962

0.003

program for the translog speciﬁcation in Equation (6)
and inefﬁciency model in Equation (7) are shown in
Table 3. The signs of the estimated β-coefﬁcients of the
ﬁrst order parameters of stochastic frontier are as
expected. Also, as expected, the sum of the ﬁrst-order
input parameters is greater than one, implying that a

nifying a strong relationship between these two inputs and
output. Speciﬁcally, production input refers to the amount
of water that the utility takes from the environment and
makes available for distribution. It has the highest elasticity and consequently would imply that utilities would

301.331
2

All variables shown in Table 3 are logged. Log likelihood function ¼ 1.714 × 10 ; LR test of
the one-sided error ¼ 9.508 × 101 with number of restrictions ¼ 6 [note that this statistic
has a mixed chi-square distribution]; number of iterations ¼ 29; mean efﬁciency ¼
0.86954030.

be able to better consolidate their results in terms of monetisation of delivered volumes by acting on the stage of

depends on the level of water production input per con-

water puriﬁcation. In addition, the variable of water pro-

nection.

duced

interactive effect (at p ¼ 0.05) of staff increment on rev-

becomes

crucial

in

determining

a

positive

From

water

at

our

evidence,

average

values

the
of

only

signiﬁcant

elasticity of staff factor. The small and insigniﬁcant value

enue

of the staff coefﬁcient could be due to a relatively high

connection is given by 0.311*P–0.103*S. The effect is

expenditure

per

number of employees that are not directly involved in rev-

obtained by taking ﬁrst order derivatives of dependent

enue water enhancement activities. The coefﬁcient for the

variable with respect to natural logarithm of staff per con-

Year indicates that the value of output has tended to

nection, for only signiﬁcant coefﬁcients. That means the

increase by a small but signiﬁcant rate over the 9-year

effect of staff on revenue water depends, partly, on the

period. The squared and multiplicative terms for the Trans-

level of water production input per connection. The evi-

log model indicate that revenue water falls off with the

dence also shows that expenditure has a signiﬁcant effect

square of staff size, but the coefﬁcient on the multiplicative

(p ¼ 0.01) on revenue water. This means utilities with

term (S*P) is positive and signiﬁcant. This interaction

higher levels of production and higher levels of expendi-

between staff and production variables shows that the

ture are likely to sell more water (at the connection unit

net effect of staff per connection on revenue water

level) than those with correspondingly low inputs.
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We analyse the marginal productivities at different input

proportion of total employee costs tend to be less inefﬁcient.

domain thresholds (quartiles) as shown in Table 4 to assess

In other words the effect of incentives on inefﬁciency (elas-

the consistency of the elasticities obtained in Table 3.

ticity of 0.28) is signiﬁcant (p ¼ 0.01) at average values of

Clearly, Table 4 shows consistency in the signs and magni-

service coverage, target hurdle and time trend. This evi-

tudes of marginal productivities. The magnitudes of the

dence suggests that a 10% increase in promised level of

elasticities are also consistent.

incentives results in a 2.8% reduction in inefﬁciency of pro-

The estimated coefﬁcients in the inefﬁciency model for

ducing a revenue water output. This result in turn shows that

all data points, at the mean, are of particular interest in

without the incentive plan, the average efﬁciency for the 146

this study. The Service Coverage coefﬁcient is negative and

observations would have been about 0.83 instead of 0.87.

signiﬁcant, which suggests that utilities with higher service

Similarly, target difﬁculty has a large but insigniﬁcant nega-

penetration are more efﬁcient than those where service cov-

tive effect of 24.2% on inefﬁciency at average values of

erage is low. Of course, lower service coverage may also be

service coverage, promised incentive level and time trend.

due to the higher costs of reaching potential customers in

If signiﬁcant, the ﬁndings would suggest that 1% increase

low density areas. Future work should incorporate network

in target difﬁculty results in 0.24% increase in inefﬁciency

density into the model, since this should contribute to efﬁ-

of producing the output, indicating that without effects of

ciency. The negative and signiﬁcant estimate for Incentive

target difﬁculty, the average efﬁciency of 146 observations

implies that utilities with higher target incentives as a

would have been 0.9 instead of 0.87. In other words, the
positive coefﬁcient for Target-Difﬁculty signiﬁes that utilities

Table 4

|

with more hard-to-achieve revenue water targets could be
Analysis of marginal productivities at different input domain levels

% Quartile

25

beta 0

50/median

0.110**
 0.030

beta 1 (ln S)

0.165**
 0.006

75

more inefﬁcient. This issue warrants more attention in

Mean

0.231**
 0.008

0.211**

future studies.
The positive but small coefﬁcient of Year suggests that the

0.029

inefﬁciencies of production of the utilities have tended to

beta 2 (ln P)

0.857**

0.902**

0.954**

0.911**

increase in the 9-year period. Judging from the trend of per-

beta 3 (ln X)

0.228**

0.174**

0.184**

0.216**

formance programmes in NWSC, this is not surprising given

beta 4 (t)

0.040*

0.016*

 0.017*

0.008*

that a signiﬁcant number of re-engineering policies were

 0.126*

 0.109*

 0.116*

 0.103*

beta 5 (ln S)2
beta 6 (ln S*ln P)

0.373**

0.318**

0.366**

implemented between 2002 and 2005, while the period

0.311*

2006–2010 has been devoted to consolidation and learning

0.124

from change management challenges encountered. Speciﬁ-

beta 7 (ln S*ln X)

 0.020

0.082

0.076

beta 8 (ln S*t)

 0.026*

 0.021*

 0.029*

 0.015

cally, some re-engineering programmes introduced include:

 0.146*

 0.243*

 0.178*

 0.222*

internal contracts in 2000–2004, stretch-out and one-minute

0.139*

0.144*

0.131*

2

beta 9 (ln P)

beta10 (ln (P)*ln
(X))

0.095

management programme in 2003–2004, and a new connection
policy in 2004. After 2005, only internally delegated area man-

beta11 (ln(P)*t)

 0.022*

0.000

 0.013

0.002

agement contracts (IDAMCs) have been used as a

beta12 ((lnX)2)

 0.367*

 0.231*

 0.225*

 0.097

management tool; and the impact of this technique seems to

beta13 (lnX*t)

 0.012

 0.022

 0.015

 0.023

have hit a plateau. In 2011, the corporation embarked on

beta14 (t*t)

 0.006*

 0.007*

 0.005*

 0.009*

major innovative programmes like e-payments, and Perform-

delta 0

 0.040

 0.003

 0.034

 0.210

ance, Autonomy, Creativity and Empowerment (PACE)

delta 1 (ServCoverage)

 0.008**  0.005**  0.006**  0.006**

delta 2 (Incentive)

 0.414**  0.253**  0.277**  0.276**

delta 3 (Target-Diff)
delta 4 (Year)

contracts to return to earlier (more rapid) efﬁciency trends.
Therefore, since the Year variable in the model may represent

1.619*
 0.004

the scale of performance improvement programmes (PIPs)

0.971*

1.035*

0.242*

over the study period, the positive sign is not surprising. This

0.009

0.006

0.015*

result is in line with research by Colon () who concludes

(*) represents statistical signiﬁcance at 5% level while (**) represents 1%.
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mechanisms have brought positive changes in NWSC (decen-

The discussions above do reinforce the ﬁndings of past

tralisation, better corporate culture, capacity building and

studies. For example, the evidence obtained in this study

knowledge management), there is need for a new set of re-

shows consistent results with those obtained by Mugisha

engineering programmes to turn around recent performance

(). In the latter study, a log-linear input distance func-

trends. On the other hand, the estimate of the variance par-

tion is used with ﬁnancial incentives being the only

ameter, γ, is close to one, which indicates that the

explanatory variable in the inefﬁciency sub-equation. In

inefﬁciency effects are likely to be highly signiﬁcant in the

addition, the connections are modelled as output. Clearly,

analysis of value of output of the utilities.

this study shows that with the inclusion of more explana-

Generalised likelihood-ratio tests of null hypotheses,

tory variables in the inefﬁciency sub-equation, the

that the inefﬁciency effects are absent or have simpler speci-

signiﬁcance of the incentive variable is enhanced. The

ﬁcations are presented in Table 5. The ﬁrst null hypothesis

study also ﬁnds consistency with the assertion that monet-

speciﬁes that a Cobb-Douglas function is a suitable speciﬁca-

ary incentives promote efﬁciency in public water utilities.

tion: it is strongly rejected. The second null hypothesis,

Moreover, this study enhances our understanding of

which speciﬁes that inefﬁciency effects are not stochastic,

target setting in water utilities, given that the attributes of

is also strongly rejected. The third null hypothesis, which

a good target are largely inconclusive in goal setting

suggests that the inefﬁciency effects are absent in the

theory. According to Li and Butler () the results of a

model is strongly rejected. Lastly, the fourth null hypothesis,

laboratory study demonstrated that goal rationales were

which suggests that inefﬁciency effects are not a linear func-

especially important for increasing goal commitment

tion of service coverage, incentive, target difﬁculty and year

when goals were assigned rather than participatively set.

of observation, is also strongly rejected at 1% level of signiﬁ-

Similarly, Zetik & Stuhlmacher (), through a meta-

cance. These tests imply that the joint effects of these four

analysis, ﬁnd that more difﬁcult goals lead to higher out-

explanatory variables on the inefﬁciencies of production

comes than less difﬁcult goals. In our study, the results

are signiﬁcant although the individual inﬂuences may

seem to be the reverse: perceived difﬁcult goals result in

differ in levels of statistical signiﬁcance.

poor operating efﬁciencies. In the present analysis, it

Clearly, the inefﬁciency effects in the stochastic frontier

appears that inadequate participation of most NWSC uti-

production function are stochastic and are related to service

lity employees in target setting may be damaging

coverage, level of incentives, target difﬁculty and time of

employee motivation, leading to a potential impact of

observation.

Target-Difﬁculty on performance. The result suggests that
the current target-setting process, which is mainly set
through a competitive bidding process associated with

Table 5

|

Tests of hypotheses for parameters of the inefﬁciency frontier model

top managers, needs to be improved.

Log

χ20:99

Test

Null hypothesis

likelihood

value

statistica

Given model (from Equation (6))

171.42

CONCLUSIONS

H0: Cobb-Douglas; β5 ¼ β6……. ¼
β14 ¼ 0

136.03

21.67

70.78

H0: γ b ¼ 0

123.88

11.34

95.08a

is documented in Mugisha (). Managerial incentives

H0: γ ¼ δ0 ¼ δ1 ¼ δ2 ¼ δ3 ¼ δ4 ¼ 0

139.89

18.48

63.06a

have been adopted in Tanzania, Zambia, Kenya, some

H0: δ1 ¼ δ2 ¼ δ3 ¼ δ4 ¼ 0

139.81

13.28

63.22a

Nigerian states, and in other nations. The performance

a

a

The diffusion of water utility incentive programmes in Africa

On the value of test statistic indicates that it exceeds the 99th percentile for the corre-

sponding χ2-distribution: so the null hypothesis is rejected.
b

If the parameter γ is zero, then the variance of the inefﬁciency effects is zero and the

model reduces to a traditional mean response function in which the variables, servicecoverage, incentive and target difﬁculty are included in the production function. In this
case, the parameters δ0 and δ4 are not identiﬁed. Hence the value of the test statistic
for this null hypothesis is obtained from χ23 -distribution.
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systems). The results of this model for technical inefﬁciency

efﬁcient in reducing NRW. The evidence suggests that

effects using a stochastic frontier production function

investing in NRW reduction without contingent service cov-

suggest that these programmes can be expected to improve

erage enhancement plans (expansion plans) may not yield

performance. However, experience suggests that developing

optimal results. Third, target difﬁculty was found to be pro-

and implementing appropriate incentives is an evolutionary

moting inefﬁciency, clearly showing that performance

process. Furthermore, excessively stringent targets (such as

targets need to be set with care and transparency. In con-

for reductions in NRW) can actually reduce efﬁciency,

clusion, the results support the trend towards greater

although the channels leading to the negative effects are

public sector accountability, through benchmarking activi-

still unclear. In addition, resources might have been devoted

ties by regulators and managers and a more commercial

to improving other dimensions of performance, such as an

(less political) orientation for state-owned enterprises. How-

increased number of hours of service per day.

ever, this is easier said than done in practice. This is because

The study uses a model of technical inefﬁciency effects,

most water utilities in developing countries are faced with

involving a constant term, service coverage, incentives,

challenges of political interference, corruption and nepo-

target difﬁculty and year of observation; these factors are

tism tendencies. All these are practical constraints to

shown to be signiﬁcant components in the inefﬁciency

moving towards better performance and governance. The

sub-equation of the stochastic frontier production function.

results contribute to the growing literature on the impact

Speciﬁcally, we ﬁnd that utilities with higher levels of ser-

of explicit managerial incentives on state owned enterprises

vice coverage and incentives are more technically efﬁcient.

(SOE) performance. The study also suggests several lines of

Our evidence suggests that incorporating incentive plans

further research related to the development and implemen-

can result in approximately 4% (0.83 to 0.87 efﬁciency

tation of managerial incentives. More comparative studies

score) increase in revenue output. Using the NWSC’s

need to be conducted to overcome the weaknesses of this

annual revenue output of 48,260,661 m3, at a current aver-

study resulting from small values of elasticities and poor stat-

3

age tariff of US$0.7 per m , a 4% change in output

istical signiﬁcance of the parameters in the translog

translates directly to about US$1.4 million in a US$60

speciﬁcation. The possibility of use of a Cobb-Douglas func-

million turnover utility.

tional form could be explored, using a different data set,

On the other hand, utilities with easier to achieve targets

although the LR test rejects it in this study.

are more efﬁcient than their counterparts with more difﬁcult
targets. This result suggests that an examination of the
target-setting process is warranted. Our evidence suggests
that effects of target difﬁculty can cause inefﬁciencies to
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