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Abstract in English

This paper empirically explores the relationshipaeen competition design and productive
efficiency in the railway industry. We use Data Elopment Analysis (DEA) to construct
efficiency scores, and explain these scores, usingbles reflecting institutional factors and
competition design. Our results suggest that ceithpeetendering improves productive
efficiency, which is in line with economic intuiticas well as with expectations on the design of
competition. We also find that free entry lowersductive efficiency. A possible explanation
for this result is that free entry may disablewaiy operators to reap economies of density. Our
final result is that more autonomy of managemewels productive efficiency. Most of the
incumbent railway companies are state owned antbtléace any competitive pressure. As a
consequence, increased independence without smfficompetition and adequate regulation
may deteriorate incentives for productive efficignc

Key words: Rail transport, Efficiency, competitidesign

JEL code: D24, H42, L22, L25, L33, L92

Abstract in Dutch

In deze studie maken we een empirische analyseeaelatie tussen institutionele vormgeving
en productieve efficiéntie bij de spoorwegen. Whrgiken Data Envelopment Analysis (DEA)
om efficiéntiescores te bepalen, en verklaren diees vervolgens uit variabelen die de
institutionele vormgeving weergeven. Uit onze gealkomt naar voren dat concurrentie om
het spoor, door aanbesteding, leidt tot een hdfjerémtieniveau. Concurrentie op het spoor,
door de toegang vrij te geven, leidt daarentegeadn afname van de efficiéntie. Een
mogelijke reden hiervoor is dat vrije toegang testk van economies of density gaat. Tot slot
concluderen we dat meer autonomie voor het manageraa spoorondernemingen ten koste
gaat van de efficiéntie. Spoorwegondernemingenvagial staatsbedrijven die niet hoeven te
concurreren. Autonomie voor het management zorolewrentie of effectieve regulering kan
ten kosten gaan van de prikkels om efficiént tekewer

Steekwoorden: spoorwegen, efficiéntie, instituierermgeving

Een uitgebreide Nederlandse samenvatting is bdsahikvia www.cpb.nl.
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Summary

Railways in Europe are in the process of restriumguinvolving an increase of competition
between operators, which is thought to bring alachigher level of productive efficiency.

The design of competition may influence the reladiup between competition and efficiency.
This paper empirically explores the relationshigween competition design and productive
efficiency in the railway industry. We use Data Elmpment Analysis (DEA) to construct
efficiency scores, and explain these scores, ugimgbles reflecting institutional factors and
competition design. We choose DEA for our analyssause this technique can take into

account multiple inputs and outputs, without havimgely on consistent accounting data.

In the beginning of the nineties, Belgium, The Neliinds, Japan, and Sweden had railway
systems that were considerably more efficient ttheansystems of the other countries in the
analysis. By the end of the 1990s, railway systéange grown towards each other, and the
countries in our analysis form a relatively homomes group in terms of relative productive

efficiency.

Japan has a special position within the countniesuir sample. Not only is it the only country
outside Europe in our analysis, it is also a couwith a very efficient rail system. This brings
about a big drop in relative efficiency levels taruntries that are comparable to Japan in terms
of size. A drawback of the use of a non-parametréthod like DEA is that we can use neither
parameters nor test statistics to assess the rbéabimd Japan’s high efficiency score. As there
is no clear theoretical argument to either inclodeexclude Japan, we further investigate the

sensitivity of the results to the inclusion of Japa

We analyse the relationship between our DEA-bad@idiemcy scores and the design of
competition using a limited dependent variable nhod®ur results suggest that competitive
tendering improves productive efficiency, whichinisline with economic intuition as well as
with expectations on the design of competition. &l&® find that free entry lowers productive
efficiency. A possible explanation for this regalthat free entry may disable railway operators
to reap economies of density. Our final resulthiat tmore autonomy of management lowers
productive efficiency. Most of the incumbent railwaompanies are state owned and do not
face any competitive pressure. As a consequencegased independence without sufficient
competition and adequate regulation may deterionatntives for productive efficiency.






Introduction

Like many network industries, railways in Europe arthe process of restructuring, involving
an increase of competition between operators. Rivmtween suppliers is supposed to reduce
prices to marginal costs (allocative efficiencyduce marginal costs to the lowest achievable
level (productive efficiency) and encourage innawato reduce future costs as well as to
improve quality and variety of products (dynamiticééncy). In practice, the relationship
between competition and efficiency is not alwayaightforward.

Competition design may well influence the relattlipsetween competition and efficiency,
especially but not exclusively in the case of netwodustries. The design of competition is not
straightforward in the case of railways. Issues #na subject to debate include forms of
competition (e.g. for the market vs. in the marke¢ytical organisation (e.g. separation vs.
integration) and the role of government (such aseyghip and public service contracts).

Empirical evidence on the impact of competitionppaductive efficiency in railways is not
overwhelming. Although many studies on efficiencgasurement have been conducted, only a
few link the results to changes in competitive emvinent. Oum and Yu (1994) find that

railway systems highly dependent on public subsidie significantly less efficient and that
systems with high degree of managerial autonomiesethigher levels of efficiency. Gathon

et al. (1995) discover that in the pre-liberalisatperiod (1961- 1988), technical efficiency of
European railways was negatively related to theekegf government influence. Friebel et al.
(2003) conclude that sequential reforms have efficy improving effects, whereas reforms
introduced in a package have neutral effects dt bes

This paper adds to the literature by exploringghwirical relationship between competition
design and productive efficiency. To do so, we trues efficiency scores using Data
Envelopment Analysis (DEA), and regress these scagainst variables reflecting institutional
factors and competition design.

The remainder of this paper is organised as foll&estion 2 discusses the existing literature

on efficiency in railway operations, followed by gef discussion on efficiency measurement

methods. We discuss the data used in section #ioBe& and 6 contain the empirical analysis
of this paper and section 7 concludes.
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Competition and productive efficiency in railways

Jovanovic (1982) shows, both theoretically and eicgdly, that efficient firms grow and
survive, while inefficient firms decline and fa8o, competitive selection improves efficiency
by selecting those firms with low marginal costattmaximise total surplus. Empirical work by
Olley and Pakes (1996) gives strong support teéhection effect of efficiency. Using
sophisticated econometric techniques to analyseetbeommunication industry in the US
during the period 1963-97, the authors find thatdlective process of entry and exit is the
major driver behind this result. More recent litera confirms the intuition that exit and entry
play a role in increasing efficiency (Disney et aD00).

Because of the structural peculiarities of thewajl industry, competition within this industry
may differ from many other industries. The highdesf economies of density make it
uneconomical to double networks in most countiigdicating that these networks may be
natural monopolies. In some countries, in paréicat the American continent, infrastructure
competition exists between parallel tracks (e.qdda) as well as tracks having different
destinations or different origins (e.g. Mexico).

Downstream competition can be organised in two w@yerators may compete for passengers
on the same lines (known as competition on the&k&)agr operators may compete for temporal
regional monopolies through tendering proceduras\ik as competition for the tracks).
Competition on the tracks - is economically possifwhere the size of the market is large in
comparison to the minimum efficient scale of opiergt(UN, 2003). In other words,

economies of density may stand in the way of effiticompetition on the tracks. In Europe,
this form mainly exists in freight transport butdilg in passenger transport. Where competition
has been introduced in passenger transport in Eutbjs is mainly done by competition for the
tracks by tendering procedures for franchises.

The Australian Productivity Commission (1999) firalpositive effect of free entry in
Australian railways on productive efficiency, alttyh they warn that this result is somewhat
speculative due to the complex nature of structaf@rms. Friebel et al. (2003) find that
reforms, in particular introduction of free enthgve a positive effect on railroad efficiency but
that the impact of reforms depends on the sequgniime introduction of multiple reforms in a
package has at best neutral effects, but sequeetiams improve efficiency.” Asensio et al.
(2005) conclude that the degree of intermodal cditipe negatively affected productive

efficiency of railways in a number of Spanish dtie

Oum and Yu (1994) perform a comparative efficiestydy of the OECD countries’ railways.
Like the last two studies, this study predatesréferms in Europe. Their data deals with the
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period 1978-89. The aim of this study is to idgntlie implications of public subsidy and the
degree of managerial autonomy in technical perfocea The authors estimate technical
efficiency by using a DEA model, assuming constamtrns to scale. Two alternative output
measures are used: 1) revenue-output measure®ifgasgton-km) and 2) available output
measures (passenger/freight train-km). They estirtteg effects of policy and other variables
beyond the control of management, using a Tobitesgon model. The main (new) finding of
this paper was that railway systems with high ddpene on public subsidies are significantly
less efficient than similar railways with less degence on public funds.

Gathon and Perelman (1992) find a high correlatietween individual technical efficiency and
autonomy, defined by an indicator representing rganal freedom with respect to authorities.
Gathon and Pestieau (1995) also find that mandgartanomy is an important determinant of

the government-owned railway’s performance.

Cowie and Riddington (1996) examine methods ofssisg rail efficiency. The authors note
that as there is effectively no international trediand no common accounting practise,
comparative international efficiency is best based physical measures rather than value
measure$.Cowie and Riddington, commenting on the studiesipusly mentioned, argue that
there are clear reasons why the Dutch railwaysnaree efficient than the Austrian railways
(with a very low efficiency). They claim that thigsult follows from the high utilisation of the
infrastructure in the Netherlands (i.e., econom@sdensity). Interestingly, Gathon and
Perelman (1992) find diseconomies of density inube of trains.

A paper by Cantos, Pastor and Serrano (1999) igatss the importance of output
specification. Their results show that alternatigput specifications lead to different results.
Nonetheless, these differences can be broughtanilaly closer when output variables are
corrected to account for the impact of the loaddiac

Cantos and Maudos (2001) estimate both cost arehuevfrontier functions. In so doing, the
authors are able to calculate the losses assoamtbdboth cost and revenue inefficiencies.
Their empirical analysis shows the existence ofifitant potential losses of revenue. They
argue that it is time for a re-orientation from tcefficiency and productivity towards a policy
focus on revenue. Policies such as concessionsHiises are regarded as positive, since they
are compatible with the recommendations above.

: Following Nash and Rivera-Trujillo (2004), a word of caution is in order. It could be that the direction of causality is the
other way around. That is, inefficient railways require high subsidies to survive, whilst high costs and low productivity might
be the result of public service obligations to provide services such as peak commuter services which are costly but socially
desirable.

2 As most European railways are not free to operate on purely commercial terms, the output measure should therefore not
only reflect the physical nature of output, but also the public service obligations and the product they are actually selling
(e.g., quality of service).
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A recent study by Lan and Lin (2004) focuses onrthe-storable nature of railway services,
distinguishing between technical efficiency (a sfanm of outputs (seat kilometres) from
inputs) and technical effectiveness (a transforntaisumption (passenger kilometres) from
inputs). Railway services’ productive efficiencyndae higher than its effectiveness (in terms of
sales), because, once produced, outputs cannabteied for future sales. The authors find
that the major decline of the rail industry shonft be attributed to rail’'s poor performance in
technical efficiency or service effectiveness; eatlt is the consequence of higher level-of-
service of other modes. In fact, their resultsdatk that the rail industry has a positive progress
in recent years (1995-2001).

Rivera-Trujillo (2004) concentrates on freight sport during the period 1980-1999, which is
the most important segment in North and South Araerirailways. The countries included in
the analysis are the United States, Canada, Bideiico and Chile. The results show that a
great part of productivity improvement was due gohinological change rather than technical
efficiency change. Rivera-Trujillo notes that fiethresearch is needed to the selection and
specification of the variables in order to obtaiternationally agreed performance measures in
the rail industry, as well as, on the whole periloavhich the recent rail reforms took place to
determine their degree of success.

Relatively very few studies extend efficiency as#yto the impact of rail restructuring in the
1990s. A study by Friebegt al. (2003) investigates to what extend free entry, [reshelent
regulation and the separation of infrastructurenfraperations affects railway performance of
11 European countries, over the period 1980-200¢IndJproduction frontier analysis, the
authors find that reforms have efficiency improvifects if implemented sequentially, while
reforms introduced in a package have neutral effatbest. Moreover, their results show that
full separation is not a necessary condition faréasing efficiency. This result seems to
conflict with the firm belief of many policy-makerkterestingly, Friebel et al. (2003) find that
all smaller countries, except for the Netherlamds/e been able to keep or raise their efficiency

levels.
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Methodology

Both parametric and non-parametric approachesfiiesfcy measurement are frequently used
for estimating frontier functionSThe former are estimated by using econometridigsitzal)
methods, while the latter are assessed by appigatgematical programming. Essentially, two
popular methods can be distinguished: stochagiittiér analysis (SFA) and data envelopment
analysis (DEA). A common feature of both approacisethat information is extracted from
extreme observations from a body of data to detegrttie best-practise production frontier. In
contrast to other approaches that evaluate prosluetative to an average producer, extreme
point methods such as SFA and DEA compare eachupeodvith only the ‘best’ producers.
Although this characteristic lies at the heartHrofitier analysis, it also makes it vulnerable to
outliers. An important assumption behind these twethods is that if a given producer is
capable of producing Y units of output with X inputhen other producers should also be able
to produce the same if they were to operate efftlye Another property of frontier analysis is
that it is units invariant. That is, changing th@twf measurement does not affect the value of
the efficiency measure.

SFA is a parametric method for estimating frontierctions and thereby measuring productive
efficiency. SFA involves the use of econometric Imoels to estimate the production frontier,
and measures the efficiency of a firm using theidteds from the estimated equation.
Consequently, the approach requires the speciitatif a particular functional form (e.g.,
Cobb-Douglas or translog) to describe the technolmgefficiency frontier. Since deviations
from the frontier are treated as stochastic rathan deterministic, SFA is less sensitive to
outliers than deterministic methods. Furthermohe, parametric nature provides researchers
with interesting information, such as cost or inplasticities, provided the functional
specification is correct.

One of the main drawbacks of SFA is that the apgraaonly well developed for single-output
technologies. For multiple-output technologieseegshers have to create a combined variable
for either inputs or outputs. In the case constséeaounting rules, costs may well serve as a
combined indicator for inputs, which explains whyamg SFA-applications are based on
(translog) cost functions. An alternative approaebuld be to formulate production as a
weighted sum of passenger and freight kilometred estimate the production function for
different sets of weights. Further research magibesd at exploring this possibility.

3 In his seminal paper, Farrell (1957), drawing upon the work of Debreu (1951) and Koopmans (1951), suggested a measure
of productive efficiency which reflects the ability of a firm to obtain maximal output from a given set of inputs. The pioneer of
modern efficiency measurement illustrated his idea in input/input space using an input-reducing focus. Hence the name
input-orientated efficiency measures.
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DEA models are non-parametric and deterministice Tdmnoice between input or output
orientation depends on which quantities (inputswtputs) the firms have most control over. In
most cases input orientation seems most appropi@aelli et al., 1998). DEA models that
assume constant returns to scale (CRS) are insengit the specific orientation. However,
when DEA analysis is extended to allow for variatdaurns to scale (VRS), efficiency scores
can differ between the two orientations. The CRSumption is only valid when all firms are
operating at an optimal scale, defined as the regiowhich scale economies do not differ
significantly from zero. In this region firms carirtake advantage of returns to scale by altering
in size. If this is not the case, VRS are requttedorrect for scale efficiencies.

Coelli and Perelman (2000) estimate multi-outpstatice functions using corrected ordinary
least squares. This approach is advocated bechaseids making unrealistic assumptions of
firm behaviour, while at the same time it is aldehandle the multi-output nature of railways.
The distance function results are compared witls¢habtained from single-output production
functions. They find that the results differ sulnsiEly between the two methods. As a result,
the authors doubt the reliability of the singlegutmethods.

One of the major strengths of DEA is its ability handle multiple input and output cases.
Unlike parametric techniques, DEA has no difficuity accommodating the multi-output
structure of railways that commonly produce botkseager and freight services. It does not
require the construction of an aggregated indexsomeaof output. Furthermore, DEA does not
require the specification of a particular functibrfarm for the production function and
distribution of the data. Therefore it avoids thetemtial bias from selecting an incorrect
functional form, rendering it more flexible thanrametric techniques in approximating the true
production frontier (Oum and Yu, 1994).

A disadvantage of DEA is that it does not take daise (random shocks and measurement
error) into consideration, because it is a deteistimapproach. As a result, the efficiency
estimates may be biased if the production procestargely characterised by stochastic
elements. For this reason, DEA can be very semsttivoutliers in the data set. Moreover,
statistical hypothesis tests are not directly gmeswith this technique. Furthermore, DEA has
no formal tests to assess the merits of including>aluding variables or the specific DEA
model choice. Alternatively, one must rely upon femsitivity of the results to the inclusion
and exclusion of variables and judgement (McMilemd Datta, 1998). As a consequence,
variable selection is a most critical part of DE/Ahe same holds for the selection of firms in the
data set. Firms are expected to be relatively h@mogs and employ a common technology to
convert inputs into outputs.
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Our analysis uses DEA to establish relative efficiescores. The prime reason for choosing
DEA is the fact that railways are a multi-produict.(passenger and cargo transport) industry
and that the lack of consistent accounting data cha¢ enable us to calculate comparable cost
figures in an international context. Therefore, D&Ability of taking into account multiple
inputs and outputs is the decisive consideratiarhosing our methodology.
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Data

The characteristics of the production process ibfiags are complex, making measurement of
the performance of railways also complicated. Imtipalar, the multiplicity of inputs and
outputs poses some problems. As to output, railiraysport both passengers and freight. As a
result, passenger-kilometres and tonne-kilometresuaually the starting point for measuring
railway output. Although it would be simple to atte:se together to form a measure of output
known as total traffic, this would be inappropriabecause the two outputs require different
combinations of inputs and have a different uniilngfasurement (people vs. freight). They tend
to have inherently different cost structures (Patiity Commission, 1999). Fortunately, DEA
is able to deal with the multiplicity of inputs andtputs. Concerning inputs, railway companies
essentially use labour and capital to produce duipfiuso et al., 2002). Capital consists of
rolling stock, tracks and stations.

As no common accounting practise exists among ifiereht railway systems, comparative
international efficiency analysis is best basecbysical measures rather than value measures
(Cowie and Riddington, 1996). Therefore, we usespal measures such as the amount of

kilometres and employees instead of monetary meadike revenues and costs.

Ultimately, the choice of variables is constraifthe availability of data. This study uses two
outputs (passenger-kilometres and tonne-kilometags) three inputs (staff, track, and total
rolling stock). Several previous studies have ubedsame measures of output and input. Thus
use of rolling stock as a measure for input mayrteblesome, as the rail fleet mix is probably
not homogenous over countries. Any alternative mmeasuffers from the same problem
however. The most obvious alternative, number obtootives, is even less comparable over
the sample, because of the use of mixed cars ie sbut not all, countries.

When studying transportation productivity, one ahstinguish between the productivity of
offering transport capacity (e.g seat kilometresjsus the productivity of actually transporting
(e.g passenger kilometres). The first provideshrteal interpretation of transport, whereas the
second measure also takes allocation into accAgran extreme example, one might think of a
rail company being very efficient in running emptstins on a track. Technically, this is very
efficient, but from the viewpoint of allocationigt useless. There may be good reasons to look
at the technical interpretation, as the allocatienisions may not all be in the hands of the rail
company, for instance because of government obdigatto serve very thin routes.
Nevertheless, we decided to look at efficiency vétlocation in mind, since we are mainly
interested in the effect of competition design aifare.
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The primary data source of this study is IntermaldJnion of Railways (2003). The data from

this source covers the period 1990-2001 for thievegi systems of 52 countries from over the
world. At present, it is the key source of inforioat from which most industry analysts and

academics obtain their information on railwaysislespecially made to ensure comparability
and consistency through the use of common defirstitilowever, in the end it is dependent on
the quality of data provided by the individual vedlys. Supplemental data is received from the
Norwegian Office of Statistics and a railway magazirom the Netherlands.

Each railway system is represented by the maimvagilorganisation in the specific country.
When a railway system is made up of more than eganisation, we combine the operations to
a single organisatiohDespite the extensiveness of the data set, combigedata gaps and
inconsistencies exist, severely limiting the numbferailway systems available for assessment.
In particular, the railway systems of the Unitechgdom and Ireland could not be included due
to poor data. Nash and Shires (1999) find thisedssmajor source of concern. They argue that,
due to institutional changes, railway operators @ften reluctant to release details of their
operations. This makes data collection difficultl #aduces the scope for future research.

Given the focus of this study, namely the analgsithe effect of the design of competition on
productive efficiency, and the fact that we use DEve need to ensure that the group of
countries is rather homogenous. That is, the rgtwaystems have to be comparable in their
production characteristics. From the initial secofintries, sixteen countries are available that
have enough observations; that is, at most tworgh8ens are missing. Within this group,
Japan, the United States and Luxembourg exhibitacheristics that make them somewhat
different from the others.

Luxembourg is the smallest country in the data wéh a network size of about one tenth of
that of Denmark, the second smallest country. Amm@sequence, Luxembourg has a unique
scale that will always make it a fully efficientwtry. Even applying VRS DEA does not solve
this problem, because Luxembourg has no couninie8) DEA terms peers, to be compared
with. Including Luxembourg would not only limit thdiscriminatory power of the DEA
analysis, it would also distort the analysis of ¥haeiation in efficiency scores in the subsequent
regression analysis. Similarly, including the Udit&tates would be detrimental to the
discriminatory power of the empirical analysis. Gmared to the second largest country in the
data set (Germany), United States have a netwatkishapproximately six times as long as
Germany'’s. So, both Luxembourg and the United State left out of the data set in order to
create a set of countries that are comparable.

“ Note that this influences our conclusions on scale and density. These conclusions are to be interpreted at the (national)
system level rather than at the firm level.
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Japan differs from the other countries becausehef large output in terms of passenger
kilometres, exceeding the largest European couhtryalmost 150 percent. Furthermore,
Japan’s railway system is well known for its foratide efficiency. This may partly be related
to market and system design, partly to culturatdiecand partly by the socio-geographical
outlay of the country. Japan’s very densely pomdatrban areas are separated by distances
ranging from 100 to 500 km, which is an ideal sdaginvironment for rail operations. The
differences between Japan and the other countrig®isample are not as large as in the case of
Luxembourg and the United States, so we see nomgasxclude Japan from our analysis. On
the other hand, as we will see later on, Japané&ciap position influences our results

considerably, urging us to treat Japan separatedyi analysis.

Table 4.1 Descriptive statistics of the data
Europe Japan
Variable Symbol Unit of measurement Mean Min Max  Standard Mean
deviation
Outputs
Passengers Pkm Billions of passenger 19.5 2.1 74.0 21.6 182.5
kilometres kilometres
Freight Fkm Billions of gross-hauled 13.6 14 100.0 18.8 24.3
kilometres tonne-kilometres
Inputs
Input of labour L Annual average number 70.4 6.6 482.3 87.8 182.5
of staff (x1000)
Tracks T Track length at the end of 11.2 2.0 41.7 11.4 20.2
the year (km x 1000)
Input of C  Annual average number 55.1 3.0 43.8 81.1 48.9
capital of rolling stock (x 1000)
Control variables
Total area AREA 1000 Square miles 89.7 117 210.7 70.1 152.4
GDP per GDP  In constant prices (2000) 23.3 6.8 37.1 5.6 24.9
capita 1000 US dollars PPPs
Population POPDEN Population per square 396 36 1224 325 824
density mile
Traffic TSTRUC Passenger kilometres / 0.58 0.23 0.90 0.20 0.91
structure total traffic in kilometres
Traffic density TDEN  Total traffic in kilometres 3.0 1.2 7.1 1.4 13.3

(in millions) / total length
of lines in kilometres

Countries: Austria, Belgium, Denmark, Finland, France, Germany, ltaly, Japan, Netherlands, Norway, Portugal, Spain, Sweden, Switzerland
Period: 1990 - 2001 (Denmark until 2000, Sweden until 1999)

Sources: UIC (2003), Alexandersson and Hultén (2005); Berne and Pogorel (2003); Farsi et al. (2005); IBM (2004); Mizutani and Nakamura
(2004); Nilson (2002); OECD (1998) OECD (2005); Nash and Rivera-Trujillo (2004); Thompson (2003); United Nations (2003); Van de Velde
(1999); various websites of rail companies and DG Transport of European Union.
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Descriptive statistics of the input and output &akes are presented in the table below. Because
of the special position of Japan discussed eaxlierpresent Japanese figures separately, giving
only the mean over time, as the standard deviati@n time is of less interest to our analysis.

In the second stage of our analysis, we will useeisg variables reflecting the institutional

design of competition. The data for the these Wdem are constructed using a variety of
sources. For the exact list of materials used twstract this set, the reader is referred to the
bottom of Table 4.2. This table also provides aareiew of changes in competition design in

the various countries, including aspects of stmatdesign that we do not assess empirically
due to lack of variation in the data. The qualifytibese data is verified through a survey
submitted to a number of experts of the differemtional railway systems considered in this
study. Once more, note that there are certaindimitncerning the extent to which one can
interpret the results, because there are manymespecificities across countries that cannot be

perfectly captured in an empirical analysis (saéelf@l et al., 2003).
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Table 4.2 Structural design of the railway industry in European countries and Japan, 1990 - 2001

Country Characteristic in 1990 Changes during 1990 - 2001
Austria vertically and horizontally integrated, - accounting separation in 1992
no competition, state-owned, public agency - independent management in 1992
Belgium vertically and horizontally integrated, no competition, state- - accounting separation in 1993
owned, public agency - independent management in 1991
Denmark vertically and horizontally integrated, no competition, state- - institutional separation in 1997
owned, public agency - independent management in 1999
Finland vertically and horizontally integrated, no competition, state- - institutional separation in 1995
owned, public agency
France vertically and horizontally integrated, no competition, state- - accounting separation in 1995
owned, public agency - institutional separation in 1997

- independent management in 1997

Germany vertically and horizontally integrated, no competition, state- - accounting separation in 1994
owned, public agency - free entry (freight) in 1994
- regional tendering in 1996
- independent management in 1993

Italy vertically and horizontally integrated, no competition, state- - accounting separation in 1998
owned, public agency - independent management in 1992
Japan vertically integrated, horizontally separated, infrastructure - yardstick competition in 1997

competition, public agency

Netherlands  vertically and horizontally integrated, no competition, state- - accounting separation in 1995
owned, public agency - horizontal separation in 2000
- free entry (freight) in 1998
- regional tendering in 1999
- independent management in 1995

Norway vertically legally separated, horizontally integrated, no - independent management in 1997
competition, state-owned, public agency

Portugal vertically and horizontally integrated, no competition, state- - institutional separation in 1997
owned, public agency - independent management in 1997

Spain vertically and horizontally integrated, no competition, state- - accounting separation in 1997
owned, public agency - independent management in 1994

Sweden vertically institutionally separated, horizontally integrated, - free entry (freight) in 1996

regional tendering, state-owned, independent management

Switzerland vertically and horizontally integrated, no competition, state- - accounting separation in 1999
owned, independent management - free entry (freight) in 1999

Sources: Alexandersson and Hultén (2005); Berne and Pogorel (2003); Farsi et al. (2005); IBM (2004); Mizutani and Nakamura (2004);
Nilson (2002); OECD (1998) OECD (2005); Nash and Rivera-Trujillo (2004); Thompson (2003); UIC (2003); United Nations (2003); Van
de Velde (1999); various websites of rail companies and DG Transport of European Union.
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5 Efficiency analysis results
This section presents estimates of relative pradeiefficiency for the 14 countries in our data
set. The productive efficiency indices are estimiaby using the Efficiency Measurement
System (EMS) program by Holger Stéehs we stated earlier, we show the DEA results
including and excluding Japan. We usmiable returns to scale DEA as most of the railway
systems in our analysis are not operating at themap scale (see Preston, 1994). The DEA-
results are based the inputs (labour, track anitathpnd outputs (passenger kilometres and
freight kilometres) mentioned in table 4.1. All ethvariables are used in the second stage of
our analysis.

Table 5.1 DEA estimates of productive efficiency, Europe, 1990 to 2001 (VRS efficiency scores)

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

Austria 080 0.80 077 076 080 083 083 087 090 091 1.00 1.00

Belgium 100 100 099 096 1.00 096 095 096 096 095 097 0.94

Denmark 087 0.87 089 089 087 087 087 092 091 100 1.00 .

Finland 077 074 076 0.84 090 091 089 096 097 097 1.00 1.00

France 077 074 070 072 075 072 080 084 089 093 098 1.00

Germany 080 082 075 072 077 076 076 088 092 093 1.00 1.00

Italy 093 094 093 089 093 097 097 097 093 094 1.00 1.00

Netherlands 089 096 097 097 095 100 097 096 099 098 1.00 1.00

Norway 076 081 080 081 081 083 089 087 094 100 095 1.00

Portugal 067 0.68 068 0.84 088 09 089 089 088 074 091 095

Spain 051 050 052 059 059 064 068 075 0.82 0.88 093 1.00

Sweden 086 0.85 096 096 1.00 1.00 1.00 092 098 1.00 : .

Switzerland 059 061 058 058 063 065 064 071 074 08l 0.87 093

. = data not available

Source: CPB estimates

® See EMS: Efficiency Measurement System User’'s Manual, available at www.wiso.uni-dortmund.de/Isfg/or/scheel/ems.
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Table 5.2

Austria
Belgium
Denmark
Finland
France
Germany
Italy

Japan
Netherlands
Norway
Portugal
Spain
Sweden
Switzerland

DEA estimates of productive efficiency, Europe and Japan, 1990-2001 (VRS efficiency scores)
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

0.80 080 0.77 076 080 083 083 087 090 091 1.00 1.00
100 099 099 09 100 09 095 096 096 095 097 094
087 087 089 089 087 087 087 092 091 1.00 1.00 .
077 074 076 084 09 091 089 09 097 097 100 1.00
023 022 022 023 024 025 027 029 030 031 032 031
080 081 072 068 076 076 076 088 092 091 100 1.00
0,52 058 057 054 061 067 064 069 067 066 0.66 0.64
1,00 100 100 099 097 099 100 100 098 099 099 1.00
0,89 096 097 097 09 100 097 09 099 098 1.00 1.00
0,76 081 080 081 081 083 089 087 094 1.00 095 1.00
0,67 068 068 082 088 089 089 089 088 074 091 094
033 033 033 036 036 039 040 042 045 047 049 051
0,86 085 09 09 1.00 100 100 090 097 1.00 . .
0,57 058 055 054 058 059 057 061 064 069 0.74 0.76

. = data not available

Source: CPB estimates

Tables 5.1 and 5.2 present the results. Severalvoothy aspects emerge from these results.
First of all, most countries evolve over time todsa DEA index of 100%. This suggests that,
in final years of the data set, the countries farnelatively homogenous group as their relative
efficiency scores are identical. However, in thgibeing of the nineties, significant differences

were present between the countries.

It seems likely that the railway systems have grdewards each other in terms of relative
productive efficiency. Second, some countries, lngtaBelgium, Netherlands, Japan, and
Sweden, have the most efficient railway systems theewhole period.

Third, several countries experience a big drophairtrelative efficiency levels when Japan is
added to the analysis. Looking at the two tableseems that especially countries such as
France, Spain and Italy are affected by includiagah to the data set. Switzerland’s results are
also influenced to some extent. Japan is the efficpeer for these countries, meaning that
Japan’s input-output mix is comparable to thesentr@s. Including Japan’s very efficient
railway system in the analysis implies that all mivies that are compared to Japan have lower

efficiency scores.
We have plotted the DEA results of both tablesegiadach other in Figure 5.1. Every country-

year combination is represented by a point. Framfifure, it appears that most countries have
(nearly) equal efficiency levels in two models agstndots are on the 45 degree line. However,
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the countries mentioned above have very differéfitiency levels between the two models.
These countries are represented by the points kw5 degree line. .

Figure 5.1 Correlation between DEA results excluding and including Japan
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Itis clear from the figure that the inclusion oclusion of Japan makes quite a difference to the
DEA results. A drawback of the use of a non-paraimenethod like DEA is that we can use
neither parameters nor test statistics to assessetison behind the high efficiency score. As
there is no clear theoretical argument to eithedunte or exclude Japan, we will further
investigate the sensitivity of the results to thelusion of Japan in the following chapter.
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Relationship between competition design and relative
productive efficiency

We use a limited dependent variable model to estirttee effects of the design of competition
on productive efficiency. Applying the usual leagtiares estimator in this case would result in
biased results, since it fails in treating censavbdervations properly (Hill et al., 2001). The

regression function to be estimated is expresséallass:

DEA; = CONSTANT+ BVERTL, + B,VERT2;, + BsTHIRD, + B, TEND, + B5INDP, +
BeTIME; + B;AREA + SgPOPDEN,; + foGDR; + BioTDENS; + B TSTRUG +
Bi2(DUMJIAR) + &,

where DEA is the dependent variable derived from the efficienalysis anck is a random
term, which is assumed to be symmetrically distributed wétto mean and constant variance.
All other variables are introduced below. Most terms diffeosgrcountries and time and are
thus indexed bijt. We include a time trendIME, to represent technological progress.

Aside from their signs, the coefficients of Tobit modelsrareeasy to interpret directly. One
way to interpret the parameters is to consider the margifest @f a change iry upon the
expected DEA outcome. According to Verbeek (2004), this iplgigiven by the model’s
coefficient multiplied by the probability of having a nomsered outcome. The latter is equal
to the standard normal density function. Formally, ¢lis be written as:

oE{DEA}

o :,Bk¢(x{ﬂ/a)

Table 6.1 provides an overview of the dummy variables we Tuwse. dummy variables are
designed to reflect the vertical structure of the railway syste a country. We distinguish
between institutional (full)VERTZ1 and accounting (partial) separatiERT2 to investigate
whether there is a difference between the two options.

Competition ‘in” and ‘for’ the market are represented by freeyeBNTRY and competitive
tendering, TEND, respectively. Further, managerial independence from the goeetrof the
railway company is captured by a specific dummy varialtN®P. Finally, to identify the
unique characteristics of the Japanese railway system, we useia gpmmy variable for this
country, DUMJAP. Note however that this dummy does not affect countriesatieain Japan’s

peer group.

Unfortunately, features such as horizontal structure (freigtitpassenger integrated/separated),
ownership (private or public), infrastructure competition gardstick competition, could not
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be included as a dummy variable, because of too little variaribese features in our data Set.
As a consequence, it is not (yet) possible to investigatentffuence of these variables on
productive efficiency in this research. With the help ofdrettata sets, which encompass a
larger set of countries and more recent data, further reseanchl $fmaimed at investigating
these aspects empirically.

Table 6.1 Description of regression variables

Variable Symbol Description

Dummy variables

Institutional (or full) separation VERT1 If variable is 1, then infrastructure and services are institutionally
separated; 0 if this is not the case.

Accounting (or partial) separation VERT2 If variable is 1, then infrastructure and services are separated on
an accounting basis; 0 if this is not the case

Free entry ENTRY If variable is 1, then legislation is transposed that allows free
entry to competitors (either freight or passenger) and competition
has evolved to a significant extent; 0 if this is not the case.?

Competitive tendering TEND If variable is 1, then competitive tendering is used to procure
regional railway franchises; 0 if this is not the case.

Managerial independence from INDP If variable is 1, then legislation is transposed that assures

the government independent management from the government of railway
companies; 0, if this is not the case.”

Japan dummy DUMJAP If variable is 1, then country is Japan; O, if this is not the case

Control variables

Total area AREA Measured in 1000 square miles

Gross Domestic Product per GDP Measured in constant prices (2000) 1000 US dollars PPPs

capita

Population density POPDEN Measured in population per square mile

Traffic structure TSTRUC measured by passenger kilometres / total traffic in kilometres

Traffic density TDEN Total traffic in kilometres (in millions) / total length of lines in
kilometres

2 Significant evolution of competition implies that competitors of the incumbent obtain sufficient and nontrivial
large market shares. We use a threshold value of 1%. Admittedly, this value is rather arbitrary, but required
for this analysis.

® Managerial independence as it is prescribed by the European hjnitirective 91/440/EEC.

In order to arrive at accurate results of the effects of thgresf competition, we need to
correct for particular environmental variables outside the coofraghe management of the
railway firm. The control variables included in this anadysnd their definitions are also listed
in table 6.1. The first factor we control for is the inflae of population densitfyOPDEN
High population density might facilitate (in terms of a#itcy) a more intense use of inputs
than would otherwise be the case. The second control variaBBRsper capitaGDP. Higher

® Estimations including these variables did not deliver any meaningful results and are therefore not published in this study.
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purchasing power, through income effects, could result imgher mobility level of the

customers of a railway system.

Besides these two factors, we also control for the effectowifitry size, AREA (facilitates
economies of size), traffic structurd STRUC(to correct for the cost difference between
producing freight and passenger services), and traffic de&dgN (facilitates economies of
density, in so far this is not captured by populationsidgrand income per capita). Note that
traffic density is not fully beyond the control of manammt, since firms can influence the
density of traffic by changing their prices or supply efvices. Nevertheless, social and
regulatory objectives affect to a large extent whether and heen airtain lines are to be
operated, thereby influencing traffic density.

Table 6.2 Tobit regression results

Model (1) Europe (2) Europe + Japan
Dependent variable

DEA efficiency indices

Independent variables Coefficient (Standard Marginal Coefficient (Standard Marginal
estimate error) effect estimate error) effect
CONSTANT 0.5827 (0.0493) *** 0.4643 1.0987 (0.0651) **=* 0.8746
VERT1 0.0447 (0.0231) * 0.0356 - 0.0005 (0.0301) - 0.0004
VERT2 0.0225 (0.0213) 0.0179 0.0854 (0.0282) *** 0.0680
ENTRY -0.0812 (0.0311) *** -0.0647 -0.0773 (0.0417) * -0.0615
TEND 0.0826 (0.0346) ** 0.0658 0.2641 (0.0461) *** 0.2102
INDP - 0.0691 (0.0181) *** - 0.0551 - 0.1495 (0.0239) *** -0.1190
TIME 0.0211 (0.0033) *** 0.0168 0.0162 (0.0040) **=* 0.01290
AREA 0.0002 (0.0001) 0.0002 -0.0018 (0.0002) *** -0.0014
POPDEN —7.75%x10° (5.45x107°) -6.18x10" 5.39x10°  (7.22x10%) 4.30%10°
GDP 0.0016 (0.0014) 0.0013 -0.0012 (0.0018) -0.0010
TDEN 0.0776 (0.0118) **= 0.0618 0.0261 (0.0154) * 0.0208
TSTRUC -0.1331 (0.0481) *** -0.1061 -0.5422 (0.0636) *** -0.4316
DUMJAP 0.3929 (0.1477) *** 0.3131
Log likelihood 127.13 93.1
Adjusted R-squared 0.67 0.82
Number of observations 153 165

Note: Asterisks (*), (**), (***) represents statistl significance from zero at the 10%, 5%, andl&%&| respectively
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Table 6.2 presents the regression results of two Tobielmodhe difference between the first
and the second model is the inclusion of Japan. In order tourdtcdor the possible
particularities of this country a dummy variable is includedhie second regression. Note,
however, that even with a dummy variable, differences canlistasitial between the results of
the two models, because the inclusion of Japan also affectditienely scores of some other
countries as we have seen in the previous section. Both thessim coefficient and the
marginal effect of each variable are reported in the table.

The adjusted R-squared statistics indicate that both moddisrmpewell in explaining the
variation of efficiency scores. The majority of coefficientssiegistically different from zero at
the 5% level of significance. In addition, multi-collineardges not pose a problem, because
the correlation among the explanatory variables is reasonablAkwe use a censored limited
dependent variable, heteroskedasticity cannot be a problemisTH# size of the variation in
the residuals of the DEA indices is on average the same acrogses

Looking at the control variables, we find that the effddvath population density and income
per capita are insignificantly different from zero. Furthempaur results suggest that traffic
density is important for productive efficiency. This nisline with the results found by Cowie
and Riddington (1996). High utilisation of the tracktwerk is important for productive
efficiency, due to economies of density. We also establish rdibtays systems that
concentrate on passenger transport have lower levels of pradedticiency than freight
oriented systems. This is also consistent with the litexaths aforementioned, one passenger-
kilometre of output costs much more than one tonne-kitoenof output. Even though DEA
corrects this somewhat, our results suggest that a comriable is necessary to correct for
differences within peer groups. Further, when economiesen$ity are accounted for by a
traffic density variable, both population density and incefifiects do not matter for productive
efficiency.

The main results of our analysis are those regarding thgndescompetition. First of all, we
find that competitive tendering improves productive efficig which is in line with economic
intuition as well as with expectations on the design ofpmtition. Our second finding -free
entry lowers productive efficiency- is much less in linehifittuition. The effect of free entry is
to lower productive efficiency of the incumbent railwayngpany. A possible explanation for
this result could be that free entry may disable firm®&&p economies of density. For instance,
sharing terminal space and traffic may reduce the efficiencgil@fay operations. In addition,
train scheduling can become less flexible due to competitiacheotracks (BRTE, 2003). These
problems may be overcome by efficient coordination, butoukl be noted that coordination

comes at a cost.
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Perhaps even more surprising is the third finding thatenaotonomy of management lowers
productive efficiency. However, if one looks at the national railway markets inofe this
effect might not come as a bolt from the blue. Most of tlwaimbent railway companies are
state owned and do not face any competitive pressure. Incredspemndence may give rise to
principal-agent problems, as more autonomy increases tbemation asymmetry between
government and management. Without sufficient competagroadequate regulation, this may
deteriorate incentives for productive efficiency. This isnpds also proposed by Vickers and
Yarrow (1991), De Fraja (1991), and Caves and Christen880).1

The second and third result are in conflict with previousliss. Others found that free entry
(Friebel et al., 2003) and more independence (e.g., Gathonestidd®, 1995) are efficiency
improving. The different definitions of free entry andmagerial independence between those
studies and the present study could possibly explainileegence in the results. For instance,
Gathon and Pestieau use an autonomy index based on ampasticreated in 1990 for their
managerial independence variable, whereas we use a dummy variableegemegvhether a
country has implemented legislation to create more managetegendence. In contrast to the
paper by Gathon and Pestieau, our dummy variable is year spktofieover, we use different
data and estimation method to measure productive efficiencyxaamnple, Friebel et al. (2003)
use SFA, while we use DEA. Lastly, the period under inyason by Gathon and Pestieau
(1986 to 1988) is different from ours (1990 to 2001).

The results regarding vertical separation are not consistentdretive two models. Whereas in
the first model institutional separation is needed to getositipe effect on productive
efficiency, the second model tells that accounting separatiarsffisient. So, while the results
suggest that separation could be beneficial for productiveiesfty, the results disagree on
which form of separation is preferred from a productivecifificy point of view. An alternative
explanation would be that the positive effects of more trapspgrare offset by losses in

economies of scope or by duplicating facilities in the ca$elleparation.

Although the signs of the coefficients are mostly robusbss the two models, the order of
magnitude of the coefficients alters considerably when Japanligled. This effect is caused
by the drop in the DEA scores of some European courgripiined in the previous section.
For this reason, the results regarding the order of magnitfithe coefficients in the second
model are disturbed and therefore to be interpreted with duertaut

” Note that our definition of autonomy does not rule out that governments set equity-related goals for rail companies.
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Conclusion

We used a two stage approach to identify the effectdfigfreht designs of competition on
relative productive efficiency of railways. The first stagsjng DEA, measures relative
productive efficiency of the railways of a number of Ewap countries and Japan. The results
show a large variation in the efficiency scores across coumthie$ is decreasing over time. In
the second stage of the empirical analysis, we applied Tob#ssgn to investigate the effects
of various designs of competition on the efficiency resdérived in the first stage. We find no
unambiguous results for the effect of vertical separatioproductive efficiency. The main
results are that competitive tendering encourages producticeptfy, whereas free entry and
increased managerial independence may deliver the opposite. Notidezhlatter results are
in contradiction with economic intuition, as well as withliea results, as found by Friebet
al. (2003) and Gathon and Pestieau (1995) .

The difference between our results and those found by othays either be caused by
differences in the actual situation reflected by the data, begrdif€es in the definition of

variables, or by differences in estimation methods usedhéuresearch may be aimed at
taking a closer look at these effects, especially as -over tinaee data on reformed rail

systems will become available.

We also find that both economies of density and the conosif output are important in
explaining variation in productive efficiency. On the contrdhe impact of population density
and income per capita is insignificantly different from zero.

What can be deduced from these results for policy purpogssdirall, the results indicate that
competitive tendering seems to improve productive efficiehtyaddition, the results suggest
that introduction of competition on the tracks may natarrall conditions improve productive
efficiency. Further research may shed light on the backgrofitids finding. Our analysis also
suggests that providing the management of an incumiaédntay company more autonomy
should be done with care. One should keep in mind that graatenomy without either

competitive or regulatory pressure is at least vulnerablevierted incentives for productive
efficiency.

Due to limitations to the data, we were not able to includentanesting country such as the
United Kingdom. Furthermore, our analysis is constrainedthie period 1990-2001.
Consequently, the effects of recent structural measures malenbilly materialised. For
instance, full separation of infrastructure and train sesvinethe Netherlands did not occur
until 2002. Another important issue is that we only itigatde performance in terms of input

35



and output quantities and therefore disregard imporéaett$ such as the quality of service and

financial affairs. These are recommended avenues for future research.

Apart from using better and more recent data, further reseaaghalso be aimed at looking
more in detail to the design of competitive mechanisms. Wamtioned the issue of
coordination between operators in markets with free entryu$bef a more precise definition
of which activities are to be tendered, would also yield éstémg information. Similarly,
further research into the question under which conditions geanant autonomy will lead to
higher or lower productive efficiency would be fruitf@n the technical side, further research
may be aimed at finding a specification that allows us tionatg a stochastic frontier on the
same data, or to apply the technique of canonical correlggmgden and Turkington, 1984)
with the DEA methodology.. Finally, diving deeper intce threasons behind Japan’s high
efficiency scores may vyield interesting results. Multidikeary research seems to be in place
here, as these reasons might be partly cultural and geographical.
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