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Abstract

The question of correctly benchmarking regulatedndi operating in different

environmental conditions has been extensively @ebat the literature. One major

problem is the treatment of unobserved heterogereit its possible interconnection
with structural (persistent) inefficiency. The pkatty of the reformed Italian water

industry, which is based on local authorities deftnaccurate budget plans over a long
period of time, provides a suitable field to telsé tperformance of several frontier
models incorporating different specifications forbserved and unobserved
heterogeneity and efficiency estimates. The resalts also shed some light on the
consequence of decentralizing efficiency improvésntenlocal authorities and on the
potential need to centralize benchmarking activity.
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1. Introduction

In the last three decades, the theory of regulatias emphasized the relationship
between incentive-based mechanisms and efficieRegulation schemes based on
price-cap and yardstick competition can promotd peguction and enhance efficiency
of regulated monopolies, aiming to replicating biemeficial effects of competition even
where it is absent. These high-powered incentiveemes have been largely
implemented by policy-makers all around the woddegulate network industries.

The efficacy of these regulatory schemes cruciddlpends on the actual capability of
the regulator to carry out benchmarking activihattis, to properly compare the current
performance of a utility with a performance refaennvolving similar companies
(Shleifer 1985). However, a major problem concegrnirenchmarking is that utilities
serving different areas are likely to face highlffestentiated environmental contexts.
Neglecting firms’ heterogeneity may lead to inaeterassessments by the regulator
because of the effects of either unfavorable oorfalvie environments on companies’
Ccosts.

Identification of a regulatory model able to takeoi account company heterogeneity
when implementing comparative competition mode|seaps to be an important feature
in the water industry (Sawkins 1995). OFWAT, thetavaand sewerage industry
regulator in the UK, introduced a price-cap regifokowing privatization in 1989,
whereby price reviews are defined in a flexible vimyapplying minimum efficiency
improvement rates for each company and claimindpdoconsistent with the firm-
specific operating environment (OFWAT 1999, 2004).

In Italy, the current regulation system, introduced 994, is based on local regulatory
authorities entitled to determine final customeiffig to plan and monitor the capital
investment programs and the quality levels in #retory they administer. In practice,
each agency is required to establish a long-teramauic and financial plan of the
integrated water service, which then becomes tise bastrument to fix tariffs to the
operating companies. Although the investments emgunerated at a given rate, in the
same way as standard ROR regulation, the tariffsfized ex-ante for a long period
based on the local authorities’ budget plans. Meeedocal authorities are supposed to
provide incentives to recover efficiency based loe ¢comparison of their budget plans
with a given benchmarking formula defined at natiolevel. This mechanism more

closely resembles a price-cap, at least as farpasating costs are concerned. The



effectiveness of such a regulatory system crucigdlies on the idea that, under the
constraint of a pre-defined benchmarking formulacal authorities would behave
virtuously by incorporating adequate rates of &ficy improvements in their plans. On
the one hand, it is possible to argue that locti@ities may have better knowledge of
the specific operating environment, on the othewdwver, one might contend that such
a decentralized regulatory method could make itemdifficult to correctly discern
between pure environmental effects and inefficiereyrthermore, local authorities
seem to be more exposed to the risk of regulatapture than a single national
authority. Local agencies could, for example, bmpgted to accommodate the public
interest of water utilities when defining revenue®rder to avoid conflicts. The effect
that will prevail is certainly not clear a priori.

Given this premise, the Italian case provides diqudarly suitable field to study the
sensitivity of benchmarking analysis to alternatiwgotheses on treatment of firms’
heterogeneity. We gathered information from 46 lloegulatory plans that typically
unfolded over a 20-30 year period, providing rican@l data that also includes
information on time-invariant environmental factd¢r®. observedheterogeneity). The
empirical analysis subsequently proposed in thgepaontributes to literature in two
key ways. From a methodological point of view, wevyde a comparison of several
alternative cost frontier models, presenting th@dot on the efficiency estimates of
their different hypotheses on the error term armnig the effects of either including
or excluding specific regressors in the models thatount for the observed
heterogeneity. In particular, the aim is to discwbsch part of the cost differences for
each model are attributable to the environmentaditimn rather than to efficiency,
stressing the difficulty of distinguishing betwedmeterogeneity and persistent
inefficiency. From a policy point of view, intere@s considerations come to light from
the analysis of the time-trend of the efficiencynpmnent and the evaluation of the
incentives to efficiency improvements intrinsicaligluded in plans by local regulators.
The results also shed some light on the potentia of ex-post benchmarking by a
single national Authority.

The paper is organized as follows. Section 2 deplet Italian regulatory system as far
as territorial organization of integrated watervesys and price determination are
concerned. Section 3 surveys the empirical studiealing with the problem of
measuring efficiency in the water industry. In gatt4, we focus on the econometric

problem of separating heterogeneity from inefficien comparing the theoretical



assumptions of various frontier models proposeithénliterature. Section 5 presents the
specification of the cost function frontier mod&ray with the data and variables used.

Estimation results are shown in Section 6, whileti®a 7 summarizes and concludes.

2. Regulation of theintegrated water servicesin Italy

The water supply system can be divided into threetions: production (abstraction
and distribution), sewage collection and sewag@adial. Distribution involves the
construction and maintenance of plants includingsiypumps and storage facilities as
well as the delivery of water to household and hoosehold customers using the
distribution network. Sewage collection conveys teaster to treatment plants through
pipelines. Finally, sewage disposal processes gauverastewater and releases purified
water into the environment.

The Italian water industry was highly fragmentetdwhs composed of around 6,000
actors — almost all directly owned by local publauthorities (provinces or
municipalities) — that typically operated the dtsttion function® The average
population served by each distribution company a@sind 9,000 inhabitants (Fabbri
and Fraquelli 2000). If, in addition, we consideattthe 200 largest firms served around
half the population, then the under-sizing of teenaining firms appears even more
serious. This situation not only generated inedficty but also had negative effects on
the service quality.

The reorganization of the Italian water industrnjhieth began in 1994 but has not yet
been completed, was aimed at favoring new invedisremd improving both scale and
managerial efficiency, attributing functions atinaal and local level (see Table?n
line with the declared goal of efficiency improvamethe core element of the
regulatory reform consisted in implementing a ftdkt pricing principle, defining the
costs of the service including the cost of new streents (depreciation and a rate of

return on capital investments), wherein unitaryrapeg cost is defined according to a

! The other functions, i.e. conveyance and treatroémiastewater, were generally directly operated by
local municipalities.

2 The current regulatory scheme was introduced byldv no. 36/94, whereas the general criterion to
determine water tariffs is contained in the Dect&796 (the so-calletMetodo Tariffario Normalizzato
MTN). For a detailed chronology of the processraftitutional change of the Italian water industeg s
Goria and Lugaresi (2004).
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capping rule® In order to accomplish these tasks, the natiaratory was divided into
90 Optimal Territorial Areas (henceforth ATOSnbiti Territoriali Ottimali), based on
both hydrographical and political-administrativétenia, entitled to locally administer
the integrated water service. Within each ATO, watgvices must extend beyond the
municipal level while integrated service must besigised to a unique operating
company, thus facilitating the attainment of castéfits due to economies of scale and
scope. Each ATO is then subject to the surveillasfdecal regulatory authorities (the
so-calledAutorita di Ambit9, entitled to define infrastructural investmenamd and,
consequently, to schedule the costs of the sefroce a long term perspective (usually
20 to 30 years) including both operating and capuats.

Table 1 Aims and regulatory tasks at national and locatllev

Aim National Authority Local Authorities

Promote investments establishing a Define the required investments at the

Quality . ATO level and monitor their
certain rate of return o
realization

Scale and scope  Define the number and sizing of ~ DSfne économic and financial budget

i ATOs (Ambiti Territoriali Ottimal) ~ P1ans. considering the aggregation of
economies the existing productive structures

. Give benchmarking guidelines by Establish the efficiency improvement
Managerial : .
- means of an ex-ante parametric rate on the operating cost (and,
efficiency ; :
formula ultimately, the tariff)

In practice, the model works as follows. The naloauthority gives a pre-specified
parametric formula, used to define a benchmarktferoperating cost of each ATO.
Thereatfter, the local authorities are required dmgare their own operating planned
costs with the above mentioned benchmark and, dicigy, fix the efficiency

improvement rate3Such regulatory arrangement should balance the toeglace price

% In the reformulation of the price determinatiorstgyn proposed in 2002, but still not enforced, also
depreciation and return on capital components shdnd included in the capping mechanism and
therefore subject to the regulatory assessmentecomg efficiency improvement rates.

* Each function composing the integrated water systas its own formula. The modeled operating costs
are then added up in order to obtain the cost efintegrated service. These formulas are not regort
here. For a description of modeled costs in watgridution,seeAntonioli and Filippini (2001).

® In more detail, if planned operating costs exceedleled costs augmented by 20% in a certain year,
they must be reduced by at least 2% (based on ldrngd operating cost of the year immediately
preceding); if planned operating costs are infet@mmodeled costs augmented by 20%, they must be
reduced by at least 1%,; finally, if planned opemtcosts are inferior to modeled costs, they mest b
reduced by at least 0.5%.



limits that may challenge inefficiency with the otzesecure that each company is able
to finance their investment programs and carry their functions without any
deterioration of quality (Muraro 2008).

Although the benchmarking criteria are establishedational level, the responsibility
of defining effective incentives to reduce opergtoosts is delegated to the local level.
Indeed, planned costs and efficiency improvemetasrare defined at the same time,
with no ex-post benchmarking over local authoritiesdget plans. Thus, the model
relies on the idea that, under the constraint grexdefined benchmarking formula,
local authorities will behave virtuously incorpargf adequate rates of efficiency
improvements and also taking into account the rieedase-by-case adaptation to the
environmental conditions.

In this paper, we carry out a benchmarking exeroiséhe local authorities’ budget
plans in order to evaluate their ability to achieffciency improvements. We believe
this case study fits interestingly into the debatethe treatment of heterogeneity in
benchmarking analysis and the contraposition betwasntralized and local tasks in

pursuing efficiency improvements.
3. Efficiency analysisin the water sector: literaturereview.

Amongst empirical studies regarding the water ifgu$wo main topics can be found:
the analysis of cost characteristics such as ecmsoof scale, scope and/or density and
the analysis of cost efficiency. Here we mainly @amtrate on the second issue, given
that our objective is to evaluate the extent toclhitalian local authorities actually
succeeded in encompassing cost inefficiency regonages when designing their long-
term budget plans, in accordance with the declaiets of the national regulatory
scheme.

In one of the first studies on water utilities, Bhaharyia et al. (1995) used a short-run
translog cost frontier function to estimate thefioeency cost of publicly and privately-
owned urban US water distributors. Firm-specificialsles were included to account
for cross-sectional variations in the variable carstl the cost share equations. These
variables embraced service quality, system lossg® of input water source and

ownership structure. Other unobserved effects edterto the model through additive

® The average water loss rate in Italy is betweeA®% while the services of wastewater conveyande an
treatment have coverage rates equal to 84% andbr€espectively (Utilitatis 2006). The latter two,
however, are likely to be overestimated given thay are computed on a basis that does not refiresen
the total population and “equivalent inhabitantSuch deficiencies explain the extensive investment
programs the water industry is expected to reatizbe future.
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one-sided distributed error components. The relexasf firm heterogeneity has also
been emphasized by Ashton (2000). Analyzing firraesiic cost efficiency conditions
of the UK privatized water and sewerage companias, study found a moderate
dispersion of average inefficiency, indicative ofoth diversity in operating
environments and managerial practices.

Saal et al. (2007) analyzed the productivity of thi€ water and sewerage industry
using a stochastic input distance function. Praditgtgrowth is decomposed into
technical change, efficiency change and scaleieffoy change. This study shows that
while technical change occurred as a consequenpevatization (occurred in 1989),
efficiency improvements did not come about due xoessively lax regulatory price
control. The impact of regulation was also examibgdAubert and Reynaud (2005)
observing a sample of US water utilities operatingthe State of Wisconsin. The
particular Wisconsin regulation system, based @ndimultaneous presence of price-
cap and rate-of-return schemes in the same regithe aame time, allowed the authors
to compare the effects of the two different reguiatregimes. Using a stochastic cost
frontier approach (where the inefficiency erromteis modeled as a regulatory type
function) they concluded that the most efficienlitigs are those operating under a rate-
of-return regimé and subject to extensive information gatheringh®y regulator. This
emphasizes the importance of the availability ofeegive information to establish
forceful benchmarking.

Garcia and Thomas (2001) examined the productiaunctsire of French municipal
water distributors located in the Bordeaux regibney estimated a system of variable
cost function and input cost shares using a GemetaMethod of Moments (GMM)
procedure adapted to panel data. A set of firmipeharacteristics of the served area
was accounted for, including the number of meterednections and the number of
local communities in the service area. Deliveredewand network losses were jointly
considered as outputs, which allowed the authoroltain positive measures of
economies of scope between water distribution @erark losse$.

More recently, Filippini et al. (2008) compared sl long-run translog cost frontier

models to evaluate the cost efficiency of a sangiléSlovenian water distribution

" A rate-of-return regulation basically consistslétting the firms freely choose their price undee t
constraint that return on capital should be fair telow a pre-specified level. This method allowisgs

to increase to cover costs, and in this way, iseetqnl to provide fewer incentives to pursue cost
efficiency.

8 This result indicates that increasing water préidacwhile keeping the rate of network losses camist

is a preferable option to keeping production camtséad improving network efficiency by means of mor
frequent repairs when facing increases in waterashgin
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utilities. In order to determine whether unobservieterogeneity among firms
significantly influenced efficiency results, conviemal random effects (RE) panel data
models were compared with the more recently deeelofrue’ fixed-effect model
(Greene 2005a, b). The latter extends previous |pdataa models by including an
additional time-invariant error term to account fonobserved heterogeneity. The
results highlight that while conventional RE padata models seem to overestimate
cost inefficiency, since the inefficiency estimaitedude all time-invariant firm-specific
characteristics (improperly labeled as inefficiedigcause they are out of managers’
control), the ‘true’-fixed effects model seems talarestimate cost inefficiency since all
time-invariant factors, including the time-invariastructural inefficiency, are purged
out of the inefficiency term and treated as hetenegty. As for the production
structure, delivered water was used as output whéecosts of labor, capital and other
materials were included on the input side. Outfharacteristics (namely, number of
customers and size of service area) and severamguwariables representing the
percentage of network losses and the types of \gatece, entered the function in order
to control for observed heterogeneity.

An alternative method to the stochastic approadleesmodeling technology and
assessing efficiency Bata Envelopment Analys{®EA). This approach is widely used
by regulators all around the world to regulate waservices. A comprehensive
description of the use of DEA for regulatory purg®ds provided in Thanassoulis
(20004, b), where DEA methodology was adopted Wighaim of estimating potential
cost savings of the distribution function of the W¥ater utilities. In these studies,
several output and network characteristics, thghimhave an effect upon firms’ costs,
were directly introduced in the DEA-based lineasgyzamming problems. The variables
were number of customers, length of distributiotwoek and the annual number of
burst pipelines. Other applications of DEA can &wenid in Tupper and Resende (2004)
referring to the Brazilian water and sewerage itguend in Coelli and Walding (2006)
referring to the use of this methodology to setdffeiency improvement rates (the so-
call X-factor in the price-cap regulation formula) foetAustralian water industry. In
particular, the former study provides a secondestagrection of the DEA efficiency
scores in order to account for regional operatitreaérogeneity. Finally, De Witte and
Marques (2007 and forthcoming) provide an inteoral benchmarking of drinking

water industries using DEA-based bootstrapping rdlygns and a metafrontier
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approach. In these studies applications to acctarnénvironmental variables in the
efficiency measurement are also presehted

Overall, the studies highlight the relevance oftoaliing cost efficiency for variations

in environmental characteristics faced by diffengtilities in their daily operations. This

paper tries to account for this issue by compastaghastic cost frontier models that
differently disentangle firm heterogeneity and cogffficiency, using panel data from
budget plans established by local Italian regutaathorities. The details concerning
properties, advantages and disadvantages of theelsnacdmpared in this study are

presented in the next Section.

4. The econometric model

It is well known that, for regulatory purposes, igas techniques for estimating and
comparing efficiency levels can be used to provetilated firms with the incentive to
improve their performance and move towards a besttige. However, if the efficiency

scores are obtained without properly taking int@oamt the heterogeneity in the
environmental conditions, the regulator may endpupviding misleading incentives
and undesirable effects. The econometric problerhow to isolate the managerial
inefficiency component from the random noise and tinm-specific environmental

conditions that may affect cost performance. Inegeh a variable cost frontier model

may be written as follows:

Ci = o +cYy, B, K, Z ) +e , withg, = ai+ AU+ (1)

wherei (i = 1,...I) denotes firm and t € 1,...,T) time, Cis the variable operating cost,
Y is the vector of outputs$? is the vector of variable input pricds,is the quasi-fixed
input, Zis a vector ofobservedfirm-specific environmental conditions (invariaoier
time) andt is the time trend which reflects technologicalraa

The unobserved firm-specific characteristics are represented hyo tdistinct
components:a; is the environmental component which reflects cdsferences
intrinsically due to the territorial area where them operates, while; can be

interpreted as a component of persistent ineffyemue to the (low or high) innate

° DEA is a deterministic approach in the sense thattotal deviation from the estimated frontier is
interpreted as inefficiency. Simar and Wilson (202007) introduced a bootstrapping model to tackle
this problem, thus making statistical inferencesius.
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aptitude of firm managers (or, more generally,itimate ability of the firm shareholders
to select good managers from the market). In teshzolicy, it is worth stressing the
possibility of separating these two components:lavilrms operating in adverse
environmental conditions should not be penalizedhgyincentive schemes, structural
inefficiency, on the contrary, can and should bteded by means of regulation. For
example, managers’ entrenchment or, also, the gpensie of managers’ selection
procedures not primarily driven by efficiency puspe are likely to systematically harm
efficiency. In such cases, incentive regulationesabs may lead to the removal of these
structural sources of inefficiendy.The other two error terms in Eq. 1 are respegtivel
the time-varying (non-negative) component of ireincy (i;) and the conventional
random noisev; /i.i.d. N(0,d%).

Ideally, a regulator would need to insert in thécgicap formulation an efficiency
recovery factor strictly connected to a measurduding both time-varying and
persistent components of inefficiency. In our cteebenchmarking exercise concerns
authorities’ budget plans that are the basis fer tHriff calculation (see Section 2).
Therefore, such a measure represents the levaktifciency implicitly allowed by the
regulatory authorities of a certain ATiGduring each periotl Moreover, the study of
the dynamics of these levels of inefficiency woaltbw understanding the power of
incentives introduced in order to recover efficignc

Unfortunately, a complete solution for the econametstimation of the model in Eq. 1
is not available, and further assumptions needet@dided to the various components
described above. A particularly clear analysis lod hypotheses of various frontier
models is given by Filippini et al. (2008). In thgesent study, the alternative
assumptions of seven different frontier models wiiseussed and Table 2 provides a
summary.

One first option is given by the classical frontieodel proposed by Aigner et al. (1977)
and Meeusen and van den Broeck (1977pgkL I, POOLED). In this case, the problem
of unobserved heterogeneity is not directly handtbd termsa; and A; are implicitly
assumed to be equal to 0), and the model can beadstl using the maximum
likelihood (ML) method following an apposite digutional assumption made on the

% It could be argued that in the long run persistieefficiency should not be an issue since the
managerial board will certainly change. Neverthgles managers are selected not only according to
financial motivations but also in order to satisther stakeholders’ goals (for example, politictgn
this may be another source of persistent ineffiyen
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one-sided and non-negative inefficiency tagat! The crucial hypothesis of the model
is that all the sources of firm heterogeneity carobserved and included in the teZm
otherwise, both the efficiency estimates and tharpaters of the cost function may be

potentially biased.

Table 2 Alternative estimators for Model (1) and relativesamptions

Model Hypothesis Cost inefficiency estimatiom,)
MODEL | — POOLED a=0; A=0 E(ue &)
uy .i.d. NF(0, o)
MODELIl —RE-GLS ai=0; u=0; 4 —min{ 4}
A Ohid. N0, )
a=0; u=0 18 P
MoDEL Il —RE-ML EMil&q,--- &)
4 [Ohid. N°(0, ;)
MODEL IV —FE ai=0; =0 A= min{ Ai}
J; fixed (group dummies)
=0 ). R 2
MODELV —BC a=0; 4 [i.d. N0, 07) E(AB(0)| &1 &1)
explr(t-T)] = A(t)
MODEL VI ~TFE ai fixed (group dummies)z =0; - gy, |z,)

U Ji.i.d. NY(0, o)
afiid. (0, 0,%); 4 =0 E(ul )
U Ji.i.d. NY(0, o)

MoDELVII -TRE

An alternative specification is given by the randeffects (RE) model. In this case, the
entire inefficiency is forced to be time-invariathus u; is assumed equal to 0. Two
possible estimation procedures have been suggeSwtnidt and Sickles (1984)
applied a GLS procedure to the standard randonatsffeanel specification and derived
the inefficiency of each firm as the differenceviben the firm-specific random effects
and the minimum value assumed By i.e. the most efficient firm (MDEL Il, RE-
GLS)* Pitt and Lee (1981) estimated the model with thie Method assuming};
distributed as half-normal (&beL 1ll, RE-ML). In these modelsall unobserved
heterogeneity among firms is assumed to be ineficy (thereforeg=0). Thus, RE
models impose even stricter assumptions on thdidgreefcy term with respect to the
pooled model. Nevertheless, the main advantage megpect to MDEL | is that the

firm-specific effects are explicitly modeled andsagh — at least as long as the latter are

11 possible alternatives to mode} are the half-normal, exponential, truncated-normatl gamma
distribution. In this study we used the half-normssumption.

21t should be noted that in the RE-GLS model, whie term/; is symmetrically distributed, the
estimate of cost efficiency is always non-negative.

13



not correlated with the regressors — allow obtgninbiased and efficient estimates of
the cost function parameters.

A similar approach is proposed by Schmidt and 8£K[1984) based on fixed-effects
estimation (MbDEL IV, FE). Again,a; andu;; are assumed equal to 0. With respect to
RE models, this approach allows obtaining unbiasstimates of the cost function
parameters even if firm-specific effects are cated with the regressors. On the other
hand, the FE model can produce biased estimatdseahefficiency scores due to the
incidental parameter issue, especially if the nunoliéime periods is limited®

In the approach proposed by Battese and Coelli 219%ithin a panel data
specification, the inefficiency is allowed to vawyer time (MoDEL V, BC). The model
implicitly assumesa; = 0 and the distributional assumption Afis the same as in Pitt
and Lee (1981). The Battese and Coelli (1992) medetifies that the inefficiency is
modeled as the product of an exponential functibriimme and non-negative firm-
specific random variables. In this modgljs an unknown parameter that defines the
trend of the inefficiency over time. This modelwever, does not allow firm-specific
patterns of temporal change of cost inefficiefity.

A specific treatment of the variabigis given in Greene (2005a, b), who proposed two
specifications named ‘true’ fixed-effects @deL VI, TFE) and ‘true’ random-effects
(MoDEL VII, TRE) models to deal with the problem of unobserketerogeneity® In

the first case, the firm-specific effects are medelith group dummy variables, while
in the second casg is distributed as a random variable. In both caesinefficiency

is modeled as time-varying, witly distributed as a half-normal random variable. The
major weakness of these models is #ihtime-invariant unobservable effects, and thus
any potential persistent component of inefficierang included in the term;. In other
words, in these cases, the implicit assumptiohasA=0. In addition, in the case of the
TFE model, one cannot include among the regresmaystime-invariant factorZ).
This is not an issue in the TRE model which alléwse-invariant factors to be included
in the specification of the cost function. This tte@ may also allow a further
interpretation of TRE results, since if it is assahthat all the environmental (time-

13 Wang and Ho (2007) developed a model, based shdifference and within-transformation of
regressors, to solve the incidental parameterdgmb

14 A positive value of7 parameter means that inefficieney)(decreases over time while e negative value
means that inefficiencyuf) increases over time. Thg term could be interpreted as the inefficiency of
the firmi whent =T, i.e. firmi is observed in the last period of the time series.

15 Application of these models may be found, for eplemin Farsi et al. (2005a, b and 2006a, b) and
Filippini et al. (2008)
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invariant) heterogeneity were observable and measuthrough th&; variables, then
the firm-specific error term4;, would actually represent the persistent compowént
cost inefficiency (i.ea=0 andA; > 0 with A ~ N*(0, g;?)).

Once point estimates of cost inefficienay; are obtained (in the ways displayed in
Table 2), estimates of cost efficien&E, for each firm in each period can be derived

as.
CE; = e = C*y 1G; (2)

where C*;; denoted the minimum cost frontier for firmn timet. Such a measure is
comprised between 0 and 1, equal to one whenttiedion the frontier. In this case, 1-
CE; indicates a standardized measure of cost inefitgie

5. The cost function specification

A translog functional form was chosen for the eation of the variable cost function
frontier, as showed in the following equatian

INC, =, + ZﬂmlnY +) B INR + e InK + ZZﬁmnlnY InY, +

rOR nEIM nom

+= ZZB,SInPInP+ =Bk INK? += ZZﬁ’mrmY InF + (3)

rEIR IR rTEIM ror

+= ZﬁmKlnY InK +—ZﬂrK InP.InK +ytt+2ﬂq2q +ey

rEIR

where M indicates the output seR the input price set and Q the environmental
characteristics set. The output set includes thkeinwe of water input into the
distribution systemsY{,) and the inhabitants served by the depurationiee(Yp). The
first output was preferred over the volume of deled water as the main cost driver for
variable operating costs. Indeed, doubts over #la&hility of delivered volume
predictions were raised, since the latter seemednsistent with the tariff dynamic
(Abrate and Fraquelli 2007). The second outpueotsl the degree of coverage of the
depuration service within each ATO. A third outmaincerning the sewage collection
should have been, in principle, included here. Possibility was to use the length of
the sewage collection pipelines, given the absanoeir dataset of any information on

the population served. This was however excludexltduthe high correlation withfy

'® The planning of the integrated water service avdong period is based on exceptional investment
programs that do not allow sustaining the hypothdbat capital is employed at its optimal level.
Therefore, the adoption of a long-run cost functiauld seem an inappropriate option.
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(Pearson correlation = 0.98). On the input side, itiput price set consists of two

variables, the price of labolP() and the price of other variable inpu,J. The price of

labor was obtained by dividing the cost of labortiy number of employees. The price

of other variable inputs was obtained by dividinge tnon-labor variable costs

(essentially costs for materials and services)ngyrtumber of inhabitants of the served

area'’ One peculiarity of our study is that the data vya#enned in real terms and

therefore, did not require deflation. In additionput prices were kept constant over

time, in accordance with the hypothesis of the arities.*®

As for the capital variableK(, very detailed data was available on the monetary

investment requirements for each year of the plah the amount of depreciation. A

permanent inventory method was therefore appliée. grincipal difficulty concerned

the construction of a value of the initial stockaaipital defined coherently for all the

ATOs. From the analysis of the plans and afterctlyecontacting several authorities,

we decided to follow a procedure based on the iabon of the networks (both

distribution and sewerage network) at current qoietibn prices, adjusting the resulted

value on the basis of the average age of the infictsires®

Finally, the vectoiZ contains a series of time-invariant environmefdators that can

be supposed to affect the level of operating cdstparticular, we decided to build a

series of binary variables based on:

- service area extensiorZi(= 1 if the extension exceeds the sample mean; 0
otherwise);

- morphology of the territory in terms of percentagfehighlands Z, = 1 if the
percentage of highlands exceeds the sample mezhefwvise);

- number of municipalitiesZ; = 1 if their number exceeds the sample mean; 0
otherwise)

- geographical locationZg = 1 if the ATO is located in the Centre-North,fQtiis
located in the South).

" Two alternative measures Bfy were constructed, using as denominators respéctive length of the
network and the volume of delivered water. Mairnulssare not affected by the choice of Bygvariable.

'8 Given the difficulty of forecasting the trend ofiges in the future, all the authorities analyzeade
their plans in real terms. In addition, they alpkéhe labor price constant over the whole lendtkhe
financial plans. Coherently with this approachyéfere, the price of other variable inputs were patad

for each ATO only for the first year of the plardahen left constant over time.

9 This procedure was applied in those ATOs thatemesi more detailed data on the value of other
plants and infrastructures. It turned out that ¢ésémated value of the two networks (distributiord a
sewerage) was always around the 80-90 per certeofvhole value of the capital. This allowed us to
confidently proceed with this simplification, rectructing the value of the stock with relativelyfdata
(the price of a new kilometer of network, the agerage of the network and the kilometers of netvedrk
year one), which was requested directly to the AWBsn not available from the plans.
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Clearly, in the fixed effects models (MEeL IV and MoDEL V1), these variables (as well
as all the regressors containing prices) were rexhole to perfect collinearity issues.
Some descriptive statistics of the variables usedhfe empirical analysis are presented
in Table 3. The dataset refers to 46 authoritieglget plans with variable duration
(from a minimum of 12 years to a maximum of 30 ggafteading to 1,115 total
observations. In the average ATO, the volume ofewatput is around 90 million cubic
meters, while the depuration service supplies ato®30,000 inhabitants, with
operating costs amounting to more than 50 milliarroE As for the environmental
variables, 29% of the observations are charactéfzean extension of the service area
above the sample mean, whereas slightly fewer 488h of the observations operate in
territories with proportions of highland and urbeoncentrations above the sample
mean. Finally, 41% of the observations are locatethe Centre-North area. For the
empirical analysis, the variables were standardipe@r their geometric mean.
Moreover, in order to impose the homogeneity of rdegone in inputs, the

normalization of cost and prices over the pricenaterials was applied.

Table 3 Summary statistics

Variable Mean Std. dev. Min Max

C (000 €) 51,315 52,549 4,824 276,054
Yy (000 ) 90,671 99,079 9703 479,200
Yo 632,354 693,992 70,754 4,220,000
P. (€ / Employee) 39,096 3,676 28,754 44,887

Pwu (€ /Inhabitant) 48.01 11.50 25.20 78.70

K (000 €) 793,110 696,575 90,528 6,058,642
Z; 0.29 0.45 0 1

Z, 0.37 0.48 0 1

Z3 0.39 0.49 0 1

Z, 0.41 0.49 0 1

6. Results

The estimated parameters from the different spetibns of the stochastic cost frontier
function described in Eg. 3 are presented in Tdbl@he parameter§, and 4 are

positive and generally highly significant, implyitigat operating costs are increasing in
outputs. Worthy of notice is that both coefficierdsnain fairly stable across all frontier

models except in the pooled model, which is they onbdel that does not account for

17



individual effects. This suggests that the costcfiam coefficients can be biased if
heterogeneity is not explicitly modeled. The pareang,, the output elasticity at the
sample mean for water distribution, is considerdatger thanf, the output elasticity
at the sample mean for wastewater disposal sertees indicating that the most
important cost driver is the physical water inpatoi the pipelines. This may be
explained by a major incidence of fixed costs | wWastewater treatment phase.

The B parameter associated with the price of labor isite and significant, thus
meaning that an increase in the price of labowitgathe amount of output unchanged,
produces an increase in variable cts.

The estimated coefficient for capitgl is always negative and statistically different
from zero. This is consistent with the economitigeand signals that an increase in
capital endowment allows firms to reduce varialusts.

The time trend is positive (except inddeL | and VII) even though the magnitude of
the y parameter is very low (and significantly differéram zero in MbDEL IV-V-VI).

The stability of the technological change seemsistent with the nature of the dataset.
The regulators’ planning of activities charactergzihe water and sewerage industry is
based on the technological features existing atiriial time of the planned period.
Therefore, the absence of any technological pregegression does not seem
surprising.

As for the environmental factors, which, as alreadied, represent sources of observed
heterogeneity, the signs of the dummy variables Baregeneral, as expected and
comparable among modéfsConsistently with many studies (see, for instadahton
2000; Garcia and Thomas 2001; Filippini et al. 2QG&erating costs, in general,
depend positively and significantly upon the extemsf the service areg3) and the
number of municipalities ). The percentage of highland#,) influences costs
negatively and significantly, thus indicating tlmgher expected costs for maintenance
in highland areas are probably offset by the pritxito the water source.Likewise,

the geographical dummy shows a negative and statlgt significant sign, thus

%0 The concavity in input prices is one of the théioe properties of the cost function. Using the
estimated parametefg and 3, it is possible to immediately compute the secoadia derivative of
cost with respect to the input price at the sammen. In this point concavity is satisfied for misdel,
IIl'and V. In models IV and VI input prices weremmeved because of multicollinearity problems. Thus,
differentiability of the cost function with respectinput prices is not applicable in these cases.

2L Other dummy variables, such as type of water ssur@.e. boreholes or surface sources) and
percentage of network losses in the initial yearenested, but they did not prove statisticallyngigant.

21t could also be argued that an operating enviemneharacterized by higher percentage of highlands
would imply higher expenses for capital infrastiwes due to the major difficulty of realizing water
facilities. Such an effect, however, is not accedrfor in our short-run variable cost function.
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denoting a structural shortfall in southern Italyith respect to northern Italy, which
might be attributed to the different status of Mieéwork and other capital facilities. This
highlights the high penalization suffered by theutkern area in terms of major

maintenance and intervention costs.

Table 4 Estimated parameters of the stochastic cost &pfinction

Var Par MOoDEL | MoDEL Il MopbEeL Il MOoDEL IV MODELV MobELVI  MobpEeLVII
) ’ PooLED RE-GLS RE-ML FE BC TFE TRE
InYy By 0.323*** 0.757*** 0.749*** 0.660*** 0.778*** 0.830*** 0.617***
(14.00) (29.57) (26.27) (219.27) (33.58) (38.3) (99.70)
InYp B 0.660*** 0.062*** 0.051*** 0.018 0.076*** 0.031* 0.048***
(20.41) (3.72) (3.08) (1.04) (4.56) (1.80) (7.73)
InP, A 0.388*** 0.352*** 0.283** 0.175*** 0.112%**
(16.48) (3.48) (2.31) (3.29) (15.34)
InK B -0.096*** -0.050*** -0.052*** -0.059*** -0.066*** -0.033** -0.131***
(-4.18) (-3.84) (-4.13) (-4.58) (-5.06) (-2.45) (-2.54)
(|an)2 B -0.018 -0.020 -0.048** -0.133*** -0.039 -0.059** -0.112%*=*
(-0.37) (-0.83) (-2.01) (-4.72) (-1.42) (-2.28) (-10.16)

(NYo)? fBop 02017  -0.099%*  -0.106**  -0.128**  -0.060%*  -0.103**  -0.073**
(-3.81) (-4.62) (-5.17) (-6.05) (-2.72) (-4.93) (-5.61)

nP)? B, 0113 0.017 -0.161 0.066 0.112%
(-1.57) (0.06) (-0.82) (0.61) (4.67)
(MK Be 01677 -0.081%*  -0.078*  -0.087**  -0.096**  -0.077**  -0.044**
(4.28) (-5.50) (-5.53) (-6.09) (-6.64) (-5.29) (-7.24)
InYnYs B 0-254™*  0.043 0.054* 0075  -0.037 0.044 0.014
(2.58) (1.28) (1.68) (2.23) (-0.97) (1.31) (0.67)
InYynP, B, -0-091 -0.494%%%  .0,943%+ -0.671%+ 0.305***
(-1.12) (-4.90) (-8.35) (-5.40) (19.74)
InYynK Bk -0-090 0.043* 0.046* 0.077%*  0.090**  0.040* -0.017+
(-1.39) 1.73) (1.91) (3.25) (3.51) (1.68) (-1.85)
InYginP, B, 0177 -0.064 -0.057 -0.016 -0.025
(1.42) (-1.46) (-1.36) (-0.39) (-1.15)
INYginK G -0-091 0.102%*  0.099%*  0.094**  0.093**  0.101***  0.087*
(-1.39) (4.27) (4.35) (4.08) (4.03) (4.34) (7.82)
InPUnK B, 0-238™*  0.106* 0.084* 0.044 0.276
(3.08) (1.91) (1.60) (0.84) (13.96)
¢ 4 -0.008"*  0.0002 0.0004 0.0008**  0.001**  0.001*  -0.0004
(-11.79)  (0.80) (1.41) (2.60) (3.53) (2.25) (-0.347)
z B, 01457  0.248%  0.193 0.406*** 0.063**
(8.13) (3.04) (1.44) (13.29) (12.47)
Z B -0.020 -0.142%%  -0.200%* -0.358%+ -0.316%**
(-1.50) (-2.25) (-2.51) (-7.93) (-7.65)
Z: g~ -0.053** 0012 0.232%%* 0.068 0.214%%
(-3.17) (0.18) (2.45) (1.37) (3.98)
Z, g, -0.042*  -0.054 -0.123% -0.056% -0.413%+
(-3.43) (-0.98) (-2.23) (-2.11) (-8.58)
Constant 4, -0-056**  -0.066 -0.466**  0.080%*  -0.538% -0.168%+
(-2.80) (-1.32) (-6.24) (4.84) (-15.11) (-35.77)
a 0.111 0.012 0.011 0.032 0.032
a 0.165 0.254 0.197 0.026 0.034
LogL 550.88 2002.70 201124 213408  1905.57

Notes t-statistics in brackets
*** Statistically significant at 1%; ** statisticq} significant at 5%; * statistically significant 40%
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Focusing on the main object of our study, we fitstived the cost efficiency estimates
from a reduced model excluding dummy varialifédle then analyzed the modification
of the cost efficiency estimates when includingn-the extended model — the set of
environmental dummy variables in order to infer sogonclusion on the role of
inefficiency or unobserved heterogeneity in explagrexcess cost.

Table 5 presents the cost efficiency estimatesigeovby the different models (without
dummy variables) using Eq. 2. Average cost efficjeranges from 0.505 to 0.578 for
MoDEL Il to IV.?* Such approaches model inefficiency by means oé-iimvariant
effects that may confound the excess cost due toagaial responsibility with that
associated with external factors outside managerstrol. Moreover, in the case of the
FE model, which registers the lowest level of édincy (0.505), the price effect too
(which are time-invariant in our database) canmotsbparated from the inefficiency
term because of multicollinearity issues. As praslg mentioned, these models have
been criticized as they risk underestimating céfstiency. MoDEL V, the Battese and
Coelli 1992 model, differs from previous RE paneitad models as it relaxes the
restriction on time-invariant cost inefficiency liytroducing a temporal trend in the
inefficiency term, following the exponential fornauteported in Table 2. The estimated
n-parameter, that defines the efficiency change twes, is equal to 0.00072 (p-value =
0.183), corresponding to a very low annual growdte rof cost efficiency of around
0.07% over an average time period of 24 years. ,Thasal authorities did not
incorporate any efficiency improvement in the opiagacosts in their plans. This result
is in contrast with one of the declared goals efrégulatory reform (see Section 2), and
contributes to engendering high tariffs for constane

The last two columns in Table 5 provide the efficig estimates using the ‘true’ fixed
effects and ‘true’ random effects models, whichraduce individual time-invariant
effects in order to elicit all unobserved heteragnseparately from a time-varying
inefficiency term. As already noted, these modetdyefficiency estimates that can be
interpreted as higher-bound, since their drawbadhkat persistent inefficiency cannot
be disentangled from other environmental firm-speeffects. Indeed, the average cost
efficiency rises to 0.979, with minimum values @2 and 0.93 in the TRE and TFE

% The estimated parameters of the translog costibmérontier without considering dummy variables
are very similar to those shown in Table 4 and #masomitted here. However, results are availaptu
request to the authors.

24 MopEL | (pooled model) provides a much higher averadeeyaqual to 0.870. Differently from panel
models, in this case, panel structure is not adesufor and, therefore, time-invariant effects givgy
structural inefficiency and unobserved heteroggraai¢ not properly modeled.

20



models, respectively. This evidence, which is cstesit with the stable efficiency trend
noted above, highlights either that the differdatia cost performance across ATOs are
almost entirely due to environmental conditionsugthmeaning that managerial
inefficiency is not an issue in the Italian watedustry), or that managerial inefficiency
has a persistent nature which makes it inextricaogfounded in the heterogeneity
term. While it seems implausible to attribute thassive differences between efficiency
estimates solely to the environmental configurgtae are more prone to accept the
assertion that most cost inefficiency allowed ia tbcal authorities’ budget plans is of

structural type.

Table 5 Cost efficiency estimates

MoDELI MoDEeLII MoDeL Il MoDEL IV MODELV MODELVI MoDELVII

PooLED RE-GLS RE-ML FE BC TFE TRE
Mean 0.870 0.578 0.567 0.505 0.567 0.979 0.979
Std- dev 0.063 0.144 0.187 0.189 0.184 0.007 0.007
Min 0.560 0.312 0.195 0.172 0.206 0.929 0.919
Max 0.972 1 0.992 1 0.991 0.994 0.994

The results from the reduced model have been cadpaith those obtained from the
extended model in Table 6. The idea is testings#ssitivity of the efficiency estimates
when including among the covariates — without clagnt to be exhaustive — a set of
dummy variables (the vectaf) able to capture the effect of several environment
factors. In theory, should all the environmentalrses of heterogeneity be observable
and included inZ, the gi-term would be equal to 0 and this would allow eotlty
estimating the structural cost inefficiency. Howewayen if it is not possible to account
for any source of heterogeneity in practice, itlddae argued that the higher the number
of environmental variables observed, the loweritygact of a;-term on operating costs.
Moreover, in order to provide a better comparisbthe results across &EeL | to VI,

we derived for all cases an overall cost perforreaswore due to the impact of all the
unobservablgerms @;, A andu;) excluding the random noise. The overall score was
then split into a time-varyingif) and a time-invariant component; @nd A;).>> Notice

that the estimated value of the time-invariant congmt can be affected by both

% More precisely, in the specific cases of TFE aRRETthe time-invariant cost performance is given by
-minié ] -min{é 1.

els , Wwhereé = ai+ A;. Similarly, the overall cost performance is given de)')?“ 4
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inefficiency and environmental effects, and itemtetation is in fact different across
models. Furthermore, the set of dummy variablexpected to modify, to some extent,
the estimation of such time-invariant (inefficienmyheterogeneity) cost components.
In the pooled model, the panel dimension of thasiitis not taken into account and the
efficiency levels remain fairly stable with and Reut dummy variables. In the
conventional RE models (&beL Il and Ill) — where a time-varying term is not
explicitly accounted for and the time-invariantntelis entirely interpreted as cost
inefficiency — the average time-invariant cost perfance estimated when
environmental dummy variables are accounted fdufsosb), appears sensibly higher
than the corresponding average values estimatddding dummy variables (columns
a). Similar results are also obtained in the BC nhoddere the inclusion of dummy
variables raises the time-invariant average perdmee to 0.743° These results may be
explained by the fact that the time-invariant ermmrms @;) partly include
environmental effects that would be better labebsl heterogeneity rather that
inefficiency. When removing such environmental etffe(or at least part of them) the

efficiency rises.

Table 6 Composition of overall cost performance with anthaut environmental dummy variables

MOoDEL | MoDEL I MopbeLIlI MODEL IV MODELV MODEL VI MoDEL VII
PooLED RE-GLS RE-ML FE BC TFE TRE
(@) (b) (@ (b) (@) (b) (@) (@) (b) (@ (@) (b)
Time-varying 0979  0.979 0.973
cost perform.
Time-invar. 0578 0.641 0567 0.714 0.505 0576 0.743  0.568 .5070 0.605
cost perform.
Overall 0.870 0.877 0578 0.641 0.567 0.714 0.505 0.567 350.7 0.558 0.499 0.599

cost perform.

(&) estimated values from modeidthoutenvironmental dummy variables
(b) estimated values from modeisth environmental dummy variables (it was not possiblperform estimations
for Model IV and Model VI given the time-invarianature of the environmental covariates)

In the case of the TRE model, the introduction afed of dummy variables does not
change the estimated time-varying cost performgtioge-varying efficiency). This
seems correct as the inclusion of various sourtebserved heterogeneity into the cost

% The Battese and CoellD92's model is quite different from the other centional RE models as the
time-invariant §;) term corresponds to the cost inefficiency in lde& year of the observed period. The
model then computes the year-by-year inefficiensipgithe exponential formula described in Tabl2.
such a way, it is possible to compute overall gasformance measures both with and without dummy
variables. The average values are slightly lowantthe corresponding time-invariant terms. Thidue

to the mild positive efficiency trend observed otre whole period.

22



function is only expected to influence the timeanant term. In the TRE model, the
overall (and undistinguished) time-invariant team/; is interpreted as excess cost due
to unobserved heterogeneity. In this formulatioowéver, we point out that such an
assumption may lead to wrong conclusions if cosfficiency is mostly persistent. As
can be seen in Table 6, when including the setuafrdy variables, the average time-
invariant cost performance passes from 0.499 t690.%his result suggests that in the
extended random effects model the dummy variablgdam, at least partly, the
unobserved heterogeneity. Therefore, their inclusieduces thex; component and
contributes to better isolate thleterm. Since the performance score increases by 0.1,
but it still remains quite lof, we argue that a not negligible part of the unoless
time-invariant cost differences across ATOs maydasonably attributed to persistent
inefficiency. In any case, the results of our as@lycast some doubt on the ability by
local authorities to undertake proper actions tmmmte efficiency and reduce structural
gaps, suggesting the opportunity of an ex-post imaacking control by a centralized

national authority.

7. Conclusions

In this study, we analyzed the cost efficiency emgassed in local regulators’ long-
term financial plans concerning water and seweffagetions in Italy by estimating
several cost frontier models. Specifically, theilade dataset is particularly suitable to
provide a comprehensive comparison of differentepalata models in order to infer
some conclusions on the sensitivity of resultslteraative specifications of (observed
and unobserved) heterogeneity. We compared traditicost frontier models based on
random and fixed effects approaches with the mecently proposed ‘true’ fixed and
random effects models. While the first categoryasss that all cost differences due to
(unobserved) time-invariant factors are interpregednefficiency, the second category
introduces a time-varying inefficiency (one-sidesfyor component and includes all
(unobserved) heterogeneity due to environmentaligiées into a separate term.
Results indicate that average cost efficiency dsffeubstantially across models, in
accordance with the underlying assumptions. Thenattd values range from 0.50-
0.60 for standard panel models to 0.98 for the BR& TFE models. Reasonably, these

?"In general, we acknowledge that potential omissicould have occurred here. On the other hand, the
large excess cost remaining after adjusting formynaariables makes it implausible to think it midge
explained uniquely by omitted environmental factors
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values provide, respectively, the lower and higheund for the “true” managerial
efficiency that will be closer to the lower or thmegher bound depending on the
magnitude of persistent inefficiency.

We attempted to account for the influence of obseérueterogeneity, modeled with a
series of environmental dummies, in order to ellire accurate estimates of cost
efficiency. As expected, the inclusion of firm-siiiec characteristics leads to a
reduction of cost inefficiency in traditional parmabdels (II-11I-V), while it implies a
reduction of performance gaps due to unobservedrdgneity in the TRE model.
Nevertheless, apart from the different interpretatin terms of heterogeneity or
inefficiency, the impact of time-invariant effectsn the average cost performance
remains substantial.

From a policy point of view, our findings lead tongecture that the largest part of
managerial inefficiency is of a structural naturel docal authorities may be unable to
disentangle it from environmental effects. In aibif the observation of the stable
efficiency trend resulting from the BC model indes that local authorities’ plans do
not incorporate proper incentives to improve effidy on the operating costs, in
contrast with one of the declared goal of the mafomlhus, the role of centralized
benchmarking activity seems crucial in order tovpte high-powered incentives to

improve managerial efficiency.
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