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Abstract
Regulated water industries need to improve their technical efficiency and allocate their resources efficiently. This is the case of
the water industry in England andWales which was privatized in 1989, and the method of price cap regulation was implemented.
This study uses an input distance function system approach to estimate the technical efficiency and distortions in the choice of
input mixes for the English and Welsh water and sewerage companies (WaSCs) over the years 1991–2016. The results indicated
that an average WaSC was 75.3% technically efficient which means that inputs could be reduced by 24.7% keeping the level of
output constant. On average, the input mix was considered to be allocated inefficiently as there was an over-utilization of capital
and other inputs relative to employment. Moreover, the low degree of substitutability among inputs implied that reducing
allocative inefficiency could be costly. The findings of our study is of interest to policy makers who want to implement effective
policies to improve efficiency in the water industry.
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Introduction

There are several reasons for promoting the participation of
the private sector in the water industry such as the need to
attract private funding to improve the infrastructure, reduce
inefficiencies, and enhance quality of service (Craig 2009).
A recent study byMarques and Simões (2020) concluded that
Portuguese private water utilities present better performance
than public water utilities. In this context, an interesting case
study is the English and Welsh water and sewerage industry

which was privatized in 1989. Since then, several capital in-
vestment programs have been carried out to reduce water
losses and to improve the quality of service, drinking water
quality, and environmental standards (McEldowney 2014).
The method of regulation imposed for the water and sewerage
companies (WaSCs) and water only companies (WoCs) was
in the form of price caps which is a highly powered incentive
scheme. To evaluate whether the regulated water companies
have improved their efficiency or not, we need to look into
technical and allocative efficiency (Woodbury and Dollery
2004). The former refers to the ability of a firm (water com-
pany in this study) to reduce its inputs for a given level of
output, whereas the latter comes from the misallocation of
resources, e.g., over-use of capital, employment, or other op-
erating inputs (Sauer and Frohberg 2007). A water company
that is technically efficient may be allocatively inefficient due
to the misuse in the choice of inputs, and vice versa.

Water companies need well-designed incentives that will aid
them to allocate resources efficiently. Moreover, water compa-
nies need to invest in capital so that the drinking water is deliv-
ered to end users and wastewater is treated and discharged
without polluting the environment or re-used for other purposes
(Ryan et al. 2019). They also need to invest in new technologies
that can allow them to reduce costs and pass any cost savings to
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customers in terms of lower prices. At the same time, water
companies need to hire employees and train them to improve
their skills. The quality of the above choices may have an im-
pact on water companies’ technical efficiency (Li and Phillips
2017). Thus, knowing how the water company can reduce its
inputs and allocate resources more efficiently, the regulator can
promote a higher level of efficiency and ensure the required
financial support for carrying out the programs.

Literature reviews by Worthington (2014) and Cetrulo et al.
(2019) evidenced that past research evaluating technical effi-
ciency of water companies is vast. In the framework of the
English and Welsh water and sewerage industry, several
studies assessed the technical efficiency of water companies
and the impact of regulation on their performance. Bottasso
and Conti (2003, 2009) used econometric techniques to under-
line the positive impact of the tight 1999 price review on water
companies’ efficiency. Saal et al. (2007),Molinos-Senante et al.
(2017), and Molinos-Senante and Maziotis (2019) also used
econometric methods to show that after 2000, the English and
Welsh water companies achieved considerable efficiency gains
and moved closer to the efficient frontier. This is was also
confirmed by other studies like Portela et al. (2011) who used
parametric techniques like data envelopment analysis (DEA).
Another study by Molinos-Senante et al. (2014) demonstrated
that the 2004 price review was not very effective in stimulating
efficiency gains. Maziotis et al. (2016) showed that quality of
service improved during the years 2001–2004 whereas it con-
siderably got worse during the years 2005–2008.

Few studies investigated the impact of resourcemix efficien-
cy in the English and Welsh water industry. Saal and Parker
(2001) used index number techniques to calculate labor pro-
ductivity. In a profit decomposition context, Maziotis et al.
(2014) used index numbers and DEA techniques to show that
there was an evidence of efficient allocation of resources after
2000 by substituting labor with capital. We note that the
previous studies did not directly estimate allocative efficiency.
This was done by Erbetta and Cave (2007) who employed
DEA techniques to estimate technical and allocative distortions
in the English water industry during the years 1993–2005. The
results showed that initially there was an over-utilization of
labor and under-utilization of capital which led to allocative
inefficiency. These allocative distortions were reduced gradu-
ally. However, none of the above studies used econometric
techniques to study the existence of allocative inefficiency in
the English and Welsh water industry.

Within this in mind, the main objective of the study is to
estimate the technical efficiency and allocative distortions in
the choice of input mixes in the English and Welsh water and
sewerage industry using an input distance function system
approach. An important advantage of using an econometric
approach, instead of non-parametric techniques such as index
numbers and DEA, is the inclusion of several environmental
variables in the efficiency assessment (Carvalho et al. 2012;

Marques et al. 2014; Pinto et al. 2017). We use an input dis-
tance function approach as it does not require the use of mar-
ket prices and allows the accommodation of several inputs and
outputs. We estimate technical efficiency and allocative dis-
tortions among inputs by using a system of equations, the
input distance function, and its related cost share equations,
because it makes the estimates more efficient as we add equa-
tions but do not increase the number of parameters (Triebs
et al. 2016; Molinos-Senante and Maziotis 2017). This ap-
proach has been proposed by Fare and Grosskopf (1990)
and Grosskopf and Hayes (1993) and applied to several sec-
tors such as hospital, manufacturing, airports, water, and sew-
erage industry (Berg and Marques 2011), but not to the
English andWelsh water companies, to the best of our knowl-
edge. Finally, we also calculate Morishima elasticities of sub-
stitution among inputs to see the degree of their substitutabil-
ity which can help us determine if the cost of reducing
allocative inefficiency is high or not. The results of our study
can help policy makers to design and implement effective
policies to enhance efficiency in the water industry.

This study contributes to the current strand of literature in
several aspects. First, to the best of our knowledge, there are
no previous studies estimating the technical efficiency and
allocative distortions in the choice of input mixes for
English and Welsh water companies. Second, allocative dis-
tortions were estimated using an input distance function sys-
tem approach which has been scarcely applied to evaluate the
performance of water companies. Finally, the assessment con-
ducted in this study involves a large period (1991–2016).
Hence, we innovate in the field of water companies’ perfor-
mance with the estimation of efficiency and allocative distor-
tions of English and Welsh water companies over 1991–2016
using an input distance function system approach.

Methodology

This section presents the parametric approach to estimate
technical and allocative distortions among different pairs of
inputs to determine the presence of allocative inefficiency.
Technical efficiency refers to the situation where a water
company needs to reduce its inputs for a given level of
output whereas allocative efficiency stands for changes in
the resource mix given the price of inputs. The approach
followed in this study is based on specifying an input
distance function system approach as proposed by Fare and
Grosskopf (1990) and Grosskopf and Hayes (1993), applied
later by Erbetta and Petraglia (2011) in the manufacturing
sector and extended by others in several sectors such as hos-
pitals and airports (see for instance, Rodrıguez-Alvarez et al.
2004; Hidalgo-Gallego et al. 2017).

We use an input distance function instead of a cost function
as it does not require information on prices for inputs (for
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more details, see for instance Coelli and Perelman 2000).
Using a shadow cost function, we assume that water compa-
nies minimize their shadow cost, C, using a vector of shadow
input prices, ws, to produce a given level of output, y (Erbetta
and Petraglia 2011):

C y;wsð Þ ¼ min ws x : x∈L yð Þf g ð1Þ

where L(y) is the set of inputs to produce a given level of
output y. Any deviation of shadow input prices from the actual
input prices leads to allocative distortions. Fare and Grosskopf
(1990) used an input distance function approach to represent
technology and then calculate allocative distortions. The input
distance function takes the following form:

DI y; xð Þ ¼ max λ≥1 :
x
λ
∈L yð Þ

n o
ð2Þ

For x ∈ L(y), DI(y, x) ≥ 1, with x being technically efficient
but not necessarily allocatively efficient if DI(y, x) = 1.

Using then the dual Shepherd’s lemma (1953), we can cal-
culate shadow price ratios for inputs using the two first partial
derivatives of the input distance function with respect to any
inputs i and j as follows (Rodrıguez-Alvarez et al. 2004):

∂DI x; yð Þ
∂xi

¼ ws
i y; xð Þ ¼ ws

i

C y;wsð Þ ð3aÞ

∂DI x; yð Þ=∂xi
∂DI x; yð Þ=∂x j ¼

ws
i

ws
j

ð3bÞ

The comparison between the ratios of shadow input prices
and actual input prices can be used to assess the existence of
input misallocation (allocative efficiency). This can be done
using the following equation:

ws
i

ws
j
¼ γij

wi

w j
ð4Þ

If γij = 1, then the resource mix is allocatively efficient; if
γij > 1, then input i is under-utilized relative to input j and if γij
< 1, then input i is over-utilized relative to input j (Erbetta and
Petraglia 2011). To estimate the allocative distortions or input
misallocations, γij, we follow Erbetta and Petraglia’s (2011)
approach and use a translog input distance function and its
cost share equations:

ln 1ð Þ ¼ ∑
s
σsDs þ αo þ ∑m

p¼1αplnypst þ
1

2
∑m

p¼1∑
m
r¼1αprlnypstlnyrst

þ ∑n
i¼1βilnxist þ

1

2
∑n

i¼1∑
n
j¼1βijlnxistlnxjst

þ ∑m
p¼1∑

n
i¼1ppilnypstlnxist þ ∑m

p¼1δplnypst t

þ ∑n
i¼1μilnxistt þ ψ1t þ

1

2
ψ2t

2 þ ∑k
k¼1χkζkst þ εst

ð5Þ

The cost share equations are as follows:

wistxist
C

¼ βi þ ∑n
j¼1βijlnxjst þ ∑m

p¼1ppilnypst þ ∑n
i¼1μit þ εist ð6Þ

where σsDs are firm-specific dummies that represent firm het-
erogeneity (one firm-specific dummy is dropped to avoid any
multicollinearity problems (Kumbhakar et al. 2015)); s and t
denote firm and time, respectively; m and n denote outputs
and inputs, respectively. We also include a set of control var-
iables, χk, that may affect the technology (Saal et al. 2007);
and εst is random error with zero mean and constant variance.
We also impose the restrictions for homogeneity of degree 1
in inputs and symmetry in the estimation:

∑n
i¼1βi ¼ 1; ∑n

i¼1βij ¼ 0; ∑n
i¼1ppi ¼ 0 and βij

¼ βji; ppi ¼ pip; apr ¼ arp ð7Þ

Then, the index of allocative distortions, γij, in Eq. (4) is
calculated for each water company using Eq. (8):

∂lnDI y; xð Þ
∂xi

=
∂lnDI y; xð Þ

∂x j
¼ γij

wixi =C
wjxj=C

1
CA

0
B@ ð8Þ

In Eq. (8), γij can be seen as a ratio of the optimal input cost
shares compared with the ratio of the actual input cost shares
based on the fact that the first partial derivative of the log-
distance function with respect to the log of input i represents
the i-th input optimal cost share (Erbetta and Petraglia 2011).

The input distance function is estimated jointly with N-1
cost share equations; Eqs. (5) and (6) via iterated seemingly
unrelated regression (SUR) (Zellner 1962). One share equa-
tion is dropped in order not to have any singularity problems.
SUR estimation is used as the additional structure imposed by
the share equations makes the estimates more efficient as we
add equations but do not increase the number of parameters
(Triebs et al. 2016). The input distance function system of
Eqs. (5) and (6) allows us to estimate technical efficiency for
each firm (water company) at any time. Technical efficiency is
calculated based on the predicted value of the log-distance
function and by adding the absolute value of the most negative
residual (Grosskopf et al. 2001; Abrate and Erbetta 2010):

TEst ¼ 1

exp lnDþ jmin εð Þjð Þ ð9Þ

As Abrate and Erbetta (2010) noted, the above approach to
estimate technical efficiency is deterministic and is equivalent
to corrected ordinary least squares (COLS).

After the calculation of allocative distortions among the
different pairs of inputs, we check if the technology allows
for substitution among inputs. If there is an inefficient alloca-
tion of inputs, then, the cost of reducing allocative inefficiency
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may be costly if the inputs are poor substitutes (Rodrıguez-
Alvarez et al. 2004). Thus, we use the Morishima elasticities
of substitution to determine the degree of substitutability
among inputs which are defined using the following equation:

Mij ¼ −dln

Di x; yð Þ
Dj y; xð Þ

� �

dln xi½ � ¼ xiDij y; xð Þ
Dj y; xð Þ −

xiDii y; xð Þ
Di y; xð Þ

¼ Eij y; xð Þ−Eii y; xð Þ ð10Þ

where Dj(y, x) and Di(y, x) are the shadow prices (or marginal
products) of inputs j and i, respectively. The ratio of the input
shadow prices (or marginal products) gives the marginal rate
of technical substitution (MRTS). In other words, it shows
how one input can change with respect to the other input for
a given level of output, i.e., the slope of the isoquant. The
second-order effects of input i and j are used to calculate the
curvature of the isoquant. Dij shows the change in the margin-
al product of input iwhen there is a change in input j, whereas
Dii shows the change in the marginal product of input i when
there is a change in input i. Thus, Eij are cross-shadow price
elasticities implying whether the net input pairs are substitutes
or complements and Eii are own shadow price elasticities
(Rodrıguez-Alvarez et al. 2004). Low values of the
Morishima elasticity of substitution, i.e., less than 1, indicate
that the two inputs are poor substitutes, whereas higher values
of the Morishima elasticity suggest higher substitutability be-
tween inputs (Rodrıguez-Alvarez et al. 2004).

Data and sample selection

The data used in this study refer to the ten English and Welsh
WaSCs who were privatized as natural monopolies in 1989
and provide both water and sewerage services. The source of
the data is the “June reports for WaSCs in England and
Wales” and water companies’ annual performance reports
over the period 1991–2016. In accordance with past practice
(see for instance, Molinos-Senante and Maziotis 2017), two
outputs and three inputs were selected. Outputs were the vol-
umes of water delivered (Ml/year) to capture water services
and the number of equivalent population served to capture
sewerage services. The three inputs were capital, labor, and
other costs. Capital is proxied using a physical measure of
network, the modern equivalent asset value (MEA) defined
as the current cost estimates of the replacement costs of the
existing capital stock (Maziotis et al. 2015). Following past
studies (e.g., Molinos-Senante and Maziotis 2017), we calcu-
late capital costs as the sum of the opportunity cost of invested
capital and capital depreciation relative to MEA asset values,
and the price of physical capital was derived as the user cost of
capital divided by theMEAmeasure of physical capital stocks

(for more details, see Saal et al. 2007). Labor input was
proxied by sthe number of full time employees, and the price
of labor was calculated as the ratio of labor input to em-
ployees’ wages. Other costs were defined as the difference
between operating costs and labor costs and the price of other
costs was defined by the UK price index of materials and fuel
purchased in purification and distribution of water. We use
labor input as the normalized variable.

Previous studies stated that theymay be other variables that
have an effect on technology and efficiency (e.g., Carvalho
and Marques 2011; Carvalho et al. 2012; Pinto et al. 2017).
Thus, we included the following environmental variables in
our analysis: (1) water population density defined as the ratio
of water population to water area served; (2) sewerage popu-
lation density denoted as the ratio of sewerage population to
wastewater area served; (3) percentage of water losses; (4)
percentage of water taken from boreholes; and (5) trade efflu-
ent intensity defined as the ratio of trade effluent to resident
sewerage population (Saal et al. 2007). Table 1 reports the
descriptive statistics for the variables used in our study.

Results and discussion

Input distance function and cost share estimations

The results from the estimation of the system of Eqs. (5)–(6)
using iterated SUR are reported in Table 2. Following stan-
dard practice, all variables were divided by their average value
so that the estimated first-order parameters can be directly
interpreted as elasticities evaluated at the sample mean
(Molinos-Senante et al. 2017). The results indicate that the
input distance function is well-behaved fulfilling the regular-
ity conditions for all observations.

As expected, the estimated parameters for water delivered
and equivalent population served are negative and statistically
significant, which suggests that the distance function is non-
increasing in outputs. A 10% increase in the volumes of water
delivered and in the number of equivalent population served
might lead to an increase of 2.38% and 2.45% of all inputs,
respectively. The capital input cost share and the cost share of
other inputs are 57.0% and 29.6%, respectively. This result
demonstrates the highly capital-intensive nature of the English
and Welsh water and sewerage industry.

The estimated coefficients of the inputs are positive, as
expected, and statistically significant. The labor input cost
share is recovered from the homogeneity property and is at
the level of 13.5%. The negative and statistically significant
second-order parameters of the water and sewerage output
suggest that these elasticities increased at an increasing rate.
The interaction term between water delivered and equivalent
population is positive and statistically significant whichmeans
that cost complementarities between these outputs might exist.
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As capital and other inputs increase, their elasticity increased
as well. Technical change as captured by the time coefficient
is negative and statistically significant which means that on
average, the industry showed technical regress. The coeffi-
cient of sewerage population density is positive and statisti-
cally significant. This means that more densely populated
areas might require lower costs for wastewater collection
and treatment infrastructure (Carvalho and Marques 2011;
Molinos-Senante et al. 2017). The coefficient of water leakage
is also positive which means that water companies who invest
in technologies that predict leakages might reduce their inputs
in the long run. Finally, effluent from large users tended to
have lower input requirements (Saal et al. 2007) as indicated
by the positive and statistically significant coefficient.

Technical efficiency and allocative distortions

The estimates of technical efficiency and allocative distortions
for each pair of inputs: capital, other inputs, and labor, are
reported in Fig. 1. The sample is split into several sub-
periods as we want to link the results with the regulatory cycle
of the English and Welsh water industry. Looking at the tech-
nical efficiency estimates, it is concluded that an average
WaSC was 75.3% technically efficient which means that in-
puts could be reduced by 24.7% keeping the level of output
constant. It is shown that averageWaSC’s technical efficiency
increased from 0.709 during the years 1991–1995 to 0.735
over the period 2011–2016. Similar levels of technical effi-
ciency were reported by Villegas et al. (2019) who studied the
efficiency of WaSCs in the provision of drinking water (ex-
cluding sewerage activities) over the years 2001–2016 using
non-parametric techniques.

Looking at the allocative distortions in the use of inputs, it
is shown that on average, capital and other inputs were over-
utilized with respect to labor input over time. Consequently,
labor was under-utilized relative to capital and other inputs. A
high misallocation of labor was revealed in the English and
Welsh water and sewerage industry over time. Moreover, the
mix of capital and other inputs was also not efficient as there
was an under-utilization of these inputs. Overall, the results
indicate that in general, the input mix was inefficient and that
WaSCs could improve their cost performance by moving to a
more efficient allocation of resources. This could be achieved
by making savings on capital and other inputs and a simulta-
neous increase in employment.

The first years after the water and sewerage industry pri-
vatization led to an average technical efficiency of 70.9%
implying that the water companies needed to further reduce
their inputs by 29.1% for a given level of output. As far as the
resource mix allocation was concerned, the results showed an
initial over-utilization of labor and other inputs and an under-
utilization of capital. This is consistent with previous studies
by Erbetta and Cave (2007) and Saal and Parker (2001) who
showed that the reorganization of workforce seemed to be
necessary during the first years of privatization.

The 1994 price review had a positive impact on technical
efficiency of the water companies as it increased by 7.7%,
from 0.709 during 1991–1995 to 0.760 during 1996–2000.
On average, WaSCs could reduce their inputs by 24% while
maintaining the same magnitude of output. This result is con-
sistent with previous studies by Molinos-Senante et al. (2017)
and Molinos-Senante and Maziotis (2018) who showed that
the 1994 price review allowed companies to improve their
efficiency with less efficient companies moving closer to the

Table 1 Descriptive statistics

Variables Units Mean Std. Dev. Minimum Maximum

Volumes of water delivered Ml per year 449,560.3 266,320.1 118,039.9 1,049,122.0

Equivalent population served 000 s 6148.8 3773.0 1200.0 15,208.4

Capital Millions of £ 27,330.7 18,031.6 6477.0 98,357.8

Other inputs Millions of £ 357.4 199.9 69.6 965.3

Labor FTE 3179.6 1623.8 1034.0 7562.0

Capital price £ 0.022 0.009 0.007 0.053

Other inputs price Index 0.751 0.159 0.557 1.016

Labor price 000 s of £ 0.0366 0.0093 0.0188 0.0573

Water population density 000 s/km2 0.152 0.046 0.098 0.316

Sewerage population density 000 s/km2 0.171 0.019 0.132 0.225

% of water taken from boreholes % 0.317 0.258 0.030 0.790

Trade effluent intensity % 0.013 0.009 0.001 0.036

% of water losses % 0.183 0.053 0.106 0.359

Observations 260

Costs and input prices are in 2016 prices
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frontier. The results regarding input allocation indicate that
there was an over-utilization of capital relative to labor and
other inputs. This result which corroborates Saal and Parker’s
(2001) study is explained by the fact that the water companies
needed to carry out substantial capital programs to improve
the network, quality of service, drinking water quality, and
environmental standards.

The tightened 1999 price review further stimulated techni-
cal efficiency as an average WaSC needed to reduce its inputs

by almost 21% to improve its efficiency. This is also found in
the input allocation where although an over-utilization of cap-
ital existed relative to the other two inputs, the allocative dis-
tortions value moved closer to one. This finding is consistent
with Erbetta and Cave (2007) who also reported the positive
impact of the 1999 price review on companies’ allocative
efficiency. Maziotis et al. (2014) also showed that the
English and Welsh water and sewerage industry started to
move to a better allocation of resources by substituting labor

Table 2 Estimated econometric
results Variables Coeff. S. Error T-Stat. P value

Constant α0 − 2.719 1.110 − 2.451 0.0143

Water delivered α1 − 0.238 0.135 − 1.768 0.0770

Equivalent population served α2 − 0.245 0.104 − 2.348 0.0189

Capital β1 0.570 0.003 182.005 0.0000

Other inputs β2 0.296 0.002 137.244 0.0000

Time ψ1 − 0.007 0.002 − 2.717 0.010

Water delivered2 α11 − 0.322 0.069 − 4.678 0.000

Equivalent population served2 α22 − 0.205 0.099 − 2.074 0.039

Water delivered × equivalent population served α12 0.252 0.090 2.784 0.006

Capital2 β11 0.023 0.008 3.055 0.002

Other inputs2 β22 0.032 0.005 6.026 0.000

Capital × other inputs β12 0.004 0.002 2.431 0.015

Water delivered × capital ρ11 − 0.058 0.010 − 5.934 0.000

Water delivered × other inputs ρ12 0.053 0.007 7.835 0.000

Equivalent population served × capital ρ21 0.037 0.009 3.985 0.000

Equivalent population served × other inputs ρ22 − 0.041 0.006 − 6.380 0.000

Water delivered × time δ1 0.012 0.004 2.919 0.004

Equivalent population served × time δ2 − 0.016 0.004 − 4.292 0.000

Capital × time μ1 0.011 0.000 25.951 0.000

Other inputs × time μ2 − 0.008 0.000 − 28.257 0.000

Time2 ψ2 − 0.001 0.000 − 4.691 0.000

Water density χ1 − 0.044 0.047 − 0.928 0.353

Sewerage density χ2 0.514 0.180 2.858 0.004

% of water taken from boreholes χ3 0.045 0.028 1.610 0.107

Trade effluent intensity χ4 0.069 0.020 3.401 0.001

% of water losses χ5 0.237 0.042 5.592 0.000

WaSC dummy 1 σ1 1.050 0.252 4.167 0.000

WaSC dummy 2 σ2 1.004 0.257 3.909 0.000

WaSC dummy 3 σ3 1.284 0.307 4.179 0.000

WaSC dummy 4 σ4 1.258 0.348 3.616 0.000

WaSC dummy 5 σ5 0.769 0.177 4.354 0.000

WaSC dummy 6 σ6 0.708 0.172 4.118 0.000

WaSC dummy 7 σ7 0.262 0.117 2.239 0.025

WaSC dummy 8 σ8 0.895 0.245 3.658 0.000

WaSC dummy 9 σ9 0.566 0.144 3.923 0.000

Log-likelihood − 20.52
Breusch-Pagan test X2 = 134.21

Labor was used as the normalized variable

Italics are statistically significant from zero at 5% (10%) significance level

35179Environ Sci Pollut Res  (2020) 27:35174–35183



with capital. Studies by Maziotis et al. (2015) and Molinos-
Senante et al. (2017) showed that over time, capital invest-
ment programs carried out since privatization considerably
improved the water quality and environmental standards and
the network quality.

The 2004 price review did not encourage water companies
to be more efficient as there was a decrease in their technical
efficiency. This result is consistent with Portela et al. (2011) and
Villegas et al. (2019) who showed a downward trend in effi-
ciency gains during the years 2006–2010. The price review
seemed to have increased the distortion in the allocation of
inputs between capital and the other two inputs where an
over-utilization of capital was apparent. The 2009 and the first

2 years of the 2014 price review did not stimulate technical
efficiency as there was a reduction in technical efficiency of
4%, from 0.765 during 2006–2010 to 0.735 during 2011–
2016. This price review might have led the industry to under-
utilize their resources so allocative inefficiency increased. The
results from the allocative distortions suggest that the input mix
was not efficient, so a further allocation of resources is required
to reduce costs. We use the Morishima elasticities of substitu-
tion to determine if the inputs are good or poor substitutes and
therefore conclude if it would be costly or not to improve
allocative efficiency. The results are depicted in Table 3.

It is shown that own price elasticities of demand for capital,
other inputs, and labor are negative as expected. The estimated

Table 3 Cross, own price, and
Morishima elasticities of
substitution

Period 1991–
1995

1996–
2000

2001–
2005

2006–
2010

2011–
2016

Average

Elasticities

Capital, other inputs − 0.005 − 0.003 − 0.0001 − 0.001 0.007 − 0.0005
Capital, capital − 0.023 − 0.013 − 0.0108 − 0.011 − 0.013 − 0.014
Capital, labor 0.066 0.038 − 0.008 − 0.004 − 0.082 0.002

Other input, labor 0.068 − 0.024 − 0.119 − 0.065 0.120 − 0.004
Other inputs, other
inputs

− 0.024 − 0.011 − 0.027 − 0.026 − 0.054 − 0.028

Other inputs, capital − 0.003 0.001 0.003 0.001 − 0.003 − 0.0002
Labor, capital − 0.007 0.006 0.013 0.009 0.004 0.005

Labor, labor − 0.158 − 0.195 − 0.259 − 0.280 − 0.252 − 0.229
Labor, other inputs − 0.008 0.014 0.034 0.032 0.023 0.019

Morishima elasticities

Capital, other inputs 0.018 0.010 0.011 0.010 0.019 0.014

Capital, labor 0.090 0.051 0.003 0.007 − 0.069 0.016

Other input, labor 0.093 − 0.013 − 0.092 − 0.039 0.173 0.024

Other inputs, capital 0.021 0.012 0.030 0.027 0.051 0.028

Labor, capital 0.151 0.201 0.272 0.289 0.256 0.234

Labor, other inputs 0.150 0.208 0.293 0.312 0.274 0.247
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Fig. 1 Estimates of technical
efficiency and allocative
distortions (average for the ten
WaSCs evaluated)
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Morishima elasticities are positive among the different pairs of
capital, labor, and other inputs. This implies that the inputs
were substitutes but their small value suggests that they were
poor substitutes. There is limited possibility to substitute cap-
ital with labor and other inputs as the value is close to zero.
There are higher possibilities to substitute labor with capital
and labor as indicated by the slightly higher value of
Morishima elasticity between labor and capital and between
labor and other inputs. TheMorishima elasticities suggest that
substitution among labor and capital and other inputs was
almost 0.24 times easier than switching from capital input or
operating expenses into labor. These findings imply that re-
ducing allocative inefficiency might be costly.

Article 9 of the European Water Framework Directive
(2000/60/EC) introduced the principle of cost recovery for
water services. It involves that main water uses, including
households, must adequately contribute to the recovery of cost
of water services. At the same time, water and sanitation tariffs
should be affordable for all. Hence, water companies need to
understand if the current resources are allocated efficiently so
that they can reduce their costs in the future. In this context,
the methodology used in this study is very useful for water
companies and regulators as it quantifies allocative distortions
in the choice of input mixes.

Moreover, about 35% of the total drinking water supplied
(45 billion of m3) is lost annually through leakage, and in
some low-income countries, water leakage is 50–60% of wa-
ter supplied (Kanakoudis et al. 2013). Hence, a main chal-
lenge of water companies is to reduce water losses which are
even more relevant in the current context of climate change
where 1.6 billion people face economic water shortage (FAO
2013). The assessment conducted in this study illustrates that
investing in technologies to predict leakage might reduce the
costs of water companies in the long run. This information is
very relevant for not only English andWelsh water companies
but worldwide because it evidences that investing in repairing
or renovating water networks can be costly in the short run but
economically and environmentally beneficial in the long term.

Results showed that the water companies were both tech-
nically and allocatively inefficient. It was found that the com-
panies needed to reduce their costs for a given level of output.
It was also reported that over time, there was an overutilization
of capital and other inputs relative to employment. From a
policy perspective, this means that the water companies need
to manage better their daily operations so that they can be
more technically efficient. This can be done by hiring skilled
employees who can help running the business more efficient-
ly. Since privatization, the English and Welsh water compa-
nies have carried out substantially capital investment pro-
grams to improve the network and quality of service to cus-
tomers. It appears that good service quality and high efficien-
cy can be achieved by using less capital and more labor than
what the current input choice is.

Conclusions

The water industry in England and Wales was privatized in
1989, and since then, they have carried out several capital
investment programs to improve the network, environmental
standards, and quality of service to customers. Thus, the eval-
uation of WaSCs’ performance in terms of their technical and
allocative efficiency, i.e., the reduction in inputs given the
level of output and the allocation of resources given their
prices, can provide useful information for water companies
and regulator.

In this study, we used an input distance function system
approach to estimate the technical efficiency and allocative
distortions in the mix of inputs for several WaSCs over the
period 1991–2016. The main findings can be summarized as
follows. First, the estimated results highlighted the highly
capital-intensive nature of the English and Welsh water and
sewerage industry. There were several operational character-
istics that impacted water companies’ input requirements and
efficiency such as sewerage population density, trade effluent
intensity, and water leakage. Average WaSC was found to be
almost 75% technically efficient which implies that it might
need to reduce its inputs by almost 25% to maintain the same
level of output. The 1994 and 1999 price reviews had a pos-
itive impact on water companies’ technical efficiency, where-
as the other price reviews did not seem to further stimulate
WaSCs’ efficiency. Moreover, the results from the allocative
distortions in the mix of inputs suggest that capital and other
inputs were over-utilized regarding labor over the whole peri-
od. The 1999 price review seemed to have a positive impact
on WaSCs’ allocation of resources; however, the next price
reviews seemed to have negatively impacted companies’ re-
sources mix. Our findings suggest that average WaSCs could
allocate their resources more efficiently by making savings on
capital and other inputs and by increasing employment at the
same time. However, the poor substitutability among inputs
suggests that reducing allocative inefficiency could be costly.
Finally, as further research, we plan to estimate the cost of
allocative inefficiency by estimating a cost function system
approach.

The results of our study can be of great interest for policy
makers for the following reasons. First, it provides informa-
tion on how efficient water companies are which can be fur-
ther used by regulators to determine a cost (revenue) allow-
ance as part of the price review process. It also allows regu-
lated companies to identify factors that may increase compa-
nies’ efficiency such as investments in technologies to identify
and repair water leakages. Moreover, it aids regulated water
companies to evaluate if the allocation of their resources has
been efficient over time. It can help them to see if and where
there has been an over or under-utilization among inputs such
as capital, labor, and other inputs. Finally, it may allow
WaSCs to improve their efficiency by making changes in
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the mix of their inputs such as substituting capital and other
inputs with labor. Any changes in the current mix of inputs
should be carefully evaluated as they might be costly.
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