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It is clear that the proper objective function of the transit firm is intimately
related to the social, political, and regulatory environment in which it operates.
Moreover, the objectives of the firm are crucial for the proper specification
of transit output and for the ex post interpretation of performance measures.
For example, if the firm operates in a regulatory environment that mmplicitly
stimulates the excessive use of labor, it follows that assuming cost minimization
at observed input prices is inappropriate. In addition, evaluating performance
based on this assumption leads to highly misleading results.

A second observation is that in the literature there now is a general recogni-
tion of the heterogeneity of transport output in terms of temporal, spatial, and
quality characteristics. For example, companies may operate a highly dense or a
sparse network, they may differ in terms of peak-to-base ratios, and their services
may differ in quality (as reflected in, e.g., speed, punctuality, frequencies, travel
linkages, cleanliness of vehicles, drivers’ attitudes). Therefore, models aiming at
a realistic description of bus-transit operations must account for various rele-
vant service and network characteristics and must include variables describing
the regulatory environment. Important variables may include commercial speed,
frequency, variables providing details on the nature of regulations (e.g., speci-
fication of a minimum aggregate output level), various demand factors such as
prices of other modes, peak-to-base ratios, and variables reflecting the struc-
ture of the network and the urban area. Over the past decade, many empirical
models have incorporated at least some of these characteristics (Filippini et al.,
1992; Hensher, 1992; Kerstens, 1996). If output and network charatteristics are
appropriately included it follows that the early distinction between demand vs.
supply-related indicators becomes largely irrelevant.

In principle, including a series of output and network characteristics in a
technology specification is straightforward. In practice, however, problems do
arise, both for parametric and nonparametric approaches. If, in addition to inputs
and generic outputs, a large number of additional attributes are thought to be
relevant, the nature of the non-parametric approach implies that a very large
number of observations will tend to be situated on the frontier due to the well-
known curse of dimensionality. This undermines the discriminatory power of the
analysis, and using this frontier to determine efficiency of individual operators
may become difficult.

For parametric methods, problems of a slightly different nature occur. Apply-
ing such approaches to multiple output technologies may easily lead to an
excessively large number of parameters to be estimated, especially when flexi-
ble functional forms are utilized. At least two approaches have been suggested
to circumvent this problem. First, the seminal work of Spady and Friedlaender
(1978) has led to the specification of hedonic output composites that correct
the generic output (such as vehicle-kilometers) for variations in spatial, tempo-
ral, and quality characteristics. The importance of the individual characteristics
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in defining the output aggregate is estimated jointly with the structure of the
technology. A second approach is to explicitly exploit the network nature of
tra,msport services. The idea, developed by Jara Diaz and his collaborators (Jara-
Diaz, 1982; 1988; Jara-Diaz and Cortes, 1996; Basso and Jara-Diaz, 2005) is to
stgrt. from a very disaggregated definition of transport output, viz’., individual
origin—destination flows per period, and to exploit the relation between the out-
put for which data are available and the underlying origin-destination flows
Not.ice that empirical applications in bus transit are still scarce. =

Flnally,. several recent papers have considered the specific role of service
characteristics in the analysis of cost efficiency and performance. In a highly
rele\{ant‘ contribution, Prioni and Hensher (2000) emphasize that some service-
quality indicators can be interpreted at the same time as a supply characteristic
anq asa direct determinant of transit demand; e.g., timetable frequency maps into
waiting time. The distinction is important because the former directly affects the
ﬁrmjs production costs, whereas the latter affects the user cost for the passenger
but is only indirectly passed on to the bus operator. Indeed, the impact of the
user cost on demand translates into output changes only to the extent that the
ﬁrrp’s output is affected by final demand. The authors propose a methodology
to incorporate such quality indicators in studies of transit cost efficiency and
effectiveness in a way that nicely distinguishes between the direct cost impact of
'th’e char?lcteristic and the indirect effect via final demand. The method is based on
joint e§t1mation of the cost and the demand sides of the transit market. Hensher
and Prioni (2002) further elaborate on the need to specify a service quality index
that adequately captures service effectiveness when designing performance-based
contracts.

We should add a critical note regarding the implicit assumption in these studies
th{it quality improvements always contribute to increased customer satisfaction
fn.man (2094) reports a converse relationship for Swedish operators investiné
in information systems, vehicle standards, increased ‘frequency; and construction
().f travel centers. Quality improvements in fact decreased consumer satisfaction
since the frequency of perceived critical incidents increased. This is probabl);
d.ue, among others, to the long implementation periods with inevitable service
disruptions and the increase in passengers’ expectations following information
on the ongoing service improvements.

Finally, t.he above discussion on transit firms’ objectives and the specification
of appropriate output indicators can be summarized as follows. First, there is no
unjversal agreement on the objectives of transit firms, and explicit or implicit
goals that guide decisions may widely differ across firms. Second, there does
seem to be general agreement that empirical models should include 70utput char-
acteristics that capture both demand and supply attributes. If this is appropriately
fior}e the discussion with respect to the choice of demand vs. supply-related
indicators is no longer crucial. Third, the network structure and the relation
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variations in productivity growth and in efficiency between operators? We con-
secutively focus on ownership and size of operators, on the role of network
characteristics and environmental factors outside the control of bus operators,
on subsidies and contractual arrangements, and, on competition policy and reg-
ulation. Importantly, note that reported results may in some cases be derived
on the basis of specific implicit assumptions about transit companies’ objectives
that need not enjoy universal approval.

3.2.1. Ownership

It is often informally argued that productivity and efficiency is higher in the pri-
vate than in the public sector. For the transit sector, surveys by Perry et al. (1988)
and Berechman (1993) on the effect of ownership and management systems on
performance do not strongly support this view, however. Their results indicate
that variations in ownership and management as such have few predictable asso-
ciations with operating efficiency. In addition, the use of outside expertise under
the form of contract management is no guarantee of improved performance.
What does turn out to be the case is that both the level and the structure of
supply are different between public and private provision. As the organization of
transit supply in some countries serves social goals (accessibility, income redis-
tribution, etc.), it is generally found that service levels are higher under public
ownership. Moreover, public operators typically also offer a larger fraction of
total vehicle-kilometers during peak hours, implying higher peak-to-base ratios.
The latter findings again illustrate the importance of underlying objectives and
the incorporation of relevant supply and demand characteristics.

In more recent studies, private ownership does seem to perform better in terms
of productivity and technical efficiency. For example, Chang and Kao (1992) and
Kerstens (1996) detect a better performance of private bus operators in Taiwan
and France, respectively. However, despite the evidence produced by the recent
literature, there are several reasons why it is not at all clear that public bus
operators produce bus services less efficiently and are less productive than private
companies. First, as suggested above, public operators offer more services and
are characterized by higher peak-to-base ratios. If the distinction between peak
and off-peak supply is not explicitly taken into account, this deteriorates their
perceived relative performance. Not only are peak transport costs higher per
vehicle-kilometer than off-peak costs, due to differences in operating speed, but
in addition fleet sizes are almost exclusively determined by peak-period supply.
This implies larger average fleet sizes for public companies for any given total
supply of vehicle-kilometers, yielding lower perceived efficiency levels. Second,
results on the relative performance of private vs. public operators may be biased
due to a selection problem. To the extent that unprofitable private suppliers
have become publicly owned or, more generally, that nationalization to a large
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effect affected units in which private operators were not interested (high-cost
operations, services in less-developed regions, etc.), relatively poor performance
may have been a logical consequence. Third, it should be stressed that almost all
the available studies were unable to control for the degree of competition and the
nature of government regulation in the sector. Indeed, one could a priori argue
that ownership is of little relevance on its own. In markets with strong regulation
and characterized by an absence of effective competition for private operators,
very little relation between ownership and productivity or efficiency may exist.
Italian evidence by Fazioli et al. (1993) seems to confirm this statement. They
found no relation between technical efficiency and ownership among urban
transit firms precisely because of the absence of effective competition for both
public and private operators and strong regulation. Therefore, it seems safe
to conclude that ownership is not the most crucial factor in determining the
efficiency and productivity of bus operators. Much more important seem to be
the degree of market competition and the nature of regulation.

Some evidence suggests that size is important in determining performance.
The issue of scale economies was alluded to before. Moreover, both US and
European evidence is available that indicates a negative relation between tech-

nical efficiency and operator size. This has been interpreted as bureaucratic
inefficiency.

3.2.2. Network characteristics and environmental variables

One of the basic problems remains to account for the network structure and char-
acteristics when determining the performance of transit operators. The problem
is twofold. First, data on many potentially relevant attributes are unavailable.
Second, and more importantly, many of the relevant characteristics are largely
outside the control of the operators, but are imposed by the regulatory envi-
ronment (network size, number of routes, frequencies) or partly determined
by demand (number of stops). It is therefore unelear whether such network
attributes should be considered as part of the description of technology or as a
determinant of performance.

Not surprisingly, studies that do treat network characteristics as determinants
of performance find that they are quite relevant. For example, there is evidence
that the number of stops affects performance negatively, and that the average
distance between stops reduces operational efficiency. Urban operators seem
to perform better than rural transit providers. Many studies find that network
length itself has an impact on performance, although the sign remains a matter
of some controversy. Furthermore, average speed is typically found to have a
positive effect on efficiency and lowers costs, confirming the popular conjecture
that increasing traffic congestion levels do hinder public transport in urban areas.

Finally, capital-vintage effects (e.g., measured by average fleet age) seem to
slightly deteriorate performance.
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