Public and Private Production in a Mixed Delivery §stem: Regulation, Competition and
Costs

Germa Bel & Jordi Rosell
(Forthcoming in Journal of Policy Analysis and Management)

Abstract

Academics and policymakers are increasingly shyftime debate concerning the best form of
public service provision beyond the traditionakdilma between pure public and pure private
delivery modes, because, among other reasons, ihargrowing body of evidence that casts
doubt on the existence of systematic cost savioegs privatization, while any competition
seems to be eroded over time. In this paper we amtpe relative merits of public and private
delivery within a mixed delivery system. We stindyrole played by ownership, transaction
costs, and competition on local public service =l within the same jurisdiction. Using a
stochastic cost frontier, we analyze the publicsgte urban bus system in the Barcelona
Metropolitan Area. We find that private firms havigher delivery costs than those incurred
by the public firm, especially when transactiontsoagre taken into account. Furthermore,

tenders tend to decrease delivery costs.
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INTRODUCTION

Local governments in many developed countries hatreduced competition and private
delivery in the production of their public servic&is has given rise to much discussion among
both policymakers and scholars as they examineela¢éive merits of pure public and pure
private forms of delivery. Owing to a lack of syst#ic cost savings from privatization (Bel,
Fageda, & Warner, 2010), scholarly analyses hav@sla growing interest in alternative forms
of service delivery that break with the traditiomithotomy between full direct service and

complete contracting out.



One alternative form of production is the mixedivirly system, under which public
and private firms deliver the same service withemsame local jurisdiction (Miranda & Lerner,
1995). Recall that while sometimes “mixed delivas/inderstood as public entities and private
entities jointly producing a service by splittingoduction and delivery tasks, by “mixed
delivery system” we mean here carving up a jurisalicinto sub units and then parceling out
the same production and delivery process to diffiezatities. Mixed delivery is fairly common
in the U.S., with around 20 percent of local seesiover the last two decades being provided
under mixed delivery, according to the regular sysv conducted by the International
City/County Management Association—ICMA—(Girth &t 2012; Warner & Hefetz, 2008).
Mixed delivery is frequent in such services astsaiaste collection, nursing homes, and elderly
care programs, among others (Miranda & Lerner, 198&rner & Hefetz, 2008). In contrast,
mixed delivery is less frequent in Europe (Warner BRl, 2008). Indeed, European
policymakers and scholarly literature prefer thentémixed firm,” an organizational form that
differs from mixed delivery inasmuch as the goveenimand its private partners share
ownership of the firm (Cruz et al., 2014), whichonaover, is typically granted the monopoly
provision of services in the jurisdiction. The mbidealso referred to as “partial privatization”
(Bel & Fageda, 2010)

Different types of benefit accruing from mixed deliy have been identified in the
literature. Theoretical analyses, for example,sstithat this system ensures failsafe delivery
(Brown, Potoski, & van Slyke, 2006; Miranda & Lernd995; Williamson, 1991), since
governments retain material capabilities and know-tihat facilitate the taking over of a
contract should the private contractor perform poor the contract fail. While other private
firms operating within the jurisdiction might altake over such a contract, this would probably
entail lengthy negotiations and, moreover, privegiedors are likely to be reluctant to intervene

in such a process. Mixed delivery can also proncotapetition for the contract in the local



market (Bel, Brown, & Warner, 2014; Girth et alQ12). While governments may promote
competition via full privatization implemented tlugh competitive tenders, many local public
services are prone to market concentration andogro$ competition (Bel & Costas, 2006; Bel

& Fageda, 2011). Thus, mixed delivery can help @névmonopolization by private firms

(Miranda & Lerner, 1995). However, these potenbahefits must be weighed against a
potential loss of efficiency if fragmenting the igdiction prevents profiting from scale or

density economies, which may be relevant in sesaalices.

Mixed delivery also reduces asymmetric informati@iween government and private
firms by benchmarking production processes andsa@@bwn & Potoski, 2006; Miranda &
Lerner, 1995), which reduces transaction costswBrd’otoski, & van Slyke, 2008). Taking
full advantage of these opportunities requiresotiffe management, an essential factor for
improving service delivery (Hill & Lynn, 2004; Knio& Payne, 2004; Meier et al., 2004). In
this regard, the management requirements are depeo whether mixed delivery is provided
under competitive tender or under performance eectgr which involve more standard
regulation (Albalate, Bel, & Calzada, 2012).

While several scholars have analyzed the deterntsradrihe choice of mixed delivery
(Girth et al., 2012; Lamothe, Lamothe, & FeiockQ0Warner & Hefetz, 2008), there is a lack
of empirical evidence on the effects that mixedweel has on costs. To the best of our
knowledge, Miranda and Lerner (1995) is the onlyggtto date to have specifically addressed
this issue. The authors conduct an empirical arsabfsthe effects of mixed delivery (or joint
contracting) on aggregate expenditures, employmantl wages in a sample of U.S.
municipalities, and find that cities with a highgarcentage of services provided under mixed
delivery incur lower expenditures than those withigher percentage of direct production.
Miranda and Lerner (1995, p. 199) suggest the faefliture research “to assess the impacts

of benchmarking by service function to inquire wiegtcompetition within the private sector



is sufficient to promote cost savings without theed for duplication and/or overlap by
instituting a production role for government.”

The aim of this paper is to contribute to fill tlgap in the analysis of the effects of the
mixed delivery of local services on costs. MorecHpally, we compare the costs of public
and private firms delivering the same service witthie same local jurisdiction. Our analysis
focuses on the Barcelona Metropolitan Area busesystvhich is a notable case among the
relatively few examples of the mixed delivery otdb bus transit; a public firm and several
private firms supply comparable urban bus serweiisin the metro-area. This represents a
unique opportunity to compare public and privatkveey costs within the same jurisdiction
by means of multivariate analysis. Additionallydamlike most studies that compare private
and public costs, our empirical analysis takes atcount the transaction costs incurred when
contracting out to private firms, which allows wsréfine our analysis of the cost comparison.
Note that a major advantage of analyzing diffefients within a single jurisdiction, as opposed
to studies elsewhere that draw comparisons betwh#erent cities (or even different
countries), is that we do not need to rely on tbs&ueption of homogeneity of regulators and

spatial homogeneity.

RELATED LITERATURE ON PUBLIC-PRIVATE DELIVERY AND C OSTS

While examples of successful service delivery @t can be found, the outcomes of such
contracts have in many cases been disappointindpidrdebate, a growing body of evidence
appears to cast doubts on the existence of systearat sustainable cost savings attributable
to privatization (Bel, Fageda, & Warner, 2010; BeWarner, 2008)The main explanations
offered for these mixed findings are differencethimtransaction costs of contracted and direct
services (Brown & Postoski, 2003a, 2003b, 2005;ine& Tadelis 2010), geographical

differences in the availability of private providgHirsch, 1995; Warner & Hefetz 2002, 2003),



and trends towards concentration and diminishingpetition over time (Bel & Costas, 2006;
Bel & Fageda, 2011).

Transaction costs are a key issue in the debateeaoing potential cost savings from
privatization, and have become a regular focusenliterature on public service privatization
since the seminal studies of Sappington and 3i@li®87) and Williamson (1991, 1999).
Contracting procedures are costly, as are the oramit and supervision of contracted services.
Brown and Potoski (2003a, 2003b, 2005) show tlaatstction costs have a marked influence
on the privatization of local services, and idgntife importance of two dimensions related to
transaction costs: asset specificity and ease asarement.In the case of urban bus services,
asset specificity can be related to investmentsises and, especially, in bus depots. On their
side, ease of measurement can be related to miogitbe passengers transported, travel times,
etc. Contracting agencies may underestimate thte obthe overall process as transaction costs
are often excluded from the analysis. However,saation costs have received very little
attention in the empirical analysis of public amivg@te deliveries.

The role of the spatial dimension of competitiothia provision of local public services
was taken into consideration by Warner and Hef2@02, 2003), who showed that different
geographical areas (e.g., rural vs. urban) areactenized by differences in the respective
availability of private vendors and so offer disdanprospects for competition. Indeed, the
geographical area seems to be a critical determaofdhe level of market competition. Bel and
Fageda (2011), for example, report that the nurobérms bidding for contracts in smaller
cities is lower than that in larger cities, andoathat competition is eroded over time.
Furthermore, Bel and Costas (2006) show that tfusien of competition is a key factor in
accounting for the lack of differences in costsaeetn public and private delivery. In the same
vein, Girth et al. (2012) find a positive corretatibetween the choice of delivery form and the

level of competition in metro core areas. They alstain interesting qualitative results on the



dynamics of government “relational contracting”’guéators tend to devote more time and
resources in building and sustaining competitiooalise a low level of competition tends to
add to transaction costs.

Mixed delivery is a production choice that escajesclassical dilemma between full
direct production and complete contracting of sssi Regulators can compare the firms’
respective production processes and costs, whikinneg direct involvement in service
delivery. Mixed delivery allows a government to idi its jurisdiction in several areas, with
pure public delivery being used in one or more sra&ad pure private production in other
district(s) within the same jurisdiction (WarneB®l, 2008). Miranda and Lerner (1995) claim
that this “redundancy” or duplication in deliveryethods may in fact be efficient (as was
proposed earlier by Landau, 1969), as a form otherarking with the private sector, and as a
means of promoting bureaucratic competition in leodss such, mixed delivery can promote
competition by means of introducing competitivegstges on public firms, i.e., by disciplining
public managers and labor unions (Hatry, 1999; Miea& Lerner, 1995), and by preventing
private firm monopolization (Miranda & Lerner, 1999 he rise in mixed forms of delivery
reflects a continuing process of change and inmmwvedt the local government level that
combines the benefits of both market and publicvdg} (Warner & Hefetz, 2008): private
firms are interested in profit and efficiency; fhblic sector is also interested in efficiency, but
it is also expected to provide failsafe delivery anhigher level of public accountability and
involvement.

Evidence on mixed delivery and costs is scarcey@#tioned in the introduction. With
respect to the expectation that mixed delivery pithvide lower costs than those associated
with complete direct delivery, Miranda and Lerndr995) obtained empirical evidence

consistent with that hypothesis. Concerning ouhyasisg two hypotheses can be emphasized:



(1) Mixed delivery is expected to provide balanced sdsttween public and private

providers, because the system disciplines the ppbdiduction that is retained.

(2) Mixed delivery is expected to improve competitiaor fcontracts, allowing for a

reduction in costs via the tendering process.

Our paper seeks to enhance current understandihg ohplications of mixed delivery for
costs, and makes two major contributions to thediure. First, we analyze cost differences
between public and private firms under a mixedwéeyi regime, and analyze whether tendering
processes help to reduce delivery costs. Secordl,ualike traditional cost comparisons
between public and private providers, we explicitiglude the transaction costs incurred by
the regulatory agency (contracting procedures piasitoring and supervision of contracted
services) in the cost comparison, which allowsoufine the cost analysis for different types

of service delivery.

EMPIRICAL EVIDENCE ON PUBLIC AND PRIVATE DELIVERY C OSTS AND
TENDERS IN LOCAL BUS SERVICES

Early studies of the impact of privatization onamtbus services typically reported cost savings
and greater efficiency with private delivery, foraeple, in the U.K. (Savage, 1993; White,
1997), New Zealand and Chile (Lee & Rivasplata,12pand Switzerland (Filippini & Prioni,
2003). While almost none of the research publisiefdre 2000 took competition into account
in their empirical analyses (De Borger, KerstensC@&sta, 2002), more recent studies have
controlled for competition for the contract. Lelamshd Smirnova (2009) compared the
evolution in efficiency and effectiveness of U.#han bus services, and found that privately
owned and managed transit systems were no longer efftcient and effective providers than

government-owned agencies. They pointed to thedackmpetition between contractors and



higher transaction costs as factors. Recall thatnttarket for bus services is imperfectly
contestable (Mackie, Preston, & Nash, 1995).

The most common means of introducing competitionh provision of urban bus
services is through competitive tenderfndy.trans-European study found that public firms are
less productive than private ones, while firms cieleé through competitive tendering are more
productive (Boitani, Nicolini, & Scarpa, 2013). Hewer, the most telling result is that during
the second round of the tendering process (sonmms wé@r the first), an increase in the gross
cost is recorded in most countries. Not only aeedmno sustained cost savings, but there is also
some deterioration in the quality of the serviceviited, especially when the incumbent is
replaced by a new entrant (Mouwen & Rietveld, 2013)

Falls in the number of bidders and in bus marketeatration have been described in
Sweden (Alexandersson, Hultén, & Folster, 1998 nEe (Yvrande-Billon, 2006) and Norway
(Mathisen & Solvoll, 2008). This situation is paedtd in Italy, where the incumbent operator
tends to win most tender processes (Boitani & CamBi006)® Hensher and Wallis (2005)
express a concern that tendering is open to regylaapture by powerful monopolist bus
providers. Consequently, putting this relationshijy to tender, in a process that attracts few
bidders and involves complex contracts and incotapkss, may not be the best solution when
compared to negotiated performance-based cont(bieissher & Stanley, 2008). Hensher
(2015) concludes that the gains from competitivelézing are generally illusory or overstated

(outside the situation of an incumbent public fifm)

INSTITUTIONAL CONTEXT: THE BARCELONA METROPOLITANB US SYSTEM,
REGULATORS AND OPERATING COMPANIES
The provision of public transport in the Barcelddatropolitan Area has remained largely

stable over recent decadésical bus transit is provided under a mixed deliveygtem, in



which one public firm Transports Metropolitans de Barceloral MB) and several private
firms supply the service in different areas, tHaseunder the supervision of a regulatemtjtat
Metropolitana del Transpo-EMT). Recall that empirical analyses of urban lsystems
report U-shaped average cost functions. In othedsy@nd as suggested earlier by Berechman
(1993), economies of scale are constant or evesrtr&y decreasing returns to scale as firms
grow in size Jgrgensen, Pedersen, & Volden, 198latas & Raymond, 1998). This is an
important outcome for the management of local lygtesns, because it implies that the service
can be fragmented in large cities between diffefiemts, without foregoing any of the potential
benefits of scale economies.

The EMT is responsible for regulating local bus&iiin the city of Barcelona and the
towns in its metropolitan area. Private companssaperate services by means of competitive
tendering contracts (net-cost contracts) or neggtiperformance-based contracts (gross-cost
contracts), both with quality incentives. The EM@&fides the characteristics of the service
offered by the concessionaires, establishes netwartes, draws up bus schedules, defines
quality levels, organizes the tenders, and coveesdeficits run up by the private firfs
(Albalate, Bel, & Calzada, 2012). EMT has consib&raexperience as a management
contractor and has been tendering services siecEx0s. The EMT is the owner of bus fleets
and bus depots, and provides vehicles and fasilitiehe operating companies. Recall that this
reduces potential asset specificity problems, singenimizes problems related to sunk costs,
thus increasing market contestability.

The publicly owned firm TMB operates 106 lines, and2012 it carried around 174
million passengers. The number of passengers haasmed stable since 1980, as several lines
formerly operated by TMB have been privatized, tngdmetropolitan subway network has also
been expanded. Correspondingly, supply has alsaine quite stable: TMB offered 3,182

million seats-km in 2012, just a little above th859 million seats-km supplied in 1989. TMB



has not participated in any tender process in taedona Metropolitan AréaTMB enjoys
freedom to design and plan its own services, ambisubject to a concession contract with
the EMT. As such, TMB can be described as a cotjzexh company, enjoying greater
managerial flexibility than that typically enjoydxy a traditional bureaucratic organization.
Note that the public entity is essentially unretedaand has a much freer hand to make
management decisions than the private firms, waretheavily regulated by EMT.

Several of the private concessions overlap withTiki# delivery area as both connect
Barcelona (including downtown) with the surroundignicipalities and also operate in these
surrounding municipalities. The only differencehat TMB operates the intra-city routes. Bus
services operated by private firms under competitontracts represent 81 percent of EMT'’s
total passengers (excluding TMB). Private concessies that win tenders operate under net-
cost contracts, with vehicle and depot facilitiesly supplied by the EMT.

Tender concessions follow a net-cost contract sehema minimum subsidy: firms
receive a subsidy from the EMT that is equal todtfilerence between the expected revenues
from passengers and the bidding cost. Private tpsranjoy far less managerial autonomy
than TMB. However, there are revenue incentivegtedl to such factors as extra-passengers,
punctuality, vehicle quality and passenger’s peextiquality, among others. These revenues
represent around 4 percent of total revenues (dixawsubsidy). Average concession length is
five years, with the possibility of an extensiondeage length of extensions is three years).
Tendering Processes
The first tendering process took place in 1998.1§ &kl in the appendixdisplays all the
tendering processes implemented up to and inclug@i®, and which are considered in our
analysis. The number of firms bidding to obtairoaaession has varied from between two and
five. Table A1l also includes the negotiated performarased contracts, all of which are held

by two firms belonging to the same metropolitandaagroup (Baixbus). Note that we do not
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include negotiated performance-based contractsuinempirical analysis as the services
delivered under them are of a different nature ftbose produced directly or tendered; and,
more importantly, because the firms holding thes@racts are under no obligation to report
any data to the regulator. As a result, no speftiific data are available, whereas data from
firms that have won tenders are available.

The majority of private firms offering services ogi according to the concession
awarded in the corresponding tendering processmallsnumber of firms concentrate the
market for tendered services, even though there s@reral bidders in the contests. It is worth
noting that no “outsiders” (that is to say, firms groups based outside the Barcelona
Metropolitan Area) have ever won a tender, evennwieguesting the lowest subsidy (lowest
contract price). That points to the existence tdti@nal considerations or rent-seeking costs;
that is, the regulator has incentives to avoid givan the firm because the day-to-day
relationship would change. For example, unexpecteahges not provided for under the
contract might be harder to implement. A furthessbility is that the regulator expects the
incumbent to provide a higher quality service; asal, prefers to maintain the contractual

partner.

EMPIRICAL STRATEGY: STOCHASTIC COST FRONTIER FOR PA NEL DATA

A firm converts inputs into output. Thus, a bus pamy uses employees as labor force, and
fuel and other materials to obtain energy to c&ilemeters and transport passengers, assuming
the total variable cost to be a function of inpatl @onditional to the level of capital provided
by the authority. Beyond this specification, seVatdhors also identify network characteristics
such as the length of the line or the average s(ssedDe Borger, Kerstens, & Costa, 2002, for

a detailed review). Another group of factors thatuence operating costs are the form of
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ownership, competition, and other environmentatatizristics. The total variable cost frontier
can be written as the following function:
TVCit = f(Yie, PLit, PMyt, Kit, Nit, Oy, t) 1)

where thedotal variable cosbf an urban bus lin€VCis assumed to be a function of output
factor pricesP (laborL and material and energy), capitalK, the network characteristid§
the competition and ownershipand the time trentl among othersThe model takes the urban
bus line’s variable cost as a dependent variabég;is, its total annual operating expenses. It is
important to note that variable costs exclude figagital costs, i.e., the cost of vehicles and
bus depots, which in many cases are funded entietyalmost entirely—by the government
or the regulator. This is, in fact, the case In jimésdiction we analyze here. Thus, capital
represents a quasi-fixed input. Variable costsiacesasingly being used in the empirical
analysis of costs in order to deal with an appapamadox: the very frequent finding, and a
common result in the literature on buses, of a tiegaoefficient for capital costs when using
capital as an input price. This result is due tma-cost minimization process for capital (see,
for example, Cambini, Piacenza, & Vannoni, 200égduse in many cases the government or
regulators cover these costs in full or almostuih fThis is the case, for instance, in France;
and for this reason, Gagnepain (1998) opted tovas@ble costs instead of total costs. As
mentioned, variable costs are increasingly beirgl uis the literaturas the dependent variable
and have become the standard choice in the moshtre&enpirical studies (e.g., Ayadi &
Hammami, 2015). Therefore, in this framework, baedine operators do not minimize the cost
of capital, we expect a negative sign.

When data are comparable and consistent over timemost frequently occurring
functional form in the literature is a translog chmction (Coelli, 2003). This function was

first proposed by Christensen et al. (1973) and fivsisapplied to urban bus transit by Viton
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(1981). Subsequently, it has been applied in mangircal studies on this fieldl The cost

function equation to be estimated can be expreasst following double log form:

TVCi

1o 32
Iy =Pt Zx:Y,N,sp,%,K By Inx;; + Zx:Y,N,sp,%,K ~Bx(Inx;)? +

Zx’xfzlelsp‘%’K Bx Inx; Inx; + +Bo1 TEND;e + Bp PRIVie +B23TUS;e + B2aROS; +

(2)

x#x'

B25SOL; + B26BARCt + B2 METR;t + B2gMUN;: + B2 TIME: + &t

with i =1,2,..,42 andt = 2002,2003,...,2012

where subscriptsandt denote the line and year, respectively. The degnehriable id otal
Variable Costg(TVD). The outputvariable (Y) is the vehicle-kilometers, N is thetwork
length SP is thaverage speedhe price of labol(PL) is related to thprice of material{PM)
and thecapital (K) is the number of buses per line. TEND is ylear of tendeifor private
concessions, PRIV is a dummy fprivate lines and TUS, ROS and SOL are dummies for
private concession3 he control variables are BARC for lines insidedity of Barcelonawhile
METR is a dummy indicating whether or not a newtro stationhas been opened near to a
bus line and MUN is a dummy indicating whether ot the bus routes are within tkame
municipality TIME is a yearlytime trendvariable.¢;; is the random term divided i,
(normally distributed) and;;, the inefficiency term (half-normally distributed)able 1 reports
the definitions and expected outcomes for all theables. The dependent variable and the
labor input have been divided by materials inpitgorin addition to the standard variables of
a proper cost function, we includaedtwork lengti(N) andaverage commercial spe¢gP) in

the model, in line with Levaggi (1994) and Gagnaai98):°

(Table 1 around here)
Our main objective is to analyze the ownership @odhpetition variables. The

ownership issue has been analyzed in the literatuogvever, the results regarding the
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relationship with efficiency and productivity indlprivate sector are inconclusivéear of
tenderis an innovative variable for detecting the impaica tender process as a competitive
mechanism. We include three control variabRar.celona which controls for lines inside this
city; municipality, which controls for lines within a municipalityhar than Barcelona; and,
metrq which controls for subway stations opened ndarsastop on a specific line.

We use cost frontiers for panel data, as firsouhiiced by Battese and Coelli (1988).
We select two different models: the Battese andllCo®del (1992) and the True Random
Effects model (Greene, 2005). There are differastridutional assumptions to create an
empirical model from the “composed error.” The tficg these models assumes a random
component term to be time variant, so thiatdifferent fromT; (Battese & Coelli, 1992). The
decay parametem-shows the temporal pattern of inefficiency.

w;e = exp{—n(t — T}y (3)

We assume that;,~ N(0,02) andu;; N*(0,02). Battese and Coelli’s (1992) panel
data model is somewhat restrictive because it afibws inefficiency to change over time
exponentially. Nonetheless, this model allows eixipig better the panel structure of the data.
When estimating the inefficiency measures, onehefrhain problems faced is avoiding the
unobserved heterogeneity bias. Based on theirngsdiFarsi, Filippini and Kuenzle (2006)
propose potential differences in cost frontier paaters and inefficiency scores. As such, True
Random Effects could perform better, allowing Ispecific heterogeneity to be captured. This
model is particularly suited to transport indusrighere network and environmental traits
(time-invariant factors) are mostly unobserved platy an important role in operating costs
(Farsi, Filippini, & Kuenzle, 2006). To calculateeifficiency scores, the value of; needs to

be positive. Indeed, the model predicts they welldmsitively skewed in cost frontiers. Thus,

Iambda(/l = @) indicates the ratio of the standard errors of ittedficiency terms to the

Oy
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standard deviation of the stochastic term (Gre@®85, 2008). If the estimate af is
statistically significant, that suggests evidenteast inefficiency in the data.

The actors affected by transaction costs are tivatprfirms and the regulator. Private
companies need to devote some of their time togpireg their tender bid and to working with
the regulator if they win the contédtThe regulator, on the other hand, has to orgatige
tender process and monitor the private winner duittie period of concession. However, the
regulator’s budget is paid for by the taxpayers, #ere is no specific transfer of the regulator’s
costs to the private firm’s services. Our papertasthe best of our knowledge, the first to
consider the regulator’s transaction costs. As BMOLId not need to exist if there were no
private firms operating in the jurisdiction, we ¢athe regulator’'s budget (which is publicly
available) as our measure of the transactions custsnternalized by the firms. Then, we
allocate the regulator’s costs equally among @lghvate lines, which allows us to provide a
more refined and robust cost comparison. Latethesection dedicated to the robustness
check, we consider an alternative cost allocatiethod: the number of passengers carried by

each line'?

DATA
The data set is an unbalanced panel for the p@606@& to 2012, comprising 405 observations
and four companies, one of them fully publicly-owr(@MB) and the other three completely
private. Data are provided by the public bus comd@MB) and the regulator (EMT), the later
providing data for the private firms.

We choose private bus lines that connect Barcehltianeighboring towns and urban
lines in surrounding towns in areas under concassigve exclude lines that run parallel to
motorways or high capacity roads, since the charstics of these lines are not similar to those

operated by the public company TMB. We choose EIBTIines that connect Barcelona with
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neighboring towns, as well as lines within the naipality of Barcelona but at some distance
from downtown Barcelona. We exclude all night reubecause they differ markedly from day
routes in terms of wages paid, average speed, rieterogth, etc. In this way, we make sure
we are analyzing homogeneous lines.

Table 2 reports summary statistics for the conoessie firms included in the analysis.
The available information includes—for each conmess-the number of lines analyzed, the
line length, the number of passengers carriedhuingber of vehicles, the number of employees,
and the cost and revenue per net km (thus, we tdake into account trips made without
passengers from and to bus depots; hereafter kip&; among others. The main differences
between the concessionaires concern the numberesf dnalyzed, the number of passengers
carried, the number of vehicles and the costs|, totts and the cost per km covered.

(Table 2 around here)

More than half the lines analyzed are publicly nggath while the others are distributed
among the three private companies. Differences atsnr between the public and private
companies in terms of the cost per km, the numb@assengers carried and the number of
kilometers covered. Given the similarity in linendgh, it is clear that TMB has a higher bus
frequency than that operated by the private congsaiihe number of employees is higher and
significantly different in the public company comed to the private firms. But the public
company also carries more passengers. Becausespktime private companies employ a
larger workforce than that employed by TMB relatieethe number of kilometers covered.
There are marked differences in costs: TMB is tlostnexpensive firm by line, but when we
compare the total variable costs by km coveres, mot the most expensive. The transaction
costs for the private lines remain constant eadr.ydowever, these costs can represent

between 3.5 and 14 percent of their total costs.
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RESULTS
First, we estimate a stochastic cost frontier torgd data using Battese and Coelli (1992). Table
3 shows the results (see second order coefficientSable A2 in the Appendix) For
concession dummies we take as our reference TMBiafilables are expressed in logarithms
(with the exception of the dummy variables); theref coefficients can be interpreted as
elasticities. The original values of the monetaayiables are deflated by a price index.

(Table 3 around here)

Half of the specifications are estimated with tepehdent variabldédtal variable cost
without including the transaction costs (left-hastadumns), while the other half include the
transaction costs (right-hand columns). Overall sigmificant differences were found when
using either one or other of the alternative speatibns for the dependent variable, with the
exception of the effect of tenders on costs.

In general, the main variables present the expesitgdand are statistically significant.
Furthermore, the coefficients are within usual lsswand have small variability throughout
estimations. This is particularly so for the corariables in our study, those reflecting
ownership, firm, and competition, where our coratdbutions lie.Outputelasticity provides
the only relevant exception, as it shows largealality: between 0.311 and 1.295, implying
that a 1 percent increase in the bus vehicle-kitersesupplied will increase total costs by just
0.311 percent to 1.295 percénfiverage speei$ negative or non-significant and our findings
confirm that it is negatively related to a firm'est performance. Therefore, public policies
oriented towards increasing bus transit speeds tnighdesirable, because passengers (or
taxpayers) would pay less for bus transportationc@&ntrastnetwork lengths positive and
significant or non-significant, as expected, altjlothe result is not statistically significant in

non-transaction cost estimations.
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In the case ofabor input price which appears to be significant in all specificas,
coefficients vary between 0.84 and 0.54, in linehwisual results elsewhere in the literature.
The coefficient for (quasi-fixed)apital is negative and highly significant, ranging from5&
to -0.33, which means that a greater availabilitypases (paid for by the EMT) would bring
about a reduction in total variable costs. While délvailable evidence shows divergent results
for this variable, our results are in line with sleareported, for instance, by Obeng (1985) and
by Gagnepain (1998), and they have solid theolefieandations, as discussed in Gagnepain
(1998) and CroissaniRoy, and Cantor(2013). The coefficient of the linesime trend is
significant and negative in all models; thus, texhgical progress is significant in Barcelona’s
local bus industry. The control variables are nyostin-significant; thus, we do not find any
differences between interurban lines and intra-iipal lines (Barcelona and municipality
dummies). Likewise, the new subway services de@rett any competitive pressure on the bus
lines (metro dummy). The value of lambda indic#éitesright skewness of the inefficiency term
in three of the four specifications.

Our primary focus is, first and foremost, to cong#re costs of public and private
delivery. Interestingly, we do not find any cosvisgs with private delivery. In facprivate
firms appear to have higher costs than those iadusy the public firm, this being true for all
estimations, without and with transaction costdebd, cost differences are more marked when
transaction costs are taken into account.

Second, we are interested in determining the effectompetition on costs. Here, the
year of tendeshows a negative and significant impact on cadtispugh non-transaction cost
specifications show a non-significant result. Iis ttegard, our results are relatively consistent
with our second hypothesis—we expected strongerpetitive pressures in the tender

processes to result in cost reductions, espeaidiBn transaction costs are taken into account.
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We replicate our model using the True Random Efewbdel as proposed by Greene
(2005). True Random Effects separate firm effecisfinefficiency. Recall that one limitation
of this model is that the line’s inefficiency isagirelated with the explanatory variables and is
assumed to be constant over time. In relativelyg Ipanels, and even in those cases in which
the management’s efficiency is constant, techreffatiency varies over time. Table 4 shows
the results (see second-order coefficients in TABl&n the Appendix}®

(Table 4 around here)

We obtain very similar results (sign and significanfor all variables in the equation,
although estimation 5 shows somewhat contradictsylts for line length and speed. Focusing
on our key variables, we find, in relationship tenership, that private lines are always more
costly than public lines, except in one specifmatior which there is no statistical difference.
In the case of the second hypothesis, we obtaindsxseases related to the tender process in
three estimations, and no significant effect in.oHere, it is worth noting that we also
considered the year of tender variable as a dumaniphe with a value of one for all years
following the tender process and O otherwise. Tenmdechanisms lowered costs for all
specifications.

One objective in fitting the frontier models isgstimate the inefficiency terms. In Table
5 we provide the inefficiency estimates for all&fieations for the three different models. The
interpretation of these coefficients is the exoemsable costs of a line compared to the costs
of the most efficient performer in our data. Inlades specifications, the inefficiency estimates
fall within a realistic range. We perform the KraskVallis test for each specification by
dividing the sample into public and privates lind$ie main result for the majority of
specifications is the statistical significance lo¢ tetter performance of public as opposed to
private lines. For some True Random Effects estonaf there is no statistical difference of

the better performance of public compared to tlgrivate lines. Note, however, that these
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specifications include ownership variables, so vaisability is captured. All in all, public lines
are more efficient than their private counterpatfts.

(Table 5 around here)

ROBUSTNESS TESTS
In this section, we perform several robustness .t€stst, we regress the model using a different
approach to transaction costs in order to tesewifft ways of allocating these costs; the
definition of the model and all independent varhlemain exactly the same, contrary to what
happens to our dependent variable: Total variabtsc(including transaction costs). Recall
that in our analysis above we applied an egaliaaillocation of transaction costs (based on
lines). Here, instead, we apply a non-egalitaritotation: we allocate those transaction costs
based on the different effort or time spent byrdgilator in monitoring each private line. Effort
and time will depend on the complexity of the linad we take as an indicator for complexity
the number of passengers carried by each line., Thliusach year we allocate transaction costs
based on the ridership of each line (proportioadghe number of passengers carried). We use
the same models as above; namely, the Battese @@t (1992) model and True Random
Effects. Table 6 shows the results.

(Table 6 around here)

In the case of our key variables, we obtain theesegaults as those obtained in all the
previous models for the ownership variable: privates are more costly than public lines. In
the case of theender variable, a negative and significant coefficieat found for all
specifications. Adopting different methods to aditecthe transaction costs does not bring about
relevant changes in the variables related to ovaneiend the tender processes. All in all, our

results show remarkable stability across all thristness tests.
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The estimate of is statistically significant in most specificatgmrsuggesting evidence
of technical inefficiency in the data. We provideparate inefficiency measures from the
Battese and Coelli and the True Random Effects teddeable 7) for the public and private
lines. Inefficiency estimates stand at around @01.03 (in line with the available evidend®),
which represents a potential cost saving of betwkeand 3 percent. The public-private
comparison shows a better performance of publesliaccording to the Kruskal-Wallis test.

(Table 7 around here)

The second robustness test relates to the spéidfiaa the competition variable. In our
analysis above, we specified competition as a dumvitiyvalue 1 the year following a tender,
and 0 otherwise. Here, instead, this independerdhla (everything else remains equal) takes
a value of 1 for all years after the tender procasd O otherwise. We perform the same
specifications (allocating transaction costs by hanof passengers per line) as in the previous
robustness tests. Table 8 displays the result®rigearder coefficients in Table A4 in the
Appendix)!® The competition variable is also negative fospkcifications. This indicates that
our results are robust to different specificatidvisreover, the ownership variables are always
significant; the private lines are more costly ttia@ public lines.

(Table 8 around here)

DISCUSSION

Throughout our empirical exercise, we find that lpudelivery costs are lower than private
costs, and the cost advantage of public deliverthéu increases when transaction costs are
considered, as could be expected. In this regadiesults are not in line with the expectation
that public and private firms will face similar ¢sswith mixed delivery. Furthermore, our
results show the importance of considering transaatosts, as they reflect the costs paid by

the citizens to maintain the regulator, and thesuema better comparison of the total costs paid
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by bus users and taxpayers. The failure to congrdesaction costs in previous empirical
studies may well have biased the results of theammaparisons undertaken to the detriment of
public firms.

It is worth emphasizing as well that tenders fonaassions tend to contribute to
decrease costs. Thus, our findings provide sugpakpectations that mixed delivery results
in more competitive tenders. Our results show tt@nhpetition between private firms is
effective and that private firm delivery is morestg, particularly when we take into account
their transaction costs.

Governments and regulators face different challeng@st, they have to fulfill the
requirements of competitive tendering that emafrata higher legal frameworks promoting
contests in which there is no common carrier priogdhe service. Second, they are forced to
seek more flexible agreements to guarantee a wierkatationship based on trust with the
private operator. This is particularly so if, asiteeh and Marschke (2010) suggest, we take
into account the fact that incentives should beldseagents that are responsive to them, and
that procedures and regulations affecting bureaigsar public firms can constrain them more
than they constrain private firns.

Competitive tendering involves greater rigiditiégrt a negotiated contract, since it
reduces government opportunities for modifying dieévery conditions. These rigidities may
be weakened somewhat by changes introduced bgtjuator into the contract. The big rate
of new contracts awarded to incumbents—quite comrasrshown in Boitani and Cambini
(2006), Beck and Walter (2013), etc.—suggests @neeship of trust exists between the
regulator and private operators. All this seemadeacate that competitive tendering conditions
are increasingly tending to resemble a negotiaggtbpnance-based contract, as observed. In

this context, regulator accountability is weakened.
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However, private production (supply from privatengers) within a mixed delivery
system may also be used as the basis for a cretelat for the privatization of some publicly
delivered services. Indeed, this threat has beed msBarcelona at the time of labor conflicts
within the TMB (Albalate, Bel, & Calzada, 2012,9¥). As such, it may have contributed to
cost containment in the public firm, thus helpimg explain its relatively good economic

performance (compared to that of the private firm$arcelona.

CONCLUSION

In this paper we have evaluated the impact of finmership and competition on the total
variable costs of a local bus transit service withimixed delivery regime, paying particular
attention to the presence of the transaction aestdved in private delivery. We have estimated
a translog stochastic cost frontier in an attenh@h@dding light on the effect of the delivery
choices. The main results can be summarized asnsl|

First, public delivery has been found to perforrtidrethan the private operators selected
via competitive tendering. The public company pded bus services at a lower cost to that
incurred by the private companies, and difference®st increase when we take into account
transaction costs. This result is a clear indicatiaat cost comparisons that ignore transaction
costs may well be underestimating private costsgaividg a misleading picture of the costs
associated with public and private delivery.

Second, we find evidence that operating under tepaeedures implies cost savings
in the private segments of the service, becaustetiter process tends to affect variable costs.
However, potential savings from tenders are ngel@nough to offset higher costs incurred by
private firms when compared to public delivery. Aspible explanation is the existence of
relational contracting due to complex contractsiasdmpleteness. The regulator might prefer

to establish strong relationships based on truist specific private providers because it needs
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to make constant changes to the contract. In #gard, it is important to emphasize that
maintaining public delivery helps the governmertiétter understand the real costs of services,
thereby mitigating information asymmetries.

The debate on the reform of public service deliveag most frequently focused on the
dilemma between pure public and pure private defiveodes. Our analysis suggests that
mixed delivery (as long as economic conditions gervice fragmentation exist) creates a
framework in which policymakers and regulators eaploy different tools to pursue different
objectives; for instance, using the more flexibkEnagement practices of private firms to adjust
to non-contractual events or to unforeseen neeat®, However, that this greater flexibility can
result in higher costs being incurred by the reigujavhich casts doubts on whether mixed
delivery is used as an overall cost minimizingtsgs.

We are aware that the generalization of our resilty no means straightforward: first,
we analyze a specific service in a specific judsdn (that of Barcelona) and, second, while
the number of mixed delivery systems is increadimgy are far from usual in the organization
of the delivery of public services in local publfansportation. This said, our findings should
prove useful beyond the specific case of localdmrgices and be of relevance in other services
where mixed delivery is frequent, in particulamgbk services, such as solid waste collection,
where transportation is a major characteristichef gervice. Clearly, future research needs to
devote more attention to analyzing in greater démtcharacteristics and effects of mixed and
hybrid delivery choices. Likewise, further empitistudies of mixed delivery in other services
would enhance our knowledge of its advantages eanallzhcks.
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Table 1. Model variables and their definitions.

Grouping Variable Definition
variables
This includes labor, fuel, maintenance and othdiréct costs
(such as administration and coordination costheatihe level,
) both for public and private firms). We exclude thes fleet costs.
Dependent Variable Costs . ) ] ]
) We evaluate these costs in two different scenadiegending on
variable (TVvC) _ _ )
whether we include transaction costs or not. Thesaction cost
is the regulator’s total budget, and we distridtggjually
between each private liffe.
We usevehicle-kilometersa supply-related measure. Seat-
kilometers would have been another suitable meabuteve
Output (Y)

have no data here for private companies. The oigmxpected

to have a positive sign.

Price of inputs

Price of labor
(PL)

The ratio of total salary expenses to the total lmemof hours

worked.

Price of material
(PM)

This is obtained by dividing fuel and maintenancserial costs
by net kilometers covered. This variable divides dependent

variable and the price of labor in the equation.

Capital (quasi-fixed, K)

Capital is represented by the number of buses.dbinsidered a
quasi-fixed factor because buses are owned byethdator. We

expected a negative sign.

Network

characteristics

Line length (N)

This variable serves as a proxy for exogenous chexiatics such
as public service obligations. Line length is thend trip
distance divided by two. Expectations regardingefiects of

line lengthon costs are ambiguous.

Average speed
(SP)

If a trip is covered in a shorter time, fewer véddgcand less labor
force are required. Therefore, costs are expeotdddrease with
increasing network speed. Average speed is the auofb

kilometers divided by service hours.

Competition and
ownership
variables

Tender year
(TEND)

This dummy variable takes a value of 1 for the ysamediately
following a tender process (that is, the year inciwtihe new
concession terms are applied). New contracts catogarce on
January 1, even though the contest has been ceddbnahe
previous year. If tenders were cost-minimizingfadts, costs

should decrease following a tender process.
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This binary variable takes a value of 1 if the lis®perated by a
private company and O if it is operated by the pubdmpany
] TMB. Most empirical evidence for bus services iadés that
Private (PRIV) ) o ) o
private companies incur lower costs, but this evigeis not

systematic across other local service sectors, asiclolid waste

and water.
Concession A dummy that clusters the same concession’s bes lip to a
dummies (TUS, | total of four. The private ones are TUS (TusgROS
ROS, SOL) (Rosanbus) and SOL (Soler i Sauret)
This dummy variable takes a value of 1 if the wHuls line is
Barcelona within the municipality of Barcelona, and 0 othes®ii In this
(BARC) way we control for the effect of the city of Baraph on the cost
function.
Control variables This dummy variable takes a value of 1 if the bos is affected

Metro (METR) | by the new metropolitan subway lines opened in 2ah@ 0

otherwise.
Municipality This dummy takes a value of 1 if the bus routeithiw the same
(MUN) municipality (but outside Barcelona), and O othaewi

aRecall that EMT’s costs are not allocated to TMie8, because it does not regulate TMB and does not
undertake any other functional activity with regpecTMB. Both TMB and EMT are subject to political

supervision by representatives of local governmantise Metropolitan Area of Barcelona.
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Table 2. Mean (standard error) based on 405 bus line obens (2002 to 2012).

Concessionaires

TMB

Barcelonés Nord Hospitalet de

West Barcelona

(Soler Sauret)

Average speed (km/h)
Length line (km)

Net km (km)

Vehicles

Bus age (years)
Employees
Passengers

Cost per net km
Revenues per net km
Total costs (€)

Transaction costs (€)

12.91 (0.147)
10.454 (0.223)
430,924 (13337.5
10.96 (0.343)

6.49 (0.04)
32.0 (1.05)
1,569,978 (6963

4.10 (0.059)
1.62 (0.04)
1,784,709 (62,653

0

2)

)

(Tusgsal) Llobregat (Rosanbus)
10.72 (0.203) .60£2(0.307)
8.576 (0.496) 16.39.82)

293,336 (20,762.6) 6,803 (19,145.1)

5.48 (0.399) 6.155 (0.392)
4.47 (0.05) 5.02 (0.09)
27.02 (1.46) 16.59 (1.28)

883,722 (61,527)  ,5AR9121,391)

5.13 (0.116) 3.8530)1
1.47 (0.06) 1.580
1,391,206 (7847 1,073,187 (76,330)

52,217.17 (971.9)  51,43.989.95)

12.58 (0.408)
10.308 (0.364)
123,505(10,751.1)

.630.176)

6.23 (0.29)

5 605)

176,540 (20,299)

3.33(0.183)

0.59 (0.04)
379,854.4 (44,492)

51,172.17 (2556.0)

Analyzed lines (yearly

average)

21

9.4 5.4

1.6
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Table 3.Cost frontier estimation with time varying effeetBattese and Coelli (1992) model (standard ermors i

parentheses).
Dep. variable without transaction costs Dep. \deiavith transaction costs
1) (2) 3) 4)
1.290%** 1.295%** 0.368** 0.311%
Py (0.110) (0.104) (0.110) (0.106)
-0.023 -0.036 1.537%+* 1.557*+*
P (0.059) (0.056) (0.339) (0.581)
-0.144 -0.141 -1.644%* -1.657*
Pse (0.128) (0.121) (0.932) (0.965)
0.544%% 0.563%** 0.803*** 0.843%*
Pev (0.058) (0.055) (0.196) (0.175)
-1.582%% -1.579%+* -0.448% -0.334%+*
P (0.224) (0.212) (0.115) (0.092)
-1E-04** -1E-04* -0.002** -0.015%**
Prime (6E-05) (5E-05) (0.001) (4E-04)
0.000 0.000 -0.013* -0.013*
Tender year
(0.001) (0.001) (0.007) (0.007)
orivate 0.006*** 0.103***
(0.001) (0.009)
Tusgsal 0.007* 0.104%*
(0.001) (0.010)
Rosanbus 0.005**+ 0.103**
(0.001) (0.011)
Soler Sauret 00057 00967
(0.001) (0.014)
0.000 0.000 0.005 0.005
Pecw (0.001) (0.001) (0.005) (0.005)
-0.001** 0.000 -0.004 -0.003
Praun (4E-04) (4E-04) (0.005) (0.005)
0.000 0.000 0.000 0.000
Puter (0.001) (0.001) (0.005) (0.006)
0.367 0.328 -0.014 -0.025
i (0.287) (0.410) (0.135) (0.164)
A= culoy 1.119%* 0.033 1.577%** 1.2156%
Log likelihood 1728.33 1734.66 944.35 944.33
Observations 378 378 378 378

Significance levels: * 10 percent; ** 5 percent**t percent
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Table 4. Cost frontier estimation—True Random Effects mdde&indard errors in parentheses).

Dep. variable without transaction cos

ts Dep. vaeiatith transaction costs

(5) (6) ) (8)
5 0.813%** 0.959% -0.060 -0.202
Y (0.1574) (0.1262) | (0.8515) (0.8701)
5 -0.997* -0.343% | 1,128 0.869*
N (0.1059) (0.0595) | (0.5109) (0.5241)
5 1.198%+* 0.087 -1.383 -1.122
SP (0.2363) (0.1388) | (0.8860) (0.9592)
5 1.111 0.824# 1.114% 1.394
PL (0.1283) (0.0782) | (0.4625) (0.4277)
5 -0.463 -0.837%** 0.583 1.017
K (0.3135) (0.2600) | (1.7640) (1.8111)
5 0.000 0.000 -0.002%** -0.002%**
Time (0.0002) (0.4177) (0.0006) (0.0006)
-0.003* -0.001 -0.015* -0.015*
Tender year
(0.0017) (0.0012) | (0.0088) (0.0086)
_ 0.004 0.095%*
Private
(0.0034) (0.0114)
0.008** 0.104%
Tusgsal
(0.0024) (0.0140)
0.006%** 0.094%**
Rosanbus
(0.0024) (0.0133)
0.005%* 0.089%*
Soler Sauret
(0.0026) (0.0121)
5 -0.001 0.0002 0.003 0.004
BCN (0.0017) (0.0014) | (0.0069) (0.0068)
5 -0.001 -0.001 -0.001 -0.003
MUN (0.0009) (0.0008) (0.0043) (0.0043)
5 0.001 -0.001 0.003 0.001
MET (0.0019) (0.0013) | (0.0083) (0.0083)
A= ooy 1.288%** 0.163 1.996%** 2.879%
Log
o 1532.50 1765.69 951.24 953.22
likelihood
Observations 405 405 405 405

Significance levels: * 10 percefits percent; *** 1 percent
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Table 5. Estimated cost inefficiency scores by specifiqatio

Inefficiency scores by specification

Statistics Kruskal-Wallis test
Stochastic L
frontier Specificatio Ownership| Mean Stapdgrd Minimum | Maximum | Chi-sq| t-statistic
n deviation
approach
Public 216 2:10° 2-106 1.10%
1 - 9.452 | 0.0021***
Private 1.-16 1-10° 2-106 7-10°
Public 216 2:10° 2-106 6-10°
2 - 9.446 | 0.0021***
Battese and Private 1-16 1-10° 2-10° 4.10°
Coelli (1992) Public | 0.006| 0.0041| 00012  0.0195
3 - ] 5.714 0.0168**
Private 0.005 0.0037 0.002 0.0189
Public 0.007 0.0043 0.0012 0.0205
4 - 7.996 | 0.0047***
Private 0.006 0.0035 0.0024 0.0176
Public 0.003 0.0009 0.0012 0.0120
5 - 20.365 | 0.0001***
Private 0.004 0.0023 0.0005 0.0173
6 Public 3-16¢ 1-10° 3.10% 0.0004 8.791 0,003+
TVUEﬁRa:‘dom Private | 3.10 | 2.10° 1.104 0.0004 ' '
ects
Private 0.023 0.0203 0.0021 0.1367 '
Public 0.018 0.0079 0.0039 0.0641
8 - 2.008 0.156
Private 0.027 0.0261 0.0019 0.1661

Significance levels: * 10 percent; ** 5 percent**t percent
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Table 6. Robustness test. Cost frontier estimation BateskeCoelli and True Random Effects (standard errors

in parentheses).

Dependent variable with transaction costs by pagssn

Battese and Coelli

True Random Effects

9) (10) (11) (12)
5 0.583* -0.063 1.278 0.323
Y (0.3372)  (0.5422) (0.9359) (0.6878)
5 -0.368* -0.001 0.035 -0.042
N (0.2176)  (0.2918) (0.3674) (0.2635)
5 -1.103%*  -1.043* 0.221 -0.457
sP (0.3828)  (0.6280) (1.0246) (0.7727)
5 0.598%** 0.472* 0.315 0.330
PL (0.1751)  (0.2863) (0.5325) (0.3817)
5 0.156 1.070 -1.605 0.278
K (0.6766)  (1.1030) (1.8096) (1.3321)
5 -5.82e-05  -0.001** -0.001 -0.001 %
Time (0.0002)  (0.0003) (0.0006) (0.0004)
-0.011%*  -0.014** -0.014* -0.013*%
Tender year
(0.0024)  (0.0042) (0.0065) (0.0047)
_ 0.048%** 0.060%*
Private
(0.0050) (0.01307)
0.061%** 0.057%*
Tusgsal
(0.006) (0.0096)
0.094%%* 0.084%*
Rosanbus
(0.0057) (0.0091)
0.061%** 0.057***
Soler Sauret
(0.0067) (0.0104)
5 0.004 0.009%** 0.005 0.0073*
BCN (0.0026)  (0.0024) (0.0056) (0.0037)
5 -0.007*  -0.016%* -0.007** -0.013%*
MUN (0.0033)  (0.0019) (0.0105) (0.0021)
5 -0.002 -0.004 -0.007 -0.003
MET (0.0019)  (0.0034) (0.0045) (0.0039)
0.063***  0.498***
i (0.0069)  (0.1156)
A= ooy 79.59 0.05 3.828%** 2.015%
Log likelihood | 1275.71 1127.25 1101.58 1142.51
Observations 378 378 405 405

Note: The dependent variable includes transaction cdistsated by passengers in the line. Significaneelke *

10 percent; ** 5 percent; *** 1 percent
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Table 7.Estimated cost inefficiency scores by specifiqatio

Inefficiency scores by specification

Statistics Kruskal-Wallis test
Stochastic Standard
frontier | Specification| Ownershig Mean deviation Minimum | Maximum | Chi-sq| t-statistic
approach
Public 0.004 0.0021 0.0012 0.0096
9 - 172.78 | 0.0001***
Bagesianc Private 0.034 0.0288 0.001¢ 0.1444
oelli
Public 0.0001 0.0006 1-%0 0.0029
(1992) 10 - 5.118 0.024**
Private 0.0002 0.0006 2-10 0.0058
Public 0.011 0.0032 0.0039 0.0221
True 11 - 13.001 | 0.0003***
Private 0.020 0.0212 0.000¢ 0.104d
Random Publi 0.010 0.0027 0.0047, 0.0221
ublic . . . .
Effects 12 : 2.070 | 0.1502
Private 0.014 0.0122 0.0011% 0.0634

Significance levels: * 10 percent; ** 5 percent**t percent
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Table 8. Robustness test. Battese and Coelli and True Rafdfects (standard errors in parentheses).

Dependent variable with transaction costs by pagssn

Battese and Coelli

True Random Effects

(13) (14) (15) (16)
5 0.700** 0.045 1.404 0.438
Y (0.3343) (0.5403) (0.9582) (0.7086)
5 -0.289 0.010 0.174 -0.011
N (0.2158) (0.2912) (0.4101) (0.2751)
5 -1.094%%* -1.025 0.135 -0.451
sP (0.3819) (0.6272) (1.0935) (0.7718)
5 0.525% 0.419 0.226 0.275
Pl (0.1750) (0.2859) (0.5604) (0.3937)
5 -0.093 0.861 -1.865 0.048
K (0.6699) (1.0983) (1.8565) (1.3684)
5 8.57e-06 -0.001 %+ -0.001%*  -0.001***
Time (0.0002) (0.0003) (0.0005) (0.0004)
-0.011%* -0.014%%* -0.014%*  -0.012%*
Tender year
(0.0022) (0.0039) (0.0056) (0.0045
_ 0.0510%** 0.063%**
Private
(0.0050) (0.0134)
0.061%** 0.058%**
Tusgsal
(0.0060) (0.0097)
0.094%+* 0.085%**
Rosanbus
(0.0057) (0.009)
0.067%** 0.063%
Soler Sauret
(0.0071) (0.0107)
5 0.005* 0.009%** 0.005 0.007**
BCN (0.0026) (0.0024) (0.0057) (0.0037)
5 -0.008* -0.016%* 0.007**  -0.013**
MUN (0.0034) (0.0019) (0.0027) (0.0022)
5 -0.002 -0.005 -0.007 -0.004
MET (0.0018) (0.0034) (0.004) (0.0038)
B 0.064%** 0.496%**
(0.0071) (0.1261)
A= ouloy 3.971%* 0.05 3.624% 1.988%**
Log
o 1278.75 1127.47 1105.07 1142.82
likelihood
Observations 378 378 405 405

Note: Thedependent variable includes transaction costsatkalcby passengers per line, and dummy equals 1 for

all years after the tender. Significance level€ pkrcent; **5 percent; ***1 percent
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APPENDIX

Table Al. Bus concessions in the Barcelona Metropolitan Area

Tender | Number of| Winner lowest
Concession area Winner (Group
date bidders price?
Tusgsal 1998 4 No
Barcelonés Nord
Tusgsal 2010 2 No
Barcelonés Nord Tusgsal 1998 4 No
(Night) Tusgsal 2006 3 No
Competitive Rosanbus
2001 5 No
tendering (Baixbus)
Hospitalet de Llobregat
Rosanbus
2011 5 No
(Baixbus)
Soler Sauret 1998 4 No
West Barcelona
Soler Sauret 2008 3 Yes
Ul Mohn (Baixbus)
Negotiated
u2 Oliveras (Baixbus
performance-
Barcelona South Coast Mohn (Baixbus)
based
West Barcelona
contracts Mohn (Baixbus)
(Night)

Source:Based on documentation from the tendering processes
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Table A2. Second order coefficients—Battese and Coelli djpations (standard errors in parentheses).

Dep. variable without transaction cost

S

Dep. \Heiavith transaction costs

) ) ®3) (4)
-0.019% -0.019% | 0.042* 0.048%*
Py (0.009) (0.008) (0.018) (0.016)
0.006* 0.008** 0.000 0.004
P (0.003) (0.003) (0.049) (0.0500)
0.132% 0.132% 0.110 0.104
Pse (0.005) (0.005) (0.083) (0.101)
0.161% 0.162% -0.019 -0.020
Pev (0.004) (0.004) (0.335) (0.033)
B -0.078** -0.071* -0.086 -0.060
(0.039) (0.038) (0.056) (0.089)
By 0.000 0.001 | -0.164% -0.164%+*
(0.006) (0.006) (0.031) (0.058)
Bysp -0.033** -0.034% | 0.074%* 0.077
(0.013) (0.012) (0.019) (0.090)
Bypp 0.001 -0.002 0.033** 0.029*
(0.006) (0.005) (0.016) (0.015)
By 0.039** 0.037** 0.002 -0.010
(0.019) (0.018) (0.026) (0.031)
Bysp 0.003 0.004 0.138** 0.135**
(0.004) (0.004) (0.058) (0.057)
0.001 0.000 -0.002 -0.004
Pre (0.003) (0.003) (0.021) (0.027)
-0.001 -0.005 | 0.273%* 0.269**
Prg (0.012) (0.011) (0.059) (0.111)
0.063** 0.064** | -0.200%* -0.204
Psex (0.026) (0.024) (0.047) (0.171)
-0.159%+* -0.158%* | -0.096** -0.094**
Psper (0.006) (0.005) (0.035) (0.042)
0.001 0.006 -0.107* -0.101**
Pevk (0.012) (0.011) (0.041) (0.040)
Log
- 1728.33 1734.66 944.35 944.33
likelihood
Observationg 378 378 378 378

Significance levels: * 10 percent; ** 5 percent**t percent
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Table A3. Second order coefficients on True Random Effeuégigications (standard errors in parentheses).

Dep. variable without transaction costs  Dep. vaeiatith transaction costs
(5) (6) @) (8)
0.058** 0.020* 0.094 0.118*
Pr (0.0126) (0.0098) (0.0687) (0.0683)
0.004 0.003 0.004 0.019
P (0.0063) (0.0047) (0.0257) (0.0278)
0.113%* 0.127%+ 0.130%* 0.130*
Pse (0.0120) (0.0072) (0.049) (0.0532)
0.173%* 0.166** -0.001 0.005
Pev (0.0083) (0.0055) (0.0319) (0.0333)
B 0.305%** 0.110** 0.169 0.323
(0.0523) (0.043 (0.3121) (0.3106)
By 0.100%** 0.032%* -0.122** -0.096*
(0.0104) (0.0061) (0.0502) (0.0516)
Bysp -0.163** -0.054%+ 0.046 0.0236
(0.0233) (0.0138) (0.0855) (0.0913)
BypL -0.057** -0.025%* 0.000 -0.027
(0.0115) (0.0067) (0.0467) (0.0425)
By -0.134%+ -0.048* -0.118 -0.181
(0.0254) (0.0205) (0.1453) (0.1445)
Bysp 0.003 0.006 0.128%** 0.124%%
(0.0075) (0.0060) (0.0345) (0.0365)
-0.027** -0.007* -0.012 -0.022
Pre (0.0050) (0.004) (0.0237) (0.0245)
-0.199%* -0.063** 0.198** 0.142
Prg (0.0197) (0.0124) (0.0973) (0.1005)
0.325%* 0.101%* -0.138 -0.092
Psex (0.0466) (0.0279) (0.172) (0.1873)
-0.137%+ -0.160% -0.098** -0.101**
Psve (0.0095) (0.0060) (0.0391) (0.0424)
0.124%% 0.054%+ -0.042 0.016
Pevk (0.0231) (0.0143) (0.0967) (0.0883)
A= ouloy 1.288 0.163 1.997% 2.879
Log likelihood 1532.50 1765.69 951.24 953.22
Observations 405 405 405 405

Significance levels: * 10 percent; ** 5 percent**t percent
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Table A4. Second order coefficients—Battese and Coelli ang Random Effects model being dependent

variable with transaction costs by passengersdatanerrors in parentheses).

Dependent variable with transaction costs by pagssn

Battese and Coelli (1992

True Random Effects model

(13) (14) (15) (16)
0.024 -0.069 -0.015 0.046
P (0.0275)  (0.0441) (0.0785) (0.0553)
-0.021 0.029 0.056++ 0.033*
Py (0.0175)  (0.0175) (0.0209) (0.0179)
0.137%* 0.037 0.087 0.052
Pse (0.0225)  (0.0258) (0.0566) (0.0412)
0.146%*  0.185%* 0.202%+ 0.194%%
Pev (0.0116)  (0.0195) (0.0393) (0.0309)
i 0.220* 0.282 -0.066 0.190
(0.1171)  (0.1926) (0.2978) (0.2114)
By 0.035* 0.000 -0.006 0.009
(0.0199)  (0.0292) (0.0376) (0.0269)
Bysp 0.048 0.100 -0.055 0.031
(0.0379)  (0.0633) (0.1016) (0.0824)
Bypp -0.003 0.019 0.009 0.022
(0.0167)  (0.0279) (0.0525) (0.038)
By -0.082 -0.140 0.031 -0.093
(0.0564)  (0.0916) (0.1524) (0.1077)
Bysp 0.011 0.012 -0.068 -0.001
(0.0135)  (0.0185) (0.0286) (0.0223)
-0.005 -0.026 -0.020 -0.032*
Pre (0.010)  (0.0138) (0.0188) (0.0164)
-0.060 -0.012 -0.003 -0.028
Pk (0.0367)  (0.0569) (0.0723) (0.0520)
-0.095 -0.207 0.110 -0.063
Psex (0.0740)  (0.1257) (0.2029) (0.1629)
-0.142%%%  -0.241%* | -0.158% -0.206%
Pspe (0.0159)  (0.0269) (0.0471) (0.0418)
0.010 -0.006 0.002 -0.012
Pev (0.0338)  (0.0576) (0.1061) (0.0779)
A= ooy 79.59 0.05 3.828% 2.015%*
Log likelihood | 1275.71 1127.25 1101.58 114251
Observations 378 378 405 405

Significance levels: * 10 percent; ** 5 percent**t percent
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Endnotes

1 In their study of local public services, Brown a@atoski (2005) examined operation and maintenaosts and
ranked bus systems 27th out of 64 services in tefrssrvice measurability (the lower the rankirtg easier to
measure the service) and 39th in terms of asseifigjity (the lower the ranking, the lower the sfiity).
Similarly, Hefetz and Warner (2012) ranked bus exystnaintenance 29th out of 67 services in termsseét
specificity and 35th in terms of contract managetnafficulty (the lower the ranking, the lower thigficulty).
All in all, Girth et al. (2012) classify bus systeras lying somewhere between monopoly and low cttigre
services.

2 Several studies have focused solely on regionaicgs or on mixed urban/regional services (e.@zidli,
Filippini, & Prioni, 1994) and so are not directlgmparable to our study.

3 In Germany there is an incumbent renewal ratetqfgrcent and an average of more than five bidoréender
(Beck & Walter, 2013). The relationship betweendrugnd vendor evolves over time, and the dependefraee
party on the other grows. Local governments tengldce greater trust in the faithfulness and hgnettheir
vendors when the latter party has a known reputdtimm prior to the relationship, strong communigs, and
performs its tasks well (Lamothe & Lamothe, 20TY)us, welfare gains from extending contract lerggth be
relevant but accrue mostly to operators (Gagneeaidi, & Martimort, 2013).

4 Note, however, potential unintended effects ohkpgwered, performance-based contracts have beed fo
some services (Koning & Heinrich, 2013), where ¢hesntracts can mean not providing a service tdénd-to-
serve clients.

> Another public agencyAutoritat Metropolitana del TranspoATM), is responsible for setting fares for all
transport modes. Since 2002 an integrated fareyekists for all public transport supply with theception of
the airport shuttle bus and the city tour bus. ifkegrated fare system implies that the differeatlas of transport
(metro, bus, train, and light-rail) can be usedwaitsingle travel card. All lines in our databasedithe same fare.
6 However, in 2011 a joint venture group formed BYB and Vectalia (a private group based in Valeneiap
awarded the provision of public transport in thepRman Méditerranée Metropolitan Area (France).

" All appendices are available at the end of thiglaras it appears in JPAM online. Go to the ph#i’s website
and use the search engine to locate the artid¢igg@t/onlinelibrary.wiley.com.

8 The weight of the financial proposal representsvben 25 and 30 percent of the total valuationhef bbid.
Greater weighting is attached to characteristicthefbids other than the financial proposal (resplisubsidy),
including experience in the sector, expected rlipror staff and equipment used. As a result, nmoents almost
always obtain higher valuations in the non-finahagpects of the bid, which allows them to rethia tontract.
A more recent tender took place in 2013, butriosincluded here, as the new contract did not cobeeoperation
until January 2014. Again, the incumbent retairredgervice.

% For instance, see Farsi, Filippini and KuenzleO@QFilippini and Prioni (2003), Fraguelli, Piaganand Abrate
(2004), Matas and Raymond (1998), and Ottoz, Fgomeand Di Giacomo (2009). The translog cost fumctio
considers cost as a function of input prices amdpttoduction level. This flexible functional formm & second-
order logarithmic approximation to any arbitranjde+differentiable cost function. The values of éxplanatory
variables are normalized to the mean. We assunténimat prices and output are exogenous, and tieatost
function is the result of cost minimization givemput prices and output.

10 The inclusion of average speed may imply strongetations with other explanatory variables. Weadtéd
correlations between output and network lengtharetage speed of 0.28 and 0.36, respectively. Bathbles
are included in the estimation.

11 Recall that these costs are internalized by tinesfin the bid that they make. Therefore, they titaie another
item in the company’s costs.

12\We divide the regulator’s total budget by the tatamber of lines (tender as well as performancsetaontract
lines, given that the regulator devotes efforti® performance-based contracts). When applyingehecriteria
for allocating transaction costs (number of paseengarried per line), we divide the regulator teidoy the
number of passengers. Here again we take into atal lines (including those with performance-bhse
contracts).

13 We are aware that by using lines as units of alasen we are assuming the strict separability axfheline
operated by an individual transit system. In fage, need to use the lines as observations as wehanky four
firms providing services in our analysis. It wollld more realistic to assume that firms choosetinpn a firm-
wide basis to minimize costahich would mean considering each company in aquéar year as an observation.
We use two different specifications, the secondionkiding a dummy for each private firm, in ordercontrol
for firm's specificities. Note that our results &ine same in both specifications (either with a dynindicating
private firm, or with a dummy for each private firm

14 All appendices are available at the end of thislaras it appears in JPAM online. Go to the mhdi’s website
and use the search engine to locate the artid¢igg@t/onlinelibrary.wiley.com.
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15 This wide span of results might be due to the faat our unit of observation is “line” rather th&irm” or
“city” (as usually happens in other studies).

16 All appendices are available at the end of thislaras it appears in JPAM online. Go to the pmhEi’s website
and use the search engine to locate the arti¢itg@t/onlinelibrary.wiley.com.

17 Even if that is beyond the main objectives of analysis, we have been able to calculate scaledansity
economies. The parameter for scale economies aesiggest potential cost savings from extendiegehgth
of the lines. Regarding economies of density, weiabthe same trends and results. There are nietreliices
between public values and private values; therefmreanalysis comparing public and private costsduot suffer
from any distortion from this issue. Results arailable upon request.

18 For Battese and Coelli (1992) without transactiosts, we obtain very small inefficiency scoreg, e still
find statistically significant differences betwegublic and private.

19 All appendices are available at the end of thislaras it appears in JPAM online. Go to the mli#i’'s website
and use the search engine to locate the artid¢igg@at/onlinelibrary.wiley.com.

20 |n this regard, we note that a limitation of onakysis is that we do not have access to detailfedrmation on
quality indicators such as punctuality, perceivadhliy, etc. Given that the regulator can imposeéctsr
obligations on quality in private firms, this couths the costs of private firms upward. We thamkfaree for
this insight.
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