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Abstract

Beginning in 1995 a large proportion of the Brazilian electricity dis-
tribution sector went through privatisation and restructuring, whereas
privately-owned U.S. utilities did not suffer similar ownership change
process. This paper is an empirical assessment of the efficiency of the
Brazilian distribution sector relative to its U.S. counterpart in 1994 and
2000. Two techniques are applied: Data Envelopment Analysis (DEA),
including the computation of Malmquist indices of productivity growth,
and Stochastic Frontier Analysis (SFA). For the models that use oper-
ating costs as input, we find a positive but not statistically significant
impact of Brazilian privatisation on technical efficiency. For the models
that use total costs, the impact is significantly negative. Although this
should be taken with caution, the negative impact can be the result of an
investment surge after privatisation or of an increased rate of substitution
of capital for labour in the Brazilian distribution sector. These results
suggest that capital costs should not be excluded from the benchmark-
ing. The findings also highlight the importance of establishing standard
measures of capital costs for international benchmarking and incentive
based regulation.
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1 Introduction

“The nerve of the requlator will depend heavily on the quality of the
ongoing benchmarking studies. The requlator must have confidence
that the method properly accounts for all inputs and outputs, and
that any environmental differences between firms have been properly
accounted for in the analyses. Otherwise, there is a danger that
an unlucky firm will be sent broke because a particular variable was
ignored, or a lucky firm will scoop reqularly excessive profits.” (Coelli

2000, p. 10)

Until recently either public ownership or heavily-regulated private ownership
characterised the electricity supply industry (ESI) in most countries. Since
the late 1980s liberalising reforms have featured in the agenda of an increasing
number of developed, developing, and transition countries. Although the driving
forces behind reforms in developed and developing countries differ considerably,
the primary goals of reform in the electricity sector were to promote lower
costs through efficiency improvements and to ensure reliable electricity supply
to customers.!

Liberalising reforms in the ESI usually include sector reform (corporatisa-
tion, restructuring and/or privatisation) and regulatory reform. These changes
are often accompanied by the introduction of competition into generation, and
the gradual liberalisation of the supply market.

The main elements of regulatory reform are the establishment of an indepen-
dent regulator, the adoption of incentive regulation, and the gradual deregula-
tion of the potentially competitive segments of the industry. In the current re-
form process the emphasis has shifted from traditional cost-of-service regulation
to incentive based regulation. The latter should be able to avoid the Averch-
Johnson (overcapitalisation) effect, typical of cost-of-service regulation, and to
give signals conducive to operating and investment efficiency.? As pointed in
Jamasb and Pollitt (2001), irrespective of the specific incentive scheme adopted,
a common feature of incentive based regulation is the use of benchmarking. In
particular, in the case of revenue or price cap (RPI-X formula), benchmarking
can help decide the X factor — a crucial step on the tariff review process.?

1 Besides efficiency objectives, macroeconomic factors dictated the pace and sequence of
reforms in developing countries. For instance, privatisation was expected not only to improve
the finances of the sector, but also to increase revenues for the Treasury, and to help reducing
and restructuring public debt. At the same time, the burden of investment for capacity
expansion — which has greater significance in countries growing fast and where a large share
of the population still does not have access to electricity services — or quality improvement
was expected to be transferred to the private sector.

2See Averch and Johnson (1962).

3 A brief description of price-cap regulation is as follows. The regulator sets price increases



International benchmarking is a very useful tool for incentive based regu-
lation. It can provide a larger sample of comparable companies, and allows
comparisons with international best practices. Besides, when the number of
national companies is not sufficient for benchmarking techniques, including in-
ternational comparable companies in the sample can be a sine qua non. In-
ternational benchmarking can also help to identify the dynamics of the sector,
i.e., how successful national sector and regulatory reforms have been in terms
of relative performance over time, and what problems need to be addressed. In
Australia, for instance, international benchmarking has played a key role for
improving performance.*

In this paper we benchmark a representative sample of privatised Brazilian
distribution companies against comparable U.S. investor-owned utilities. The
time frame of our analysis, 1994-2000, allows us to capture the effects of Brazil-
ian privatisation and restructuring, as the U.S. sample remained stable in terms
of ownership structure. Given the larger number of companies in the Ameri-
can electricity sector, the data requirements of the most common benchmarking
techniques are satisfied with the inclusion of U.S. investor-owned utilities in the
sample. Furthermore, Brazil and the U.S.A. are comparable countries in terms
of area. Since the area of service is an important factor affecting operating
and capital costs of distribution companies, this common feature increases the
comparability between the two samples.

We benchmark 14 recently privatised Brazilian distribution companies against
a sample of 72 investor-owned American electric utilities. Two techniques are
applied: Data Envelopment Analysis (DEA) and Stochastic Frontier Analysis
(SFA), and we cross-check our findings. In addition, we use DEA to compute
Malmquist indices of productivity growth.

This paper is structured as follows. Section 2 provides the background for our
empirical analysis, summarising the current state of reforms in the ESIs of Brazil
and the U.S.A.. In Section 3 we review the benchmarking literature, discussing
the techniques and models used in academic studies and in studies sponsored
by regulators. Section 4 discusses the techniques of efficiency measurement that
are used in this study - DEA and SFA. In Section 5 we present the datasets and
justify our choice of models. Section 6 presents our findings and compares the
results of the two methodologies. Finally, Section 7 summarises our conclusions

that may be permitted over a fixed number of years (usually five or four years). Prices
increases are usually set equal to the rate of increase in the consumer index (RPI or CPI,
for instance) minus a productivity factor (the X factor). The value of X can be based upon
previous rates of productivity growth in the industry or upon some form of benchmarking.
The regulator can also choose to set different X factors for different firms in the industry
(Coelli, 2000, p. 2). A number of key papers that appeared on the 1989 Autumn issue of
The Rand Journal of Economics (Symposium on Price-cap Regulation) discuss theoretical
and applied issues raised by price caps.
4See on this topic Lawrence et al. (1997).



and policy recommendations.

2 Background

2.1 Brazil

Until the recent reform of the electricity sector the Brazilian ESI was charac-
terised by the overwhelming participation of the public sector. Approximately
50% of generation and transmission was concentrated at federal utilities (mostly
under the control of the holding Eletrobras), and the remaining half was owned
by the states. Most of the distribution was carried out by state-owned compa-
nies. Usually each state had one distribution company with a monopoly over
distribution and supply; however, there were states with more than one distri-
bution company.

Electricity sector reform in Brazil followed the international trend towards
market mechanisms, competition wherever possible, and a new approach to
utility regulation. The ESI was formally unbundled into four businesses — gen-
eration, transmission, distribution and supply —, which were required to be ac-
counted for separately. All network of voltage less than 230 kV was considered
distribution asset and could be kept by the distribution companies. Distribu-
tion companies were granted authorisation to continue to supply customers in
their concession areas, and were allowed to keep their own generation up to the
limit of 30% of their captive markets. The reform also established a gradual
transition to a competitive environment in both generation and supply.

Beginning in 1995, privatisation of distribution companies in Brazil attracted
a great deal of interest, and today over 60% of the distribution market is
privately-owned. In contrast, privatisation of the large federal generation com-
panies faced more serious difficulties, and generation remains mostly publicly-
owned.

An independent regulatory agency, the National Agency for Electric Energy
(ANEEL, in Portuguese), was instituted in 1996. ANEEL is in charge of both
economic and technical regulation, but can delegate its monitoring activities to
state-level regulatory agencies.

The reform replaced the regime of guaranteed rate-of-return for price cap
regulation, but, in order to promote privatisation, the X factor was initially
set to zero until the first tariff review. With the exception of one distribution
company (Escelsa, which had already suffered two tariff reviews), the first tariff
reviews are taking place in 2003 and 2004. The documents of the current tar-
iff review process indicate that ANEEL is adopting benchmarking techniques
to calculate the X factor. However, as in other South American countries the
regulator favours benchmarking against a model or theoretical firm. This bench-
marking approach overcomes the problem of finding comparable companies in



the Brazilian national market, but the construction of a theoretical firm is highly
controversial. What we propose in this paper is an alternative route to overcome
the limitations of the national market: international benchmarking.

In 2001 Brazil faced its worst electricity supply crisis in fifty years. This was
caused by underinvestment in generation and transmission, and severe drought
conditions. Electricity consumption had to be rationed and, as a consequence,
distribution companies (after years of profits since privatisation) suffered finan-
cial losses and threatened law suits against generation companies. The crisis
made obvious the difficulties in the transition to a market-oriented model when
there is shortage of supply. The new left-wing government is currently under-
taking a review of the ESI model, but in the meantime the transition has come
to a halt.

In summary, the main changes Brazilian distribution companies suffered in
the period from 1994-2000 were privatisation, some restructuring (especially to
comply with the 30% limit of own generation), and very limited competition in
the supply market. Therefore, we expect the incentives to improve performance
to come mainly from shareholders pressure and incentive regulation.

2.2 United States

In contrast to the Brazilian electricity sector, private participation has always
been important in the U.S.A.. Although there are over 2,000 electric utilities
owned by states, municipalities, public power districts, irrigation districts or
other state organisations, investor-owned utilities account for most of genera-
tion and sales. There are more than 200 investor-owned electric utilities, which
are often very large and vertically-integrated. These utilities operate as local
monopolies and are subject to both federal and state regulation. In addition to
public utilities and investor-owned utilities, there are rural electricity coopera-
tives and a few federal projects.

Historically most regulatory authority has been vested in each state, which
explains the differences in regulatory arrangements and investment decisions
within the country. However, for the past two decades the federal level has
gained importance for two reasons. First, the Public Utility Regulatory Policy
Act (PURPA) of 1978 stimulated the development of a non-utility power sector
by requiring utilities to purchase power from cogenerators and renewable en-
ergy producers. Second, the Energy Policy Act of 1992 authorised the Federal
Energy Regulatory Commission (FERC) to order utilities to provide transmis-
sion services for local distribution systems and other wholesale purchasers. Al-
though the legislation reflected a move towards introducing competition at the
wholesale level, the basic model of regulated vertically-integrated monopolies
remained mostly unchanged, and the first comprehensive reform programmes
were only implemented by 1998 (Joskow, 2003).



High prices were the main drivers of reforms at the state-level. In states such
as California, Michigan, New York, Connecticut and Massachusetts previous
investment decisions created a significant gap between the price of generation
services embedded in the regulated bundled price, and the unbundled price of
wholesale generation plus transmission and distribution charges. The first state
reform programmes aimed to deregulate the sector, and to extend competition
to the supply market, allowing customers to choose their suppliers. Pressures
from competition as well as from new incentive based regulation (which grad-
ually replaced the traditional rate-of-return regulation) were expected to drive
costs down. Some states have also made restructuring compulsory. California,
for instance, required the incumbent utilities to substantially unbundle their
distribution activities from their generation and transmission activities. In ad-
dition, transmission system operation had to be transferred to an independent
system operator.

Since 2000, however, the pace of state reforms has slowed down, with a num-
ber of states delaying or even cancelling their programmes. The transition to
competitive wholesale and supply markets has therefore been less smooth than
initially anticipated. The California 2000-2001 crisis illustrates how important
it is to get the market design right, especially in a context of supply shortage —
but California was only one of the many challenges.” The financial problems of
Enron and many merchant generating and trading companies, volatile whole-
sale prices, and rising final prices in some states have shed doubt on the way
reforms have been implemented (Joskow, 2003). The level of confidence in the
reliability of electricity services seemed to reach an all-time low in August 2003,
when the lights went out for hours in the Eastern states.

Given the problems encountered so far, some states have recently opted for
a more gradual approach to ESI reform. Early reformers, however, who have
already committed much to the process, are pushing forward with reforms.
The results of their programmes will be important to convince other states
to join the process. At the federal level, the FERC remains committed to
introducing competition in the wholesale market (now through the Standard
Market Design), but it also has to negotiate the terms of implementation with
each of the states.

With respect to price regulation, rate-of-return has predominated in the
U.S. electricity sector. As pointed out in Irastorza (2003), benchmarking in its
simpler forms (e.g., direct comparison of a specific utility’s price with an average
retail price) has also been around in the U.S. for decades. It has been used as
a mechanism to measure performance and provide incentives in rate-of-return
regulation.

5See Joskow (2001) and Besant-Jones and Tenembaum (2001) for an assessment of the
California electricity crisis.



3 Empirical Benchmarking Studies

Benchmarking is the process of comparing actual performance against a refer-
ence (benchmark) performance. There are a number of ways to classify the
benchmarking literature. According to the Dutch electricity regulator, two
main approaches have been used by regulators: cost linked benchmarking and
unlinked benchmarking (DTe, 1999). The first approach links the setting of
X to the inefficiency of each individual firm measured relatively to the cho-
sen benchmark. The behaviour of individual firms is not directly used in the
unlinked approach. One example is the price regulation of U.S. telecommunica-
tions, where X was set equal to the average rate of productivity growth of the
telecoms sector. In a survey of the international benchmarking and regulation
electricity experience, Jamasb and Pollitt (2001a) favour a classification based
on whether the benchmarks are derived from the best (frontier) practice or the
average performance. Alternatively, some authors (e.g. Sarafidis, 2002) identify
two approaches to estimating relative efficiency across firms: the parametric (or
statistical) approach and the non-parametric approach.’

In our overview of the benchmarking electricity literature, we divide the
studies into two broad categories: academic studies and studies conducted by
the regulator.” The objectives and the rigorousness of the two types of study
are different. The regulator is more immediately concerned with price setting;
therefore, the process of translating benchmarking results into specific incentive
targets may receive relatively more attention. While academic studies have to
stand the scrutiny of specialised journals, regulatory analyses are often used
to support decisions that might be challenged by judiciary courts. In terms of
the techniques used, academic studies tend to use frontier benchmarking which
can be more or less directly translated into cost linked regulation. In contrast,
regulatory studies are more diverse in the type of method used. In the Chilean
electricity regulation, for instance, benchmarking has been based on the model
(theoretical) firm. It will be clear from the text or from our summary tables what
specific methods have been adopted by each study and whether international
benchmarking has been used.

A slightly modified version of the parametric/ non-parametric classification adds a third
type of benchmarking technique: the process approach. Process approaches are bottom-up
techniques to assess efficiency. They can be based on reviews of company practices and plans
or on engineering data. See CEPA (2003).

"With respect to electricity transmission and distribution, Domah (2002a) observes that
there are two related strands in the efficiency literature: one concerned with the existence of
economies of scale and one focused on the impact of ownership on efficiency.



3.1 Academic Studies

Table 1 summarises a few relevant academic benchmarking studies. These
studies have traditionally concentrated on electricity generation or vertically-
integrated utilities, but more recently the interest on distribution has increased.
Most of these studies use frontier methodologies and focus on developed coun-
tries.

Table 1 here

Grifell-Tatjé and Lovell (2003) use DEA to benchmark the performance of
nine Spanish electricity distributors against the performance of an ideal network.
The study finds that the actual distribution network operates at a higher cost
than its ideal counterpart, but most of the difference comes from lower input
prices.

Both Kittelsen (1999) and Fgrsund and Kittelsen (1998) use Malmquist
DEA to study productivity changes in the Norwegian distribution market. The
first study reports some mean productivity change in the period from 1983-
1989, but no significant catching-up effects. The second estimates that most of
the productivity change in the same period was due to frontier shifts. Because
geography is such an important cost driving factor in Norway, both studies
attempt to capture this aspect of the distribution business. The models used are
similar, but Fgrsund and Kittelsen (1998) use a more comprehensive measure
of the geographic aspect — the distance index, which encompasses not only
physical distance but also topographical characteristics. Kittelsen (1999), on
the other hand, uses network length. Hjalmarsson and Veiderpass (1992a) also
use Malmquist DEA, but it is used to examine the productivity growth of 289
distribution utilities in Sweden during the period from 1970-1986. The study
measures a substantial productivity growth in Sweden and concludes that this
was mostly due to economies of density. There are no clear catching-up effects as
the distance between the average and the frontier decreased slightly during the
first subperiod (1970-1978), but increased during the second subperiod (1978-
1986). Type of ownership or economic organisation do not seem to be correlated
with productivity change.

Bagdadioglu et al. (1996) study the efficiency of the Turkish electricity dis-
tribution market using a DEA model. The study attempts to investigate the
relationship between ownership and efficiency, but only a very limited num-
ber of privately-owned companies are included. Some support (although not
econometric) is found for the hypothesis that governments offer to sell the most
efficient companies first. The study suggests that it is as likely to be efficiency
which leads to privatisation as the other way round. Similar DEA models are
used in Resende (2002) to measure the performance of 24 Brazilian distribution
utilities. The focus is not so much in ownership effects but in providing guidance
for a yardstick competition framework. Resende’s sample is more heterogenous
than the one used in the previous study; as a consequence, the dispersion of

8



efficiency scores is greater, with some companies substantially below the fron-
tier. Also in contrast with Bagdadioglu et al. (1996), scale inefficiencies are
more important sources of overall inefficiency. In a similar type of study and
one of the first studies to focus only on distribution, Weyman-Jones (1991) uses
DEA to compare the efficiency of 12 electricity distribution utilities in England
& Wales, and finds only five companies operating on the efficiency frontier.
Both Kittelsen (1993) and Hjalmarsson and Veiderpass (1992b) use various
DEA models to examine the efficiency of electricity distributors using cross-
section samples. Kittelsen (1993) develops a methodology to help determine
the appropriate model specification for a sample of 172 Norwegian distribution
utilities. Model specificiation is a relevant issue since increasing the number of
variables in DEA models might improve the representation of the underlying
technology, but could be detrimental to consumers. As observed in the study,
including a large number of irrelevant variables could lead to too many com-
panies on the frontier.® The study finds that Norwegian distribution utilities
exhibit extensive technical inefficiency and scale inefficiency is not important.
Hjalmarsson and Veiderpass (1992b) analyse the efficiency of 285 Swedish elec-
tricity distribution companies, emphasising the relationship between efficiency
and ownership, as well as between efficiency and type of service area. On aver-
age, efficiency scores are low in Sweden distribution and the authors attribute
this to the lack of competition. Although urban distribution is found to be
slightly more efficient than rural distribution, the study fails to detect any sig-
nificant efficiency effects of ownership, economic organisation or service area.
Hattori (2001), Pardina and Rossi (2000) and Burns and Weyman-Jones
(1996) estimate the efficiency of electricity distribution utilities using SFA. Hat-
tori (2001) uses translog input distance functions to compare the electricity
distribution performance of 12 U.S. and 9 Japanese utilities during the period
1982-1997. Results show that Japanese utilities are, on average, more efficient
than their U.S. counterparts, but the respective frontiers are close to each other.
Pardina and Rossi (2000) estimate a stochastic production function for a sample
of 36 distribution utilities from ten South American countries. The study aims
to analyse technical change in the electricity distribution sector in South Amer-
ica, and to test for performance effects of electricity reforms. The study fails
to detect any catching-up effects, and only finds partial evidence of correlation
between reforms and performance. Burns and Weyman-Jones (1996) develop
a cost frontier model and estimate it for 12 electricity distribution companies
in England & Wales. The study attempts to identify the main cost drivers of

8“There is some advantage in keeping the number of inputs (m) and outputs (s) small
relative to the number of firms (n). As the ration m+s/n rises, the ability of programmes
(...) to discriminate amongst firms falls significantly, since it becomes more likely that any
given firm will find some set of output and input weights which will make it appear efficient.”
(Weyman-Jones, 1991, p. 119)



electricity distribution, to assess the efficiency of the companies, and to test for
possible privatisation effects on efficiency. The estimation results suggests that
the main cost drivers are the number of customers and simultaneous maximum
demand. The study also finds evidence of economies of scale and small, but
significant, privatisation effects. However, the authors suggest that these effects
of privatisation are as likely due to changes in accounting policies as any real
effect.

Instead of estimating stochastic cost frontiers, Scully (1998), Giles and Wy-
att (1993) and Filippini (1998) estimate deterministic cost models. The first
two studies focus on the New Zealand distribution sector, while the last exam-
ines the efficiency of Swiss Municipal distribution utilities. Scully (1998) uses a
panel dataset covering the period from 1982-1994, aiming to assess the impact
of privatisation on efficiency and on consumer welfare. Giles and Wyatt’s (1993)
paper consists of an econometric study of economies of scale, and uses cross-
section data for 1986-1987. Scully (1998) relates the estimated cost reductions
not so much to privatisation per se, but to the economy-wide reforms started in
1988. Results also show that reforms benefitted consumers, especially commer-
cial, rural and industrial customers. In addition, the study detects the existence
of economies of scale throughout the observed range of output. Giles and Wyatt
(1993) confirm the existence of significant economies of scales, and suggests a
reduction in the number of companies in the New Zealand distribution market.
Filippini (1998) assesses economies of scale and density and the desirability of
competition in the Swiss electricity distribution sector. The sample consists of
39 Swiss Municipal distribution utilities over the period 1988-1991. The results
suggest the existence of economies of scale for small and medium-sized utilities,
and the existence of economies of density for most output levels. Similar to
what was observed for New Zealand, some merging is likely to reduce costs.

Some studies use more than one benchmarking methodology. This has the
advantage of allowing to cross-check results and to study the sensitivity of re-
sults to model and methodology specification.” Jamasb and Pollitt (2001b) use
various DEA, SFA and COLS (corrected ordinary least squares) models in a
benchmarking study of 63 distribution utilities in six European countries. Dif-
ferent from most previous studies, Jamasb and Pollitt (2001b) use monetary
values for the input variables instead of physical values. The authors argue that
this is advantageous from the regulatory point of view as all operating and cap-
ital inputs can be included. It also allows the expression of inputs and outputs
in a single measure, making explicit the possible trade-off among these. The
results show that the choice of models and methods can affect efficiency scores
and ranking, but the choice of cost conversion methods (PPP or Euro exchange
rates) does not significantly alter results.

C . . . . . . .
For instance, it is possible to compare means, standard deviations, score and ranking
correlations across different models or techniques.

10



Pollitt (1995) uses both DEA and OLS (Ordinary Least Squares) to investi-
gate the relationship between ownership and performance. The benchmarking
exercise uses data of 136 U.S. and 9 UK utilities engaged in distribution.'® The
results of statistical tests on the DEA efficiency measures indicate that the null
hypothesis of no difference in productive efficiency between publicly-owned and
privately-owned utilities cannot be rejected. In addition, OLS regression results
corroborate this finding.

3.2 Regulatory Studies

The ESI has traditionally been subject to price regulation. After liberalisation,
regulation has concentrated on the natural monopoly businesses — transmission
and distribution — while generation and supply (or retailing) have been gradually
opened to market competition. Regulators have also moved towards incentive
based regulation as a mechanism to encourage efficiency and curb market power.
Benchmarking provides regulators with an objective assessment of the perfor-
mance of the regulated utility or industry. Considering that the first liberalising
reforms started in the late 1980s, regulators have accumulated experience in
benchmarking and incentive based regulation. Table 2 is an updated summary
of this experience and shows a variety of methods and models that have been
used in electricity distribution benchmarking.!!
Table 2 here

Our brief overview of benchmarking studies conducted by the regulator
shows that regulators have tended towards cost linked regulation and frontier
methods, although different techniques have been tried. The UK regulator
adopted a COLS model with OPEX (operating expenditure) as the dependent
variable and a composite output variable (consisting of number of customers,
units delivered and network length) as the independent variable (Ofgem, 1999).
A recent study prepared for the UK regulator as a background assessment for
the next price review planned for 2005 suggests the use of a combination of
DEA and COLS (CEPA, 2003). Due to the limited sample size, SFA is not an
option in this case, but the study hints that it might be possible to use SFA if
panel data is available in the future. Ideally TOTEX (total expenditure) should
be used instead of OPEX, but the difficulties in measuring capital expenditure
might prevent TOTEX from being used. The study also suggests that the com-

0Pollitt (1995) studies separately the performance of the various businesses in the electricity
supply industry: generation, transmission and distribution. For the purposes of our brief
survey, we will concentrate on distribution.

1 Jamasb and Pollitt (2001a) conduct a survey of electricity regulation and the state of
benchmarking in 18 OECD and 4 non-OECD countries. International benchmarking surveys
with this scope are still unusual in the literature — it is easier to find surveys of the experience
of individual countries (e.g. Rudnick and Raineri, 1997) or of a group of countries with some
degree of market integration (e.g. Kinnunen, 2002).

11



posite variable previously used by the regulator could be simplified, considering
that number of customers is highly correlated with units delivered.

The Dutch regulator opted for the use of a number of DEA models (DTe,
1999 and Frontier Economics, 2000) to estimate efficiency in the electricity
distribution sector. The models use either OPEX or TOTEX as the input
variable. TOTEX is defined as OPEX plus annualised standardised capital
costs. With respect to outputs, different specifications are estimated taking into
account the volume of electricity distributed, number of customers, and network
configuration. Although a central model has to be chosen, the comparison
between different models allows not only to check the sensitivity of the results
to model specification, but also to study the source of inefficiency, i.e. whether
inefficient companies are inefficient on operating expenditure, capital or both.

In Norway, where there are over 200 network electricity utilities, there is
a special concern for standardising procedures, including company reporting.
The Norwegian regulator has also adopted DEA since 1997, when it established
revenue caps for each company (Grasto, 1997; Langset, 2000; Kinnunen, 2002).
The efficiency requirement for each company consists of two terms: a general
correction term and an individual correction term. The general correction term
is common to all utilities and is based on a DEA study (Fgrsund and Kittelsen,
1998) that uses as inputs labour (hours), electricity losses, and costs of materials
and capital. As outputs it uses a distance index, number of customers and
electricity delivered. The individual correction term is based on another DEA
study which includes network length and length of sea cables as inputs.

The regulator in New South Wales, Australia, does not favour a single bench-
marking technique, but uses an array of methods: DEA, SFA, TFP (total factor
productivity), and process and organisational benchmarking (IPART, 1999 and
UMS Group, 1999). Benchmarking is used as an aid in determining the efficient
level of operating and maintenance expenditure, and there is no direct relation-
ship between benchmarking results and the X factor. For inputs the DEA model
uses network length, transformer capacity and OPEX, and for outputs it uses
units delivered, peak demand and number of customers. One feature of the New
South Wales benchmarking is the extensive use of an international database. In
a study for the regulator conducted by London Economics the sample includes
219 firms from Australia, New Zealand, England & Wales, and the U.S.A.. An-
other benchmarking study, this time conducted by the UMS Group, uses 35
firms world-wide. Given the very limited number (only six) of distribution util-
ities, international (and interstate) benchmarking is a requirement for most of
the techniques used.

Although frontier methods are becoming increasingly common, alternative
techniques have been applied. In South America regulators, in an attempt to
overcome their credibility problems, have favoured the model (or theoretical)

12



firm approach.'? Chile, having started its electricity reform in the early 1980s,
introduced the concept of value added of distribution (VAD), which is the value
required to remunerate the distribution business. This remuneration should
allow an efficient (or theoretical) distribution utility to recover its operating and
maintenance costs and to achieve a pre-determined rate-of-return on investment.
The actual distribution utility benchmarks its costs against the costs of the
model firm, which are used to compute the VAD (yardstick competition).

The benchmarking process might vary across countries but Argentina, Peru,
Colombia and more recently Brazil have followed the guidelines of Chile’s model
firm approach.!® In Chile the VAD is based on the costs of an efficient firm es-
tablished using the weighted average of estimates made by the National Energy
Commission and by consultants hired by the distribution utility. The discrep-
ancies in these estimates, and the difficulty in establishing a credible model
firm, have led to conflicts and lengthy judicial processes (Rudnick and Raineri,
1997).1* In Argentina the distributor’s cost is estimated based on the average
incremental cost of the distribution network and on operating and maintenance
costs. The incremental cost is calculated on the basis of a least cost investment
plan for an efficient firm, given the expected demand growth rate. In Colombia
actual costs are benchmarked against the computed costs of an efficiently-run
similar distribution system. In Peru, after VAD calculation, the regulator com-
putes the internal rate of return, which must be between 8% and 16%. In Brazil
the model firm approach is only used to determine the efficient operating costs
— the remuneration on investment is the result of a separate individual analysis
(ANEEL, 2003 and ANEEL, 2002).

12Fischer and Serra (2000) point out that this attempt to limit regulatory discretion resulted
in overprotection of companies. First-generation South American reformers “(...) ended up
with a weak regulator that lacks relevant information or the means of obtaining it, is starved
for funds, is subject to strong pressures from electric utility lobbies, and does not have the
tools to enforce regulations.” Fischer and Serra (2000, p. 193).

I3Fischer and Serra (2000) argue that, although the VAD may or may not include com-
mercialisation services, price regulation in Latin American countries shares some principles,
such as the self-financing of companies, the pursuit of efficiency and the transfer of efficiency
gains to consumers. However, there are important differences between countries, especially
with respect to service quality regulations and types of subsidy used. See Fischer and Serra
(2000, p. 181).

14The empirical study of Di Tella and Dyck (2002) finds that distribution companies have
behaved strategically under price cap regulation in Chile. This is suggested by the estimated
U-shaped pattern of costs as a proportion of revenues, with the strongest cost reductions
early on in the regulatory periods. This is further confirmed by the incorporation of stock
market information into the empirical framework. High cost reports (i.e., cost reports that
are higher than the constructed expected costs) depress the firm’s stock returns in ordinary
years, but increase them during review years. The authors suggest that although under price
cap regulation efficiency gains have been large in the Chilean distribution sector, there has
been slack in the system for appropriation of these gains by producers behaving strategically.
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3.3 Summary

From our review of the benchmarking literature we observe that there is not
a general consensus on the specific model or benchmarking technique chosen,
but frontier techniques are the most widely used in electricity distribution. The
choice of method depends partly on the data available. Issues of data standard-
isation and currency conversion have prevented a greater use of international
benchmarking. However, if improved data is made available the use of an inter-
national sample might overcome the problems of applying statistical techniques
in markets with a limited number of companies. Recent studies have attempted
to cross-check the results by the use of different methods and input, output and
environmental variables.

From the point of view of the regulator, models that use monetary values
to represent inputs and outputs are clearly preferred. However, total costs are
a function not only of input, output and environmental variables, but also of
input prices. It is possible to simplify the total cost function by assuming that all
firms in all periods face the same input prices, but this is not so straightforward
when the time series is long or when there is an international sample of firms.
In this case, it would be required to deflate nominal costs by an input price
index, ideally one which uses firm-specific share weights. We would be implicitly
assuming allocative efficiency and separability between the input price vector
and the output-environmental variables vector. In addition, if a general PPP
is all that is available to deflate costs — what is often the case — significant
discrepancies might occur.

Although regulators recognise that a measure of total costs would be desir-
able to represent the regulated utility’s input, a number of benchmarking studies
have chosen to work with operating costs due to difficulties in measuring capital
costs.'9 As pointed out in Coelli (2000), this approach dilutes the impact of in-
centive based regulation, because it restricts possible cost savings to operating
costs whereas capital costs are usually larger in electricity distribution.

Finally, despite the fact that issues of information asymmetry mean that
constructing a credible model firm is problematic (and has been challenged by
courts), regulators in some developing countries — perhaps with the intent of
overcoming their perceived lack of credibility — have adopted the model firm
approach.

15The comments on the consequences of dropping input prices from the analysis draw
substantially on the interesting discussion conducted in Coelli (2000).

16The usual procedure is to treat operating costs and capital costs separately, and only im-
pose productivity improvements based on the operating performance. In order to remunerate
the capital, the regulator sets a fair rate of return on capital.
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4 The Measurement of Efficiency

In this paper we use two benchmarking techniques: Data Envelopment Anal-
ysis (DEA) and Stochastic Frontier Analysis (SFA). This follows the trend in
the empirical literature towards frontier methods. In addition, the use of both
parametric and non-parametric approaches should grant some interesting com-
parisons.'”

4.1 Data Envelopment Analysis

DEA is a non-parametric method that uses mathematical linear programming
to construct the efficiency frontier (or best practice) and to compute efficiency
measures relative to the frontier. The framework was first proposed by Farrell
(1957), but it is usually accepted that Charnes, Cooper and Rhodes (1978)
made the technique operational.

In general terms, the DEA method consists of a series of maximisation prob-
lems. Each firm (or decision making unit) maximises the ratio of weighted
ouputs to inputs, subject to the constraint that all output-input ratios should
be less than or equal to one. The basic problem (that should be solved for each
firm) can be expressed as:

mat,,, (u'y;/v'z;) (1)

st (uy;/v'a;) <1,7=1,2,..,N

u,v > 0,

where u is a Mx1 vector of output weights and v is a Kx1 vector of input
weights, z; is a column vector of the inputs used by firm ¢ and y; is a column
vector of the outputs used by firm 4.'8

We can derive an envelopment formulation (for the constant returns to scale
case) for this problem as:

mina ,\9 (2)

s.t. — Y; +Y>\ Z 0,

A >0,

where 6 is a scalar, A is a Nx1 vector of constants, Y is the MxN matrix of
outputs and X is the KxN matrix of inputs. 6 is the technical efficiency score
— it gives how much we should multiply the input vector of firm ¢ in order to
achieve technical efficiency. This formulation satisfies § < 1, with firms on the
frontier receiving a score of 1. The efficiency scores are computed in (2) by
comparing each firm to a linear combination of sample firms which produce at
least as much of each output with the minimum combination of inputs. This

1"For comparisons of alternative approaches see Lovell and Schmidt (1988), Sarafidis (2002)
or CEPA (2003).
18We draw the formulation and the terminology from Coelli et al. (1998).
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process is illustrated in Figure 1 for an input orientation and constant returns

to scale, for two inputs and one output.
S

XAy

X,ly

Figure 1

DEA constructs a piece-wise linear frontier from the best practice firms in
the sample. All firms inside the constructed frontier are considered inefficient.
In Figure 1 firms B and C define the frontier, while firm A is inefficient. Firm’s
A measure of technical efficiency is given by 0A’/0A.

DEA can also account for the influence on efficiency of factors beyond the
control of the manager. These factors are usually named enwvironmental vari-
ables. In electricity distribution there are a number of factors that affect costs
but are not under the control of the management: customer density, the size
of the service area, system configuration, climatic, topographic and geographic
conditions. There are different methods to accommodate environmental vari-
ables (Coelli, 1998, pp. 166-171) — one possibility is to include them as non-
discretionary variables, either as inputs or outputs. We can rewrite equation
(2) (for the variable returns to scale case) to include both discretionary and
non-discretionary inputs (denoted as X and XVP| respectively) as:

ming 0 (3)

s.t. — Yi + YA 2 0,

ngD — XPX>0,

NP — XNPX >0,

N1U'X =1,

A >0,

where N1 is an Nx1 vector of ones.

In the above formulation the linear programme for the computation of 6
will only seek radial contraction in the discretionary inputs, holding the non-
discretionary inputs fixed.

DEA models can be specified as constant returns to scale (CRS) or variable
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returns to scale (VRS). As we can see by comparing (2) and (3), the CRS prob-
lem can be modified to accommodate VRS by adding one constraint: N1'A = 1.
This constraint ensures that only firms of similar size are compared. Assum-
ing CRS when not all firms are operating at the optimal scale will pollute the
technical efficiency measures by including in 6 scale effects. In the context of
electricity distribution there is no consensus as to what specification should be
preferable. On the one hand, it seems unrealistic to compare firms of such differ-
ent scales (as it is the case in the electricity distribution business) and therefore
VRS should be assumed. On the other hand, it can be argued that distribution
utilities can control scale through mergers or demergers and thus CRS is more
appropriate. One possibility could be to run both CRS and VRS models, and
to cross-check the results.

The models specified in (2) and (3) are both input-oriented, but DEA can
also be output-oriented. An input-oriented efficiency measure is calculated by
minimising input quantities for a given level of output, while an output-oriented
efficiency measure is calculated by maximising output quantities for a fixed
amount of input. As stressed in Coelli (1998, pp. 158-159), the two measures
provide the same value under CRS, but are unequal when VRS is assumed. More
importantly, although the efficiency measures may differ, both will estimate
exactly the same frontier and therefore identify the same set of efficient firms.
Considering that distribution utilities take their output levels as given (i.e. they
must meet demand), input orientation is usually preferred.

DEA requires the choice of input and output variables, and efficiency scores
might be sensitive to model specification. When selecting the variables a trade-
off between including as many variables as necessary to represent the business
concerned and keeping the number of variables small relative to the number of
firms (see note 6) should be carefully considered.

DEA has a number of desirable features. First, it is a non-parametric method
and therefore does not require the specification of a functional form. Second,
inefficient firms are compared to actual firms rather than a statistically con-
structed frontier. Third, relative to parametric methods, DEA can be imple-
mented in a smaller dataset; however, it is recommended to keep the number of
variables under control in order not to get an unreasonable number of companies
on the frontier. Finally, DEA is flexible enough to allow for the use of physical
and monetary values alike as input or output variables, what can be very useful
in the context of electricity distribution. However, there are also disadvantages
of the method. A major drawback is that it does not allow for stochastic factors
or measurement errors. This implies that all deviations from the best practice
frontier are accounted for as inefficiency. In addition, as previously observed,
the selection of input and output variables is a central aspect of DEA and re-
sults might be highly sensitive to model specification. Another problem is the
possible influence of outliers on the frontier and consequently on the efficiency
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scores. Only a careful examination of the results might help spotting outliers,
as they will go undetected by the DEA method. Finally, DEA constructs the
frontier from the most efficient companies within the sample. Therefore, if the
sample is too small or not representative of the industry, the computed frontier
will not reflect the most efficient practice.

Following the computation of efficiency scores, a natural progression on effi-
ciency measurement is to assess productivity growth. If panel data is available,
DEA can be used to calculate a Malmquist index for measuring total factor
productivity change over time. A Malmquist index of productivity growth is
defined as the geometric average between two Malmquist indices — one that
uses as benchmark the earlier period technology (period t) and one that uses
as benchmark the later period technology (period t+1). The input-oriented
Malmquist index of productivity growth between periods ¢t and ¢t + 1 can be
written as:

1/2’ (4)

_ D%(xtﬁ-lvyt-&-l) Df+1(1t+1yyt+1)
i (@ Y15 T, Y1) = | = o DI Gae0)

where D™ (2, ;) represents the input distance function of the production
point (x¢,y;) to the frontier, considering technology from period ¢t + 1. The
first ratio of the right-hand side term measures the efficiency of the production
point (x¢41,v:4+1) to the efficiency of the production point (z¢,y;), using period
t technology. The second ratio measures the efficiency of the production point
(441, Y1) to the efficiency of the production point (zy, 1), using period t + 1
technology.

The distance functions can be calculated using four separate DEA linear pro-
grammes. The distance functions which use data and technology from the same
time period can be computed from programmes such as (2). The distance func-
tions which use production points and technologies from different time periods
require a programme such as:

min¢7 AQZS (5)

5.t. — Yirr1 + V1A > 0,

¢1’z’t+1 — XA >0,

A >0,

where the first subscripts of y and x indicate the firm, while the second
subscripts indicate the data time period. The subscripts of the matrices X and
Y indicate the time period of the technology. Therefore (5) can be used to
calculate D! (441, Yrv1) -

The use of a Malmquist index of productivity growth is useful for bench-
marking and this is reflected in the growing empirical literature. It introduces
some dynamics into the efficiency analysis and allows to check for convergence.
In addition, the Malmquist index can be further decomposed into a catching-up
component (movement towards the frontier) and a technical change component
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(movement of the frontier). Another advantage of the Malmquist index which
differentiates it from other productivity indices is that it does not require price
information. In this study we will use a Malmquist productivity index to shed
some light on the impact of privatisation.

4.2 Stochastic Frontier Analysis

Stochastic Frontier Analysis (SFA) is a parametric approach that uses statistical
techniques to estimate a frontier and to estimate efficiency relative to the fron-
tier. Differently from the deterministic statistical frontier approach, SFA allows
the frontier to be stochastic (Lovell and Schmidt, 1988, p.20). The technique
was first proposed by two papers, published nearly simultaneously — Meeusen
and van den Broeck (1977) and Aigner, Lovell and Schmidt (1977) —, and has
been extended by Schmidt and Lovell (1979), Jondrow et al. (1982), Cornwell,
Schmidt and Sickles (1990), Kumbhakar (1990), and Battese and Coelli (1992,
1995), among others.

To illustrate the approach, we will consider the problem of estimating a
parametric Cobb-Douglas production function, using data of a sample of N
firms: 1

In(y;)) =z —wu;, i =1,2..., N, (6)

where In(y;) is the logarithm of the output for the ith firm; z; is a (K +1)-row
vector, whose first element is “1” and the remaining elements are the logarithms
of the K input quantities used by firm i; (3 is a (K + 1)-column vector of
the parameters to be estimated; and u; is a non-negative ramdom variable
that represents technical inefficiency. Equation (6) expresses the deterministic
frontier model. The model is deterministic because the production frontier is
bounded above by the non-stochastic quantity, exp(x;(3).

The original SFA models added another error component to the production
function, to provide:

In(y;)) =x:f+v; —u;, i =1,2..., N, (7)

where the random error v; is intended to capture measurement error and
other random factors. It is usually assumed that v)s are independently and
identically distributed (i.i.d.) normal variables with mean zero and variance

2 and are independent of the u/s, which have exponential, half-normal or
truncated normal i.i.d. distribution.?’ The technical efficiency of firm i is defined
as:

TE; = exp(—u;) (8)

g

19As we did for DEA we draw the formulation and terminology from Coelli et al. (1998).

20How important are distributional assumptions to the estimation of efficiency? There is
empirical evidence of the sensitivity of mean efficiencies to the distribution of v, but it is not
so clear whether distributional assumptions are relevant to the ranking of individuals by their
efficiency scores. See Kumbhakar and Lovell (2000), p. 90.
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Now the model is no longer deterministic because the production frontier is
bounded above by a stochastic quantity, exp(x;3 + v;). # and u}s can be esti-
mated by maximum likelihood methods or by corrected ordinary least squares
(COLS). Given that the maximum likelihood estimator is asymptotically more
efficient than the COLS estimator, and that for finite samples there are situa-
tions in which the maximum likelihood estimator is found to be better than the
COLS estimator, we will use maximum likelihood estimation in this paper.!

The greatest strength of SFA is the introduction of a stochastic error rep-
resenting measurement errors or noise, and the attempt to separate this com-
ponent from inefficiency effects. This contrasts with DEA, which attributes all
deviations from the frontier to inefficiency. Therefore, whenever data is expected
to be substantially influenced by measurement error or by random shocks, SFA
should probably be preferred. In addition, SFA allows the estimation of stan-
dard errors and tests of hypothesis regarding the existence of inefficiency, the
functional form of the frontier and the significance of explanatory factors on
the shape of the frontier. SFA permits the inclusion of environmental variables
(this can be done by modelling inefficiency effects as a function of these vari-
ables), and can accommodate both CRS and VRS specifications.? However,
the procedure of separating the error component from inefficiency effects can be
problematic. In the presence of outliers, SFA can fail to differentiate between
companies’ different performance and may find little inefficiency in the sample.
A way to tackle this problem would be to submit the sample to a preliminary
data analysis to identify the likely outliers and then to exclude them from the
sample. SFA has other drawbacks: in order to select an appropriate functional
form to be estimated, behavioural assumptions are required and need to be jus-
tified; SFA also requires the specification of the distribution of the inefficiency
term; finally, the estimation requires a reasonable sample size.

We introduced the SFA framework using a production function as an ex-
ample. However, as pointed out in Coelli and Perelman (1999), a production
technology may be represented in many ways. In addition to the production
function, it is possible to use SFA to estimate cost, profit, revenue and input
or output distance functions. As previously presented in the context of DEA,
the input distance function is defined by considering how much inputs can be
contracted whereas outputs are held fixed.

We chose to estimate input distance functions motivated by various reasons.
First, input distance functions can accommodate multiple outputs. Since our
DEA models involve multiple outputs and we want to keep as much as possible
comparability between the results of the two methods, input distance functions

210n the finite sample properties of COLS and maximum likelihood estimators for stochastic
frontier functions, see Coelli (1995).

22We detail our procedure to model inefficiency effects at the end of this section, when we
present the specifications for our SFA.
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are the obvious choice. Second, input distance functions do not require price
information. Third, input distance functions do not require behavioural as-
sumptions, such as profit maximisation or cost minimisation, which would be
difficult to justify in the context of the Brazilian electricity distribution sector
in 1994.%

Two sets of functional specifications are used in this study — one for cross-
section data and one for panel data. Coelli and Perelman (1999, p. 329) observe
that the translog functional form for distance funtions may be preferred to
the popular Cobb-Douglas form because of the latter’s restrictive elasticity of
substitution and scale properties. In order to derive our functional specifications

we start with a general translog input distance function:**
M M
InDi(z,y) = By + Z Bodmi + 2 3 " BrnlnYmilnyns + Z aplnay; +
m=1n=1 =1
K K K M
3 kzl 121 aglnrglnz, + 1;1 Zl SkmINTrilnYmi, i=1,...,N, (9)

where xy; denotes one of the K inputs for the ith firm, y,,; is one of the M
outputs of the ith firm, 3's, o/s and §'s are unknown parameters. Because the
distance function as well as inputs and outputs refer to the same time period,
we can omit the time subscript.

Assuming that the restrictions required for homogeneity of the distance func-
tion are satisfied, we arbitrarily choose one of the inputs, such as the Kth input,
to obtain:

M M K—1
lnDi(x/xKv ) Bo+ Z B lnymf" Z Z B MYmil Ny + Z aglnxy, +
m=1n=1
K-1K-1 K- 1 M
% kz_:l 1—231 aglnzy,Inxf;, + kz_:l 21 OkmInx i InYms, (10)

where z* = z /2.
We can express the previous equation as:

lnDz(x/xKyy) :TL(.Z'/.Z'K,:%O(,ﬂ, 6) (11)

Using homogeneity:

InDi(x/xk,y) = In(Di(z,y)/xx) = InDi(z,y) — Inxg (12)
Hence

—In(zg) =TL(x/zk,y, 0, 3,6) — InD;(z,y) (13)

2 Coelli (2000) adds another reason to prefer input distance functions over cost or produc-
tion functions. “(...) the production function may suffer from simultaneous equations bias
problems because the independent variables (inputs) are endogenous, while the dependent
variable (output) is exogenous. However, in an input distance function the independent vari-
ables (outputs and input ratios) are exogenous, while the dependent variable (an input) is
endogenous.” Coelli (2000, p. 8)

24With respect to the terminology and derivations we draw on Coelli and Perelman (1999).
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Observe that the term InD;(x,y) can be interpreted as the unobservable
technical inefficiency effect, u;. Furthermore, in the context of SFA we must add
a random error to account for measurement error and other stochastic factors.
The final (VRS) expression for the single-input multiple-output translog model

for the ¢th firm is as follovvs
M M

—In(z;) = B+ Z B lnymz+ > Zﬁmnlnymzlnym+vz U, (14)

m=1n=

where z; is the single (scalar) input for firm ¢, y,,; is one of the M outputs of
the ith firm, 3's are unknown parameters to be estimated, v; denotes a random
disturbance term with i.i.d. N(0,02) distribution and u; represents the (non—
negative) technical inefficiency term, which can have half-normal, N*(0,02),
or truncated normal distribution, N (u, 02), depending on whether inefficiency
effects are explicitly modelled. We only model inefficiency effects when environ-
mental variables are included; in this case, the mean efficiency, p,, is a function
of these variab}l(es:

M = 60 + Z 6]CZ]“', (15)

k=1

where §'s are unknown scalar parameters to be estimated, and z's are the
environmental variables.

We estimate each model (see the next section for our choice of models) for
each available year (1994 and 2000) using the translog specification. Because of
possible problems of multicollinearity among variables in the translog specifica-
tion, we also estimate a loglinear function, which is as follows:

M
—In(z;) = By + D Bplnymi + vi — u; (16)
m=1

In order to take full advantage or our time series and to investigate the
dynamics of the industries, we also estimate panel data models. The derivation
of the panel data specification is analagous to the cross-section case and we will

not reproduce it. The panel data speciﬁcation is as follows :
M M

—In(zy) = ﬁo+’YBRDBR+’YBRtDBRt+Z B lnymzt+ > > Bl Ymatl i+

m=1 m=1n=1

M
Bt + D2 Bl nYmirt + %@ttQ + Vit — Ui, (17)
m=1

where 7's are unknown parameters, Dgp is a country dummy that takes the
value of 1 when the firm is from Brazil and 0 when the firm is from the U.S.A.,
and t is the time trend. The distance function now includes a country dummy
variable, Dgp, to test for systematic differences in technology between Brazil
and the U.S.A., a time trend, and an interaction between the country dummy
and the time trend, to test for systematic differences in the rate of technological
changes between the two countries. As before, we also estimate a loglinear
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version of the translog specification. In order to simplify the exposition for the
panel data case, instead of estimating the parameters for all selected models,
we concentrate on only two models — which nevertheless include all selected
variables.

5 Data and Choice of Models

5.1 Choice of Models

The variables and models selected should reflect as much as possible the basic
functions of the industry concerned. However, our review of the benchmarking
literature showed that there is no consensus on how these functions should be
translated into input or output variables. Our choice of variables was partly
based on the most frequently used variables in academic benchmarking stud-
ies. Table 3 shows the frequency of the use of variables in selected academic
benchmarking studies of distribution utilities.?

25 Jamasb and Pollitt’s (2001a) survey of the benchmarking literature reports numbers that
are close to the ones we report here. Both their survey and ours identify as the most fre-
quently used inputs network length, transformer capacity and labour. Both identify number
of customers and units delivered as the most frequently used output variables. However, since
we did not include regulatory studies in our frequency number, cost measures are reported as
more frequently used in Jamasb and Pollit (2001a).
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Inputs Outputs

« network length: o number of customers:

LV lines (km) (3) LV customers (#) (3)

MV lines (km) (1) HV customers (#) (2)

HV lines (km) (3) M/ HV customers (#) (1)

total network length (9) residential customers (#) (1)

« transformer capacity: industrial customers (#) (1)
substation transformer capacity total customers (#) (9)

HV/MV and MV/MV (MVA) (1) « unitssold:

substation trasformer capacity MV/LV | LV electricity sales (MWh) (2)
(MVA) (1) HV electricity sales (MWh) (2)
(distribution) transformer capacity residential electricity sales (MWh) (4)
(MVA) (9) non-residential electricity sales (MWh) (2)
« labour: industrial sales (MWh) (3)
employees (#) (6) non-industrial sales (MWh) (1)
labour/ manpower (hours) (6) commercial sales (MWh) (1)

total electricity sales (MWh) (6)
service area (kmz) Q@ X
customer density (# customers/ kmz) service area (km®) (3)

(1) service reliability (sales losses (%)) (1)
industrial sales/ total sales (1) total network length (km) (1)

losses (5) linelength 1-24 kV (km) (1)

maximum demand (1) distance index (1)

transformers (1) maximum demand (MW) (2)

total electricity sales (MWh) (2)
residential salesto total salesratio (1)
OPEX (%) (2)

TOTEX (3) (1)

goods and services ($) (2)

materials ($) (1)

capita ($) (3)

general expenses ($) (1)
Environmental variables:

network length (km) (1)

losses (MWh) (1)

load factor (average demand/ peak demand) (1)
customer density (# customers/ # transformers) (1)
consumption density (sales/ customer ) (1)
distance index (1)

Note: Grifell-Tatjé and Lovell (2003), Resende (2002), Jamasb and Pollitt (2001b), Hattori
(2001), Pardina and Rossi (2000), Kittelsen (1999), Fgrsund and Kittelsen (1998), Meibodi
(1998), Burns and Weyman-Jones (1996), Bagdadioglu et al. (1996), Pollitt (1995), Kittelsen
(1993), Hjalmarsson and Veiderpass (1992a, 1992b), and Weyman-Jones (1991) are the studies
included here. We only included the academic studies on electricity distribution that explicitly
classify the variables used into input, output or environmental variables. See Table 1 for more
details on all academic studies reviewed.

Table 3: Frequency of The Use of Variables in Selected Studies

From a regulatory point of view, when selecting input and output variables
it is important to consider the factors that affect the level of costs. Because the
regulator is mainly concerned with assessing utilities in terms of cost efficiency,
regulatory studies usually use monetary measures as inputs rather than physi-
cal values. Operating expenditures, capital expenditures and total expenditures
are the preferred measures in benchmarking studies conducted by the regulator
(See Table 2). The expression of different inputs in the same measure (mon-
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etary value) allows to assess different input configurations without an ad-hoc
preference for any specific one. We use either operating expenditures (OPEX)
or total expenditures (TOTEX) as input variables.? 27 Table 4 outlines the

model specifications used in this study.

Modd 1 Mode 2 Mode 3
Inputs OPEX OPEX OPEX
Outputs total units (MWh) total units (MWh) total units (MWh)
customers (#) customers (#) customers (#)
network length (km)
Environmental peek demand (MW)
variables customer density
residentid ratio
Modd 4 Mode 5 Mode 6
Inputs OPEX TOTEX TOTEX
Outputs total units (MWh) total units (MWh) total units (MWh)
customers (#) customers (#) customers (#)
network length (km)
Environmental peak demand (MW) peek demand (MW)
variables customer density customer density
residentid ratio residentid ratio

Note: customer density is the number of customers per km of network, and residentia is the ratio of number of residential
customers to total number of customers.

Table 4: Preferred Models

Ideally we would like to have included a greater number of environmental
factors, some of which were suggested in Subsection 4.1. Lack of available
data prevented us from including more environmental variables. However, the
selected variables incorporate two important factors that affect costs but are
beyond management control: customer density and system configuration. We
have experimented with several versions of these six models, but found highly
correlated results.”®

26 As observed in a study prepared for the Dutch regulator: “(...) companies that are
found to be inefficient on operating expenditure might simply be choosing to operate with a
high labour, low capital structure. An operating expenditure-only benchmark might unfairly
identify such company as inefficient (since it would be compared to companies that might
choose to operate with a low labour, high capital structure)” (Frontier Economics, 2000, p.
6). Only a monetary measure of total costs as input allows to consider all possible trade-offs
between different inputs.

2TWe define our measures of OPEX and TOTEX when we present our data in the next
subsection.

28In particular, we checked the impact of using the break-up of customer numbers and sales
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5.2 Data

This benchmarking study is based on data for 72 U.S. investor-owned utilities
and 14 Brazilian distribution companies. Until 1994 all companies in the Brazil-
ian sample were publicly-owned. The first privatisation took place in 1995 and
by 1998 all companies in our sample had been privatised. Because our data
refers to 1994 and 2000, we are able to incorporate into the analysis the change
in ownership in the Brazilian distribution sector. Our panel is unbalanced and,
as a consequence, the number of companies used varies across models. However,
we kept a minimum of 81 companies, including at least 10 Brazilian distribu-
tion utilities in each model. The U.S. investor-owned utilities in our database
account for approximately 28% of national sales to ultimate customers, and
are spread over 40 states. The companies in the Brazilian sample are spread
over nine states and four regions (out of a total of five), and correspond to
approximately 54% of the national distribution market.?

U.S. data was gathered from two sources: the FERC (Federal Energy Reg-
ulatory Commission) Form No. 1 database and various editions of the Platts
Directory of Electric Power Producers and Distributors.® The cost and sales
data for Brazilian companies is based on annual reports, and most of the re-
quired technical data was collected during fieldwork. For some of the Brazilian
companies that went through extensive restructuring before privatisation, more
detailed information on assets break-up was required. This was provided by a
number of policy documents on state-level electricity reforms and were supple-
mented by fieldwork. In order to harmonise the monetary values over time and
country, these were converted into 1995 prices and then the values in Brazilian
currency (Real) were converted into U.S. dollars using the purchasing power
parity (PPP) factor for 1995.

Table 5 presents the descriptive statistics of the U.S. and Brazilian compa-
nies for 2000. We can observe some clear differences between the two samples.
The U.S. companies are on average bigger than their Brazilian counterparts in
terms of units delivered and peak demand, but the Brazilian distribution com-
panies have to meet the demand of larger numbers of customers. This is due
to a much higher consumption per customer in the U.S. market — the MWh
consumption per customer is about five times larger in the U.S. sample than
in the Brazilian sample. In order to supply on average a larger number of
customers, Brazilian companies have to establish a larger distribution network.
These facts are reflected on the expenditure per MWh, which is larger for the
Brazilian sample, and on the expenditure per customer and per km of network,

into types of customers (e.g. residential, commercial, industrial, resale and other), but it was
not significant.
29The market shares were computed for 2000. Sources: ANEEL (2001) and EIA (2001).
30The FERC data can be downloaded from the FERC  website
(http://rimsweb2.ferc.fed.us/form1viewer/).
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which are, as expected, larger for the U.S. sample.

U.SA. BRAZIL
total mean coefficient | total mean coefficient
of of
variation variation

Number of companies 72 14
OPEX (mi US$ PPP 1995) 6,814.95 94.65 90.3% 2,590.41 185.03 83.5%
TOTEX (mi US$ PPP 1995) 15,338.65 213.04 93.8 % 4,646.51 331.89 87.4%
Units delivered (GWh) 1,338,998 18,597 79.6 % 170,345 12,167 86.0 %

residential 325,171 4,516 83.2% 46,182 3,299 99.8%

non-resid. 1,013,827 14,081 824% 124,164 8,869 85.4%
Number of customers 35,902,262 498,643 82.9% 25,089,484 | 1,792,106 68.8 %
Number resid. customers 31,438,684 436,648 84.6 % 21,939,461 | 1,567,104 71.6%
Number non-resid. 4,463,578 61,994 76.4% 3,150,023 225,002 55.5%
customers
residential ratio (number - 0.87 36% - 0.86 57%
resid. customers/ total
number customers)
Network length (km) 1,757,399 24,408 789% 816,875 58,348 56.8 %
Peak demand (MW) 213,707 2,968 83.2% 29,733 2,124 84.2%
customer density (customer/ - 24 74.0% - 32 431 %
km of network)
OPEX/ MWh (US$/MWh) - 6 58.68 % - 16 29.19%
OPEX/ customer (US$/ - 198 27.79% - 98 20.23%
customer)
OPEX/ km (US$/ km) - 4,839 84.19 % - 3,185 55.55%
TOTEX/ MWh (US$¥ MWh) - 13 51.76 % - 29 37.40 %
TOTEX/ customer (US$/ - 426 30.52 % - 174 27.96 %
customer)
TOTEX/ km (US$/ km) - 10,569 81.05% - 5,751 59.80 %

Table 5: Summary Statistics of U.S.A. and Brazil Electricity Distribution (2000)

5.2.1 Cost Data

Because the only input variables we use are OPEX and TOTEX , it is impor-
tant to ensure that they represent the costs of the same activities in the two
samples and that they exclude the costs of all other non-distribution/ supply
related businesses. Our OPEX should reflect only the operating costs of the
distribution and supply businesses and therefore should exclude depreciation,
transmission charges, purchases of electricity and taxes. For the U.S. dataset,
OPEX consists of total operation and maintenance (O&M) distribution costs,
customer service and informational expenses, customer accounts expenses, sales
expenses, and adjusted administrative and general expenses. The administra-
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tive and general expenses were adjusted to reflect only the distribution and
supply businesses. This was done by applying a correction factor to the total
O&M administrative expenses. This correction factor was given by the ratio of
wages and salaries paid in the distribution and supply related activities to total
wages and salaries. Each account was directly taken from the FERC Form No.
1 files and includes the cost of labour, materials used and expenses incurred
on each specific activity. For the Brazilian dataset, OPEX consists of labour,
material and third party service contracts expenses, as reported in the income
statement. For the financial year 1994 Brazilian companies were not required to
report their accounts discriminated by business, and we had to adjust their in-
come statements to exclude costs relative to generation, transmission and other
businesses. This was done at the level of each individual account on the income
statement.

Total expenditure consists of OPEX and capital expenditure (CAPEX). In
contrast to OPEX, finding an appropriate measure for CAPEX is not so straight-
forward, especially for cross-country comparisons. The CAPEX measure used
in this study is the distribution/ supply share of total revenues, net of total
OPEX:3!

CAPEX st = Saist. X (Revenue — OPE Xiota1) , (18)

where CAPFE X 4 is the capital expenditure allocated for the distribution
business, sgs is the distribution share of total capital expenditure, Revenue
is the total sales revenue (including sales for resale) and OPFE Xy, is the to-
tal operating expenditure of the company (including purchase power costs and
transmission charges payments). sqs is given by the share of distribution as-
sets over total assets, where distribution assets include adjusted administrative
assets (adjusted as before).

This measure has an obvious drawback — the comparison will be spurious if
the rates of return on capital are significantly different. However, the feasible
alternatives to our measure are not without problems. For instance, new annual
investments, as used in Jamasb and Pollitt (2001b), are subject to cyclical
fluctuations and for this reason might not reflect the value of capital stocks.
Physical measures of the capital stock are the most widely used alternatives (See
Section 3). As observed elsewhere (See Note 26), the use of monetary measures
allows more flexibility in terms of input configuration and capital-labour mix.
An interesting alternative, suggested by Jamasb and Pollitt (2001b), is to use
the value of capital stocks and to work out the rental cost of the capital. This,
however, requires compatible and accurate measures of capital value that may

31This measure relates to the concept of revenue efficiency. A revenue indirect measure of
technical efficiency provides a measure of efficiency of input usage in the generation of at least
a certain revenue level at given output prices. See formal definitions at Fire et al. (1994),
pp. 128-152.
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be difficult to obtain for cross-country analyses. Regulators have attempted to
design standard measures that are a better approximation to capital costs — the
Chilean regulator with its New Replacement Value of installations, the Dutch
regulator with its standardised capital costs, and the UK regulator with its
standard efficient investment costs. Unfortunately, even when this information
is published, there is the issue of international data compatibility.

For both U.S. and Brazilian datasets capital expenditure was calculated as
in (18), with only one difference — since 1994 assets are not discriminated by
business for Brazilian companies, we used the sy calculated for 2000. How-
ever, for the Brazilian companies that went through extensive restructuring
this procedure would not be reasonable and we resorted to individual company
adjustments.

5.2.2 Technical Data

In contrast to accounting data, which has to be published in a standard format
and is expressed in monetary values, technical data is less uniform and different
variables are usually expressed in different units. International benchmarking
complicates matters even more as definitions may vary and distribution systems
are different. Considering our choice of variables, two technical variables had
to be studied carefully: distribution network length and peak demand. Unfor-
tunately network length is not reported by voltage and we had to resort to the
way companies define their distribution network, given the limits established
by the regulator. In Brazil network of voltage less than 230 kV was allowed to
remain in the distribution utilities, which then classified their network in two
categories: subtransmission and distribution network. In this study we only
include the network classified as distribution network. A problem we found is
that the cut-off voltage level between these two categories varies across compa-
nies reflecting different system configurations. However, we established during
our fieldwork that in Brazil distribution network ranges from 220/ 127 V or
380/220 V to 13.8, 23.1 or 34.5 kV. For the U.S. dataset, although we only
have the totals, the most common distribution voltages are 5, 15, 25 and 35
kV. Therefore, although the correspondence is not perfect, we believe that the
values for the two datasets represent a similar range of network voltages.

With respect to peak demand, two slightly different definitions are used.
Brazilian distribution utilities usually report peak load demand, while U.S. utili-
ties report maximum simultaneous demand. Peak load demand is the maximum
load during a specified period of time, and maximum simultaneous demand is
the system’s maximum load for an integrated period of time (usually 60-minute
integration). The values produced can be different, but as the difference is not
significant we use the values as reported by the companies to represent the same
variable, which we denominate as ‘peak demand’.
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6 Results and Analysis

This section presents the findings of our efficiency analysis for the models out-
lined in Table 4.

6.1 Data Envelopment Analysis Models

We first present the technical efficiency scores using DEA and later introduce
the results of a productivity analysis using Malmquist indices. Table 6 shows
the average efficiency scores and the respective coefficients of variation for each
country for two years, 1994 and 2000. The first year should reflect the scenario
of the Brazilian distribution sector just before privatisation and the last year
should capture post-privatisation performance.

Studying first efficiency over time, we find that for all models that use OPEX
as input (models 1 to 4) there is an increase in technical efficiency scores from
1994 to 2000, for both the U.S. and Brazil. For the same models we also detect
that the coefficient of variation for the Brazilian sample is substantially reduced
from 1994 to 2000. This means that the efficiency gap among Brazilian compa-
nies has been closing-in since privatisation. The same is not always true for the
U.S. sample. For the models that use TOTEX as input (models 5 and 6) the
picture is different, with a decrease in average scores in the period for model 5.
For model 6 there is a small increase in the scores from 1994 to 2000. These
results indicate that there has been a consistent improvement in operating per-
formance over time in both U.S. and Brazil distribution sectors, but the picture
is more ambiguous when we include capital expenditure in the input measure
and examine overall performance. This might suggest some substitution of cap-
ital for labour in the period, which demands substantial upfront investment.
Besides, from our data analysis we observed that in 1994 capital expenditures
(as expressed in equation (18)) were very small in Brazil (even negative for some
companies), suggesting that the level of investment was extremely low just be-
fore privatisation. With privatisation the financial constraint is reduced and
capital expenditures are at a much higher level in 2000.
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Moddl Modd 1 Modd 2 Modd 3
Technology CRS VRS CRS VRS CRS VRS
Courtry BR us BR us BR us BR us BR us BR us
Mean 1994 | 0544 0412 0710 0531 | 0576 0443 072 0567 | 0691 0616 07% 0701
2000 | 0763 0545 082 062 | 0797 0606 0848 0665 | 0.794 0708 089 0.790
Coefficient | 1994 | 3878 3005 3232 3H9WY | 37.08 3R68 282 364 | 2521 362 2090 3027
vaidion 2000 | 2032 3235 1758 306 | 1905 329% 1559 3114 | 1848 2040 1444 2635
Pvdue 1994 0.002 0.003 0.008 0.018 0.261 0.177
2000 0.000 0.001 0.002 0.004 0.214 0.112
Moddl Modd 4 Modd 5 Modd 6
Technology CRS VRS CRS VRS CRS VRS
Courtry BR us BR us BR us BR us BR us BR us
Mean 1994 | 0693 0616 07% 0701 | 0711 0410 085 0508 | 0773 05% 08% 0692
2000 | 0807 0714 0907 0794 | 0362 0304 0702 0467 | 0882 0616 094 0718
Coefficient 1994 | 511 3263 2090 3023 | 2800 3494 1734 4040 | 2415 3773 1730 3209
vaidion 2000 | 1911 2913 1368 2604 | 5275 4780 4126 5213 | 1608 3837 109%5 3191
Pvdue 194 0.255 0.179 0.000 0.000 0.020 0.006
2000 0.175 0.098 0.202 0.002 0.001 0.002

Note: for modd 1 the whole sample was usad (86 companies); for modd 2 CERJ and Light were exd uded from the sample (84 companies);
for modds 3and 4 CERJ, Light, AES Ul and RGE were exduded from the sample (82 companies); for model 5 Tampa was excluded
fromthe sample (85 companies); for model 6 Tampa, CERJ, Licht, AES Sul and RGE were excl uded from the sample (81 companies).

Table 6: DEA Results

Comparing Brazilian and U.S. average efficiency scores, we observe that
for all models and for all years Brazil performs better. In order to test how
significant is this difference, we perform a hypothesis test of the difference in
the sample means. Table 6 shows the two-tailed p-values of the test. The null
hypothesis states that there is no difference in means, and if the p-value is larger
than the significance level we cannot reject it. In three of the six models (models
1, 2 and 6) the test rejects the null at a 5% significance level, which means that
Brazilian companies are significantly more efficient than U.S. investor-owned
utilities. In model 5 the evidence is ambiguous, while for models 3 and 4 we
cannot reject the null. Therefore, we cannot conclude that the Brazilian sample
statistically significantly outperforms its U.S. counterpart irrespective of model.
In order to have a better grasp of these results, we further study the rela-
tionship between model specification and efficiency scores. First, concentrating
on the OPEX models, we observe that in the models where there are no en-
vironmental variables (models 1 and 2) Brazilian companies are significantly
more efficient than U.S. utilities. This is due to the fact that while Brazilian
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companies are less efficient than U.S. companies in terms of OPEX per MWh
distributed, they are much more efficient in terms of OPEX per number of cus-
tomers and OPEX per km of network. However, if we include environmental
variables in the models (models 3 and 4) the difference in scores, although still
favourable for Brazilian companies, is not statistically significant. This stems
from the fact that in these models the difference between the two systems is at
least partially incorporated. In particular, in models 3 and 4 customer density,
which is on average much lower in the U.S. sample, is considered beyond man-
agement control. Second, studying the results of the TOTEX models, Brazilian
companies are statistically more efficient on average than their U.S. counter-
parts for all specifications, with the exception of the model 5 CRS specification
for the year 2000. The main driver of better results for Brazilian companies is
their significantly lower TOTEX per customer.

6.1.1 Malmquist DEA Index Results

Here we discuss productivity change over time using a Malmquist index. As
pointed out in Coelli et al. (1998, p. 224), a Malmquist index may not correctly
measure productivity change if VRS is assumed. Therefore, we will impose CRS
technology for the computation of Malmquist indices. Table 7 presents the main

results.

1994-2000 Mode 1 Model 2 Mode 3 Mode 4 Mode 5 Model 6
BR us BR us BR us BR us BR us BR us

Mean 1.435 1.386 1.416 1.381 1.412 1.319 1.406 1.318 0.697 1.327 0.798 1.238
Coeff. 22.16% 23.35% | 23.29% 24.47% | 19.07% 24.74% | 20.07% 24.66% | 36.45% 27.27% | 22.73% 27.24%
variation
Productivity | 43.45% 38.61% | 41.60% 38.08% | 41.24% 31.86% | 40.57% 31.78% | -30.3% 32.69% | -20.2% 23.81%
change

Average 5.29% A4.77% 5.10% 4.72% 5.06% 4.03% 4.98% 4.02% -5.03% 4.12% -317%  3.10%
annual
productivity
change
P-vaue 0.609 0.738 0.388 0.419 0.000 0.003

Table 7: Malmquist DEA Index Results — CRS Technology

We start by examining the mean values of the Malmquist index for Brazilian
and U.S. companies. Numbers greater than one indicate productivity growth.
Focusing first on the OPEX models, we observe that the computed indices
show a substantial productivity growth from 1994 to 2000. Average productiv-
ity changes range from 31.78% to 43.45%, which translated into annual averages
is 4% and 5.3%, respectively. There are especially large values for individual
productivity growth rates, with companies reaching as high as a 206.7% pro-
ductivity improvement — however, there are also companies that experience
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productivity regress. Comparing Brazilian and U.S. performance, the direc-
tion of changes in Malmquist indices is the same for both samples, but the
magnitude of productivity growth is on average higher for Brazilian companies.
Nevertheless, the difference in productivity growth between Brazilian and U.S.
companies over the whole period is not statistically significant, as indicated by
the computed p-values. This result indicates that the impact of privatisation
on operating performance relative to the U.S. benchmark is positive, but not
statistically significant.

Examining the results of the TOTEX models, we detect a difference in the
direction of change in Malmquist indices between Brazilian and U.S. compa-
nies. U.S. companies experience productivity growth, whereas Brazilian com-
panies suffer, on average, productivity regress. This difference in performance
is reflected in the computed p-values, and we now reject the null hypothesis of
no difference in sample means. This, taken together with our previous analysis
of DEA results, suggests that although Brazilian companies start at a higher
efficiency level, the difference in performance is reduced over time. This result
should be considered with caution. First, the increase in investment when not
accompanied by a proportional increase in outputs reduces the index. However,
as we observed before, the level of investment in Brazilian distribution utilities
was extremely low before privatisation. Investment levels before privatisation
were considered insufficient to ensure the expansion of rural electrification and
the continuous improvement in quality. Therefore, the investment recovery af-
ter privatisation, although negatively reflected on Malmquist DEA indices, is a
positive impact of privatisation. Over time we expect that the impact of this
investment surge on efficiency will be at least partially reflected in the indices.
Second, significant redundancy programmes that took place after privatisation
indicate that Brazilian companies experienced a higher rate of substitution of
capital for labour in the period. Given the importance of sunk capital costs in
the ESI and of redundancy programmes costs, both which immediately inflate
current expenditures, we also expect the efficiency effects of this process to be-
come visible over time. Finally, due to the lack of suitable data our analysis
does not incorporate quality of service. As a consequence, the improvements in
quality fostered by investment are not included, what probably underestimates
the benefits of privatisation.

6.2 Stochastic Frontier Analysis Models

We present and discuss results from two sets of models: the ones that use only
cross-section data, and the ones that use panel data.
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6.2.1 Cross-Section Models

In order to keep comparability between our cross-section SFA models and the
DEA models, we use the same specification of input, output and environmental
variables, but now within the input distance function framework described in
Subsection 4.2. Therefore, we estimate our six models using both loglinear
(LL) and translog (TL) specifications, for both 1994 and 2000. The maximum
likelihood estimates are presented in Tables 8 and 9. We also include ordinary
least squares (OLS) estimates in order to test for the existence of technical
inefficiency.??

Studying the coefficient estimates associated with the outputs, we observe
that there is a great variation in significance across models, with LL models
exhibiting three 3 coefficients significant at 5%. Because the exclusive analysis
of t-ratios can be deceptive, we use the Likelihood Ratio test to decide on the
most appropriate model specification.®® The results of the Likelihood Ratio
tests for model specification are reproduced at the bottom of each table. For
2000 data the TL specification is preferred, but for 1994 data there is no clear
preferrence.

32We do not report the results rejected by the FRONTIER programme, which is the software
used in the estimation. FRONTIER generates a warning whenever the maximum likelihood
function value is less than that obtained using OLS.

33The likelihood ratio is defined as:

= ﬁ—i?, where L r and ﬁU are the likelihood functions evaluated at the constrained and
uncontrained maximum likelihood estimates, respectively. The distribution of A = —2In¢p is
chi-squared, with degrees of freedom equal to the number of restrictions imposed. According
to the Likelihood Ratio Test, the null hypothesis is rejected if the calculated value exceeds
the appropriate critical value from the chi-squared tables.
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SFA Models — 2000 Cross-secti

Table 9

Once the model specification is chosen, we consider the question of whether
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there is technical inefficiency in the sample. We first focus on the estimated
values of v, which show how much of the total residual variation is due to the
inefficiency effect. For seventeen out of twenty estimations + is greater than 0.5,
and for fourteen estimations it is significantly greater than 0.5.3* In the models
in which environmental variables are included as factors influencing technical
efficiency (models 3, 4 and 6), the estimated coefficients of these variables (6)
are often close to zero and not significant. This, taken together with the re-
sults on ~, imply that although the individual coefficients of the environmental
variables are not particularly significant, their significance as a group of coeffi-
cients might be relevant. However, we cannot be certain of the existence of a
technical inefficiency effect before testing maximum likelihood estimates against
the corresponding OLS estimates, which do not include a technical inefficiency
error term. These Likelihood Ratio tests are reproduced at the bottom of the
tables, just below the specification tests. With two exceptions (models 2 and
4 for 2000 data), the tests fail to reject the restricted model. Therefore, the
results of our cross-section analysis imply that a model that accounts for tech-
nical inefficiency (at least in the way we modelled technical inefficiency here)
is not warranted and an OLS specification should be preferred. Unfortunately
this indicates that all error can be considered pure noise, preventing a more
meaningful benchmarking exercise in this context.

Table 10 presents a summary of the technical efficiency scores derived from
SFA. For most models Brazilian companies perform slightly better than the U.S.
companies (with the exception of model 6 for 1994 data), but the p-values show
that the differences are not statistically significant (with the exception of model
5 for 1994 data).

Model Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
Country BR us BR us BR us BR us BR us BR us
Mean 1994 | 0.848 0.840 | 0820 0.818 | 0.855 0.838 | 0.835 0.803 0.864 0.827 | 0.840 0.859
2000 | 0.818 0.770 | 0.720 0701 | 0.743 0.660 | 0.778 0.685 na na 0.890 0.866
Coefficient 1994 | 6.36 6.25 1003 895 5.91 1172 | 11.06 1412 3.75 6.38 1432 1059
variation 2000 | 1023 1589 | 2678 2518 | 1619 2564 | 1813 2534 na na 1303 1414
P-value 1994 0.603 0.932 0.597 0.393 0.013 0.572
2000 0.161 0.722 0.138 0.111 na 0.551

Note: All results for VRS specification.

Table 10: SFA Technical Efficiency Scores — Cross-section Data

Comparing the Results of the Two Methodologies. As we have pointed
out in our discussion of methods for efficiency measurement, all methods have
weaknesses and for this reason efficiency estimates should be interpreted with
caution. Therefore some sensitivity analysis is advisable. The comparison of
efficiency scores generated by different methods can help identifying what drives
inefficiency. In this paper, efficiency scores generated from DEA and SFA using

34, _ o2
7= ez
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the same specification of inputs, outputs and environmental variables allow for
a comparison between the performance of the Brazilian and the U.S. electricity
distribution sectors. In Table 11 the mean technical efficiency scores for Brazil,
U.S. and for the whole sample are presented.

Brazil U.SA. All Sample Significant
Difference?
DEA SFA DEA | SFA DEA SFA DEA SFA

1994 Model 1 0.710 | 0.848 0.531 | 0.840 0.560 0.841 | Yes No
Model 2 0.722 | 0.820 0.567 | 0.818 0.589 0818 | Yes No
Model 3 0.796 | 0.855 0.701 | 0.838 0.712 0.840 | No No
Model 4 0.796 | 0.835 0.701 | 0.803 0.713 0.807 | No No
Model 5 | 0.857 | 0.864 0.508 | 0.827 0.566 0.833 | Yes Yes
Model 6 0.895 | 0.840 0.692 | 0.859 0.717 0.856 | Yes No
2000 Model 1 0.822 | 0.818 0.622 | 0.770 0.655 0.778 | Yes No
Model 2 | 0.848 | 0.720 0.665 | 0.701 0.691 0.703 | Yes No
Model 3 | 0.899 | 0.743 0.790 | 0.660 0.804 0.670 | No No
Model 4 | 0.907 | 0.778 0.794 | 0.685 0.808 0.697 | No No
Model5 | 0.702 | na 0467 | na 0.506 n.a Yes n.a
Model 6 | 0.954 | 0.890 0.718 | 0.866 0.747 0.869 | Yes No
Notes: All models use VRS technology; significance at 5%.

Table 11: Mean Efficiency Scores: DEA x SFA — Cross-section Data

We expected the means of the SFA estimated efficiency scores to be larger
than the computed DEA scores, and the opposite to be true with respect to
the variance of the efficiency scores.®® The estimated SFA scores are larger (for
the whole sample) than DEA scores for models 1, 2 and 5 and, because the
variance (for the whole sample) is smaller, the difference between Brazilian and
U.S. scores is statistically significant for DEA, but may not be always significant
for SFA. That is, for both methods Brazilian companies outperform their U.S.
counterparts in models 1, 2 and 5 — but the difference in performance only
remains significant in SFA for model 5 (1994 data).

We singled out models 3, 4 and 6 because they include environmental vari-
ables. The way environmental variables are modelled differs between meth-
ods and, as a consequence, the cross-method comparison is not so straight-
forward. In our DEA models the environmental variables are introduced as
non-discretionary variables. Therefore the linear programme holds them fixed
while seeks contraction in the other variables. In contrast, in SFA these vari-
ables are modelled as regressors of the mean of the technical inefficiency effect
distribution. However, the results of the models that include environmental
variables show some robustness to the method chosen, with DEA and SFA con-
clusions for models 3 and 4 in agreement over the significance of the difference
between Brazil and U.S. mean efficiency scores.

35This is because DEA includes the residuals in the efficiency measure, when some of them
should have been attributed to measurement error or statistical noise. In addition, SFA might
not always be able to separate error from inefficiency effects, leading to an upward bias in the
scores. A more detailed discussion of these issues can be found in Sarafidis (2002), pp. 16-17.
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Finally, we focus on how efficiency scores and rank order correlate across
different methods. Tables 12 and 13 present the relevant efficiency score and
rank order correlations, respectively.®® As we expected, the higher correlations
occur in the models that do not include environmental variables. For models
3, 4 and 6 SFA and DEA efficiency scores are not so well correlated. The
treatment given to environmental variables appears to be more relevant than
method choice per se for consistency among the scores. From the point of view
of the regulator, this sensitivity to model specification is not reassuring. A way
to tackle this problem would be to follow the benchmarking study by a more
detailed analysis on how environmental variables affect efficiency (including an
individual comparison between the inefficient firms and their peers).

DEA-1

DEA-2

DEA-3

DEA-4

DEA-5

DEA-6

year

1994

2000

1994

2000

1994

2000

1994

2000

1994

2000

1994

2000

SFA-1
SFA-2
SFA-3
SFA-4
SFA-5
SFA-6

0.583**

0.709**

0.567**

0.678**

0.460**

0.504**

0.398**

0.495**

0.704**

na

0.386**

-0.195

Notes: All models use VRS technology; ** significant at 1%; correlations computed using SPSS statistical package (Pearson correlation

coefficient)

Table 12: Efficiency Score Correlations

DEA-1

DEA-2

DEA-3

DEA-4

DEA-5

DEA-6

year

1994

2000

1994

2000

1994

2000

1994

2000

1994

2000

1994

2000

SFA-1
SFA-2
SFA-3
SFA-4
SFA-5
SFA-6

0.698**

0.737**

0.643**

0.660**

0.466**

0.463**

0.430**

0.453**

0.795**

n.a

0.439**

-0.153

Notes: All models use VRS technology; ** significant at 1%; correlations computed using SPSS statistical package (Spearman’s rank
correlation.

Table 13: Rank Order Correlations

6.2.2 Panel Data Models

In order to take full advantage of the time series data available and, more im-
portantly, to capture the impact of privatisation, we now estimate panel data
models. As pointed out in Coelli et al. (1998, p. 202), panel data has some ad-
vantages over cross-section data in the estimation of stochastic frontiers. First,

36The correlation across different models is not attempted here because the samples actually
used differ slightly from model to model (but remain inaltered across different methods for
the same model specification).
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the availability of a greater number of observations generally implies better
estimates. Second, panel data allows the simultaneous investigation of both
technological change and technical efficiency change over time. The technical
inefficiency effects, as before, are represented by one of the error terms, whereas
technological change is now defined in the parametrisation of the model by the
inclusion of a time trend.

We concentrate on the panel data versions of models 4 and 6, which include
all our variables of interest. In addition to the time trend, we introduce a
country dummy, which captures a possible systematic difference in technology
between the Brazil and the U.S.A.. Because we wanted to check the possibility
of a difference in the rate of technological change between the two countries,
we also include an interaction between the time trend and the country dummy.
The specifications used allow VRS. The estimated parameters and relevant tests
are reported in Table 14. As in the previous analysis, we will first compare the
TL with the LL specification, and then test the preferred specification against
the corresponding OLS model.

First we discuss the results of the models that use OPEX as input. We
observe that eleven out of sixteen coefficients are statistically significant at the
5% level of confidence (one additional coefficient is significant at the 10% level),
what means the TL specification appears to have a very good fit.*” However,
two unusual estimates suggest further analysis into specification. First, the
estimated v is not statistically different from one, which suggests that there
are no measurement or random errors in the function. Second, the value of
the maximum likelihood function is very small. This is reflected in the result
of the Likelihood Ratio test, which cannot reject the null of LL specification.
The LL seems to have a good fit, with four out of six estimates statistically
significant at the 5% level of confidence. The estimated technological change is
statistically significant showing progress in both countries. The country dummy
is significant, what suggests a systematic difference in technology between the
two countries. The 6 coefficients are statistically insignificant, but -y is significant
and estimated as 83%, suggesting potential for incentive regulation. Following
we ask whether there is technical inefficiency in the industry by performing a
Likelihood Ratio test. Once again we cannot reject the null and the model
can be better estimated by a deterministic frontier. The OLS estimation shows
that the number of customers, the time trend and the country dummy have
statistically significant coefficients.?®

We now look at the results of the models that use TOTEX as input. For

3TWe also estimated the same model including an interaction variable (time * Dgg), but,
as it was not significant, we dropped it from the OPEX models analysis.

38The fact that the sales coefficient is not significant, whereas number of customers coeffi-
cient is, suggests a multicollinearity among the variables, as number of customers and total
sales tend to be highly correlated.
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the TL specification, five out of ten coefficients are statistically significant at
the 5% level of confidence (one additional coefficient is significant at the 10%
level), what means that again we have a model with a good fit. However, the
value of the maximum likelihood function is extremely small, and as before, the
estimated v is not statistically different from one. We perform a Likelihood
Ratio test, using the LL specification as the null hypothesis, and the null can-
not be rejected. The LL model estimates show a very good fit, with five out
of six coefficients statistically significant at 5%. Total sales is the only variable
which does not have a significant coefficient, but that might be the result of
multicollinearity with number of customers. In this specification the interaction
variable (time * Dppg) is significant, suggesting that there is a significant differ-
ence in the rate of technological change between the two countries. The signals
of the coeflicients suggest that Brazil performs systematically better than the
U.S.A., but the rate of technological change has been faster for the U.S.A.. Be-
cause the v and ¢ coefficients are statistically insignificant and small, we test
for the existence of technical inefficiency effects. The computed value of our
likelihood ratio is very close to the critical chi-squared value, so we cannot rule
out any of the two specifications.
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Dependent variable - OPEX - TOTEX

Specification TRANSLOG LOGLINEAR OoLsS TRANSLOG LOGLINEAR OoLS
Intercept 4.08** (1.01) -6.20°* (0.51)  -6.34** (0.37) | 23.27** (1.00)  -6.86** (0.47)  -6.21** (0.35)
Bo

B1 (In sales) -1.84** (0.77) -0.02 (0.06) -0.02 (0.06) -1.76* (0.99) -0.03 (0.06) -3.07 (0.06)
B2 (In customers) 0.79 (0.83) -0.93** (0.08) -0.92** (0.07) 1.11(0.99) -0.91** (0.07) -0.97** (0.06)
Bs (Inlength) 0.33(1.00) 0.01 (0.06) -0.00 (0.04)

B+ (05*(Insalesy’) 2.01** (0.51) 0.44 (0.86)

Bs (0.5*(Incustomers)®) | 4.09%* (1.23) 0.50 (0.94)

Bs (0.5*(In length)?) -0.39 (0.28)

B7 (Insales* In -2.99** (0.74) -0.56 (0.60)

customers)

Bs (Insdes* Inlength) 0.86** (0.30)

Be (Incustomers* In -0.73 (0.54)

length)

B (timetrend)

Bu (Insales* time)

Bz (Incustomers* time)
Bz (Inlength* time)
B (05* time?)

B1s (BR dummy)

B1s (time* BR dummy)

-11.23%* (1.29)  0.24** (0.04)  0.26** (0.04)
-0.69* (0.37)
1.34%* (0.44)
-0.87** (0.27)
9.53** (1.60)
210 (0.81)  047** (0.13)  0.48** (0.13)

63.83** (1.00)  0.16** (0.05)

2424+ (0.72)
2.30%% (0.84)  1.92** (0.42)
15.74** (100)  -0.61** (0.29)

0.16* (0.05)

2.01%* (0.23)
-0.62* (0.13)

Intercept -115.40** -2.77 (5.27) -0.25 (1.00) -0.05 (11.34)

o (1.09)

51 (peak) 0.00 (0.00) 0.00 (0.00) -0.04 (1.00) 0.00 (0.00)

52 (customer density) 0.06 (0.06) -0.00 (0.01) -0.05 (1.00) 0.00 (0.00)

3s (resid. ratio) -99.54 (1.02) 2.91(5.25) -0.11** (0.00)  0.06 (11.971)

o 604.95** (1.48) 0.18 (0.16) 0.07 16.997** (L.00)  0.07* (0.04) 0.07
y 1.00%* (0.00) 0.83+* (0.14) 1.00** (0.00) 0.16 (1.47)

LLF -275.79 -11.01 -14.35 -717.51 -8.38 -13.91
A -529.56 -1.418.26

X’ critical (5%) 18.31 9.49

Decision TL ORLL?Accept LL TL or LL?Accept LL

A 6.68 11.06

X’ critical (5%) 11.07 11.07

Decision LL or OLS? Accept OLS No clear result

Notes: ** significant at 5%; * significant at 10%; standard errorsin parentheses; for the OPEX models CERJ, Light, AES Sul and

RGE were excluded from the sample (82 companies), for the TOTEX models Tampa was excluded as well (81 companies).

Table 14: SFA Results — Panel Data

Finally we consider the efficiency scores generated by SFA using panel data.
The SFA estimation allows for a comparison of efficiency scores between Brazil-
ian and U.S. companies (Table 15). For the specification that uses OPEX as
input Brazilian and U.S. mean efficiency scores over the whole period are equal
up to the third decimal place. For the TOTEX specification, Brazil performs
only slightly better, but the difference is not statistically significant, as shown
by the computed p-value.
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Model OPEX TOTEX
Country BR us BR us
Mean 0.805 0.805 0.907 0.906
Coefficient variation | 14.68 13.08 9.43 7.86
P-value 0.980 0.915

Note: Both panel data models estimated using LL specification.
Table 15: SFA Technical Efficiency Scores — Panel Data

7 Conclusion

Following we summarise our main conclusions:
1) efficiency scores

e the analysis of efficiency scores shows that Brazilian companies outperform
their U.S. counterparts for almost all model specifications and for both
1994 and 2000 — this result is robust to method chosen (DEA, cross-section
or panel data SFA);

e however, this difference in performance is not statistically significant for
all panel data and almost all SFA cross-section models, and for the DEA
models that use environmental variables and OPEX as input;

e the significantly superior performance of Brazil in DEA models that do
not include environmental variables and in DEA models that use TOTEX
as input is due to the proportionally higher number of customers supplied
by Brazilian companies — they are more efficient in terms of OPEX per
customer and also in TOTEX per customer;

e given that customer density is a variable beyond management control, we
consider the models with environmental variables more relevant to the
analysis and therefore conclude that the difference in performance is not
statistically significant for OPEX models.

2) impact of privatisation on efficiency

e the Malmquist index analysis shows that the impact of privatisation is
mostly positive but not statistically significant for OPEX models, but
negative and statistically significant for TOTEX models — this suggests
the importance of including capital costs in the benchmarking.;

e the results of TOTEX models should be taken with caution due to the
difficulties in obtaining perfectly compatible measures of CAPEX;
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the results of TOTEX models can be partly explained by the low level of
investment in Brazilian companies before privatisation — with privatisa-
tion, the financial constraint is reduced and investment picks up; we can-
not overemphasise the importance of financing infractructure investment
in developing countries such as Brazil — by transferring the investment
burden to the private sector privatisation can help to avoid further deteri-
oration of the public finances and at the same time ensure the expansion
of capacity (in particular, rural electrification) and quality improvement;

the results of TOTEX models can also be partly explained by a faster
rate of substitution of capital for labour in Brazil — this seems to be the
case taking into account the magnitude of redundancy programmes after
privatisation;

we expect the effects of the investment surge and the input substitution
process on efficiency to become visible in the future, especially once the
redundancy payments and the sunk costs are absorbed;

our panel data SFA indicates that there is a systematic technological dif-
ference between the two countries, and that this difference is favourable
for Brazilian companies for both OPEX and TOTEX models; however,
technological change has been growing faster for U.S. companies for the
TOTEX model (this confirms the negative impact of privatisation on per-
formance for TOTEX models suggested by the Malmquist index analysis).

3) other issues

we do not account for quality of service — it is clear that international
benchmarking should accommodate in some way the differences in quality
standards across countries, as pointed out in Coelli (2000, p. 11), but the
lack of appropriate data prevents us from doing it;

the correspondence between physical variables is not perfect, as shown by
the differences in voltage levels, although all care was taken to make the
datasets compatible;

the findings highlight the importance of establishing standard measures
of capital costs for international benchmarking and incentive based regu-
lation — as observed in Jamasb and Pollitt (2001a), regulators have only
begun the effort of standardising data within and across countries.
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