DAE Working Paper WP 0212

I UNIVERSITY OF
',: CAMBRIDGE
: Department of
Applied Economics

2 i
Ead.
L1t

A comparison of UK and Japanese electricity
distribution performance 1985-1998: lessons for
incentive regulation

Toru Hattori, Tooraj Jamasb and Michael G Pollitt

, Massachusetts Institute of Technology
Cambridge-MIT Center for Energy and
Institute Environmental Policy Research

CMI Working Paper 03



DAE Working Paper Series

FSES UNIVERSITY OF
‘ CAMBRIDGE
¥ Department of
Applied Economics

not to be quoted without
permisson

Massachusetts Institute of Technology
Center for Energy and
Environmental Policy Research

CMI Working Paper Series



THE PERFORMANCE OF UK AND JAPANESE
ELECTRICITY DISTRIBUTION SYSTEMS 1985-1998:
A COMPARATIVE EFFICIENCY ANALYSIS

Toru Hattori, Tooraj Jamasb  and Michael Pollitt”

Revised
October 2003

* Research Economist, Central Research Institute of ElectoweP Industry
(CRIEPI)

**  Corresponding author. Research Associate, Department of Applied Eatsjomi
University of Cambridge, Sidgwick Avenue, Austin Robinson Building,
Cambridge CB3 9DE, United Kingdom, Phone: +44-1223-335271, Fax:. +44-
1223-335299, Email: tooraj.jamasb@econ.cam.ac.uk

*** University Senior Lecturer, Judge Institute of Management, Unitieref
Cambridge

The authors would like to thank Cemil Altin, Tanga McDaniel, and two ynouns
referees for detailed comments to this draft and OFGEM and RIR®E their generous
contribution to data for this study. The usual disclaimer applies. SuppportESRC
project RO0023 8563 and the Cambridge-MIT Institute Project IR-45 iefgitg
acknowledged.



Abstract

This paper examines relative performance of electricityildigion
systems in the UK and Japan between 1985 and 1998 using cost-
based benchmarking with data envelopment analysis (DEA) and
stochastic frontier analysis (SFA) methods. The results suthgest

the productivity gain in the UK electricity distribution has been
larger than in the Japanese sector. In particular, productivity
growth accelerated during the last years when the UK wdiktiere
operating under tightened revenue caps. The findings indicate that
while both sectors exhibit efficiency improvements, the efficiency
gap between the frontier firms and less efficient firmswidened.

The findings also highlight the advantages of using multiple
techniques in comparative analysis and in incentive regulation.

Key words: Technical efficiency, Efficiency analysis, Eleity distribution systems,
Incentive regulation, International comparison.

JEL Classification: L94



1. Introduction

Electricity sector reforms are transforming the striectaind operating environment of
the industry across many different countries throughout the wortdodgh the main
purpose of the reforms is to introduce competition and market mechams$ms
electricity generation and supply, there is a growing interesegulatory reforms to
improve the efficiency of the natural monopoly activities of distion and
transmission networks. Moving away from traditional rate-of-retutityutegulation, a
number of electricity regulators in, for example the UK, Netmets, Norway and
Australia, have adopted price or revenue cap regulation based on the f&Riula,
thereby promoting cost savings and lower prices for the end-users.

UK has a rich experience of adopting the RPI-X type incentigecaegulation for an
electricity network: both the charges for transportation of etgttrover the national
high voltage transmission network and over the lower voltage regiortabuli®n
networks have been regulated by this method for over a decade. fldalistribution
price controls on the regional electricity distribution companidsQ$ were put in
place by the government at the time of restructuring in 1990, anditi@errprice
increases of up to 2.5% above the inflation rate (OFFER, 1994). Theskpnce caps
were seen by many as generous to the compamesugust 1994 OFFER announced
reductions averaging 14% in final electricity prices to takkecefin April 1995,
requiring cuts in real terms of 11 to 17% in distribution chargd®9%/96, and further
reductions in real terms of between 10 and 13% in 1996/97. Distributioreshagge,
thereafter, required to fall by 3% per year in real terorsttie duration of the price
control (until March 2000J.

Evaluation of the performance of UK RECs under RPI-X regulation @ndte
ownership has been the subject of productivity and efficiency anaBeieral studies

have undertaken panel data analysis focusing on a UK sample (@gawtJones,
1994, and Burns and Weyman-Jones, 1996). On the one hand, it is quite natural to
restrict the sample to domestic utilities, as efficiencyyamarequires comparability of
firms. On the other hand, it has been recognized recently thatatitmal comparative
analysis may be useful to evaluate the performance of natibhtats within the larger
context of international practice.

! See Jamasb and Pollitt (2001a), Hall (2000), Cameteal. (1995), Hill (1995), and Joskow and
Schmalensee (1986) for reviews and comparison#fefeht incentive regulation models.

2 The 1990-95 period saw large increases in theitphifity and share prices of the RECs and the
government announcec£1.25 billion windfall tax on the companies’ prefiinside Energy, 1997).

% The price controls were modified in 1998 to allRECs make additional revenues (approximately £1
per customer) to facilitate competition in supplfe current price controls came into effect in IriAp
2000. OFGEM’s (Office of Gas and Electricity Markethe successor to OFFER) price controls, the
RECs face distribution price reductions averagi®gger year for the five years to 30 March 2005hwit
an initial cut in allowed revenues by up to 23.496GEM, 1999). Controllable costs for the RECs are
projected to fall by 2.3% per annum over the perd®d8 to 2005. These consist mainly of operating
charges net of NGC exit charges, rent and ratesdapreciation etc.



The addition of international comparators to a sample can improwvealiggy of the
analysis, as utilities are benchmarked against a greater nushbiims. Further,
international comparisons enable us to measure efficiencweetatinternational best
practice. The advantage of using international best practidbaisthe measured
efficiencies are more likely to reflect technical possietit Thus far, there are a few
cross-country studies of the performance of electric utiliied involve UK RECSs.
Pollitt (1995) reports a comparative study of 136 US and 9 UK distibfitms using
1990 data and finds that the relative performance of UK utilsi€®@mparable to those
of the US. The IPART (1999) benchmarking study is primarily fodwuseefficiency of
Australian utilities but also includes UK companies in its amalykamasb and Pollitt
(2003) report a benchmarking study of 63 distribution utilities fronEwopean
countries based on the data for 1997/98. The study finds the perforofatice UK
firms does not significantly differ from the mean values in the various mode)sn¥st
of these studies use cross sectional data or short-panel tfataovénalysis of how the
relative efficiency changes over time. Also, the comparisdimised to European and
English-speaking countries.

One country that has not been compared with the UK is Japan. Althiisgkniown
that Japanese electricity prices are the highest among Gte@btries, two recent
studies found that the productive efficiency of Japanese utilgiesn average, not
necessarily lower than the U.S. utilities. Goto and Tsutsui (1998pH#eto measure
technical and allocative efficiency of the vertically integda utilities in the two
countries, and Hattori (2002b) uses SFA to estimate technicakeptficof electricity
distribution. It is noteworthy that these studies assume that jpmjpats are given to the
utilities, implying that the higher electricity prices Jdapan can be explained by the
higher input prices and, in particular, the cost of capital.

The electricity supply industry and its regulation in UK and Japars@newhat similar
in that there are a similar number of utilities. Utilitea® in private ownership in both
countries; the UK firms were privatised in 1998ut the Japanese electricity supply
industry has been privately owned since 1951. The industry in Japan rsatiesnipy 10
Electric Power Companies (EPCOs) responsible for generati@amsntission,
distribution, and supply of electricity to final custom&r$here is no independent
regulator in Japan but the Ministry of Economy, Trade, and IndustryT (M&cts as
regulator. Thus, in both UK and Japan, one regulator (OFGEM in UK antd ME
Japan) regulates a similar number of utilities.

However, the structure of the industry differs between the two ceantn Japan, the
electricity distribution function is undertaken in vertically inttgd electric utilities

* The UK electricity supply industry was in publisoership from 1948 to 1990. In England and Wales,
the Central Electricity Generating Board (CEGB) wasponsible for generation and transmission and
sold electricity to twelve Area Boards under them® of the Bulk Supply Tariff, based on its margina
costs. The Area Boards were responsible for diginb and supply of electricity to consumers. Slyort
before privatisation in 1990, the Area Boards wezplaced by 12 Regional Electricity Companies
(RECs). Transmission became the responsibilithefNational Grid Company (NGC), a company fully
owned by the RECs.

® See Navarro (1996) for a historical overview gialeese electricity industry. In this analysis weklat

the largest firms excluding the very small Okinailactric Power Company.



while in the UK regional distribution companies perform this tasks @ifference may
be overcome, at least partly, by carefully examining the eatésother difference
between the two countries is the regulatory regime. The UK intesbtlyrice cap
regulation at privatisation in order to control the distribution tavftifle Japan relied on
rate-of-return (ROR) regulation to control the final prices letteicity.® Although it
would be difficult to separate the effect of a different regmatregime from other
country-specific factors, with a long panel data set to inwvastighanges in efficiency
over time, it might be possible to isolate the effect of the regime.

This paper examines relative performance of electricity distributidmeityK and Japan
between 1985 and 1998, applying the benchmarking techniques known as Data
Envelopment Analysis (DEA) and Stochastic Frontier Analysis JSFAe length of

our panel data enables us to investigate the dynamics of edfycié/e focus on the
development of mean efficiency levels over time in each country.

In the next section we discuss the model for electricityidigton. Specification of the
relevant measures of output, input and environmental factors will benpees Then in
section 3, we briefly describe the two techniques for effigieamalyses in this paper:
DEA and SFA. In section 4, we discuss the data issues. Sectiorebtprige results. In
the final section, we conclude by outlining the issues of international comparisons

2. Model of Electricity Distribution

To model the technology of electricity distribution, we have to §pedbe relevant
measures of inputs, outputs, and other (environmental) factors. The dessgn
features of electricity distribution systems and the technolagied in them are similar
the world over, however, comparative efficiency studies have adoptedediffinput

and output variableSThis reflects the lack of consensus on how these utilities should
be modeled. For example, a variable used as an input in one study es@&doin others

as output. The variety of variables used may also be explained, toestemt, by lack

of data. This section discusses our choice of inputs, outputs and envirahfaetars

for the present study.

Inputs

The preferred model in this study uses a single cost input in argrietms. In the past,
some studies have used operating and capital costs as inputs, ik l@ve instead
used physical measures of the main inputs. In order to accoutittfoe eesources, it is
preferable, where possible, to represent inputs in monetary tehums.wie chose to use
monetary inputs with adjustments to increase accuracy. Of coas®yrate
measurements of costs can be difficult to obtain. The problem iparorded in

® In 1996, the ROR regulation was slightly modifietb a type of yardstick regulation. By setting the
price in each supply territory partly by refererioghe performance of the firms relative to thabtfer
utilities, the new regulatory mechanism aimed agprioning efficiency among utilities by encouraging
competition among these. See Hattori (2002a) foroeerview of the regulatory reform in Japanese
electricity industry.

" See Jamasb and Pollitt, (2001c), for example.



international comparisons due to differences in accounting rules andeleo convert
different currencies into a single unit. We will discuss this issue in detd#dtion 4.

We have two candidates for the monetary inputs: regulators aroumebtlteevaluate
the performance of regulated firms using either operatingneljpee (OPEX) or total
expenditure (TOTEX). TOTEX is the sum of operating and capmtglenditures
(CAPEX), as represented by gross addition of capital. AssurhatgQAPEX (of our
definition) is largely controllable for the utilities, and recagmg the possibility of
substitution between OPEX and CAPEX, we primarily focus on the model witfeEXOT
as a single input with the model with OPEX used for comparison.

Outputs

It is quite difficult to define the output of electricity distribrt services and to find the
relevant measures. For the preferred model in this study, we theke'separate
marketability of components” property, suggested by Neuberg (1983),nasessary
defining property of a vector of outputs. Within this view, for examgle maximum
demand, though often used as an output variable, cannot be priced searctedy
therefore not included in our model. Then, two possible measures cagdrdad as
separately priced and sold by the utilities: customers, awctriely units delivered in
megawatt-hours (MWh). In both the UK and Japan, a two-part tarifidopted for
distribution/bundled price, and thus, with customers priced at fixed chelegricity
units delivered can still be viewed as separately priced and sold.

If these data are available for each customer segment, then, for exaeqtteigl units
delivered to residential customers and units delivered to other custaame also be
viewed as separately priced. At the same time, incredsmgumber of outputs may
lead to problems in calculating or estimating efficiency. ®iew of 20 efficiency
studies of electricity distribution utilities showed that the mwstely used output
variables were units of energy delivered and number of custdqdarsasb and Pollitt,
2001b). Thus, based on the “separate marketability of components” proge&sgopt
models that use total electricity units delivered and total nuofbaistomers as output
variables.

Environmental factors (Non-discretionary inputs)

We have defined inputs and outputs in our preferred model, but obviously tkere a
other factors, generally called environmental variables, thatrdaremce the cost of
electricity distribution. For example, for regulated electyiciitilities, population
density and climatic conditions are exogenous factors. Our modelsdenc
environmental variables to control for the effect of factorsdffatt the performance of
utilities that are beyond the control of management.

Although it might be desirable to take many factors into accduatlifficulties of data
collection cause us to limit the number of variables. Moreover, #taadologies for
efficiency analyses may restrict the number of varialikes tan be used (see next
section). In this study, we focus on two environmental factors: custdemsity and
load factor. We expect that increasing customer density (the eruohlzustomers per
network length) and load factor (the ratio of average units oggraelivered to the



maximum demand) lead to higher technical efficiency, holding other thingk &heese
remain other factors that can potentially affect costs, sushrage quality, that are not
included in our model due to the lack of comparable data sets.

3. Method

There are several approaches to the measurement of the redahnecal efficiency of
firms in relation to an efficient frontier. These approaclashe placed into one of two
broad categories of technique: programming (non-parametric) atistt{parametric).
Data Envelopment Analysis (DEA) is a linear programming ambroahile Stochastic
Frontier Analysis (SFA) is a statistical technique. WhieADhas been used extensively
in the regulation of the distribution price of electricity, we us#h methods for
methodology cross-checking of the results.

3.1.Data Envelopment Analysis (DEA)

DEA is a non-parametric method and uses piecewise lineargonagng to calculate a
sample’s (rather than estimate) efficient or best-practiontier first developed in
Farrell (1957) and Fare et al. (1985). The decision-making units (DPMiUgrms that
make up the frontier envelop the less efficient firms. Hirre compared to a linear
combination of firms that produce at least as much of each outfhu asefficient firm
and minimum possible amount of inputs. Technical efficiency is calculated aseaosc
a scale of 0 to 1, with the frontier firms receiving a scoré (fee Cooper et al., 2000
and Coelli et al. 1998).

DEA models can be input and output oriented, but an input-oriented speaificsiti
generally regarded as the appropriate form for electridistribution utilities, as
demand for distribution services is a derived demand that is beyoncbmitie| of
utilities but has to be métin this case, technical efficiency measures the ability of a
firm to minimise inputs to produce a given level of outputs.

DEA does not require specification of a function to represent the undgtgchnology.
However, the efficiency scores tend to be sensitive to the cbbitcgut and output
variables. Further, as more variables are included in the mduelsumber of firms on
the frontier increases.

We incorporate environmental or non-discretionary variables in our DBdels (see
Cooper et al, 2000). The program used here follows the methodologynkeBand
Morey (1986). The linear program calculating the efficienoyre of thei-th firm in a
sample oiN firms in variable returns-to-scale (VRS) models takes tha &pecified in
Equation (1) wherédis a scalar (equal to the efficiency score) andpresents aNx1
vector of constants. Assuming that the firms #sénputs andM outputs,X and Y

& Output-oriented models maximise output for a gimemunt of input factors. Conversely, input-oriehte
models minimise input factors required for a gilevel of output.



representKxN input and MxN output matrices respectively. The input and output
column vectors for thei-th firm are represented by and y; respectively.
Mathematically, non-discretionary variables can be introduced thrthey additional
sets of constraints (the second and the third constraint in (1)) wheré#wozigtsD and

ND refer to discretionary (environmental) and non-discretionary vasaigispectively.
The fourth constraint (the fourth constraint in (1)) ensures thafirtheis compared
against other firms with similar size. In CRS models, this catweoonstraint is
dropped. The equation is solved once for each firm.

ming,ﬂ

st.

-y, +YA=0

X p — XA 20
Xino ~ XwpAz0
N1A=1

Az20

(1)

When non-discretionary variables are specified in DEA, the methogdelogures that
the efficiency scores of inefficient firms are only caétatl on the basis of reductions in
their discretionary inputs, while controlling for non-discretionaryialdes since
reductions in these are not feasible.

We described the DEA technique with cross section data. With pateel wla can
simply calculate efficiency score in each year but this kaegeom identifying frontier
shift due to technological change. The DEA techniques can be usedctoateal
Malmquist Index of productivity change over time (see for exankire, 1989 and
Coelli et al., 1998), assuming the underlying technology is CRS.

We use the Malmquist index as shown in (2) and described in Thanag200li). For
example,C _EF.' represents the CRS DEA efficiency score for a decision-making unit

measured relative to a technology in year 0O and the unit dayadorl. The left-hand-
side ratio measures the efficiency of upitising data set from period 1, (D1) with
technology from year 0, (TO) to the efficiency of the unit witkadand technology of
year 0, (DO and TO0). The right-hand-side ratio measures theeafficiof unitj using
data and technology from year 1, (D1 and T1) to efficiency of thenutmtdata of year
0, (D0) and technology of year 1, (T1). The Malmquist indices candi@irdown into
productivity catch-up and frontier shift components as in Equation (3).catoh-up
factor is a measure of the extent to which a unit has moved tddke frontier while
the frontier shift component reflects industry level technologibahge and innovation
(see e.g. Thanassoulis, 2001, and Coelli et al., 1998).

p1 112
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wi - C_EFY . [Cc_ERR*c_EFRY .
j DO D1 % DO
C_EFY |C_EF2*C_EF.

The components of the Malmquist index as specified in Equations (2Bamadr( be
calculated separately with DEA. The two technical efficiency componeatsite based
on data and technology from the same period can be calculated husibgsic DEA
program described in Equation (1). The cross time efficiency basegeanrO

technology and year-1 data can be calculated from Equation (4) sgegication in

Thanassoulis (2001).

min .2 &
st.

-yl+Y%1 =0 (4)
WX 5= XpA20
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The superscripts 1 and O for inputand outputy of i-th unit indicate the relevant time
period for data used for calculating efficiency. The supersdgptsiput matrixX and
output matrixY indicate the time period for technology used for calculatingieffcy.
This procedure can be modified in order to calculate relativeieifiy for the
remaining component of Equation (3) with year-1 technology and year-0 data.

3.2.Stochastic Frontier Analysis (SFA)

Stochastic Frontier Analysis is a parametric method usedstimate the efficient
frontier and efficiency scores. This method requires specificafiendistance function
involving assumptions about the firms’ production technologies and recegttise
possibility of stochastic errors (see Coelli, et al., 1998). Taesscal nature of the
method allows for testing of hypotheses.

The SFA technique can be used to predict efficiency scores of snodallving
multiple outputs by estimating input distance functions (see Coelli argdnfan, 1999).
Assuming that the electric utilities use single inguio producem outputSym, m =
1,...M, then, the stochastic frontier model for single input distance amati translog
specification foii-th electric utility at time will be as follows:

1
=In(x.)= o * Vi Duc + 2 Bl Yo + 5 2 2 B I Y 10 Vi
m m k
)
1
+ /Btt +zlgmt In ym,itt +§:8nt2 —Uy TV



wheref andy are unknown parametensjs a random disturbance distributed as iid N(O,
0% andu is the (non-negative) technical inefficiency term. Time treadable,t, is
included to capture non-neutral technological change. A symmetie t&rm v
accounts for statistical noise, thereby reducing reliance omsurezaents of a single
efficient firm. However, it requires specification of a probi&pilfunction for the
distribution of the inefficiency term. It is usually assumed tdvaié-normal, Ni(0, o?),

or truncated normal, N7, 6, where the superscript ‘+’ means that it takes only a non-
negative value.

Note that the output elasticity must satisfy the monotonicity comdibf the input
distance function. The returns to scale are estimated as thedrofehe sum of output
elasticity. The specification in Equation (5) allows variablermret to scale (VRS), but

CRS can be imposed by the parameter restrictiﬁlﬁ,m =1, Z,Bmk =0,m=1...,M and
m k

Z,Bmt =0. Technological change is estimated by evaluating the pdetivative of the

input distance function with respect to time trend variable.

Country dummy variableDyk is included to capture a systematic difference in
technology between the two countries. Interpretation of this variabésls some
caution. This variable captures the effect of systematicreiftees between UK and
Japan. This allows possibility that a systematic differengeerformance is accounted
for by this dummy variable. If the coefficient on this variabie$ out to be significant,
then we are comparing the efficiency score relative tordiftefrontier, which is not
compatible with the DEA efficiency score comparison. Thus, we eddonate the
stochastic distance function without the country dummy variable, thhgthassumption
that there are no systematic differences in technology of the two countries.

It has been pointed out that the translog specification often tfilgrovide valid
estimates due in part to the multicollinearity among the varialdlesfact, our
preliminary investigation revealed that the second order termgiatssb with time
trend variable (I t, Iny,>-t, andt®) turned out to be insignificant. Thus we drop these
variables but in order to test the difference in the rate of teapical change between
UK and Japan, we included the variablg*t. Thus, our stochastic distance function is
modified as follows:

1
=In(%,)= By + Vox Du + D BnIN Y +2 2 2 Bl Yo I Vi
m m k

+ B+ Vo Dokt = Uy + V.
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To account for environmental influences in SFA, we use environmentelbhes
directly to explain the variation of mean inefficiency, that vge allow for
environmental influence on mean inefficiency. In the efficiencyctffenodel, reported
in Battese and Coelli (1993, 1995), this is done by assuming a truncated-nor
distribution for inefficiency and its mean to be specified asnaali function of
environmental variablesz. Thus, the technical inefficiency is assumed to have



distribution N'(17, %), and its mearv, is explained by a set of environmental variables.
More specifically,; is specified as:

s
My =0y + zo_szs,it (6)
sl

With mean inefficiency as specified in (6), we estimate tipati distance function with
environmental variables included in the one-sided error term. The Maxirkelihood
estimation procedure is described in Battese and Coelli (1993). Tiheatesn
procedure is automated in the computer program FRONTIER develop&tbdiiy
(1996) to obtain the technology parameters, as wetr'as o2 +o0? and y=0?/o”.
Following Coelli, Perelman and Romano (1999) we obtain a predictoecbhical
efficiency of each utility as conditional expectation (conditionakenu +v) expressed
as follows:

TE, = Elexp(-u, |¢,)]

-Jexd - +30 | qq{gg _o—*} / “’M} Q

where

Hy = Q- y)|:50 + Za-szs,it } ~ Ve (8)

s=1

o =y(l-y)o? 9)

The technical efficiency predicted can be said “gross measigd, involves the effect
of the managerial environment.

We also compute the Malmquist Index by evaluating the changeshnical efficiency
(ATE) and the technological changeAT(C, the partial derivative of the distance
function (5) with respect to time) between the two consecutiviegserWe follow the
methodology outlined in Coelli, et al. (1998) in computing a parametrgoreof the
Malmquist Index, which is comparable to equation (3).

MI; =ATEATC= TTZ‘? [{(1+Tq’t)[ﬁl+Tq,t+l)}ﬂ2 (10)



4. Data Issues

The focus of this study is on relative performance of UK andnémseaelectricity
distribution systems between 1985/86 and 1997/98. Our dataset is balandedafmne
of 21 utilities (12 UK RECs and 9 Japanese electric utilitvd) a total number of
observations of 273. It is critical to construct the dataset in ¢todmake the UK-Japan
comparison meaningful and this section describes how it is done.

Each REC owns and operates the distribution network in its servea dhe
distribution systems consist of overhead lines, cables, switchgesfdarmers, control
systems, and meters. The pre-privatisation (1985/6-1989/90) costs fdK tfiens are
based on the companies’ annual reports, statistical reviews, andoffieangrospectus.
The post-privatisation costs for UK firms were obtained from OWGIEhe operating
costs are exclusive of depreciation, exit charges to National t&rtsnission charges),
and rates (local taxes) payable to authorities. Capital expeesliinclude network
expansion and non-operational expenditures. The costs are also adjusstihiated
share of supply costsSupply businesses are engaged in the bulk purchase of elgctricit
and its sale to customers. Compared to the supply business of, lipabittalg and
contract managemeftthe distribution business is highly capital-intensive.

As the Japanese utilities are vertically integrated, we reeedtimate the costs of their
distribution business that are equivalent to those of the UK RECsiséaccounting
reports of the utilities showing the allocation of operating andtalapbsts into
generation, transmission, transformation (substation), distributioni (etaluding
billing and metering), and general and administration. As powerrggme iS not
relevant for this study, we examined the other functions to obtanibdison costs that
are comparable with those of the UK RECs.

Transmission, Transformation (Substation) and Distributiofransmission and
transformation cost for Japanese utilities include the high voltelgetricity
transmission that is not performed by RECs. Thus, we divide thentissisn and
transformation costs between high voltage transmission and low vakagenal
transmission activities. We assume that at the voltage level 16dleés, the Japanese
transmission system is nearly equivalent to the RECs’ regicaradmission system that
Is at 132 kV and less. In order to calculate the appropriate shawestst we multiply
the length of transmission network by voltage level (km*kV). We tmanthe share of

® Distribution and supply functions were uncoupled she RECs could supply large customers outside
their franchise area on the payment of an accemgetior the use of another REC’s network. Fullpsyp
competition for all customers was effective by 1988h RECs’ supply businesses and independent
companies competing for business. In 1995, the mowent lifted the ‘Golden Share’ which had
prevented mergers and acquisitions since privaiisaBy March 1996, four RECs had been taken over
and three others were the subject of take-over, mdbkiding bids from the leading fossil fuel geaing
companies PowerGen and National Power (Green, 199@ice then RECs have separated their
distribution and supply businesses as required BGEM although this has been in the form of legal
separation with ownership within the same group.

1% Supply now also includes metering following soreallocation of functions between distribution in
supply post 1997-98.

1C



transmission with voltage 154kV or less in km*kV to obtain the costegfonal
transmission. Distribution cost for Japanese utilities are all included.

Non-regulated Retail ActivitWWe also need to allocate the costs associated with retail
into regulated and non-regulated activity. In the UK, during the period under
examination, RECs were responsible for metering as a reguatevity but not for
billing. Therefore, for the Japanese firms, we only use retails cassociated with
metering but not billing.

General and AdministrationFinally, we allocate the general and administration costs
among different activities based on the share of labour costs in each activity.

The Japanese cost data for regional distribution is then, the sueteeant part of

transmission and transformation costs, distribution costs, metenh@fpetail costs,

and a part of general and administration costs. In order to harntlb@isests over time
and country, all costs are adjusted to 1997-98 price levels and then edntert
Purchasing Power Parity (PPP) values using the $US-based rates for 1997/98.

Output data for the Japanese sector, such as units of enerdyutbstrand the number
of customers, and physical data, such as the length of transnassialstribution lines
and the peak demand are taken from the Statistical Yearbook of Electiig lddlistry.

Table 1 shows the aggregate values of the input and output variabkee foK and
Japanese distribution systems used in this study for 1985/86 and 1997/98wAsrsho
the table, the Japanese distribution network is considerably largethindJK system.
The UK sector shows significant reductions in the operating costede 1985/6 and
1997/8. During the same period, the operating costs for the Japangsestew a
marked increase. Both sectors show large increases in capégiditures as a result of
growth in the main outputs.

5. Results

5.1.Efficiency Analysis Using DEA

Technical Efficiency Scores

We first present the pure technical efficiency scores caémliseparately in each year

for our preferred DEA models under the assumptions of CRS and VR$hdor
underlying technology. Table 2 shows arithmetic average of fieeaty scores for

each country for the sub-periods 1985/86-1989/90, 1990/91-1994/95, and 1995/96-
1997/98. The first sub-period represents the immediate pre-privatisationrydaadJK

while the second and third sub-periods correspond to the first and sestmzlition

price controls in the UK. It should be noted that, in order to reduieacel on the PPP
exchange rates, the changes in the relative efficiency of the fiilam the two countries

are of more interest.
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The relative performance of UK and Japanese distribution netwopgendg on the
choice of assumptions about the underlying technology and input (Tables2). A
expected, the efficiency scores from the VRS models are higaerthose of the CRS
models. In the TOTEX models, the mean scores for the UK famadigher than those
for the Japanese firms. However, in the OPEX models, the efficigap between the
two countries is generally narrower and the picture is mixed.

In both models, with a few exceptions, the mean efficiency scorethé firms from
both countries tend to decline over time. This result is somewhat unexpectedthad,
light of cost savings in the UK firms in recent years, runs @untintuition. However,
a decline in average efficiency scores does not necessagly that productivity has
declined. Rather, the likely reason is that while the whole séeasrachieved some
efficiency gains, the frontier firms have increased theicieficy lead over other firms.
This observation is also in line with the large efficiency défees calculated by
OFGEM for UK utilities. Nonetheless, this result poses a ¢uesas to the
effectiveness of the UK incentive regulation model in closingetfieiency gap among
the firms.

Table 2 also shows the results of a hypothesis test using anaflysiriance tests of the
differences in the sample means. We test the null hypothesithéhmean efficiencies

in the UK and Japanese samples are equal in each of the thosks pEhe test statistic

indicates that, for most sub-periods, the differences in efficisoases between the two
countries are statistically significant for the OPEX measinut not for the most recent
TOTEX measures.

Malmquist Index

The Malmquist productivity index based on DEA (TOTEX-CRS) model dgmd i
decomposition into catch-up (technical efficiency change) eféaxt frontier shift
(technological or innovation) effect are calculated for each rgdative to the previous
year and are shown in_Figure 1. Index values higher than 1 indicate foritgduc
improvement while values lower than 1 represent productivity reghdseugh the
Malmquist indices calculated could fluctuate from one year to¢hg the length of the
period under study allows us to examine the underlying long-term pgnatutrend.
Table 3 shows the average (geometric) annual productivity change foKtardapan
sectors (first columns) for the main sub-periods.

Overall, between 1985/86 and 1997/98, the average annual productivity improvement in
the UK sector is 2.5% while the corresponding estimate foldapanese sector is 0.7%.
The indices suggest that the productivity of the UK RECs deciméte years prior to
privatisation, while productivity in the Japanese sector improved dthrengecond half

of the same period (Figure 1a and Tablé'3n the second sub-period, the UK sector’s
productivity remains at the same level while the Japaneser staws a slight decline.

In the third sub-period, both sectors show improvement albeit the tréhd UK sector

is considerably stronger.

1 Domah and Pollitt (2001) find that costs in the tfins rise around this time reflecting the cost of
organisational change. IPART (1999, p 80) findsilsinMalmquist indices for the UK, 1990/91-1996/97.
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A division of the productivity indices into a catch-up and a frontiert stuiponent
reveals a somewhat more mixed picture. As shown in Figure 1b anel Jathle UK

and sectors exhibits a weak tendency toward closing the effjcgaqe in the second
sub-period followed by a reversal in the third sub-period. The Japaee®s shows a
narrowing efficiency gap in the first sub-period and strong regiesing the second.
Between 1985/86 and 1997/98, the average annual change in the catch-up factors for the
UK and Japanese sectors are —0.4% and —0.8% respectively.

With regard to frontier shift, the UK RECs exhibit technologiearess for the first
sub-period while the Japanese firms show a positive boundary shift. &itrssthen
show progress for the second and the third sub-periods (Figure 1labled3T The
average annual changes in technological change factors foKthedJJapanese sectors
are 2.9% and 1.5% respectively. It is noteworthy that measured technotegiess (or
progress) does not necessarily represent loss (or gain) of tedbabllkgowledge.
Rather, the frontier firms may have shifted their input-outputleoause of changes in
regulation, relative prices, or non-neutral technical change (see esgn&@l1993).

Table 3 also shows the hypothesis test using analysis of vatestsef the differences
in the sample means. We test the null hypothesis that the mean productivity grt@st
in the UK and Japanese samples are equal in each of the thrperimas. The test
statistic indicates that the differences in efficiency scbetween the two countries are,
except for the catch-up factor in the second sub-period, statigiicsilnificant for the
most recent TOTEX measures.

5.2.Efficiency Analysis Using SFA

We now discuss the results from SFA. The estimated paranaeeersported in Table
4a. We found that the hypothesis of CRS technology was rejected &4 level of
significance and therefore we do not report here the resultsGR& assumption. The
average estimated returns to scale are, on average, 1.11 fohdhe sample period.
There is no temporal variation in returns to scale in both countriestheutUK
electricity distribution system exhibit higher returns to scale (la2@ompared to those
of Japanese system (0.99). Note that the returns to scale hdrasackon the rate of
change in input (TOTEX) when both outputs (units delivered and the nuaiber
customers) increase at the same rate. The estimated tegibablohange shows
statistically insignificant technological progress in both coast@nd no significant
difference between them throughout the period under study. AssumirtpehaK and
Japanese firms employ common technology, using SFA, the reaualtsecinterpreted
that UK firms became significantly more efficient relative to the Jegafirms.

The efficiency effect parameters, (and &,;) indicate the effect of environmental
variables (customer density and load factor) on the mean levethoiitalinefficiency

that is, negative parameter estimates indicate that iegftig is systematically lower as
the associated environmental variable increase. The result shawantlicrease in

13



customer density reduces inefficiency (that is, efficiemproving) but the effect of
load factor is statistically insignificant.

The development of the Malmquist index and the predicted techniceieedly is
shown in_Figure 2(a) and Figure 2(lgspectively. Since we have only a small and
constant rate of technological change and there is no significtietedce in that
between the two countries, the Malmquist index in Figure 2(a) dodsakotery much
different from efficiency change in Figure 2(b). This maybkbeause RTS is picking up
technical progress relative to Malmquist that is based on CRS.thAisugsult needs to
be interpreted with some caution.

Note that the DEA and SFA results are not directly comparal@eadthe way in which
panel data are handled, since the DEA scores are calculatednddetbe for each year
while the SFA model includes a time trend variable to capturetdblenological
progress in electricity distribution that is assumed to be comnawalyable to all the
utilities in each country. Moreover, in this case, the efficiescgres are predicted
relative to different frontiers making cross-country comparisorefti€iency scores
incompatible with that from DEA. It is clear from the resulwever, that the
efficiency gain in the UK is larger than that in Japan in #s 8 years of our sample
period during which the UK sector experienced rapid cost savingerafiwdser price
reductions.

In order to make the efficiency comparison compatible with that of DEAmwese the
restriction that the UK and Japanese electricity distributimtesn employ the same
technology and experience the same rate of technological chanipat she efficiency
scores can be predicted relative to the same frontier. Then, in order to tegidteesis
that the UK electricity distribution is equally efficient #se Japanese electricity
distribution in each of the three periods, we included country spécifrany variables
to explain the mean inefficiency in the right hand side of equaiprSpecifically we
used the following dummy variables:

UK1 =1, for UK electricity distribution during the period 1985/86 through 1989/90
= 0, otherwise

UK2 =1, for UK electricity distribution during the period 1990/91 through 1994/95
= 0, otherwise

UKS3 = 1, for UK electricity distribution during the period 1995/96 through 1997/98
= 0, otherwise

JP2 =1, for Japanese electricity distribution during the period 1990/91 through 1994/95
= 0, otherwise

JP3 =1, for Japanese electricity distribution during the period 1995/96 through 1997/98
=0, otherwise

By including these dummy variables in equation (6), the efficieffegteof each period

in each country can be estimated relative to the efficieensl lof Japanese electricity
distribution during the period 1985/86 through 1989/90. Table (4b) shows the paramete
estimates of these efficiency effects as well as teolgyoparameters of the distance
function. An increase in the load factor has a statisticajjyifstant effect on reducing
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inefficiency. The parameter estimates of UK dummy variafild€l, UK2 and UK3)
are all statistically significantly different from zerncanegative, which indicate that the
UK electricity distribution are more efficient relative the Japanese electricity
distribution in the first period. Log-likelihood tests to examinertiative efficiency in
each period (namelyy=3 and &=0,) clearly rejects the hypothesis of equal efficiency
between the two countries, indicating that in each period, UK elégtdistribution
systems are more efficient relative to the Japaneserieiyctistribution systems.
These parameter estimates also suggest that the effigapcbecame narrower during
the second period and then wider during the third period.

6. Conclusions

The results of our comparative efficiency analyses indicate thaing our sample
period, the productivity gain in UK electricity distribution utilgi®as been larger than
that of the Japanese electricity distribution. In particular, ptodiyc growth
accelerated during the last 3-year period of our sample wheeléditicity distribution
utilities were operating under tightened revenue caps. The DEA Malmquistandets
decomposition revealed that while there has been a technologicassagtUK RECs,
the efficiency gap between them may have widened. This finding istefest to
regulators who wish to introduce incentive regulation models using omedficiency
improvement requirements for regulated utilities based on Total Factor Pvagiucti

The transition from single to cross-country regulatory comparisongspogther
rigorous requirements on data. It is difficult to determine be&oréhwhether a
particular data set used with a certain technique may prodstdtsrethat are
“unreasonable” or counter-intuitive. A multi-technique approach cam inetevealing
possible peculiarities in data and assessing the results ofdndivinethods for the
purpose of comparisons. It is therefore important to incorporaterdiff techniques in
the study design.

Also, as suggested in Jamasb and Pollitt (2001c), due to the cydicaé rof some
system investment requirements and maintenance costs and exogetmngssizach as
regulation, multi-year efficiency studies are preferred. Quodirigs confirm this
concern. We observed that, in the short-run, there can be significaatioreziin the
level of costs and, consequently, in relative efficiency measunmetation to preceding
and subsequent years leading to uneven performance patterns.

The make-up of the sample used is important and should not be arfib@rgountries
included in the sample need be relatively comparable in orderltbrgaest information
on relative performance of domestic firms. For relativeligzieht sectors such as those
of the UK and Japan, it is important that the benchmarking samplésdenc
international best practice. One major step towards this tasd beuthe inclusion of
efficient US utilities.



An important area for future research is to incorporate additdinensions of output
such as measures of security and availability of supply in the analysis/KTregulator

has made considerable effort to address and include quality of sapmgulation of

electricity utilities (see e.g. OFGEM, 2001). However, thereusently a lack of
suitable data for international comparisons. With more data it lbeaypossible to
examine the effects of regulatory changes. Such cross-coamtpyacisons can involve
a large comparability problem. The data issues can only be rdgbhigh long-term
cooperation and coordinated effort among regulators.
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Table 1: Summary Statistics of UK and Japan Electricity Distribution

1985/86 1997/98
UK Japan UK Japan
Operating expenses (mill. $US PPP) 2,225 8,022 1,756 1846
Capital expenditures (mill. $US PPP) o4 7,984 1,436 502
Units of energy delivered (GWh)
» domestic 76,926 126,964 89,726 222,288
« others 132,290 368,754 172,905 539,296
Number of customers (000) 21,4716 51,419 23,830 63853
Length of network (km) 609,974 896,971 651,484  1,058,p5
Maximum demand (MW) 44,301 106,946 49 39p 165,918
Table 2: DEA Efficiency scores for CRS and VRS
Input TOTEX OPEX
Technology CRS VRS CRS VRS
Country JP UK JP UK JP UK JP UK
Mean 1985/86-1989/90 0.796 0.919 0.808 0.984 0.838 0.898500. 0.978
1990/91-1994/95 0.770 0.793 0.869 0.945 0.858 0.843 0.933640
1995/96-1997/98§ 0.719 0.811 0.833 0.910 0.692 0.683 0.868B560
Variance | 1985/86-1989/90 0.010 0.047 0.046 0.002 0.03 0.@1028 0.0
1990/91-1994/95 0.048 0.018 0.032 0.0p6 0.022 0.018 0.01D04Q
1995/96-1997/98 0.066 0.027 0.045 0.014 0.074 0.039 0.03H280
P-value 1985/86-1989/90 0.000 0.000 0.000 0.000
1990/91-1994/95 0.000 0.000 0.196 0.000
1995/96-1997/9§ 0.007 0.001 0.039 0.244
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Figure 1: Malmquist productivity index and components - TOTEX Model
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(c) Frontier shift effect
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Table 3: Average Malmquist productivity growth rate and decomposition —
TOTEX-CRS model

UK | Japan UK | Japan UK |  Japan
Mean Malmquist Catch-up Frontier shift
1985/86 - 1989/90 -3.7% 0.0Po 0.0% 2.7% 3. 7% -2|6%
1990/91 - 1994/95 0.9% -1.00%6 -4.6% -4.7% 5.8% 3|9%
1995/96 - 1997/98 10.8% 3.2% 3.5% -0.2% 7.0% 3|4%
1985/86-1997/98 2.5% 0.7% -0.4% -0.8% 2.9% 15%
t-Test:*
1985/86 - 1989/90 -3.65 -2.51** -1.54
1990/91 - 1994/95 1.45 0.08 2.35
1995/96 - 1997/98 2.62 151 2.81
1985/86-1997/98 2.44 0.490 3.93
P-value
1985/86 - 1989/90 0.001 0.015** 0.130
1990/91 - 1994/95 0.081 0.468 0.015
1995/96 - 1997/98 0.008 0.073 0.006
1985/86-1997/98 0.011 0.310 0.000
Variance
1985/86 - 1989/90 0.0006 0.00D4 0.0002 0.0009 0.0003 06J00
1990/91 - 1994/95 0.001 0.0008 0.001 0.0016 0.0002 0.poo5
1995/96 - 1997/98 0.005 0.003 0.003 0.003 0.001 0.¢o06
1985/86-1997/98 0.00037 0.0002 0.0003 0.0004 0.000058 0004
* Two-sample means test assuming equal variances.
** Two-sample means test assuming unequal variances
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Table 4: Parameter estimates of input distance function

(a) Separate frontier

(b) Common frontier

Coefficient Variable Estimates t-ratio Variable Estimates atter
Lo (Constant) -6.9285 -13.7172 |(Constant) -6.4219 -182.1285
B In y; (customer) -0.5614  -6.3710 |Iny, (customer) -0.5073  -5.2928
5 In y, (energy) -0.4293  -4.8485 |In y,(energy) -0.5089  -5.2338
B 0.5*(In yy)? 0.7701  2.1059 |0.5*(Iny;)? 07965  2.2583
B 0.5%(In y,)? 0.8637  2.5186 |0.5%(Iny,)? 0.8014  2.4101
B2 Iny:*Iny, -1.7345 24809 |Iny*Inys, -1.7176  -2.5514
Br t (time trend) 0.0049  1.0347 |t (time trend) 0.0094 3.1127
Yok UK-dummy 0.7277  12.0830
Wokr UK-dummy*t -0.0003  -0.0524
1) (Constant) 05912 1.0834 |(Constant) 1.8235 5.5246
o z; (density) -2.0868 -1.6079 |z (density) -6.4500  -3.6338
& 2, (load factor) -0.4534  -1.1366 |z, (load factor) -1.3201  -2.8393
o) 75(UK1) -1.1016  -6.2933
X 7,(UK2) -0.6555  -11.0259
o3 z5(UK3) -1.1454  -6.8818
% z5(JP2) -0.0134  -0.3178
o z(JP3) -0.0235  -0.4166
A 0.0303 11.47 0.0272 9.16

y 0.1616  0.2379 0.1560 1.5962
Log-likelihood 89.90 114.13
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Figure 2: Malmquist index and efficiency change of
UK and Japanese electricity distribution systems
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(b) Efficiency change
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