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Abstract—The performance of a sample of French urban transit companies is evaluated using a
broad selection of nonparametric reference technologies for two specifications of the production
process. In particular, the variable returns to scale Data Envelopment Analysis (DEA) models
with either strong or weak disposability in both inputs and outputs, and the Free Disposal Hull
(FDH) are applied. An extensive comparison of the resulting radial output efficiency measures
yields the following major methodological conclusions. First, the location of the efficiency distri-
butions differs substantially depending on the methodology and especially on the output specifi-
cation considered. The latter differences vanish if the impact of outliers is eliminated. Second,
convexity has a stronger influence on the efficient-inefficient dichotomy than allowing for conges-
tion by means of a weakly disposable DEA model. For policy purposes, these efficiency distri-
butions are explained using a Tobit model. The findings corroborate results reported elsewhere:
the relevance of ownership, the use of risk-sharing incentives in contracting, the harmful impact
of subsidies, etc. Furthermore, the network structure seems to account for some differences in
performance. Finally, a novelty in the urban transit context is the indirect monitoring effect of
the French earmarked transportation tax. Copyright © 1996 Elsevier Science Ltd

1. INTRODUCTION

Urban transit companies are a major part of the transportation network in an economy.
They provide passenger services within the cities and their agglomerations mainly by
buses, trams, and metros. In most countries the urban transit services are provided by
public, private or mixed companies in a highly regulated environment. Moreover, impor-
tant components of the transportation infrastructure are public goods. There are sound
economic reasons for this large amount of state intervention based mainly on the recog-
nition of a variety of market failures. First, there is lack of competition and one can even
question whether transit markets are natural monopolies, which may be partly due to
sunk costs and the decline in the modal share. Furthermore, there exist asymmetries in
information, especially in the safety area. In addition, transportation is a major source of
externalities imposed on the environment and it is deeply intertwined with locational
choices. Finally, distributional issues have traditionally led to consider transport as a
merit good. Recently, however, concerns about regulatory failures have led to a reassess-
ment of the traditional tools in transportation policy. Sources of regulatory failures
include: at best guidelines focus on allocative efficiency but ignore technical efficiency;
phenomenal increases in financial support and subsidies are needed to maintain existing
transit operations; etc'.

An important aspect of transport policy is the supply of urban transport. In view of
these recent policy debates, it is of interest to determine whether urban transit operators
are working in a technically efficient way. Detecting technical inefficiencies (or X-ineffi-
ciencies) can serve a variety of purposes. For instance, technical efficiency measurement
can contribute to the discussions on the relative merits of private versus public provision

*A preliminary version was presented at the “Ninth National Conference on Quantitative Methods for Deci-
sion Making (ORBEL 9)” (Brussels, ERM-KMS). It also benefitted from seminars at the Warwick Business
School and the Université Catholique de Lille and from presentation at the “Fourth European Workshop on

Efficiency and Productivity Measurement” (Louvain-la-Neuve, CORE).
*Banister et o/, (1992), Berechman (1993), and Glaister ez al. (1990) survey these issues in detail.
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of these transportation services, on the role of regulation, on controlling subsidy levels,
etc. (see Glaister er al, 1990; Button & Weyman-Jones, 1994). No doubt, these issues
have been prominent arguments in the political and academic debates legitimating privati-
zation and deregulation policies in many countries during the eighties. Transport policy
reforms in the UK offer a well-known example.

It is the main purpose of this paper to investigate the performance of the French urban
transit sector. The focus is on single mode companies operating buses. This has an
immediate policy interest if one realizes that this sector has a rather low cost-covering
ratio relative to other Western European countries (see Gwilliam & van de Velde, 1990;
Pucher, 1988). Traditionally, research on the supply of transportation services has focused
on representations of technology describing so-called average practice behaviour. Cost
studies in this tradition and in particular the specifics of transport cost functions have
been reviewed by Berechman and Giuliano (1985), Berechman (1993), and Jara Diaz
(1982), among others. More recently, the development of efficiency measurement
methodologies has led to new applications in the field of transportation (surveyed
in Berechman, (1993: 159-160). This study concentrates on the evaluation of technical
efficiency using deterministic nonparametric reference technologies. It employs different
specifications of these frontier technologies and it uses two descriptions of the urban
transit technology to control for the possible sensitivity of the resulting efficiency
measures. In addition, the determinants of the performance of French urban transit
companies are investigated using censored regression models.

The following section of this paper gives an accurate presentation of the various
methodologies used to gauge the performance of the French companies. Section 3
describes the sample of French urban transit operators used in the empirical application.
The results of technical efficiency measurement are presented in section 4. It also devotes
attention to methodological issues regarding the precise effect of different technology
assumptions on performance results and on the possible impact of outliers. In section 5
the focus is on policy matters. In particular, it attempts to determine the sources and
causes of observed technically inefficient behaviour. Section 6 concludes.

2. DETERMINISTIC NONPARAMETRIC FRONTIERS

Applied production analysis has been characterized for years by the analysis of
so-called average practice technologies, whereby researchers fit functions through the
middle of the data. The inherent frontier nature of central theoretical concepts in
economics, like the notion of a production function, was not recognized until the work
of Koopmans (1951) and Debreu (1951) who provided respectively a definition and a
measure of technical efficiency. Farrell (1957) added an allocative, or price, efficiency
component and offered the first empirical frontier study. The acknowledgement of the
possibility of technically inefficient behaviour and of the conceivable divergence between
characteristics of average and best practice production technologies redirected atten-
tion to the development of frontier estimation techniques. Farrell (1957) insisted on the
relative nature of the frontier concept, i.e. relative to observed best practice in a reference
set.

There are various approaches to reconstruct production frontiers, which can be
usefully distinguished along the following lines: parametric versus nonparametric; and
deterministic versus stochastic methods.* Parametric methods require the specification of
a functional form for the production technology, and in some cases for the distribution
of technical efficiency. Nonparametric methods impose no a priori functional form and
number of parameters on the observations. Stochastic methodologies make explicit
assumptions with respect to the stochastic nature of the data, while the deterministic do
not. The analysis in this paper is restricted to a variety of deterministic nonparametric
frontiers originating from the seminal contribution of Farrell (1957).

*Detailed surveys are Lovell (1993) and Oum ez &l. (1992), where the latter reference focuses on transportation.
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Fig. 1. Output correspondence of a strongly disposable DEA technology.

Deterministic nonparametric methods are based on piecewise linear frontiers estimated using
mathematical programming techniques. These extremal methods envelop the data as
tightly as possible subject to certain maintained assumptions —typically weaker than in the
parametric approaches— on the structure of the production technology. It is worth stressing
that these technologies provide the tightest inner approximations of production technology
consistent with a hypothesis (Fire ef al., 1994). Consequently, technical efficiency measured
relative to these inner bound reference technologies should be interpreted as an upper bound.

We first consider three types of reference technologies (see Fire et al, 1985, 1994;
Tulkens, 1993 for details), and then discuss how technical efficiency can be measured rela-
tive to these frontier specifications.

First, the output correspondence of the popular variable returns to scale (vrs) Data
Envelopment Analysis (DEA) model with strong disposability both in inputs and out-
puts (sd) is defined as follows:

Pxype=ly| YzZy, X'zix, iz =1},

where Y is the & X n matrix of observed outputs; X is the k& X m matrix of observed
inputs, z is a & X 1 vector of intensity or activity variables, y and x are n X 1 and m X 1
vectors of outputs respectively inputs, and 7, is a k X 1 unity vector.

This convex hull is represented by Fig. 1. The inequality signs in the constraints of
the linear programming formulation allow for strong disposability. For instance, an
observed output vector can be smaller than the linear combination of observations D
and E. All observations to the southwest of the line segment DE are therefore feasible.
This explains the line originating in observation E and extending parallel to the second
axis. Using a similar reasoning for all line segments yields the production possibility set
bounded by the line segments BCDE and the lines parallel to both axes. Strong input
disposability can be analogously illustrated.

Second, another DEA reference technology —which has not been as widely applied—
relaxes the strong disposability assumptions of the previous model. Imposing weak
instead of strong disposal of both input and output dimensions, its output correspon-
dence is now defined in the following way:

Px v =ty |vyYz=y,Xz=6x,Ijz=1,v 6 € (0,1]},

where notation is analogous to the earlier formulation except for the scalars y and é. Figure 2
adds to the understanding of this weakly disposable technology which admits for congestion
in production. The equality sign allows for linear combinations of activities in the non-
economic region of the output correspondence, e.g. the line segment DE. For instance,
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Fig. 2. Output correspondence of a weakly disposable DEA technology.

starting from point D a reduction of output y, involves opportunity costs, either by using
additional inputs and a given output y, (by moving away from D — direction origin —
parallel to the y, axis), or by requiring a reduction in output y, for a constant input vector
(by moving from D towards E). Activities on the ray beyond E are technically inefficient.
The basic idea of congestion is that wasting inputs or outputs involves opportunity costs.

Third, the Free Disposal Hull (FDH) reference technology is obtained from the first
model by restricting the intensity vector z to contain either zeros or ones. Since this
excludes linear combinations of several observations, no convexity is imposed. Therefore,
the FDH output correspondence can be defined as:

PxYh={y|YzZy Xzsx,Ilz=1,12¢€ {0.1}}.

Each observed input-output combination spans one orthant, positive in the inputs and
negative in the outputs, which simply reflects free disposal in inputs and outputs. The
FDH reference technology is then the boundary to the union of all such orthants consti-
tuting the production possibility set. Its transformation curves typically have a staircase
form, as illustrated in Fig. 3.

Y1
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Fig. 3. Output correspondence of an FDH technology.
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Existing studies on urban transit performance have employed a diversity of frontier
methodologies. On the one hand, the studies of Chang and Kao (1992), Chu et al.
(1992), Obeng (1994), and Tone and Sawada (1990), for instance, are based on strongly
disposable DEA models, while Gathon (1989) and Tulkens (1993) use the FDH. On the
other hand, Fazioli ez al. (1993) and Viton (1986) apply parametric frontiers.

While this study neglects parametric approaches, it is good to point out that no urban
transit sector study has used such a variety of nonparametric reference technologies on
the same data set.* In particular, the use of the weakly disposable DEA model is novel
in this context and needs some further explanation. Congestion is possible whenever the
adjustment of (a subset of) inputs or outputs is constrained: by short run fixity, by
lumpiness, by regulatory or other external constraints. Clearly, the outputs of companies
providing transportation services in city centres may suffer from congestion, caused by
private traffic and by the companies’ own bus vehicles both creating congestion externalities.
The former amount of traffic determines for a given capacity of the urban road network
the operating environment for each bus operator. Given this urban operating environ-
ment, one example of inputs causing congestion in the outputs is the addition of buses
on a given structure of the transit network. After a critical level the operator may well be
affected by its own congestion externalities. The relative impact of congestion obviously
depends, among others, on the exact nature of the transit network, e.g. whether bus lines
share few or many routes. Therefore, for a given operating environment, the relative per-
formance of any urban transit company can be affected by congestion among its inputs
and outputs. The selected weakly disposable DEA model allows for all patterns of
congestion.

Once these reference technologies have been specified, it is necessary to select an orien-
tation of measurement to relate the observations to the boundary of the production pos-
sibility set. There are basically three orientations of measurement (see Fire et al., 1985,
1994). Technical efficiency can be measured in the inputs, in the outputs, or in both. The
choice of orientation depends on whether inputs, outputs, or both are assumed to be
freely adjustable. In the first case one is looking for a proportional reduction in the input
usage which still allows production of the same output vector. In the second case a pro-
portional expansion of outputs which can be obtained from a given input vector is
searched for. In the final case one seeks a maximum proportional change in all variables,
i.e. a decrease in inputs and an increase in outputs.

From a policy perspective, the different parties involved in the organization of urban
transit are probably interested in distinct orientations. On the one hand, the bus com-
panies may favour an input-based orientation, as the outputs have been fixed in a contract
with the public authority. On the other hand, the public authorities are eager to learn
whether the output of public transport can be increased with given inputs. This would be
helpful information when contracts with the companies are renewed. In line with Gathon
(1989) and Tulkens (1993), this paper opts for a public policy point of view and, conse-
quently, selects an output orientation. The radial output efficiency measures are illus-
trated on Figs 1-3.

The radial output efficiency measure is formally defined as:

DF(x,y) = max{u| n21, uy € P(x)}.

It measures the maximum proportional increase in all outputs producible from given inputs.
In the empirical application below this output-based measure is redefined so as to be
situated between zero and one, with unity indicating efficiency. This is quite common in
the empirical literature, as it allows for comparison with other measurement orientations.

*An attempt to estimate a stochastic production frontier for this sample failed, because of a wrong third
moment of the composed error. This failure to detect a frontier is well documented in the empirical literature. It
is rather widespread in multi-industry or multi-country studies: see e.g. Caves (1992: 8). Several plausible
hypotheses for the breakdown of the composed error specification due to data problems are found in Caves
and Barton (1990: 44-45). This possibility of a crucial misspecification test in the composed error model is,
however, a protection against mistakes in inference.
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The Debreu-Farrell output measure becomes
DFJ(x,y) = min{u' | 0<p'<.1, y/p' € P(x)}.

The computation of this radial efficiency measure involves solving one linear program
for each observation in the case of the two DEA-type technologies and a mixed integer
programming problem in the case of FDH.*

It is well-documented that the shape of the production possibility set determines the
degree of technical efficiency detected. For instance, it is well-known that technical effi-
ciency evaluated at a strongly disposable technology is no smaller than on a weakly dis-
posable technology (i.e.u"™ >u***"), and no smaller than on the FDH (i.e. " 2p/").
Furthermore, the technologies selected allow to answer the hitherto neglected method-
ological question whether the convexity or the weak disposability assumptions have a
larger impact on technical efficiency measurement (i.e. the relation between u**** and

w4 is a priori unclear).

3. ORGANIZATION OF FRENCH URBAN TRANSIT AND DESCRIPTION OF THE SAMPLE

3.1. Organization of French urban transit

The institutional context in which the French companies operate can be concisely
portrayed as follows." Urban transport services are supplied by a single urban transport
operator during a certain period and within a transport perimeter defined in an agree-
ment with a public organizing authority. The latter can be any commune or association
of communes —various legal forms of association coexist — and owns most often the
infrastructure, the equipment and the rolling stock. The transport perimeter need not
coincide with territorial limits, but is only functional in dividing urban from interurban
transport links. The single urban transport operator can be a private, public or a mixed
company which offers a series of prespecified transportation services. In the latter mixed
or semi-public companies (Sociétés d’Economie Mixte (SEM)) the majority of the capital
stock is under public control. France is one among several Western European countries
(UK, Scandinavian countries, ...) where the private sector is playing a substantial role in
the urban transit industry.

The contractual agreements between operator and public organizing authority are
governed by a series of laws defining a set of minimal rules.’ There are two main meth-
ods to manage the transit services. Either the organizing authority sets up a partially or
fully independent public administration (régie) to operate the transit services, or it dele-
gates the operation to a company within the framework of an agreement. In the latter
case, the agreements between operator (franchisee) and public organizing authority
(franchisor) must minimally specify rules with respect to a prespecified range of topics.
These laws allow in principle for four types of contracts differing mainly in their degree
of risk-sharing. One can distinguish between a commercial risk, relating to the possible
variations in revenues, and an operating cost or industrial risk, relating to the possible
variations in costs. The risks of any divergencies between actual and targeted revenues
and costs can or cannot be part of a sharing agreement between both contracting parties.
To be precise, the parties have a choice between four possible contractual arrangements:
(i) a full-risk contract; (ii} a contract with a guarantee of revenue; (iii) a fixed price con-
tract; and (iv) a management contract. The first three contract types involve different
degrees of risk-sharing, the last category is risk-free for the operator. All contracts are in

*For details on the mathematical programming formulations and the algorithms used, the reader is referred
to Fire et al. (1994) and Tulkens (1993); or to the Appendix, which are available upon request.

The description of the institutional organization of French urban transport is based on Ministére de
I'Equipement, du Logement, des Transports et de I'Espace (1990) and on Mitric (1988). Comparisons with
transit sectors in other European and North American countries are made in Banister e ¢/. (1992), Berechman
(1293) and in Pucher (1988), among others.

*Especially the 1982 law on internal transport (LOTI) provides the legal framework for these contractual
agreements. See Ministére de I'Equipement, du Logement, des Transports et de I'Espace (1990: 35-41).
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principle limited to a 5 years period, but this period can be prolonged if the operator is
financing a large amount of the capital investments.

As in most countries subsidies are an important element in French urban transit. The
receipts from fares generally cover about 45% of total outlays, which is relatively low
compared to other Western European countries. The main additional sources of financ-
ing are: operating subsidies provided by the local authorities; selective state subsidies for
improving transportation productivity and service quality; and the income of police fines
for parking and driving offences. Furthermore, there is a unique French locally levied
transportation tax based on the salary bill of companies with more than nine employees
operating within the transport perimeter (le Versement Transport). It is earmarked for
supporting public transport. If it is introduced by the public organizing authority, the
tax rate can be set by these local authorities within the limits of a ceiling determined by
the State. This transportation tax has been a main source of finance for public transport
and represents nowadays almost 35% of the budget of the public organizing authorities.

Furthermore, the majority of the transport operators are part of a larger group or are
members of a management association. For instance, the three largest groups, two of
which are private and one is semi-public, actually control about 65 % of all transport
systems in the urban areas of over 30,000 inhabitants. Regulatory policies include the
specification of the network and level of service, fare regulation, and entry and exit.

In the last 2 decades France is one of the few countries which has experienced a
growth in transit ridership through a strategy of expanding both the range and quality of
its supply of transit services. This success required only a moderate increase in subsidy
levels relative to costs. In short, in a European perspective the French urban transit
industry combines a mix of private and public sector involvement —the latter especially
at the local level— in a highly regulated environment.

3.2. Description of the sample

This subsection offers more details on the sample and the definition of inputs and out-
puts. To facilitate the analysis, the empirical application focuses on single mode urban
transport companies. The sample contains 114 companies operating services outside the
Paris region in 1990. About 60 other observations were discarded, either because they
operated multi-mode transport systems (8), or because some data were missing or were
suspected to be wrong after a careful scanning of the data (52).* It is assumed that these
suspect observations were randomly distributed, such that the sample is still representative.

In the empirical analysis the following traditional outputs and inputs are used to
model the production technology. There are two alternative outputs: the number of vehicle
kilometres (»,); and the number of seat kilometres (3,). The inputs are: the average num-
ber of vehicles in use over the year (x,); the average number of employees over the year
(x,); and the total fuel consumption over the year in m* (x;). The outputs are classical
units times distance per unit time concepts: vehicle kilometres are the number of kilometres
(in 1000) each vehicle has driven during the year; seat kilometres (also in 1000) correct
the above output definition for the differences in the number of seats and places on each
vehicle. Observe that both outputs are pure supply indicators. The definition of the
inputs closely follows the tradition in the transportation literature. To experiment with
the model specification both alternative output indicators are combined with the three
traditional inputs. This yields two models: the three inputs and the number of vehicle
kilometres (y,); and the three inputs and the number of seat kilometres (y,) (for conve-
nience referred to as Model I respectively Model 11).

*The scanning is mainly based on comparing the same variables in different years when data are available.
The data have been published by the French ministry of transport (see Ministére de 'Equipement, du Loge-
ment, des Transports et de I'Espace (1991)). This ministry has been contacted in order to complete the missing
data and to get more information on the suspect observations. But they were unable to provide us with any
further details since the data are collected via a system of regional departments which —seemingly— are hard
to control. Furthermore, in practice it is unfeasible to force the individual operators to provide accurate infor-
mation. Therefore, the analysis is based on the data which are available assuming that their quality meets some
minimal standards.
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Table 1. Summary statistics on French urban transport

Mean Standard Minimum Maximum
deviation value value
All observations (N = 114)
Outputs:
Vehicle kms (y;) 2416.1 3290.7 110 213.5E+02
Seat kms (y,) 237360 315110 5164 200.0E+04
Inputs:
Vehicles (x}) 63.44 85.46 4 521
Employees (x,) 149.82 248.44 5 1662
Fuel (x,) 972.37 1433.3 39 8986

Observations without outliers (N=71 & N=72)

Outputs:
Vehicle kms () 728.70 527.82 110 2570
Seat kms (y,) 75586 63570 5164 253E+03
Inputs:*
Vehicles (x;) 21.11 14.40 4 70
24.00 18.71 4 92
Employees (x,) 41.02 31.84 S 135
45.74 37.50 S 169
Fuel (x3) 283.77 224.47 39 1020
319.35 267.28 39 1073
All observations (N = 114)
Explanatory Variables:
OWNER 0.72 0.45 0 1.00
GROUP 0.64 0.48 0 1.00
LINELENGTH 10.89 4.56 4.50 35.56
STOPLENGTH 0.56 0.27 0.19 1.74
SPEED 17.60 3.06 11.30 26.30
POPDENS 9.70 6.84 0.69 48.06
VEHAGE 6.95 1.99 1.00 13.40
CTYPE 0.55 0.50 0 1.00
CTERM 8.12 445 1.00 30.00
SSUB 0.49 0.18 0.24E-03 0.83
TAX 0.72 0.30 0.10 1.50

*Numbers on the first and the second line refer to Model I respectively Model II. Source: Ministére de
PEquipement, du Logement, des Transports et de I'Espace (1991) Annuaire Statistique sur les Transports
Collectifs Urbains: Statistiques 1983-1990 Paris, Direction des Transports Terrestres.

Descriptive statistics are provided in Table 1. It is clear that transit operators vary
considerably in size. It is exactly to avoid the confusion of scale and technical efficiencies
that all reference technologies have been specified with a flexible returns to scale assumption.
In the three production models discussed in the previous section, the variable returns to
scale hypothesis is embodied in the constraint on the activity vector (i.e. fz = 1).

The choice of the output variables warrants some discussion, as there are at least two
more output specifications commonly used in the transportation literature (see Jara
Diaz, 1982).

The first is the use of demand-related output measures, such as the number of passenger-
miles or passenger-trips. This output specification reflects the economic motive for pro-
viding the services, namely the transportation of passengers. But, there are at least four
reasons not to pursue an output definition reflecting the consumption of transit services
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by users.* First, inputs do not vary very systematically with these demand-related output
measures. Second, supply-related output indicators are to a larger extent under the con-
trol of operators than demand-related output specifications. Third, supplying the desired
services for the least amount of resources is a condition for achieving broader social
goals such as effectiveness, i.c. objectives defined in amounts of transit services actually
consumed. Finally, it is unlikely that societal goals can be agreed upon by all parties
involved. For instance, subsidy suppliers are interested in the efficient use of their funds,
while operators are inclined to stress the effectiveness in terms of ridership, spatial avail-
ability of services, etc. These are probably also the reasons why the majority of the tech-
nical efficiency studies in urban transit uses pure supply indicators."

The second output specification takes account of the spatial, temporal and quality
characteristics of urban transit services.’ In a parametric context the seminal article of
Spady and Friedlaender (1978) has led to the specification of hedonic output composites
which link the generic units times distance per unit time output concepts with the spatial,
temporal and quality characteristics of the network.

In the non-parametric deterministic reference technologies, however, there is a serious
problem in defining similar hedonic composite outputs. If in addition to the inputs and
the generic outputs a large number of dimensions representing the characteristics are
included, then this almost automatically leads to an increase in the efficiency scores and
a larger number of efficient observations (see Kerstens and Vanden Eeckaut, 1995a,b for
details). Since there are no test procedures offering guidance in the selection of eventual
additional dimensions, this could ultimately undermine the discriminatory power of the
analysis. Therefore, in this study the limitations of the traditional aggregate output indi-
cators are remedied by controlling for the spatial, temporal and quality characteristics in
an explanatory analysis of the technical efficiency scores in an additional, second stage.
The assumptions underlying this common practice in the efficiency literature are
explained in section 5.1,

4. TECHNICAL EFFICIENCY IN FRENCH URBAN TRANSIT

4.1. Analysis based on the complete sample

The performance of this sample of French urban transport operators is gauged using
the deterministic nonparametric deterministic reference technologies presented earlier.
Radial efficiency measures in the outputs are calculated for the variable returns to scale
DEA model with strong disposability in both inputs and outputs (denoted DEA-sd), the
same model but assuming weak disposability in inputs and outputs (DEA-wd), and the
FDH model (FDH).

The descriptive statistics of the resulting output measures of technical efficiency are
found in Table 2.§ The efficiency distributions for Models I and Il are represented
respectively in Figs 4 and 5. Before discussing these distributions in detail, the more ele-
mentary classification into technically efficient and inefficient observations is briefly mentioned.
The number of efficient observations generated by each production model is reported in
the last column of Table 2. These numbers are largely determined by the theoretical relations
holding between the efficiency measures evaluated relative to the different nonparametric
models. It is evident that the number of efficient observations on a strongly disposable

*These four arguments are based on Berechman and Giuliano (1985) and on Berechman (1993), pages 97
and 152-153.

*Technical versus demand related output measures may yield different results: see Berechman and Giuliano
(1985) for a classical production analysis and especially Chu ez al. (1992) in a frontier context. As pointed out
by a referee, it could be useful to follow the latter study by analysing any eventual differences between an effi-
ciency versus an effectiveness approach. This is, however, outside the scope of this paper, but it is certainly a
promising topic for future research.

*On the problem of accounting for these output characteristics: see Jara Diaz (1982) and Oum et a/. (1992).

§The problem of slacks in the measurement of technical efficiency is neglected. But this is unlikely to be
important as the radial output efficiency measure leaves no slacks for the single output dimension in both models.
A detailed discussion of slacks in DEA and FDH models is found in Kerstens and Vanden Eeckaut (1995a).
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Table 2. Descriptive statistics of radial output efficiency measures calculated on a variety of reference technologies

Mean Standard Skewness Kurtosis Minimum  Maximum Efficient
deviation value value observations

Model I Vehicle kilometres
All observations (N = 114)

DEA-sd 0.755 01l 0.275 1.927 0.519 1.000 11
DEA-wd 0.780 0.148 0.168 1.753 0.524 1.000 20
FDH 0.977 0.058 -3.332 14.830 0.653 1.000 83

Observations without outliers (N = 71)

DEA-sd 0.886 0.102 -0.493 2.171 0.626 1.000 18
DEA-wd 0.911 0.102 -0.928 2.715 0.626 1.000 29
FDH 0.978 0.059 -3.498 16.478 0.653 1.000 51

Model I1: Seat kilometres
All observations (N = 114)

DEA-sd 0.305 0.283 1.262 3.312 0.019 1.000 6
DEA-wd 0.411 0.338 0.784 2.058 0.019 1.000 19
FDH 0.487 0.373 0.423 1.384 0.050 1.000 27

Observations without outliers (N = 72)

DEA-sd 0.819 0.163 —0.954 4.626 0.67 1.000 14
DEA-wd 0.870 0.166 -1.412 5.545 0.167 1.000 33
FDH 0.948 0.112 -3.918 23.015 0.246 1.000 45

DEA model is smaller than the same number on respectively a weakly disposable DEA
model or on FDH. While the relation between the latter two models is unclear a priori, it
turns out that FDH yields by far the largest number of efficient observations.

On the one hand, the similarities common to the efficiency distributions of Models 1
and II can be summarized as follows. For a large part the distributions have central ten-
dencies reflecting the a priori theoretical relations. The mean technical efficiency is larger
on the FDH than on the weakly disposable variable returns to scale DEA reference tech-
nology (DEA-wd), which itself has a larger mean than its strongly disposable variant
(DEA-sd). The range is most narrow for FDH. Furthermore, all efficiency distributions
are positively skewed and have a positive kurtosis, indicating long tails to the right and
fat tails relative to the normal distribution. One exception is the efficiency measure on
the FDH technology for Model 1 which is negatively skewed, i.e. it has a long and fat
tail to the left.
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Fig. 4. Densities of output efficiency measures (Model I).
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Fig. 5. Densities of output efficiency measures (Model II).

On the other hand, the differences between Model I and 1I can be characterized as follows.
Most importantly, Model II has a much lower central tendency and a larger range. Fur-
thermore, Model II has fatter tails, with the exception of the FDH reference technology.
Finally, the number of efficient observations is lower in Model II.

A comparison with related studies in the field of urban transport may prove instruc-
tive at this point. The results from the vehicle kilometres (Model I) output specification
are certainly in line with the distribution of DEA efficiency scores reported in Chang and
Kao (1992), Chu ez al. (1992), Obeng (1994), and Tone and Sawada (1990), and with the
typically high average FDH-based efficiency measures as in Gathon (1989). The second
output specification, however, yields a rather unusual low efficiency distribution. One
plausible reason explaining the different results from both model specifications is men-
tioned by Cancalon and Gargaillo (1991). In their opinion, the standards used to convert
vehicle into seat kilometres are inconsistent, leaving the companies with too much discre-
tion for window dressing.

This large variation in the measured technical efficiency undoubtedly poses a serious
problem if one takes the economic interpretation of the radial efficiency measure in terms
of possible output expansions literally. It seems that one must be extremely careful in
selecting a reference technology in terms of the plausibility of its underlying assumptions.

Of course, one can also interpret the efficiency measure in a more limited way as a
device to rank organizations according to their performance. In this case it is important
to assess the similarities in the rankings. These similarities are evaluated by looking at
the Pearson product moment correlation coefficients, which are presented for both models
in Table 3. The highest correlation is between the two DEA models. Observe that Model
IT yields higher similarities than Model 1. This analysis of correlations reveals again that
the choice of the reference technology must be given due attention as the implied rank-
ings may differ markedly.

A more detailed look at the elementary classification of the observations as either
technically efficient or inefficient allows us to determine the impact of the reference tech-
nologies and their underlying assumptions. This classification is analysed using Tables 2
and 4.* The effect of imposing weak instead of strong disposability in DEA models is
important. From the last column in Table 2 it is clear that the number of efficient obser-
vations more or less doubles. This result, as well as the difference in the average effi-
ciency scores, indicates that there is a problem of congestion for these urban transit
companies, as some of the observations are located on backward bending parts of the

*The first two lines in Table 4 are simply the differences between the numbers of efficient observations
reported in Table 2.
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Table 3. Correlation matrix between radial output efficiency measures calculated on a variety of reference technologies

DEA-sd DEA-wd FDH

Maodel I: Vehicle kilometres
All observations (N = 114)

DEA-sd 1.000

DEA-wd 0.944 1.000

FDH 0.380 0.387 1.000
Observations without outliers (N = 71

DEA-sd 1.000

DEA-wd 0.842 1.000

FDH 0.576 0.497 1.000
Model II: Seat kilometres
All observations (N = 114)

DEA-sd 1.000

DEA-wd 0.808 1.000

FDH 0.651 0.564 1.000
Observations without outliers (N = 72)

DEA-sd 1.000

DEA-wd 0.861 1.000

FDH 0.696 0.670 1.000

Table 4. Efficient observations affected by the assumptions underlying different reference technologies

Change in no. of Model I: Model II:
efficient observations Vehicle Seat
kilometres kilometres
DEA-sd # 1| A DEA-wd =1 9 13
DEA-sd # 1 AFDH =1 72 21
DEA-wd#1 A FDH =1 63 15
DEA-wd =1 AFDH =1 0 7

boundary.* If, relative to a sample of similar operators, a company’s relative perfor-
mance is hampered by congestion, it may, for instance, be induced to reconsider its
labour organization, its network structure, etc. Dropping the convexity assumption is
even more important, as the number of efficient observations in Table 2 at least quadru-
ples if one compares FDH and the strongly disposable DEA model.

A hitherto open issue is the relative importance of imposing either convexity and weak
disposability, as in the weakly disposable DEA model, or non-convexity and strong dis-
posability, as in FDH. From a theoretical viewpoint both reference technologies are
equally entitled to claim that they incorporate the weakest assumptions. Otherwise form-
ulated, one may wonder whether the economic phenomenon of congestion, which can be
observed by means of a weakly disposable technology, is more or less important than the
occurrence of nonconvexities, which are allowed for by the FDH technology. It turns
out that imposing convexity affects the efficiency status of more observations than
imposing weak disposability. Indeed, the last two lines in Table 4 show that in this sample
more inefficient observations become efficient by imposing convexity than by imposing
weak disposability. Although this difference is pronounced, more empirical evidence is
needed to warrant the conclusion that convexity is more important than weak dispos-
ability from a practical point of view.

*Comparing technical efficiency measures evaluated on weakly and strongly disposable DEA models pro-
vides a basis for testing for specific factors contributing to congestion (see Fire ef al., 1994, for details).
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The results presented in this subsection indicate that from a methodological viewpoint
the popularity of the strongly disposable reference technology relative to both its weakly
disposable variant and FDH may be misleading, since the effect of both the disposability
and the convexity assumptions is considerable. Therefore, in empirical work it is desir-
able to compute the impact of these assumptions.

4.2. Analysis based on the sample without outliers

This subsection first outlines the theoretical notion of an outlier in the context of pro-
duction frontiers. Then, it evaluates empirically the impact of outliers on the measure-
ment of technical efficiency for the nonparametric reference technologies used to evaluate
the performance of French urban transit firms.

Any specification of the reference technology may be susceptible for outliers. Vaguely
stated outliers are observations which are unlike the remainder of the data, or equiva-
lently which do not follow the pattern of the majority of the data. It has been noted that
frontier methodologies are especially vulnerable to outliers and leverage points since they
concentrate on the extremes of the performance distribution, not on its central tendency
(Sexton er al, 1986: 81). More specifically, among the nonparametric models, it is
expected that efficient outliers have a larger effect in DEA than in FDH models (see
Tulkens, 1993). In the latter each observation only spans an orthant, negative in the out-
puts and positive in the inputs. Consequently, the subset of observations which can be
potentially influenced by the error is relatively small. In the former the possible impact is
no smaller.*

The analysis of multivariate outliers in the nonparametric analysis of technical
efficiency received previous attention from Burgess and Wilson (1993), Dusansky and
Wilson (1994), Seaver and Triantis (1992), and Wilson (1993, 1995) among others. The
outlier detection methods applied by these authors, however, are all sensitive to the
masking effect by which a group of outliers in the same direction remains undetected. In
a frontier context Janssens and Van Den Broeck (1993) and especially Seaver and
Triantis (1995) have convincingly argued for the use of estimators with a high break-
down point, i.e. estimators for which a high fraction of the sample can be contaminated
by arbitrary values before the finite sample bias becomes infinitely large. These robust
estimators, developed by Rousseeuw and Leroy (1987) and Rousseeuw and Van
Zomeren (1990), are least sensitive to the masking effect. Before using them in the empir-
ical application, the basic intuition behind the estimators with a high breakdown point is
briefly indicated.”

In the context of multivariate analysis the classical Mahalanobis distance, which mea-
sures how far a random vector is from the middle of its distribution taking into account
the shape of the multivariate cloud, can be made more robust. For each observation this
traditional Mahalanobis distance (MD) is defined as:

MD(z,2) = N(z, - T(Z)C(Z) 'z - T(Z)),

where Z = (YX) is a k X (n + m) matrix containing all variables, and 7(Z) and ((Z) are
respectively the row vector of arithmetic sample means and the sample covariance
matrix. These first two moments, however, are vulnerable to the masking effect: any
group of outliers attracts 7(Z) and magnifies C(Z). Therefore, the minimum volume
ellipsoid (MVE) estimator is proposed which has a breakdown point of 50%. This means
that slightly less than half of the data points can be replaced by arbitrary values without
affecting the estimates. 7(Z) is redefined as the centre of the MVE covering half of the
observations and C(Z) is adjused accordingly. Inserting these new estimates of the first
two moments in the MD yields a robust MD (RD). Because the squared MD follows
a chi-squared distribution with degrees of freedom equal to the number of variables

*It depends partly on the returns to scale assumptions, with constant returns to scale having the largest impact.
Details are in Rousseeuw and Leroy (1987) and Rousseeuw and Van Zomeren (1990).
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analysed, it is possible to construct a confidence ellipse. The same holds true for its more
robust variant. Observations outside this ellipse are potential outliers.*

In line with the above analysis, outliers in the French urban transit data are deter-
mined as follows. A computation of RD for all observations and for both model specifi-
cations yields the following results: for Models 1 and II respectively 43 and 42
observations are outside the 97.5 confidence ellipse. Once outliers are detected various
possibilities remain open. One radical response is to discard all outliers. Other reactions,
however, are equally plausible: data can be examined and corrected, models can be
adjusted, etc. In this empirical analysis all outliers are removed, since there is no inde-
pendent source yielding sufficient information to pursue any of the other possibilities.
However, since all reference technologies are treated alike, there is no risk for a systematic
bias in the results.

All of these dubious observations have been discarded, instead of only eliminating the
efficient outliers. The reason is that the number of outliers which is efficient depends on
the specification of the reference technology. For instance, among the outliers respec-
tively 37 and 9 observations are efficient on a FDH technology while respectively 6 and 2
of these outliers are efficient on a strongly disposable DEA model. Eliminating all out-
liers allows one to compare the impact of outliers for the different technologies on a
sample of equal size.

For the samples without outliers, descriptive statistics for input and output variables
in Models I and II are found in the second part of Table 1. The distributions have
shifted downwards, indicating that the outliers are especially found among the larger
operators. Furthermore, when comparing the ranges of the variables it becomes apparent
that size differences have become less pronounced.

Descriptive statistics for the output efficiency measures computed on the three non-
parametric frontier methodologies on a sample without outliers are presented in Table 2.
The elementary classification between efficient and inefficient observations is similar to
the one obtained before and merits no further discussion. Comparing the descriptive
statistics with the complete sample reveals that for Model I the distributions resulting
from the DEA models have shifted upwards, while the FDH distribution remains almost
the same. The effect of outliers on Model II is more pronounced: for all models the cen-
tral tendency and the minimum almost double. In addition, the sharp increase in the
number of efficient observations indicates that in the initial data set some observations
have a tremendous influence on the overall performance evaluation. Clearly, the results
of both model specifications have become very similar, which is also evident at a glance
from Figs 6 and 7. Moreover, the remarkable difference with the typical efficiency
results reported in the urban transit literature has disappeared.

Comparing results on weakly and strongly disposable DEA models confirms that there
is a problem of congestion for at least some of these urban transit companies. But drop-
ping convexity is again most important in terms of both the efficiency distribution and
the number of efficient observations. Consequently, in applied work computing the effect
of these different assumptions is strongly recommended.

As is evident from Table 3, the effect of eliminating potential outliers on the rankings
is minor, especially for Model II. Therefore, once outliers have been accounted for vehi-
cle and seat kilometres seem to provide very similar output specifications of technology.
The conversion of vehicle to seat kilometres is only a problem for outlying observations.

Bearing in mind that frontier technologies only allow for comparisons relative to
observed best practice, one can conclude that technical efficiency distributions in France
do not seem to differ from those observed elsewhere. Although the difficulties of comparing

*A referee suggested that there is a dilemma between on the one hand using deterministic frontier techniques
and on the other hand discussing potential outliers based on making assumptions regarding distributions. I
agree, but would like to make two remarks. First, some recent research efforts concentrate on adding stochastic
assumptions to the non-parametric frontier techniques (see Lovell, 1993), but so far no consensus has emerged
on the best way to proceed. If this debate comes to an end, then the referee’s contention would disappear. Sec-
ond, while there are some outlier detection methods where assumptions regarding distributions of the data
need not be made, this is not (yet) the case for the robust methods opted for in this study.
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Fig. 7. Densities of output efficiency measures without outliers (Model II).

transit operators of different countries are extremely high, it is useful to add that there
are indications that French companies are performing on or below the average in a
European context (see Gathon, 1989).

This subsection has provided additional evidence that the effect of outliers is poten-
tially important when using deterministic frontier methods for performance gauging.
From a methodological perspective, it seems advisable that the use of appropriate outliers
diagnostics becomes standard practice when calculating efficiency on deterministic non-
parametric production frontiers.

5. EXPLANATION OF TECHNICAL EFFICIENCY PATTERNS

5.1. Methodological introduction

While the theoretical basis for explaining technical efficiency is weak relative to the
refined methodologies for measuring technical efficiency, it is necessary to go beyond the
pure measurement of performance (as stressed in Button & Weyman-Jones, 1994). Inves-
tigating the determinants of technical efficiency is particularly useful for formulating
policies aimed at improving performance.

Following common practice, this section is the second stage of a two stage proce-
dure to the statistical explanation of technical efficiency. In the first stage, i.e. section 4,
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technical efficiency is evaluated on a certain reference technology; in the second stage
these first stage results are explained by a series of relevant variables using appropriate
statistical techniques. The crucial assumption underlying this second stage is that the
explanatory variables only influence technical efficiency, but not the transformation
process from inputs into outputs analysed in the first stage (see Lovell, 1993: 53-54 for a
detailed discussion).

Explaining technical efficiency measures requires the specification of an appropriate
multivariate statistical model. Due to the use of nonparametric production frontiers, the
dependent variable always has a nonnegligible proportion of observations with an effi-
ciency score of unity. Consequently, the statistical analysis by means of a series of
observed characteristics of the urban transit operators is most often based on censored
regression models.* This censoring process reflects the relative nature of the frontier
technologies and the fact that technical efficiency measured relative to these inner bound
technologies only yields an upper bound. Since in our analysis the output efficiency mea-
sures have been defined to be no larger than unity, a standard Tobit model with upper
censoring at unity is employed.

5.2. Determinants of performance

It is possible to distinguish between five main categories of determinants of technical
efficiency (see Caves & Barton, 1990; Caves, 1992; and Pestieau & Tulkens, 1993). First,
competitive conditions are thought to foster technical efficiency. Second, a series of orga-
nizational factors may affect the productive efficiency of activities. These factors include
the size and diversification of organizations, its labour organization, the ownership struc-
ture, among others. Third, the heterogeneity between organizations being evaluated can
cause structural differences in observed patterns of technical efficiency. This includes hetero-
geneity in production processes, in market structures, etc. Fourth, technical efficiency is
affected by dynamic factors. This includes, among others, capital-vintage effects, market
growth, and innovations. Finally, government regulation can constrain the choices of
producers in a variety of ways, which can have an adverse impact on observed technical
efficiency.

Right from the start it must be stressed that there has been little research based on
frontier techniques aiming to explain the technical efficiency of urban transit operations.
The scattered evidence will be discussed below in connection with the findings for the
French urban transit sector. There does, however, exist a large non-frontier literature on
urban transit performance. Attention is limited to the findings for which a reasonable
degree of consensus seems to exist.

First, the survey by Perry et al. (1988) on the effect of ownership and management sys-
tems on the performance of urban transit firms reports mixed results. First, variations in
ownership and management have little predictable associations with operating efficiency.
Although, it must be admitted that one can discern a trend that in the more recent stud-
ies private ownership performs better. Probably, this is because worldwide there has been
a tendency in the last decades for unprofitable private suppliers to become publicly
owned. This selection process may bias performance comparisons. Also the use of outside
expertise under the form of contract management is no guarantee for improved perfor-
mance. Second, the tendency of revenues to fall short of costs has increased over time.
This trend was probably strengthened by the increasing level of subsidies. Third, service
levels are higher under public ownership.

Second, recent deregulation discussions and experiences, which counter the historical
trend towards increasing public sector involvement in urban transit, can shed some light
on the importance of competition and regulation in urban transit. The deregulation
experience of local bus services in the UK has led to substantial cost reductions among
all operators, mainly due to productivity enhancing working practices, the increased use
of minibuses, a reduction in the wage rates and a deterioration of the service or output

*See Berechman (1993: 180) or Lovell (1993: 53).
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levels offered (see Heseltine & Silcock, 1990). Also the requirement that subsidized bus
services should be subjected to competitive tendering, i.e. a bidding process for the
monopoly right to supply a predefined service at a particular spatial level during a par-
ticular period, has lowered subsidy costs by about 20% (Glaister ef al., 1990).*

3.3. Potential determinants of French urban transit performance

The potential explanatory elements in our sample are classified according to the previ-
ously presented scheme. This range of explanatory factors is partly determined by data
availablility.

First, there is little or no competition in the sector. The French laws allow use either
of a competitive tendering procedure, or negotiations to choose among the potential
operators. Unfortunately, no data are available to determine which contractual agree-
ments between operators and organizing authorities are based on either procedure. In
general, the perception is that competitive tendering procedures are little used (see
Gwilliam & van de Velde, 1990: 339). Berechman (1993: 272) conjectures that this lack
of competition despite an important number of private operators is due to the perception
of transit services as merit goods, which are deemed indispensible for the functioning of
urban areas.

Second, organizational differences may account for part of the observed patterns of
technical efficiency. A variety of elements, on which information is available, come to
mind. Firstly, the ownership status of the urban transit companies is available for most
of the companies in the sample. The ownership variable (OWNER) is defined as a
dummy taking the value of unity only when the bus company is privately owned. Public
and semi-public operators are represented by a zero value. Secondly, since many trans-
port operators are member of a group or a management association, a dummy variable
(named GROUP) is defined taking a value of unity if the operator is a group member
and zero otherwise. The impact of the membership of a group on performance is a priori
unclear." On the one hand, there may exist strategic advantages in operating costs unre-
lated to driving (e.g. maintenance). On the other hand, this membership may enhance
technical inefficiency by increasing the regulatory capture of various government tiers
(e.g. in renegotiations to prolong monopoly contracts).

Third, the heterogeneity in the production process and in the operating environment
should be considered whenever possible. In the case of urban transit it seems useful to
complement the traditionally used output aggregates with information on the spatial,
temporal and quality characteristics of the services. Unfortunately, no details are avail-
able concerning temporal and quality aspects, such as base vs peak levels or timeliness of
services. There is some information on spatial characteristics of the network: its total
length, the number of lines, and the total number of stops. There is some evidence that
the network length and the number of stops served in the network have a negative effect
on performance (see Fazioli er al., 1993). But since this information is still insufficient to
get a detailed picture of size and structure of an urban transit network, it is safer to
assume that it is a priori unclear how these variables affect technical efficiency.’ The
available information is incorporated by defining two variables proxying for the spatial
structure of the network: the mean length of a line (LINELENGTH), i.e. the ratio of
network length to the number of lines; and the average distance between stops (STOP-
LENGTH), defined as the ratio of network length to the number of stops.

Furthermore, the heterogeneity of the environment can be accounted for by a limited
number of variables. First, for some companies the average commercial speed ‘with
which they are able to supply their transportation services is available (SPEED). Follow-
ing Gathon (1989), this average speed is postulated to have a positive effect on technical
efficiency. Although this speed is largely determined exogenously, especially by the extent

*Banister et al. (1992) discuss the contestability of transit markets in view of the UK experience.

:'This is also the interpretation of Berechman (1993: 273).

*This is emphasized by Fazioli et a/. (1993) themselves. They suggest to use dispersion indexes from the theory
of graphs, but this requires information for each operator that is unavailable in published statistics.
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of the congestion in the urban area, it is an important qualitative characteristic of the
services. Second, since the population and the area within the transport perimeter of the
companies are known, it is possible to define the density of the urban environment
(POPDENS). On the one hand, population density can be interpreted as a mere proxy
for the intensity of traffic and congestion in the urban area, in which case it provides a
similar function as the average speed variable. On the other hand, population density
may have cost saving effects in the design and the structure of the transportation net-
work, in that, e.g. fewer lines or stops are needed (Berechman 1993: 19). Concluding, a
priori the effect of population density is ambiguous.

Fourth, information on dynamic factors is hardly available. Only the effect of capital-
vintages on perceived technical efficiency is proxied by the average age of bus vehicles in
years (VEHAGE). Age may adversely affect the maintenance of the vehicles as well as
their fuel consumption. While the latter effect is already accounted for by the fuel input
in the production models, this explanatory variable captures the fact that vehicles
become less operational over the years.

Finally, the impact of government regulation must be carefully assessed. In the French
urban transit case, a number of aspects can be distinguished.

Firstly, the organizing authority either sets up a partially or fully independent public
administration (régie), or it delegates the urban transit operation to a company within the
framework of an agreement. As discussed earlier, these agreements are classified according
to four major contract types, which differ mainly in the degree of risk-sharing agreed on.
A variable representing the risk-sharing properties of the contracts (CTYPE) is defined as
follows. As there are no companies with a full-risk contract in the sample, it is convenient
to aggregate the remaining contract types into a simple dummy variable. Accordingly, a
distinction is made between, on the one hand, public administrations and management
contracts, which assume no risk at all, and, on the other hand, fixed price contracts and
contracts with a guarantee of revenue, which at least involve some risk-bearing on behalf
of the operator. Only for the latter the dummy takes the value of unity. Obviously, one
would expect that shifting the risks partly to the operators stimulates performance.

Another aspect of these contracts is their fixed duration. Data on the duration of the
contracts in years are available in a variable named CTERM. While the early literature
on competitive tendering stressed the risk that the incumbent could benefit from a too
long term, the more recent literature on the contestability and sustainability of natural
monopolies emphasizes the importance of sunk-costs.* Thus, a priori the effect of the
term of the contract on technical efficiency is unclear.

Secondly, the financing of the urban transit system may affect its performance. There
are two aspects which can be studied given the available information. The first aspect is
the relative amount of the subsidy covering the difference between operational revenues
and costs. This leads to the definition of a variable containing the share of subsidies in
total operating costs (SSUB). There is, of course, already a variable describing the even-
tual risk-sharing agreed on in the contract and its implications on the subsidy formula.
In view of the received literature mentioned earlier, it is a priori unclear how the relative
amount of the subsidies affects the performance when the risk-sharing properties of the
contract are already controlled for. Note that only the aggregate subsidy is known, not
the variety of its sources.

The second aspect is the rate of the local transportation tax on the wage bill, which is
earmarked for supporting public transport (TAX). One can conjecture that in general
high tax rates increase the monitoring effort of citizens and, indirectly, regulators.” This
argument is even strengthened in the case of an earmarked tax levied at the local level.

To recapitulate, this section has reviewed at length a number of variables which potentially
determine the performance of French urban transit companies. From this examination of
available data, it is also clear that a series of other potential determinants are lacking.

*See Banister er al. (1992) for a detailed discussion in the context of urban transit.
In a different context, i.e. local public good provision, Davis and Hayes (1993) found evidence of a positive
relation between tax rates and monitoring effort.
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For example, notwithstanding the fact that about 60% of the workforce is unionized
(Gwilliam & van de Velde, 1990: 338), there is no information available on the degree of
unionization among employees for each operator.

5.4. Technical efficiency of French urban transit companies: Tobit results

As it turned out that the efficiency measures calculated on the nonparametric models
are partly sensitive to outliers, especially when seat kilometres are used as output, there
are good reasons to give a major weight to the results for the sample without outliers.
The bottom part of Table 1 reports sample statistics on the potential explanatory vari-
ables outlined in the previous section. Most of the variables show a lot of variation. This
holds even true for the tax rate which is bound to vary within certain legal limits.

Unfortunately, various companies fail to report data for some explanatory variables.
An analysis of the complete cases only, i.e. the operators for which all variables are pre-
sent, reduces the sample size drastically. These missing data do not imply a problem for
estimation purposes if the underlying mechanism is of the “ignorable” kind (see, e.g.
Greene, 1993). Loosely stated, the gaps in the data should not be related to the pheno-
menon being modelled. A simple nonparametric test statistic does not reject the hypothesis
that the missing data mechanism in the sample is of the “ignorable” kind.* A prelimi-
nary analysis also reveals that there is multicollinearity between average commercial
speed (SPEED) and population density (POPDENS)." Given the interpretation of both
variables, this is taken as evidence that they are essentially measuring the same phe-
nomenon. This close collinearity is exploited to fill up some of the missing cases in the
commercial speed variable.

The results for the Tobit estimation are summarized in Table 5 for the samples with-
out outliers, where the latter are further adjusted for the availability of explanatory vari-
ables. The largest set of restrictions common to all dependent variables sets the group,
the commercial speed, and the average vehicle age variables equal to zero. The fact that
commercial speed (or population density) does not influence technical efficiency may
indicate that congestion in the urban operating environment does not affect the perfor-
mance of operators. If this interpretation is valid, then differences between strongly and
weakly disposable DEA models can be solely attributed to congestion within companies.
The absence of vintage effects could indicate that state subsidies are in effect spread
evenly among operators.

As expected, not all of the coefficients can be estimated with precision. This is espe-
cially true for Model 1, and in particular for its weakly disposable DEA model. Further-
more, since this Tobit analysis is based on a limited subsample the results require careful
interpretation. However, despite the quantitative differences among the production models
and according to the reference technology used, the signs of the variables are quite stable.
Given these caveats, the conclusions to be inferred from this table can be summarized as
follows.

First, private ownership has a positive effect on urban transit performance, although
the statistical significance of the coefficients is not very pronounced. Second, heterogene-
ity in the network of services clearly justifies some of the differences in technical effi-
ciency. The mean length of a line (LINELENGTH) and the average distance between
stops (STOPLENGTH) have respectively positive and negative effects. This cannot be
taken literally to imply that, for instance, the number of stops should be reduced to
enhance performance. These results, however, do indicate that network structure affects
operating efficiency. Third, the risk-sharing dummy and the duration of the contract both
are positively related to technical efficiency. The former effect, in line with expectations,
confirms the positive role of risk-sharing agreements in regulated industries. Finally,

*To be specific, a Mann-Whitney U test is computed for the various efficiency measures comparing their
distributions conditional on the availability or not of all the explanatory variables. The null hypotheses that the
dependent variables share a common distribution cannot be rejected.

+This analysis is performed using the condition indexes defined in Belsley e al. (1980). Details are sup-
pressed due to space limitations.
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Table 5. Tobit estimates for the output efficieny measures (N = 33)

Model I: Vehicle kilometres

Model II: Seat kilometres

Dependent DEA-sd DEA-wd FDH DEA-sd DEA-wd FDH
variables
Constant 0.715 0.722 0.676 0.496 0.575 0.600
(0.103)*** (0.124)**+ (0.092)*** (0.116)*** (0.188)**++* (0.242)***
OWNER 0.051] 0.077 0.031 0.142 0.155 0.143
(0.048) (0.057) (0.035) (0.053)*** (0.082)* (0.109)
LINELENGTH 0.009 0.007 0.013 0.018 0.020 0.0t1
(0.005)* (0.006) (0.006)** (0.006)*** (0.009)** (0.011)
STOPLENGTH  -0.158 -0.143 -0.143 -0.251 —0.345 ~-0.003
(0.086) (0.102) (0.091) (0.101)** (0.155)** 0.222)
CTYPE 0.073 0.054 0.110 0.122 0.189 0.268
(0.040)* (0.047) (0.033)**= (0.045)*** (0.070)*** (0.097)***
CTERM 0.016 0.014 0.014 0.010 0.031 0.032
(0.007)** (0.009) (0.007)* (0.007) (0.014)** (0.017)*
SSUB -0.219 -0.167 0.121 -0.479 -0.836 ~0.766
(0.127)* (0.152) (0.102) (0.142)*** (0.226)*** (0.310)**
TAX 0.229 0.231 0.119 0.477 0.569 0.516
(0.139)* 0.172) (0.092) (0.136)*** (0.239)*** (0.355)
Log-Likelihood 19.80 10.44 9.42 21.43 2.44 -3.29
Correctionfactor 0.645 0.535 0.167 0.882 0.555 0.284

Standard errors are between brackets.
*Statistically significantly different from zero at the 90 % level; **Statistically significantly different from zero
at the 95 % level; ***Statistically significantly different from zero at the 99 % level.

while subsidies subvert technical efficiency, the transportation tax promotes the perfor-
mance of companies, most plausibly by increased monitoring. The former result indeed
indicates a negative effect of the relative share of subsidies independent of the positive,
disciplining impact of risk-sharing arrangements. Since adding an interaction term between
the risk-sharing dummy and the share of subsidies does not add to the explanation, this
effect seems to be valid for all companies. One can wonder to which extent the lack of
competition (or yardstick competition} in French urban transit is responsible for this
perverse side-effect of regulatory policy.

For policy purposes it is of particular interest to have a knowledge of the partial
effects implied by these estimates. Since it can be assumed that policy makers have an
obvious interest in improving the performance of the inefficient observations, it is useful
to concentrate on the effect of the independent variables on the observed variable below
the unity censoring level. Therefore, for each equation a multiplicative correction factor
is calculated, evaluated at the sample means, transforming the estimates into partial
effects for the truncated sample. These correction factors are reported in the last line of
the table.

6. CONCLUSIONS

The empirical analysis of French urban transit companies yields interesting answers to
both methodological and policy-oriented issues.

To begin with the former. The study confirmed the significance of the choice between
deterministic nonparametric reference technologies for technical efficiency measurement.
The wide dispersion in the radial output efficiency measures complicates their economic
interpretation, as they all claim to evaluate the technical efficiency of the same sample
using the same efficiency measure. It was evidenced that some of the underlying assump-
tions have more important consequences than others. Especially dropping the convexity
assumption turns out to be more important than weakening the disposability assump-
tions. This finding questions the popularity of the strongly disposable DEA models and
indicates that the underlying production assumptions merit closer attention in empirical
applications. The assessment of the impact of outliers relied on a recent methodology
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based on robust estimators with a high breakdown point. It confirms that nonparametric
frontier methodologies can indeed be vulnerable to outliers.

Next, a Tobit model has been discussed explaining the technical efficiency scores. Using
a general framework for explaining and interpreting the technical efficiency of organizations,
some of the specific determinants of urban transit performance in general and of the
French transit companies in particular have been extensively reviewed. In terms of the
policy debates mentioned in the introduction, the empirical findings confirm the impor-
tance of appropriate incentives in contracting for monopoly. Risk-sharing agreements
and, to a lesser extent, private ownership both seem to spur the performance of organizations.
Also the detrimental effects of subsidies on the one hand and the indirect disciplining impact
of the unique French transportation tax are worth recalling. Finally, the network struc-
ture may partly account for differences in performance. Of course, since information was
lacking on some potential determinants, e.g. the limited use of competition in France
could not be controlled for, these conclusions should be treated with some caution.

While most of these findings are in line with the urban transit literature, this contribu-
tion has systematically explored these relationships on a single data set using several
modern frontier methods. Obviously, the analysis reported in this paper is only a first
attempt to evaluate the French urban transit performance. There remains ample room
for additional studies corroborating or falsifying the detected determinants.
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